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abstract

Results of near infrared (LK band) variability observations of 226 AGN arc shown i this
thesis. Samples are mainly QSO and Sevfert | AGN, and are radio quiel samples and radio guiet,
samples. Redshift{z) of the samples are from 0 to 1, and absolite magnitudes at V band({Mv) arc
from -3thnag to -20mag. Fach objects were broad line observed 2 times and the variabilities were

measured by differential photometry.

Differential photometry rednction system specialized to this work featnre where near infrared
images are treated and the objects are not always point sonrce was developed. As factor which is
not canceled even by differential photometry, effcet by that the AGN are not always point source
and for the samples of this word, the effect was about 0.01mag for variability. Because the effect
was estimated, 3 arcsee aperture which is comparable to sceing size could be nsed and better sig-
nal noise ratio was realized. Another systemaltic error mainly made by flat fielding was negligible
for most often case, but it was more than 0.lmag for some cases, and its average was 0.03mag
at J,HLIC band image pairs. Comparing these systematic errors, statistic error was somelimes

dominant and total crror of cach variability data at, JJHLC bands were 0.05mag by average.

Variability of the all sample or ol subsamples of observed AGN were estimated by calenlating
ensemble for at least 5 samples. In all subsamples, significant difference of ensemble variability was
found between the enscinble variability of J.H K" bands. The ensemble variability of all sample
was 0.22mag, and ensemble vartabilities of long interval samples had tendency to be larger than
short interval samples. Fosemble variabilities of all radio lond samples e this work were 0.26mag
and this was larger than these of all radio quiet samples which was 0.18mag, and the difference
was couldn™. explaimed by difference of rest frame interval of twice observations. In raw data of
radio quiel ensernble variabihities, significant dependence to My was found. By J-H and H-IX7 color
analysis by standard star photometry, 1t was understood that bright sources at V band were less
effected by host galaxies than dark sources. So real cnsemble variability of radio quiet sample was
thought that had negative dependence on those My at ¥V band. On the other hand, in radio loud

samples, significant positive dependence between My or z and ensemble variability of raw data.

More than 2{or 3)o probability. the variability detected objects were S8%(44%) of all and
signmlicant difference between the ohserved band were not existed. The probability of variability
detection became bigher with accuracies of the data became higher together and saturation of
the probability of variability detection was not seen. In subsamples whose o were smaller than
0.03mag. probability of vanability defection was 80%(64%). As the simplest interpretation, mayvbe

most of AGN are variable i infrared was coneluded.

In the all sample and subsamples, positive correlations between different bands variahility were
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found and their correlation coellicients rypr. ryre. rppee was i fromn aboul, 0.6 to 0.9, For radio
quiet samples, rype at 0.1 < = < 0.3 was significantly higher than r;.0 and 2 dependence
of ryu.rurn rar was consistent with emission and variability by dust reverberation. On the
other hand, r. rippe, rare of far object in this work(0.6 < z < 1.0) were high{about 0.95) were
characteristic. The ryy.ryee rppe of radio quiet samples were low acenracy al now z objects
but those ol radio loud samples were high accuracy at high z objects. So significant difference of

ras e Free between radio quiel samples and radio loud samples were not detected.

Time development of ensemble variability of the subsamples were fitted by Aylf/{1 + 2)]? and
I3[l — exp(—t/7(1 + 2))] and estimated. lu radio quiet,radio loud samples and their subsamnples
by Mv.z, difference of time scale of varability by observed band were not found. Both p and
was seemn to be faster in radio Toud samples than radio quiel samples but becanse those errors
were large, difference of the time scale of the variability between radio lond samples and radio

guiet samples were not conclnded enough.

The features of the variability of the radio quiel samples were consistent. dnst, reverberation
model. But for radio loud samples, simple dust reverberation model conldn™t explain the [eatures
which was My dependence difference from radio quiet, samples and larger, faster variability than
radio quict samples,

I vadio lond sonrce, variability of sample whose spectrum s flat af radio wavelength were larger
tlian variability of sample whose spectrum 1s steep at radio wavelength. OVY, high polarized QSO.
BL lac effected the ensemble of flat samples 18 reasonable. On the other hand, steep spectrum
sources variability was significantly smaller than flat spectrum sources vartability but larger than
radio quiet samples. And, positive correlation between variability and liminosity was found like
flat samples. So, i the steep samples, nonthermal component effected radiation and variability
and it s different. from radio guiet’s radiation and variability. Avother probability which explain
the steep samplers variability features is contamination ol flal sources by error of sphitting flat

source or steep source. This effect hring flal sonrce like weak leatures to steep sources.
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Chapter 1

introduction

Active galactic nuclei(hereafter AGN) emit very large energy and those emitting regions are far
staller than scale of host galaxics. Some interesting models which is Jfor example, spermasstve
blackhole and accretion disc or model based on supernovae have been disenssed to nnderstand the
mechanism of the emission. To check these hypothesis and understand the emission mechanism
is one of the important aim of studies of AGN,

AGN are used as cosnological probes because they are extremely bright and therefore can be
observed even at cosmological distance. Observing more far AGN hrings informations of carlier
universe and cosmological geometry. to mlerstand physics of AGN is adso important 1o nse them

as cosmological probes.

I s well established fact that al least some fraction of AGN vary their huninosity for lifetime:
of a human. The vanahility 15 strong evidence which means that size of emitting regions ol those
objects are hmited in few hght-years scale. I such object is at distance of z=1, the optical or
infrared largest telescope, best interferrometer and space telescope of now can’t resolve such small
region. However, observation of variability of AGN has potential to understand the central regton
of AGN. Scale of the emitting region could be limited in ~ ¢ A7 detection of the varability with
time scale Af. Correlation or time lag between the variability of different wavelength. relation
between the variability and characters of AGN could be important informations.

AGN cmit substantial [raction of ther bolometric lumninosity i iulrared and relation hetween
optical or UV variability [romn the central region and infrared variability from surronnding dust,
torns is suggested. However, quality and quantity of inlrared data of AGN variability which have
been reporied are very (less) than optical data. Though observation of AGN variability need some
span(typically a few vears), mfrared array appearance was later than CCD. data stock by Shamit
telescope and photographic plates at optical wavelength exist but such infrared data stock not.
These differences of conditions between infrarcd and optical observations are thought 1o be the

reason of the lac of infrared data of AGN variability.

In this thesis, result of near mivared observation of the varability of many AGN are shown.

The sample was more than 200 which is larger than previous work ininfrared wavelength. In this
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chapter, studies of AGN’s optical long term variability are {shown) first. Next, previons studies
about infrared SED of AGN and optical infrared mullicolor monitors are (shown). Suggested
the relation between optical.UV and infrared emission are shown there. Furthermore, MAGNUM
project (which means multi-color active galaciic nuclei and anthor’s group is now preparing) is
(shown) simply. MAGNUM project is study where AGN is used as the cosmological probes to

estimate cosmological parameters. At last, thesis outline is shown.

1.1 optical long term variability of AGIN

The mechanism of the variability of AGN is not understand, but there is possibility to distingnish
whether the variability is originated by multiple component [rom relation between the variability
and Mv ete. of AGN(Pica & Smith 1983). So many efforts to observe the variability of many
AGN were done. Statistic studics of dependence of the variabililty on My or z for many samples
has been done at optical wavelength. Super novae model is one of the multiple source model(for
example, Terlvich et al.1992). while super massive black hole and accretion disk model is single

source mechanisin {(for example, Rees ot al. 1984).

Negative correlation between the variability and absolute luminosity of guasar is important
expectalion of the multiple unit model. Such negative correlation is scen in sone studies hke carly
work by Ueomoto et al. 1976, Pica & Sinith 1983, After them, there were the works of Cristianm et
al.1990 for SA94, Tervese et al 1994 Tor SA5T and Hook et al. 1991 for South Galactic Pole(SGP).
Criatiani et al.1996 compiled those data and discussed about the correlation. However, obtained
correlation between the variability and absolute magnitude tended 1o be weaker than expectation
of the Poisson model (inclination of -0.5 at log scale). Resemble result was obtained by Paltani
& conrvoisier{ 1997) for Seyvlert |, radio quiel QS0, small polarized radio loud QSO from the UV
continnum of IUE database.

On the other hand, Cid Fernandes, Aretxage & Terlvich 1996 obtained the inclination of -0.5
as the result of analysis of SGP data. Aretxage,Cid Fernandes & Terlvich 1997 explained the data
as compilation of random event.

However, the anti correlation was not always found. The negative correlation was found in
Lloyd et al.1984, Netzer et al.1996.

Recently high accuracy monitor campaign with CCD detector became to be execute., Borgeest
& Schramm 1994, Netzer et al 1996, Giveon et al.1999 are the example. Flux limited observation
usnally has problem that is redshift dependence of the absolute magnitude of the observable
sample. The sample was divided by redshift and absolite maguitude independently in Cristiant
el al. 1996, and significant positive correlation between the variability and the redshift. Similar

tendency was found in Giallongo et al.1991, where the result was interpreted as the wavelength
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dependcence of the varability, Cid Fernandes et al.1996 supported those interpretation.
Observations of wavelength dependence of the variability of AGN have been done too. For
example, there are Cutir et al 1985, Edelson et al 1990, Paltani & Walter 1998, Cristiani et al. 1997,
Paltani et al. 1998 and so on. Idelson et al. 1996 includes multi wavelength monitoring of NGC4151.
The studies of the refation hetween the variability of AGN and wavelength is continued now since

to clarfy the dependence has possibility 1o fimit the emission and variability of AGN.,

1.2 relation between optical and infrared emission and
variability of AGN

The relation between optical and inlrared emission and variability of AGN was suggested by
studies of AGN of spetral energy distribution(hircafler SED). Sanders et al.{1989) presented the
SED of 109 PG quasars [rom 0.3 - 6em. The SED ol the objects in the work were resembled
each other except flat spectrmn radio loud source like 3C 273, Thermal emission from dust was
reasonable as the origin of inlvarcd bump which was seen [rom 2pm to lmm in usual sample’s
SED. In this work, feature of nonthermal emission was'nt found at the SED of radio gniet and
steep spectrum radio loud source from 3nm to 3004m.

Near infrared detatl SED of 14 quasars were studied using 16 channel prism spectrometer by
Robayashi et al.(1993). Power law component. and blackbody radiation cornponent was used to fit
the data, and the best (it temperature of black body component was generally about 1500K. I'his
result, was (interpreted) that hot dust surrounded nuclens and was i cquilibrinm to evaporation
becanse the temperature 1s alimost equal to evaporation temperature of dust. Ratio of power law
component. and blackbody component was different. cach other, but the ratio of TRAS selected
samples were higher than other samples.

Some of nearby AGN are mmouitored in both optical and infrared wavelength and hght curve
ol both wavelength were compared. Clavel. Wamsteker & Glass(1989) showed result, of monitor
observation of Fairall 9 at wmfrared J.H,K,L band. Barvanis(1992} explained the data with dust,
reverberation model. In this model. dust torus surround central source and is heated by UV
racdiation from central sonrce and emit mfrared flux. Therefore time delay of infrared from optical
variability was explained naturally.

More than 50 AGN were monitored at 'V oand K band in Nelson(1996a.his thesis). Correla-
tions hetween optical and infraved hight anrves were found in 13 objects and detail modeling was
done from the point of view of dust reverberation. Mark 7441 was object where outburst was ob-
served and its light curves were well explained by reverberation model in the work{ Nelson 1996h).
On the other hand, the variability of Fairall 9 was not explained well by the dust reverberation
model{Nelson 1996a). So infrared emission mechanism of AGN were different, for cach other and

mixture of thermal and nonthermal component concluded to be plansible.




As above, link between UV-optical emission and variability and infrared emission and vari-
ability is also suggested from mmbicolor hight curves. Observation of the time delay ol the optical
and infrared light curves and to test the model application is good method to check whether the
erission and variability mechamsm is dust reverberation. However, it is usually hard to monitor
m both optical and infrared wavelength with different instriments for long term. So the variability
data whose accuracy, span and interval are enough to determine time delay between optical and
imfrared s only obtained for small number of objects. The light curves that conldn’t be explained
by the dust reverberation model such as Fairall 9 in Nelson 19964 was also reported. In snch
situation, 1t 1s unclear how general s the dust reverberation as the mechanism of ermssion and

variability of AGN.

1.3 near infrared long term variability of AGIN

However, infrared variability data of AGN observed up to now are far less than optical. Neugebaner
ol al.(1989) 1s statistic study of infrared varability of many AGN though it doesn™t include optical
observation. Oplically sclected PG guasars had been monitored at J.H,K,L and {0pm band for
more than 20 years. Rehability of variability at K band was estimated lor cach objects. Some
fraction of the samples were concluded 10 have varied certainly and some were not significant,
vartability. This result at infrared wavelength was in contrast, with optical result maost of whose
variabthty was significant{ Usher 1978). As the reason why variability was harder to detected al
infrared than at optical. probability that the source emitting infrared was dust region and central
variability was dulled becanse of Jarge scale of emitting region was snggested. Radio lond samples
tended to show higher reliability of vanability than radio quiet samples, and higher bolometric
Inminosity samples tended to show lower reliability of variability than lower bolometvic luminosity
samples. And variability at 10pm wavelength of 3C 273 was detected. I the emission of 3¢ 273
al [0prmn was simple thermal emission from dust, time scale of variability was estiinated 10 be
about a few hundreds of years. So the emission of 3C 273 al 10pm was inferpreied by nonthermal
component naturally or by therinal component from very complicated systen.

There is a short conment about rale of objects with highly certain reliably variability. 51
objects were observed at Voand K band, and 1 objects were not variable at both band, 12 objects
were detected the variability at only one band. ‘T'he variability of 35 objects were detected al both
Voand K band. It was concluded that the variability of optical and infrared containue was commeon
property of guasars and Sevfert 1 AGN.

Neugebaner & Matthews{(1999) disenssed vanability of AGN at 10;m wavelength, The sam-
ples contained 20 radio quict and 5 radio loud and their monitored data al 1.25-10gpm wavelength
were shown there. The varabiliny at [0pm wavelength that was thonght 1o mean existence of
nonthermal emission component was detected for some radio Towd samples and one radio guiet

sample PG 15354547, Median variability was determined for each objects and similarity between



those of radio quiel and radio loud, those of near infrared and 10pm wavelength, They were
also compared with oplical data{Netzer ef al.1996) and concluded thal some fraction of emission
of both radio quiet and radio lond were cansed by nonthermal component from their similarity.
Periodic variability component of PG 12264023(3C 273) at near infrared wavelength was also

concluded.

The samples of Nengebaner ef al.{1989) was largest, but the data was oblained with single
detector and therefore photometric accuracy was limited. 2D infrared array was used in Nel-
son{ [996a), bul its aim was rather dust reverberation than to show basic feainres of variability.
So the object was Timited 1 near(z<0.3, most of them were <0.1) and most of their My was
darker than -24mag. fig(1.1) shows the samples of statistic previous study al optical and infrared

wavelength, It is clear that inlrared data is much less than oplical.

1.4 MAGNUM project

In this section, MAGNUM project is introduced simply and relation between the project and this
work s writlen. MAGNUM project that is under preparation by us is new study to determine
cosmological parameters using AGN as the probes. This work is not only independent study of
AGN but also pre-obscervation of MAGNUNM project.

The primary aim of the project is 1o determine the cosmological parameters Qq, Ag. Fig(1.2)
support explanation of the principle to measure cosmological paramcter. The principle is as
[ollowing: It 1s thought that there are hot dust that is equilibrinm to evaporation surround central
nucleus and emission and variability mechanism is dust reverberation al least for somne fraction of
AGN. Absolute magnitude at UV-optical wavelength is determined by time delay between optical
and infrared time curve nsing that distance between central source and dust torus is determined
by absolute luminosity of central source. Lunimesity distance is esthnated by comparing the
absolute luminosity and apparent. himinosity. Filally, cosmological parameters are determined by
comparing the luminosity distance and redshift of AGN.

2m speaal telescope s set al (Hale.) for MAGNUM project.. Automalic observation and data
analysis 1s very cffective and indispensable in fact to monitor abont 100 AGN for at least some
vears. Observation under normal condition will be done without manual operation except mainte-
nance time that is 1 or 2 times per a year. Now we are preparing multicolor imaging photometer,
antomatic observation scheduler.clond monitor,vacuwm and cooling system and antomaltic data

analysis system. This work relates to MAGNUM project especially following.

e Lo obtain basic propertics of emission and variability of AGN and consider generality and

lnnit, of the dust reverberation mechanism.

e lomeasure variabilities ol imany AGN by imaging. Obtained properties of cach object{magnitude,inf
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color, vanable or not, whether good reference stars exist or not cte.d is nsed to select target

object of MAGNUM monitoring and to decide concrete observation mode (exposure time,

dithering pattern) of cach object.

e Lo establish dilferential photometry for infrared imaging of AGN | check error origin and

estimalte their properties.

o Lo extend atomization of data analysis as far as possible Jist up problems against the full

atomization and think about the way to realize full atomization in MAGNUM project.

1.5 aim of this work

As deseribed above, the observation of the varability is powerlul method to clarify the mechanism
ol central compact region of AGN. The optical monitoring of AGN has been done for many samples
and statistic studies of general properties of the variability. The link between optical and infrared
ermission is suggested from studies of SED of AGN. Feature of the dust reverberation iu the light
curves are reported what support the ink between UV optical and infrared variability thoueh the
sample is himited in some nearby AGN. However, infrared variability data of AGN observed up 1o
now are far less than optical.

In such situation, it s iimportant to extend the data of inlrared variability of AGN and to
clanfy basic property ol the variability of AGN, what is the primary motivation of this work. The

aling of this work are following.

o to obtain variability data of AGN systematically for larger sample than vp to now and to

clarify basic property of the varability of AGN.

o to consider rather general mechanism of emission and variability of AGN than character of

cach object.
e {0 cstablish the differential photometry infraved 1maging

o lcedback to MAGNUN project written in previons section.

1.6 thesis outline

In chapter 2, sample sclection concerning MAGNUM project and obscrvation are written. Date ve-
duction is written in chapter 3. Image reduction and differential photometry method is explained.

Error ongin.scale and
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Figure 1.1: The distribntions of observing waveliegth and sample number in the studies of the
variabiity of many AGN. The area of cach square represents the sample number. Filled and open
square represents the study with plate and with 2D device like CCD or infared array, respectively.
Filled circle in open square means the observation with single IR device. (1) coresponds to this
work, and reference of others are shown in folowing table.
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Table L.1: The references of previous ligure

) this work

) Aurea A. et al, 1999
) Bershady et al, 1998
) Cristiani et al, 1997
) Cristiani et al, 1996
)

)

)

)

[ e N

o)
e

Netzer et al 1996

Nelson 1996

Clemente et al, 1996
Borgeest & Schramm 1994
Hook et al, 1994

Trevese et al, 1994

) Neugebauer et al, 1989
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Figure 1.2: The primciple to determine the absolute luminosity of AGN. There is the hot dust
further from the central source at the brighter source. The variation of UV- from the ceniral
source arrives at the dust torns with the delay of df and causes Lthe variation of infrared radiation
from the hot dust. cd! represents the scale of the region with no dnst and therefore the absolute
luminosity of the central sonrce. The central lnminosity is estiimated to determine the time delay
of the infrared variabiity from the UV.optical variability by the monitoring observation.




Chapter 2

observation

2.1 sample selection

The sample was selected rom Quasars and Active Galactic Nuclel catalog (Veron-Celty M.P.,
Veron P, hearafter "VV') by {ollowing condition at beginning of the observation. Later the newest,
version of the catalog VVT.VVS was nsed. The sample selection related to MAGNUM project,

since the objects of this work were also candidates of monitoring objects of MAGNUM project.

e to let R.A. wide spread

to let absolute Twmimosity(Myv) and redshift{#) wide spread

Lo be sclected mainly Seviert | AGN and quasars

to avold BL lac object

o 1o select AGN with nearby stars good for differential photometry

At of wide spread RoAL of objects was to realize effective observation at MAGNUM project
where exclusive telescope would he nsed and observation would be done all through the year.

The primary aim of wide spread My and z was to study relation boetween these parameters
and varabihity in this work., However, this condition was also important. for MAGNUM project.,
Luminosity distance 1s determined by the thne delay between UV, optical light curve and infrared
light, curve at MAGNUM project. Thercfore nsing wide spread My sample al MAGNUM have not
only significance to determine luminosity distance but also to check the mechanism of determining
lumninosity distance.

[irthermore, wide spread My and z would realize both early result and final high aceuracy
result of monitoring al MAGNUM monitoring. Low luminosity object would have short time delay
of the light curves, but only nearby objecls can he observed. On the other hand, monitoring far
objects 18 important Lo determnine cosmological parameters with high accuracy though time delay
of such objects would be long becanse of not only their ligh huminosity but also cosmological time

expansion.
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The redshilt of the sample was imited al 0 < = < | in principle because 1o detect infrared
radiation [rom hot dust, of 1 < = objects would be hard. Good wavelength to detect the radiation
[rotn hot dust goes to comparable or longer than L band wavelength. 1. band obscrvation is harder
than K band or shorter wavelength at MAGNUM.

The sample consisted of mainly Seylert T AGN and quasars to observe better candidates of
monitoring by MAGNUM. As was pointed out in the unified model of AGN, dust torus of Sevfert,
2 AGN might be seen from edge on. Therefore infrared radiation from inside of hot dust or UV
radiation from more inmer region would be absorbed by the dust on line of sight and detection of
variability and measure the luminosity would become diflicalt.. The infrared variability would be-
come dull more strongly because of effect of geometry of dust torus if the torus was seen from edge
on. At BL lac object, nonthermal emission would be dominant and therefore BL lac object was

not selected. To select Seylert | AGN and quasars, table.] and table.3 of the VV catalog were usad.

The condition that nearby stars for differential photometry were near the AGN didn't relate
the propertics ol AGN themselves. But il turned out indispensable since this work.

This problem was not considered in the first season of this observation. But error of airmass
correction and deterinining astronomical magnitude from mstrumental magnitude was too large to
detect small variability of AGN. The differential photometry was adopled since the second season
of the observation and variability of the airmass correction, point spread function and mfluences
of thin cloud were canceled. The differential photometry needed some reference stars in same
nmage of AGN. Degitized sky survey(DSS) images they were degitalized Palomar chart were used
to select sample of the observation of the second season. First the sample was selected using
data ol position, My and z, and then whether good nearby stars existed or not using was checked
and unsuitable sample was rejected. DSS image becanse to gel a image need time and human
operations for databasc didn’t accept balch request al that 1ime. Number of the relerence stars
was better when it was more many, in principle. If DSS images of all candidale were checked
before sample selection, objects with more nearby reference stars conld be selected.

Later, batch request o get 1SS tmmages hecame possible al NAQJ) database. This function

could be used for data analysis of this work.

Figure(2.1) shows distributions of the R.AL and declination of the observed object ai J. 1 and
K™ band. Filled circle represents the object that was observed 2 times and open circle represents
the object thal was observed only once. The objects are few at region around R.A.=20h siuce
observation of the region is hard in Japanese winter season. The sample is hmited at dee. < +50
1o observe from the Mani inland that latitude 1s 20 degree. 1L is also hmited at =10 < dec. because
observable term of the object in a vear from the Northern hemisphere tend Lo be shorter if the
latitude become smaller and therefore become nnsuitable for MAGNUM monitoring.

Figure(2.2) shows distributions of My and z of the sample. Filled circle represents the object
that was observed 2 times and open circle represents the object that was observed only once. z of

the sample is spread from 0 1o [ There is negative correlation between My and z. This feature
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comes fromn that far and dark objects cannol be observed and near lnminous objects are lew.
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Figure 2.1: The distributions of right ascension and decilnation of observed objects. Filled cirele
represents the object to be apllied the differential photometry at least i one band, while open
circle represents the object ouly al once.
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2.2 observation

All observations of this work were done by 1.3m telescope at ISAS{institnle of space and astronom-
ical science) and near infrared camera PICNIC (prisin spectrometer polalimeter infrared camera.
with NICMOS). Broad band imaging photometry m near infrared J.H and K’ was done for the
many samnple explained al previous section. T'he observation consists of 3 terms. The st term is
from January 1996 to Apnl 1996, the 2nd 1s from November 1996 to Febrnary 1997 and the 3vd s
{rom December 1997 to April 1998, More than 300 objects were observed in the 1st and 2nd term
and more than 200 objects that had been observed before were again observed to determine their
variability. Exposure time of the 2nd term observation was determined using relation between V
band magnitude in catalog and observed infrared magnitude atl the lst term observation. Expo-
sure time ol the 3rd term observation was determined using result of photometry of the 1st and

the 2nd term observation.

Photometric standard stars were observed 3 times in one night, i.c. at beginning of observation,
midnight and ending of observation nusing about 15 minutes for ecach times. Other time was spent o
observe AGN. If above schedule was nnpossible becanse of bad weather ete., photomelric standard
stars were observed before and after observation of AGN as possible.

I8 frames were taken for a standard star using dithering method with high altitude at. J.H and
K" band. and then same observation was done for but for a star with low altitude. This process
was done 3 times in one night. Exposure time of standard star imaging was usually 0.3-2 second
since they were bright source. AGN were observed also with dithering. Typical exposure time for
AGN imaging was 35,17 and 8§ second at J.H and K’ band. Irame numbers of AGN at J H and

K™ band were 4.4 and 9 lor the smallest case and 50,200 and 200 for largest case.

The 4nd quodorant of detector was in bad condition and observation was done using other
regions on detector. AGN and photomelric standard stars were observed in the 2nd quodorant.

Reference stars for differential photometry were observed in the 1st.2nd and 3rd guodorant.
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Figure 2.3: PICNIC({Prism spectrometer Polalimeter Infrared Camera with NICmos)




Tahle 2.1: observalion

observation type  broadband imaging differential photometry

wavelength JO25 0 ), H{1.65pm ), Kd(2.241n)
mstrument, ISAS 1.3m telescope and near infrared camera PICNIC
actual term 1995/01/24-1996/04/05(the st termn)

1996/11/25-1997/02/24(the 2nd term)
1997 /12/18-1998/04/03(the 3rd term)

Table 2.2: telescope

site [SAS.3-1-1 Yoshinodai, Sagamhara, Kanagawa 229, JAPAN
aparture 1.3m
pTimary mirror Al coated

sccondary mirror Al at the Ist and 2nd term,Au at the 3rd term.
optimized size for inlrared.
third mirror Au on glass. infrared transmissive beamsplitier,

Table 2.3: PICNIC

detector NICMOS3{HgCdTe, 256 X256 pixels)

wavelength [.0-2.5pm

field L1077 pixel, 4.76X4.°6

observation mode  broad or narrow band imaging.polalization.prism spectroscopy
polalizaion 1/2 wavelength plate spining

spectroscopy direct view method, slitless low resolution spectroscopy(R-50)

[
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Chapter 3

data reduction

In this chapter, process of data reduction is shown. This chapter consists of three section. The
process from many raw lrames of AGN and photometric standard stars to final images is shown
in the sectiond. ], Most of process of the reduction was atomized, this has significance not. only to
realize more ellicient analvsis in this work but also to examine test of full antomated reduction
svstern that s planed for the MAGNUM project. The atomization of the rednction of this work
and the MAGNUM project is shown at appendix. 2.

In section 3.2, comparing instramental magnitude of AGN to pholomeine standard stars the
magnitude of AGN al J I and A7 band and their errors are determined. Variabilily of atmosphere
transmissivity in one might 15 also estimated and shown that the variability is larger in order of
al S H and K band. Furthermore, it is shown that dispersion of the instrumental magnitude of
the photometne standard is different when dithering pattern is different, and discnssion of flat
ficlding error is done.

Process to obtain the varability of AGN using differential photometry is written in sectiond.3.
The vartability of AGN is the most Timportant output of this chapter. Even if the differential
photometry is applied, eiffect of variabiity of PSI s not canceled completely becanse all AGN
18 not point source. Error caused by this feature is estimated and inchide o the result. At the
end of the section, reliability of crror estimation of this work 15 tested to apply the differential
photometry process to the reference stars. As the resull, il s shown that the given ervor of AGN

is reasonable i the region of 0.01-0.10mag.

3.1 image reduction

The process from making the object frames Lo combining these [raines is regarded as the image
reduction in this work. The process of the mage reduction is described i this seetion. Al of
the frames of AGN and photometric standards in this work was obtianed with short integration
time with dithering, what made number of frames to be large. The aim of the short integration

time is o avoid saturation ol the dynemic range of measurement by sky background. The aim
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ol the dithering 1s to reduce the affection of bad pixel and the objects and to make high quality
sky flal image. The raw frames obtained by the observation of this work are affected by various

component, as below.

e Sky background very larger then that of oplical wavelength. Tt can be regarded as homoge-
nious in the field of PICNIC for the acuracy required i this work. The background is

variable in observation.

¢ The thermal emission fromn the object except sky, for example, telescope. I is remarkable

at A’ band and is not homogenious and variable in observation.

e The thermal cimission and absorption by the dust on the optics, that is also remarkable at
A7 band. The number of the dust tends to increase in ling time scale, and the concerning

position on defector slightly move with the change of the instrument direction.
o The inhomogenity of sensitivity of the wmfrared array larger than CCD.
e Bad pixel.

o H0Hz notse.

Phe soltware system specialized to analyze the data obtained hy PICNIC(hercaflter PICRED)
was used Lo execnte the reduction where the above components were redieed or cariburated and
the obtained objects frame were conbined(Minezaki 1995, master thesis). The flow of the image
reduction of this work is shown i fig.3.1. PICRED is semi-antomized svstemn, however, manmal
operations and human’s decisions are also necessary to the reduction by PICRED. The manual
operations ans human’s decisions made it possible to deal various data like from Jupitar to quasars.

Iurther aoutomization of the reduction is exeented throngh this work based on PICRED. It
is the feartners of this work that the amount of the data is large and the reduction is repeating
ol resemble process. The first aim of the further antomization 1s to excente such rednction more
efficiently. On the other hand, it is one of the important aim of this work as the pre observation
of the MAGNUM project 1o extablish the antomatic dala reduction.

As the resull, most ol the process of the reduction was antomized in this work. It was concluded
and that to realize the full antomatic reduction system was possible at the MAGNUNM. For it shonld
make the antomization of the process not antomized in this work posshle to design not only the
soutware but also the hardware and the AGN sclection suitable to automization. Fuethermore
the benchmark test of the antomized reduction was done and it was concluded that to complete
the reduction of one night data in less than 24 honrs was possible at the MAGNUM proect. The
antomizalion of the reduntion and the relation to the MAGNUNM is described in appendix F more

deataily.
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Figure 3.1: Flow of the image reduction(the former half). The process in the dashed line is
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Figure 3.3: A sample of the combined image that the reduction is completed. Central object
marked with a circle is target object(B2 0321433). 9 [rames observed at A band with Ssec.
integration time were combined. The observation was done on February 5,1996.
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3.2 standard star photometry

3.2.1 estimation of magnitude of AGN

Photometric standard stars were observed 3 times in one night, i.e. at beginning of observation,
midnight and ending of observation using about 15 minutes for each times. [8 frames were taken
for a standard star nsing dithering method with high altitude at J.#f and A7 band, and then same
observation was done for but for a star with low altitude. This process was done 3 times in one
night.

At the first of the process. [rame that bad condition like weather changing worse or else might,
affect was rejected. Median ol instrumental magnitude of the photometric standard of the 18
continuous frame was determined and difference between obtained value and known value was
estimated. Cariburation equation and its error g, to transform the instrumental magnitude to
astronomical magnitude were obtained by linear fitting for airmass dependence of the medians.
The data that was rarely seen and remarkably different from other was also rejected. The origin
of such abnormal data would be influence of cloud that were not detected on observation, effect of
bad pixel and identification error of the target star. Astronomical magnitude of AGN at J. H and
K’ band were determined using the obtained equation. Total error of the magnitude was defined
as /o? + o2 where o; was statistic error of the instrumental magnitude. The AGN magnitudes of

J.H and K’ band were obtained for 7,10,12 and 15 pixel aperture.

3.2.2 error related to atmosphere variation

Variation of sceing or atmosphere transmissivity would be cause of variation of the mstrumental
magnitude of the photometric standard star in one night.

['ig.3.5 1s histogram of o, which is the standard deviation of the airmass cariburation. Abscissa
and vertical arises represent 7, and their frequency. The data determined with large 15 pixel
aperture were used here. Therefore it is guessed that the origin of o, is rather variation of
atmosphere transmissivity than of PSF. It is understand that distribution of o, of H band is
closer 1o 0 than that of J band, and &, of K’ band is further closer to 0 than that of M band.
This property means that the variation of almosphere transmissivity is more sensitive to detected
photon counts at more shorter wavelength in comparison of J.H and K7 band.

Parameters that characterize these features are shown in table.3.1. Only the values of o, that
1s stnaller than 0.3mag werc used o estimate the parameters. Both average and median of 1those

paramecters are largest at J band and smallest at K7 band.




3.2.3 error related to dithering

Theinstrumental magnitudes of 18 continuous frames of the photometric standard tend to disperse
larger than amount expecled by their signal noise ratio(< 0.01mag). Iufluence of the variation of
the atmosphere transmissivity or difference of airmass because the frames was obtained for single
star continuonsly for a few minutes. Therefore error of flat fielding and bad pixel are reasonable
candidate of the dispersion.

Fig.3.6 shows distributions of o4, where o, is standard deviation of the instrumental magni-
indes of 18 frames of the photometric standard continuously obtained. Abscissa and vertical axis
represent, o and their frequency. Solid line shows the distributions of ¢4 of the Ist and the 3rd
term of observation and dashed line shows those of the 2nd term. The histogram of J. I and R’
band are resembled each other, especially difference of peak positions between the 1st,3rd term
and the 2ud term are common feature. Observation of the 2nd term was done with only the 2nd
quodorant of the detector to avoid the 4th quodorant that was under trouble. Therefore shift of
the dithering in the 2nd terin observation was about 30 arcsec that was a half of normal observa-
tion of the photometric standards. The fact that the difference of the dithering pattern canse the
difference of the o, suggests that flat field error with more than a few 10 arcsec scale contributes
Lo 7y4.

Parameters that characterize these features are shown in table.3.2. Only the values of oy that
is smaller than 0.3mag were used to estimate the parameters. oy of the Ist and 3rd term of J H
and K’ band are comparable and average and median are ~0.033mag and ~ 0.027Tmag respec-
tively. o4 of the 2nd term are smaller than those of the st and 3rd term, however, those of J. H
and K’ band are also comparable. The independence of gy from wavelength is contrast to the

wavelength dependence of o, As the result, o, is larger than oy al J band but smaller at A7 band.

As described above, the dispersion of the 18 continuonsly observed frame tends to be larger than
that expected from SN. I observation of 18 frame was done with 0.034mag statistic error {that is
the valucof a; of the 1st and 3rd term), error of the average of the frame is 0.034/V/18 = 0.008mag.
However, this value is smaller than both typical statistic error of AGN and o, in this work. Fur-
thermore, affection of o4 to the magnitude determination with photometric standard wonld be
somewhat canceled because the dithering of AGN and photometiic standard are done with almost
same central position and shift step. Becanse of such reason, o, was considered as error but oy

was not at the determination of magnitude of AGN using photometric standard.

On the other hand. aflection of the variation of the atmosphere transmissivily 1s canceled in
principle at differential photometry of point source as described in nest section. However, the
crror of flat fielding can not be neglected at differential photometry becanse AGN and reference
stars with dilferent position are compared. ‘Therefore method using photometric standard and

differential photometry are in contrast for the influence of kind of errors.
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Table 3.1: Characteristic parameters of the distribution of o,.

J H i’
data num 79 7Y 79
average 0039 0.028 0.018
median 0.029 0.021 0.016

Table 3.2: characteristic parameters of the distribntion of o

the 1st.3rd term the 2nd term
J H I J 1 K’
data noin - 222 216 220 [H4 119 151
average 0.032 0.033 0.034 0.022 0.024 (1.022
median 0.027 0.02% 0.028  0.020 0.019 0.020

33




3.3 differential photometry

3.3.1 introduction

<problems of photomelry with pholometric standards>

As deseribed before, magnitude determination of AGN with photometric standards were done
in this work. However, there are some problems in variability determination where difference of

the magmiudes of AGN 1s regarded as the variability.

Oune of the problems is affection of difference of PSF between AGN frames and photometric
standard frames, especially in the case with small aperture. The canse of the PSE difference would
be variation of secing and/or condition of tracking of telescope.

Another problem is aflection of dilference of atmosphere transmissivity between AGN observed
time and photometric standard observed time. The atmosphere transmissivity and sceing condi-
tion should be understand always to be varyimg. Folal throughput of the observation vary largely
when cloud comes on line of sight of the telescope. The observation was done with greal care
to find and avoid clond. However, undetectable very thin cloud that could be identified after
daybreak existed and therefore the detection of the clond was limited. Observing time mnst be
threw away even if such thin cloud is found completely. Loss of observation efficiency becanse
the observation is himited only at photometric night is also problem ol the photometry with the

photometric standard.

The influence of the variation of the PSE can be avoided by to adopt large aperture. But
SN of the object becomes worse when large aperture is used.  The allection of the varialion
of atmosphere transmissivity can be somewhad avoid by to ohserve the photometric standards
frequently. However, it 3sn’t in princple solution, and too frequent observation of the photometric
standard makes the total efficiency of the observation low.

SN of AGN cansed by the photon statistic can hecome better and better if very long integra-
tion time is adopted. However. systematic error caused by the variation of PSF or throughpnt
affects on the result of photoinetry regardless of SN of the object. So acenracy of the photometry
with photometric standard is nsually Bmited by these effect. Too long integration time isn't good

because 1l makes the total efliciency of the observation fow Loo.

In principle, the problenss deseribed above originate in comparizon of images which were taken
on different, time and line of sight and mstrument condition like tracking of telescope. In this
work, differential photometry was adopted to detect the variability of AGN with high acenracy

and rehiabihity,

<prinaple and features of dilferential photometry >
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The problems of the variation of PSI and throughput are avoided by differential photometry
in principle. The princple and features of differential photometry is described bellow. At first
time simple condition where target object and nearby relerence obhjects are point sonrces and flat

fielding error doesn’t exist is thonght.

¢ Aperture photometry is done to obtain instrnmental magnitude of target object and reference

objects 1 image of the st and 2nd observations.

¢ PSI of the objects in cach rames can be regard as almost same in accuracy needed by this

work.
o The variation of thronghpnt affects equally on all object in a fiage.

s Thercfore difference of the instrumental magnitudes between the target object and reference

objects reflect real dilference of their flax regardless of variation ol PSF or throughput.

¢ I'he varability of the targel object 1s determined regardless of above error effect by estimal-
ing the variation of the difference of the instrumental magnmiindes between the target object

and relerence objects.

e As the vesult of canceling the systematic errors such as the variations of PSF or throughput.
staller aperture conld be used for differential photometry than at analysis of photometric

standards. Thercfore statistic error can be smallor.

¢ Observation time cfliciency can be higher at differential photometry than at analysis of

photometric standard because observation through thin cloud is possible.

There are some kind of errors that were not canceled even by differential photometry. Frror
of flat fielding aflects to the difference of the instruental magnitudes between the target object
and reference objects. The affection of the variation of PSE s not, canceled completely if profiles
of the target object and reference objects are nol same. Furthermore, variability of the reference
objects of course affect Lo the result of differential photomnetry,

However, as describe following, these errors that were canceled in differential photometry were
not fatal defect 1n this work where the target AGN were not very extended samples and the most

reference objects would be stars,
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3.3.2 process of the differential photometry

<SS image as position reference>

ldentification of objects in the Fst and 2nd observations is important for the differential pho-
tometry. DSS images were used as reference of the identification of the AGN and reference objects.
DSS{digitized sky survey) images are digitized Palomar chart. Thercfore they are only useful as
the position reference though their photometric accuracy couldu’t expected. T'he reasons of adopt-
ing not infrared images obtained in this work but DSS images as the identilication relerence are

[ollowing.

o DSS images turned to be superior to distinguish object and noise than infrarcd images.

o Reliahility of identification with 3 image(DSS image,the st and 2nd images) was higher

than with only the Ist and 2nd infrared images.

o Lack ol photometric accuracy that is defect of the DSS image is no problem for usage of

identilication of the objects.

o By larger DSS ninage than the mfrared images, objects near edge of the observed image can
be detected. Such objects s not useful for the differential photometry. but the information

would be useful for sample selection of the MAGNUM project.

o By larger DSS image than the imfrared mages, identification of AGN and nearby objects is
possible even m the iimage of AGN thal was observed only once. The result would he uselul

for sample scelection of the MAGNUM project.

Flowchart of the differential photometry in this work is shown in fig.3.7.

D5S images were prepared for cach AGN observed in this work. Size of images were 12X12
arcinin?, that was larger than infrared images obtained with dithering. The DSS images nsed for
the analysis were obtained antomatically rom database of Daia Analvsis Center of NAQJ with
hatch seript. DS52 images that resolution was better than DSS1 image were used as possible as
could, but DSS1 images were nsed for the region where DSS2 didn’t cover.

Obtained DSS images were done fits and objects in the images were detected by IRAF ¢l seript
that consisted of DAQ find task and perl seript antomatically. After some try and error of tuning
of detection threshold, DSS images turned out to be more nseml to distinguish the objects and
nowse than the infraved images of this work.

Marking the target AGN on cach D5S images were done by manual operation comparing the
itmages and finding charts since the most central object was usually the target AGN. but sometimes

nol. because of error of position data. The linding charts were prepared based on information in
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VV catalog. To mark more casily on many images. cl seript was prepared and used where the
nearest object from mouse clicked point was searched and found object was regarded as the target,
AGN il it was enough near, or regarded as not found and error message was uttered. The result
of the detection of AGN and nearby objects were written into text lile with other information

antomatically.

<detection of objects in infrared images>

Detection of objects in infrared images were done with ¢l script that was resembled (o the
seript for DSS images antomatically, Luminosity of observed AGN distributed wide range. Large
unmbers of noises were detected if the threshold was set enongh low to detect Tamt AGN ol this
work. However, the threshold of the detections were set somewhat Jower than that for DSS images
hecanse AGN had {o be detected. There were very much miss detection at edge of the obtained
infrared images. Level of the tmages were estimated and the edges were smoothed with TRAF
task for image replace antomatically. After those operations, the miss detections fairly rednced
but were notl extermmmated.

Most of AGN were detected in the antomatic detection process together with nearby objects,
however, some of the laint AGN were not. Manual try and error with tuning of parameters of
detection were done. Invisible AGN in the infrared image or very faint AGN that were not. detected
1M any try were regarded as non detected.

The most central object were not always the targel AGN in oblained infrared images partly
because tuning of telescope pointing were omitted for some interval. Furthermore, offcenter region
of detector was used 1o detect AGN for the 2nd term of the observation becanse of the irouble of
the 4th quodorant of the detector, Therefore 1t was necessary to identify and mark target AGN
in infrared images by mannal operations with the finding charts. The process which was similar

to those for DSS images were used to mark on more than 1500 iinages more casily.

<identilication of reference objects>

I was necessary to identily detected reference objects i the st and 2ud infrared images of
AGN for the differential photometry of AGN. The process of identilication of the objects was
antomated since nummber of the reference objects was larger than that of AGN for one order.

Top of the DSS images and the infrared images corresponded to north and dispersion of the
direction was smaller than a lew degree. Coordinates ol the detected objects i the DSS images
and the infrared images were transtorimed Lo new coordinates that the origin was AGN and unit
was arcsec. The objects i each infrared images closer than 10 arcsee from the position in S8
image were regarded as candidate of same objects. If two or more objects were found in the

aperlure, cacli or all of them were not adopted to avoid error of identification. Comparing the
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DSS nnages and mfrared fmages, least square fitting was executed where the direction of the
images and expansion lactor were [ree parameters. The fitting were iterated with smaller aperture
and new starting paraincters which were obtained as the result of the last fitting. The final valne
of rotaiion parameter was smaller than a few degree and expansion parameier was in 100+ a
few % for most case. The processes were almost always successful and seript produced from the
resull. of last iteration antomatically was useful except some cased where only very faint objects
were detected 1n the images. The most typical cause of the case where the parameters didn’t
converge well were that only very laint objects were detected in the images. The parameters were
tuned with manual operation. Data sets where the identification processes were nol successful
were neglected i following analysis.

The aperture was reduced toward 2 arcsee and only the objects which were survived those
process were regarded as same objects. The size of the aperture(2 aresec) was comparable with
FWHM of typical point source in infrared images. Correction of distortion was not necessary in

H.})O\'() PTOCEsses.

<estimation of the variability of AGN>

At the first step of the estimation of the variability of AGN, origin of the varability of AGN
were determined, and then the variability of the AGN were estimated as following., Varialions
3'.?1

of the instrumental magnitiwdes Ay = moy; — my; of cach reference objects(i=1.2.3,..) and their

stalishic error a; were calenlated.

Ari; = ny — my; (3.1)

op =\ oy + oi; (3.2)

where my, my, oy, 0 are the instrumental magnitudes and their statistic errors of the i-th
object ol the st and 2nd observations. Dilference of the instrumental magnitudes Arn; some-
times dispersed larger than amonunt of expected by its statistic error g;. Error of flal fielding is
reasonable as the candidate of the origin of the dispersion. The flat ficlding error would affect
on all relerence objects equally regarvdless of their Inminosity, And then o; was determined o
fill next equation(3.3) to take account of the effect of the dispersion. This means that o was
added to errors to make left hand of (3.3} expectation of the y* distribution with N freedom. The
value of @ was obtained by nmumerical solution. 1l the solution of real value didn’t exist, o was

determined as 0 becanse no addition of ¢ was necessary to explain the dispersion.

(AITH - Af’“auc )2

> = N (3.3)

- r:r;"+(7§

Next, weighted average A, of the variations of the instrumental magnitudes of the reference
objects and their errors a4, were calculated. These values were used as the origins and thar

crrors Lo determine the variabilitics of AGN.



Ari; 1

At gy = Z pa Uf/Zi: P (3.4)
I (-'ﬁn‘]i - i':"\n'"nur)z | o =
e [y D DY N (3:5)

The vanability of AGN Ay, gn was obtained after estimating the difference between variation
ol instrumental magnitndes of AGN and the origin of the variability. The error was estimated
using the instrumental magnitudes errors of AGN 1 the Ist and 2nd observations TAmragnt TAmzagn s
the error of the origin oa,,,.. and a; as below.

e

'—;Sn"a;;n = Myagn — Miagn — A”"'ave (;6)
— 2 2 2 2 D Bl
T g = '\/O-Amg‘ag,, + U.'lm.l,ﬂgn + Ty + T gy (;‘ )

Those processes were also apphad to determine the reference objects. Abnormal data were
found by 5 o rejection, and the process to determmine the vanability of AGN was iterated. Alter
3 tames 1terations, no more object was found as the abnormal data. Mosi of the objects detected
by the 5 o rejections would be originated by error of identifications or effect of positioning edge
of the framne, however, some of them could be variable stars. 3 o rejection was done once alter Ho

rejections.
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Figure 3.7: Flow of the differential photometry. The processed in the dashed line are atomized and
cach of them are completed without manual operation but start commands. The identifications
of the targel AGN on the images need human’s judgment. To make the manual process of ~2000
images, the system is developed where the identification of one image needs only once mouse click.




O 7 77T
J

— 2T B2 0321+33 |

g I _
R !

g _.6 - ﬁ = ]

<El ““%""'ﬁ:‘m'@'n&'%%“ﬁ '''' . 'iﬂ"‘n&ﬁ‘

-8 F %m -

e}o

Figure 3.8: igures (or principle of the differential photometry. The left is the Ist image of 132
0321433 at J band with 136scc integration time. The target object 1s shown by the arele. The
right is similar but the 2nd image. The Ist and 2nd observations were done on 1996 February
5 and 1998 January 5. 'The lower figure shows the variations of the instrumental magnitude of
the identified objects in those images. The abscissas axis represents merely number of identifica-
tion. For the objects except the AGN. the instrumental magnitudes turned smaller inaverage by
~0.7Tmag, while the variation of AGN is simaller, what means that the AGN turned to be davk. I
is the main reasons why the instrumental magnitudes of all objects turned smaller to restore the
Al coating of the primary mirror, to change coaling of the secondary mirror from Al to gold, {o
restore the coating of the beamsplitter and to dilfer the seeing of conservations.
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Table 3.3: characteristic parameters of the distribution of oy

J H R
sample 189 168 172
average{mag) 0.028 0.033 0.030
median(mag) (0,009 0.009 0.000

standard deviation(rmag) 0,046  0.053  0.051




3.3.3 effect of PSF variability

It is nportant advantage of the differential photometry that the result is less sensitive to varialion
of PSE than in photometry with photometric standard. In principle, effect of the vanation of PSF
should be canceled completely if PSE of the reference objects and target object were same shape
(3.11a). However, most of the reference objects were stars in this work while the target object was
AGN, thercfore there was probability that the result of the diflerential photometry was allected
by the variation of PSE. As shown in fig.3.11b, 11 1s expected that secing of growing betier(or
worse) bring to add fake brighteming(or darkening) to the result of the differential photometry
when the PSE of the target object 1s more extended than the PSF of the reference objects. In
this section, difference of FWIHM of the 1st and 2nd infrared images, and then the affection of the

PSFE variation to the resnll of the differential photometry is estimated.

Estimation of the FWHM in the Ist and 2nd infrared images was done with ¢l script that
imcluding IRAF imexamine task. The FWHM as output of the imexamnine task tended 1o be
larger for more dark objects. To avold this effect, variation of the F'WHM of each reference
objects were estimated in the first step ol determining the difference of FWHM between the 1st
and 2nd infrared images. Only reference objects that peak count of the instrumental magnitude
was more than 30 were used i the process. Next, median of the variations of FWHM of cach
objects were estimated that was regarded as the variation of FWHM between the 1st and 2ud
mfrared images.

Fig.3.12 shows distributions of the difference of FWHM hetween the 1st and 2nd infrared
images for S 4 and K band. The shape of the distribution is like Gaussian at each band. Center
of the distribution is shifted toward positive side, what means that the case that PSE was turned
worse was more frequent than turned better. Change of hight axis of the telescope 1s plausible as
the cause of this feature becanse the primary mirror was removed once to repair coating in off
season betwoeen the 2nd term and the 3rd term ol the observation. However, it is impossible Lo
deny that bad seeing night was signficantly more at the 3rd term by only above data.

Average,median.mode and standard deviation of the distributions are shown at fig.3.4 for J . H
and K band. The distribution is extended more widely at the band corresponding to shorter
wavelength. The mode of the distyibution of each band tends to be large at cach bands, however,

significance of the dilferences arc unclear.

Next, the influence of the varation of PSF to the result of differential photometry way con-
sidered. Analysis was done using IRAF gaus task where the infrared image with smaller FWHM
of the two was convolved and differential photometry for the image was done.

Fig.3.13 shows the process as a flow chart. The convolution with o=0.5, 1.0. 1.5 ... 1.0 was
execnted and then the differential photometry was done for cach times. Region including the point
where the difference becatne O was determined and corrected variability of AGN was obtained by

interpolation of the result of diflerential photometry at both eud ol the regton. ¢l seripi 1o be con-




sisted of IRAF gaus, DAO phot, imexamine lask, perl and UNIX shell seript was developed and
used to make the analvsis cfficient. All operation for all images were completed after automated

process for about 3 days.

Fig.3.14 shows the dependence of the correction of the AGN variability on the vanation of the
FWHM between the 1st and 2nd infrared images. The error of the correction was estimated as

following.

A — Am,
PW M, — FWH A, A

(3.8)

where I'WH M — FW H M. Amp— Am, was dillerence of the FWHM and varability of AGN
at the both side of region mchiding the best convolulion. cappar was error of estimmation of
FWHM dilference. To avoid other errors, only the data of which accuracy of the instrumental
magnitude of AGN was better than 0.02mag and the error of the correction was smaller than
0.05mag were used in the analysis. Data of J.H and K’ band were mixed and used here becanse
the sample of each band hecarne 1oo small under the imit ol above condition.

The results of the analysis tend to plotted on increasing sequence toward right direciion from
the origin in fig.3. 1.1, This feature is consistent with the fake variability commented above. When
those process were applied 1o the data with less SN, the plot was extended widely and significant
result was not obtained. [hstribution of frequency of the corrections is shown at fig.3.14. o of this

distribution is 0.0Imag.

In the analysis of this section, AGN of which determined the apparent variability caused by the
variation of the PSE were limited in the bright and nearby objects. Therefore it was tmpossible
to correct the effect for all AGN in this work. Fortunately, extension of host galaxy of dark and
further AGN tend to be small, so the influence of the PSE variation for those objeds tend to be
small too (fig.3.11a). The correction of the fake variability would be smaller for such case. The
value of 0.01mag 15 smaller than scale of other errors in this work and is not dominant error. For

{hese reasons, the affection of the PSI vamation was treated as below.
¢ The Correction of the variability data of AGN was done.
o The error of 0.0hinag was added 1o the total error by (3.t 1a)

There 1s possibility that the correction of the variability data of AGN is necessary 1o the
MAGNUM project where observation with 0.01mag accuracy is planed. Figure shown in fig.3.1]
will be able to make for cach AGN since cach AGN will he observed for many limes at the
project. In such case. the sequence of dependence of the correction lor the apparent variability
on the variation of seeing will be able to determined for each objects. Therelore the correction of

the variability data of cach AGN is expected to be done without convolution of obtained images.
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Figure to show the influence of the PSF variation to the differential photometry.

.86 1042,8.2 Tepresents the instrumental magnitude of the AGN and the reference star obtained
in the Ist and 2nd observations. The left side(a) represents the case 1o regard the AGN as a point
source. The ratio of the flux in the aperture isn’t changed with the broadening of the PSF and the

variability obtained by the differential photometry is not affected.
of the differential photometry.

This 18 the 1Important feature
T'h right side(b) represents the case when the profile of AGN s

extended. AGN's flux in the aperture isu’t, decrease as much as that of the reference star with the

broadening of the PSI.

Therelore apparent brightenming of the AGN can be detected.



40 LA NS LB LR N LN LS L S NN LS LA (N AR I B LA AL IS B B N B LA LB

30 f J -
g -
e 20 -
= -
c
10 n
0] A
30 H
g ]
£ 20 .
>
c
10 n
0 p++H+HHRH A
30 | K
g ]
£ 20 .
>
C
10 | -
Lo s o g laaaaly I.,.q

O sty aaaly T B L L
25-2-15-1 -5 0 5 1 15 2 25

A FWHM (pixel)
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J H K’

sample 144 180 157
average 0.11 0.06 0.09
median 0.13 0.06 0.14
standard deviation 0.64 0.58 0.50
maode 04 04 04

Table 3.4: Characteristic parameters of the distributions of the difference of FWHM between the

Ist and 2nd observations.

sample 84
average -0.017
median  -0.000
a 0.010

Table 3.5: Characteristic parameters of the distribution of the apparcent variabilities of AGN
I PT

obtained by the analysis of this section.



3.3.4 test of the error estimation

The error estimalion of the variability data is very important. I the error is estimated too small,
fake variability is concluded from dispersion of data that is originaled by not intrinsic variability
but only statistic dispersion. If the error is estimated too large, the variability cannot be concluded
with certain significance even when the variability was detected.

The variability of the reference objects was fairly smaller than those of AGN because most
of the reference objects consisted of stars. In this section, the variability of the reference objects
was determined by differential photometry, and then the the error estimation of the differential
photometry in this work was tested in comparing the calculated errors and dispersions of the

result of the photometry.

The variability of the reference objects was caleulated using the origin Amue, Gam,,. that was
obtained m the analysis of AGN variability. The reference objects were divided into subsamples
that the calculated error was 0 <o < 0.01.0.01 < ¢ < 0.02,.;.[).{]?J < 7 < {.1. Table3.6 shows the
sample number of each subsamples. Fig3.15 shows relation between the calenlated error and the
standard deviations of the value of the vanability in cach subsamples. The plot of J. H and K’
band are similar to cach other, and it is shown that the calculated errors are nearly equal to the
result of the differential photometry. Most of the plots are below the line of y = a slightly, what
15 11 rather desirable sense that is over estimation of the error in the differential photometry of
this work. Some plots are above the line of y = 2 al the region of calenlated error < 0.03mag,
however, what is not serious problemn becanse excess is small and explained by inclination of the
objects toward the side of large value in the subsamnples.

It is reasonable that averages of the result of the differential photometry are almost equal to
0 at the region of caleulated crror < 0.07Tmag for /. # and K’ band. However, the averages tend
to be plotted above 0 at the region of caleulated error > 0.0Tmag, what corresponds to the sense
becoming more dark. This feature is explained by improvement of throughput of the telescope

that primary nmurror coating was repaired.

As above, it was confirmed that the error given in the process of the differential photometry
was the best value or slightly larger. Therefore, it is concluded that the error estimation of the
differential photometry of this work is reliable quantitatively in the region of the error 0.01~0.1

for J.H and K’ band.
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Figure 3.15: The relation between calenlated errors and standard deviations of obtained variability
of the reference objects which are the result of the differential photometry for the reference objecis.
The abscissas axis means the errors of the reference objects given by the differential photometry.
Open triangle, square and circle represents the standard deviation of obtained variability at ./ Hf
and K’ band respectively. Tilled triangle, square and circle represents the average of obtained
variabtlity rat J.H and AN’ band respectively,




J H R’

0.00-0.01 5 6 9
0.01-0.02 65 41 33
0.02-0.03 117 70 54
g
2

0.03-0.04 165 88
0.04-0.05 176 102 7
0.05-0.06 178 130 103
0.06-0.07 212 150 114
0.07-0.08 144 106 89
0.08-0.09 150 75 &3
0.09-0.10 103 86 57
0.10-0.11 57 60 55

Table 3.6: the reference objects used the test of this seciion




3.4 accuracy comparison between the two photometry
methods

In this work, the differential photometory specialized to detect AGN vanability in near infrared
wavelength were developed. On the other hand. the vartability can be calculated from two times
photometory by photometric standard star not for all but for many objects of this work. In this
section, to estimate the accuracy realized by the differential photometory, the accuracy is com-
parcd to aceuracy by the photometory by photometric standard stars. It is merit of this estimation
to use same images Lo calenlate the accuracy of two different method and can discuss the influence
of the difference of photometory method avoiding the influence of the difference of observation

and mage reduction.

First, for the objects obtained the magnitude and the crror (n. a,,). (2, ) by both two
observations, the variability determined by standard star Am and o,,,,; = o, * o, (mag)
were calculated. These values were obtained for J, H and K band and for r = 7,10, 12, 15 pixel
apertuers. The varability and the error by the differential photometory were for J, H and A
band aud for r = 3 pixel apertuers obtained in previous section.

Fig 7?7 is for to compare the errors of those tow method 1o determine the variability. Only ihe
data by the differential photometory using more than 2 reference stars were used here. Fig 77 s
about the case of J band and for r =7, 10, 12, 15 pixel apertuers standard star photometory, The
figures aboutl /., K band were shown at 3.2, B.3.

The first feature of the hig.?? s that many data are ploited around one sequence. The
second] {eature is that the sequence becomes closer to x axis when the aperiure for standard star
photomelory becomes larger. "Those tendencies are also seen al the fignre about £ and A7 bands.
Becanse the signal noise raiio of the aperture photometory becomes lower when the aperture
becomes larger if the other conditions are same, those features are reasonable. The sequence
concentrated by the plot can be seen ronghly as linear. The slope of the sequence regarded as the
linear 1s smaller than 1 even for the case of 7 pixel aperture for the standard star photomeiory,
where the slope is largest in fig.?7. Thercfore the typical acenracy of the variability measurcinent
by the differential photometory is Ingher than the value by standard star photometory. These
feature are also seen at the figure about [ and K’ bands.

However, there ave some data distributed not around the seqnence and above the sequence. It
1s thought that one cause to born Lthe feature 1s that the sequence is closed to x axis and therefore
the dispersion along the x axis direction 1s not seen remarkable. But more essential cause of the
f[eature is thought 1o be the crror of the origin of the variability determined in the differential
photometory becanse insuch case total error of the differential photometory becomes larger even
if the signal noise ratio of ithe AGN in image 1s higher. The canse of the earror of the origin in
the differential photometory thought to be the ervor of flat lielding. variability of the reference
objects and the eflect of the edge of frames. What the accuracy of the varability determined by

differential photometory is high and the small amount of them are lower aceuracy is consistent to

Tt
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the distnibution of oy shown m fig. 3.10.

Next, the resnlt of accuracy of the varability to be compared befween those tow method is
estimated by wsing ¢ = 04404/ 74:57. Here larger ¢ means that the variability by the differential
photometory is higher than by photometory by standard star. The ratio filling ¢ > ¢y is determined
as R(%). Here ¢g = 1/3.1/2.1,2,3 are considered.

Fig.3.18 shows that the relations between the apertuers nsed by the standard star photometory
and R for each ¢ for J, # and K’ band. Here the data plotted in 7?7, 13.2 and B.3 are used.
These ligures show that the plot of J. #f and K’ band are resemble for cach other. The curves
i the figures are Increasing to right side as the resnlt of that the sequence of the plotted data
becomes closer to x axis when the photometric aperture becomes larger. The objects of ¢p = 1
are more than 80% for the most. case of J, H and K’ band and apertuers. This result shows that
the accuracy of the vanability by the differential photometory is higher than by the photometory
by the photometric standard for most case.

For usual photometory wsing photometric standard, 3-4 times larger aperture than FWHM i
used to avoid the influence of the variation of the PSF. In this work, the case consistent to this
condition is the case of 10 or 12 pixel aperture because the seeing size of this work is about 3
pixel. For such aperture size. ¢ = 2 — 315 the border hine if R becomes larger than 50% in fig.3.18.
Therefore the accuracy of the varability determined by the differential photometory is concluded
to be 2 — 3 times higher than by the photometory nsing the photometric standard in this work.
The method Lo express the mean of 77, 13.2 and B.3 by value is not one way. however, above result

is at least one of the guide.

I 15 effective to reduce the frequency of the case with large error in the origin of differential
pholtometory to realize more higher accuracy of differential pholometory than that of this work.
Such cases were small fraction. but certainly existed in the differential photometory of this work.
On the other hand, because the slope of the sequence made by most data points are limited by
the signal noise ratio of the AGN, it is thought to be hard to realize more higher o455 there by
the improvement of the analyvsis,

It is hoped that there are many good bright reference stars around the AGN to reduce the
frequency of the case with large error in the origin of differential photometory. And the reference
objects are hoped to be more closer in the region not cause the confusion. In such situation, the
influence of the edge of the frames and the large scale flat ficlding error shown in section 3.2.3 can
be reduced. If enongh many reference objects are near the AGN, differential photometory can be
possible only using the union area of all dithering frames. This 1s in contrast with the differential
photometory of this work nsing all arca of conbined image and is necessary to realize more higher
accuracy differential photomnetory in the MAGNUM project.

The objects monttored in the MAGNUM project are less than the objects of this work and
it is possible to prepare the objects {iling above conditions. We are planning that differential

photometory with more closer Lo the hmit of the signal noise ration by not only the reduction
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method but alse to consider the sample selection, exposing time and dithering pattern.

The relation between the J band variability of AGN determined by the differential photometory
and the photometory using the photometnic standards AJyizp, Adgpang in fig.3.17. The case of other
bands are shown in fig.B.5 and fig.B.6. In the case of 7 pixel aperture is used for the photometory
using photometric standard. the plotted data distribute from left and botlom side to right and top
side, what is reasonable. For the more larger aperture case, the error of AJy,,s becomes larger

and the shape of the distribution also becomes unclear.
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Figure 3.16: The relation between the error of the AGN variability in J band determined by the
differential photometory ;47 and by the photometory using phtometoric standard o4, 5. r shows
the aperture used in the later method.



T T T T T T I A B B R L B B Y L T]

J, r=7(pixel) | | J, r=10(pixel) ]

1 -~ 1 -

L - + |

L " Te |

~~ - = ot ‘, ]
(o2 L

o - - . L .

\E/ 0 0 - —__, —

3 B L - ]

L - - N

L L g i _

q — 1= —

Cooo b v b T AT T N T M TR N SO S WO YOO AU M

- 0 1 -1 0 1

A‘Jstand (mﬂg) A‘Jstcmd (mag)

T 1 T 1 T T [T T 71 ] AL I A B I B B B L

| J, r=12(pixel) j | J, r=15(pixel) ]

1 o 10— —

T
T
[

A‘Jstand (mog) A‘Jstund (mog)

IFigure 3.17: The relation between the AGN variability in ./ band determined by the dilferential
photometory Ayirr and by the photometory using phtometorie standard Ag,.0. r shows the

aperture used in the later method.



100 1 (2 I I ‘ﬁ__ L& I T % -
[ J G- & & 8 7
P e
~ 60 =
20 :_ altnnd/cdﬂ'> 3 _:
0 - | 1 I | I 1 i 1 i |

5 10 15

rep (pixel)

100 T T T ;3 ———F — 9 ]
- — % a <
ol B—-'__—____-_?.-—-'_-_-—u —
80 I— =
~ 60— .
e T E ]
e N ]
e 40 — -
20 =
o L— N

5 10 15

rep (pixel)

100 Wl —&
8o -1 =
~ 60 -
B ~ ]
x 40| —
20 |- —
o ]

5 10 15

Fap (Pixel)

Fignre 3.18: The ratio of the object number that fill the condition of ¢ > 033, 6> 05.¢> L.e >
2, ¢ > 3 from top to bottom respectively. Here ¢ is the ratio of the acenracy of the AGN variability
determined by two method in J band, determined by the differential photometory o5, and by
the photometory nsIng phtometoric standard 4,4

60



Chapter 4

result

Iu this chapter, objects list, table of the vanabilities and magnitude at J.H and K’ baud as the
resull of the data analysis of this work. Next, overview was done with figure that showed certain
detection of AGN varability ete. before detail analysis of magnitude of variabilities, wavelength

or other characters dependence of AGN variabilities.

4.1 result of the data reduction

As the result of the obscervation of this work. objects with any resull were listed in table. Al
There are 331 objecls in the table. The objects in the table are sorted by R.A., and the lirst
column is serial munber. Later columns are name, R.A. and dec., 2 and My by VV catalog. The
last. column shows radio activity of the objects defined nsing 6em wavelength flux. L ineans radio
loud, Q means radio quiel and AU correspond to ambiguous and nunknown. The distributions of

R.A. and dec, z and Mv were shown at ig.2.1 and fig.2.2.

The variabilities of the objects are shown at table.AL10 that is main result of the dala analysis
of this work. The first colnmn s the number given in table. AL, Missing of the serial immber in
table. ALl correspond to objects thatl variability was not determined but magnitude at any band
was oblained. Next column of (A 10) means name samne as AL, From the third columns show
the variability of J band magnitude, its error and numnber of reference object to be nsed for the
differential photometry. Following coluinns are H and K’ band data. The last 2 columns are date

of the first and the second observation.

Magnitude of the objects estimated by the photometric standard stars are shown at table A 15
for JLH and K" band. The first and second columns show the serial number given at table. AL Lobject
name. J,H and K band magnitude and its error by 7 pixel aperture are lollowing. Same data but,
by 10 pix aperture are shown following. The last column means date of the obscrvation. Many of

the objects thal was observed 2 1imes to delect the vanabilily were also suceceded 1o determine
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their magnitude 2 times. Both of result of the two observations are shown in table.A.15. Table.A.3

shows the magnitude determined by 12 and 15 pix aperture as same way.

4.2 overview

In this section, the overview of the results are done before detail analysis of the variability of AGN.
Top and bottom at fig.d.l are the first and the second images of B2 0827424 at J band. The
AGN is marked by circle on each images. The first observation was done on December 1996 and
the second was done on January 1998, 7z and Mv of this object are z=0.941 and Mv=-26.5 thal
means the object is fairly far and bright i the sample. It 1s understood that the AGN became
brighter for the interval of the observations [rom the images. As the result of the analysis with
differential photometry, the variability of the object 1s -0.7140.05(mag) and the variability can be
conchided enough significant. The value of 0.71nag is one of the largest variability in the sample
of this work. The variabilitics of some fractions of sample 1s smaller than 0.lmag. It is impossible
to find variability by comparing the first and second image ol such objeci. However, it will be
possible to conclude the variability of most AGN and discuss about relations between characters

of AGN and their vanability by statistic analysis disenssed in following chapter.

Other fig.4.3 shows that the estimated variabilities are certainly real. Number of object. that
variability 1s as large as 132 0827424 1s small, but histogram ol total data ol the variability shows
that many AGN are variable objects. Solid line of fig.4.3 means distribution of variability at J.H
and K* band of AGN that was estimated with more than 2 reflerence stars aned its error is smaller
than 0.1 mag. The distribution seems to spread wider than its typical error of the variability of
AGN that is 0.05mag. Dashed hne means resemble but for the relerence stars used to estimate
the variability of AGN. Scale of number for the AGN and the reference stars are different hecanse
the number of the reference stars is larger than that of AGN. The distribution of AGN is wider

extended than the reference stars, this is also the significance of the variability of AGN,

J.H and K* band magnitudes of AGN obtained by this work by photometric standard star
photometry by 7 pixel aperture are shown in {ig.4.6. Here the data with error smaller than
0.2mag was plotted. For the objects that magnitude was obtained for twice observations, both

data of the 1st and 2nd observation are shown.



Figure 4.1: Top is the Ist image of B2 0827421 at J band observed on 1996 December 7. The
target AGN is marked with civele. Bottomn is same but the 2nd image observed on 1998 Jannary
16. The object of the 2nd observation seems Lo be somewhat brighter than the Lst. The difference
of lwminosity between the objects in these images is -0.712+0.016mag that is one of the largest

varialion in the data of this work.
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Figure 4.2: Frequency distributions of the variabilities of AGN and the relerence objects obtained
by the differential photometry in this work. Solid line and dashed line represents the distributions
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data with accuracy higher than 0.lmag 1s used here. It 1s seen that the distributions of AGN are
more extended than the those of the reference objects.
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Figure 4.4: The magnitude of AGN obtained by this work with Tpix aperture. Only the data with
accuracy higher than 0.2mag 1s used here. For the object that was observed twice, both of the
results are plotted.
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Figure 4.5: Relations between the magnitudes obtained with photometrie standard with Tpixel
and 10pixel apertuer and their errors. For the case of the object were observed fwice and the
magnitude was obtained, both of them are plotted.
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Chapter 5

discussion

Discussion nsing the result of the variability and photometry data is done in this chapter. In
section.5.1, the photometric data was discussed with JH A 2 color diagram. Relations between
the JH K color and V band absolute magnitude{ Mg}, Seyfert type or radio activity are estimated
for sample of z << | where SEDs of many AGN were obtained with high signal noise ratio.
Difference of JH K’ color between AGN and host galaxies were discussed by comparing the color
analyzed with various size ol aperture.

In section.5.2.3, discussion of the variability of AGN are done. Ensemble variability is intro-
duced to estimate the typical value from data set of AGN variability subtracted contribution of
error. The sample 1s divided by parameter like observed wavelength, radio activity, rest frame
observational interval, Mg . z and the ensemble variabilitics are obtained for cach subsamples. It
1s the important aim of the section to obtain the valne of varability and to research correlations
belween the variability and characteristic parameters. Next, ratio of sample that was conclhided
as certainly varied is estimated and universality of variability of AGN s discussed in section.5.2.3
Correlation of the variability of different band is considered in section.5.2.4. Time scale of the
variability of some subsainples is estimated in section.5.2.5,

Using the resull of those discussion and data of other papers, mechanism of the emission and

variability 15 discussed i1 section.5.3 for radio quiet and radio loud sample.

5.1 JHK' 2 color diagram

Fig.B.35 is the 2 color diagram for = < 0.3 sample divided by Mg. Only data of which er-

rors at 12 pixel aperture are smaller than 0.2mag are plotted. Open square,triangle represents

respectively. The data of Mg were oblained [rom VV catalog.
g B.36s the 2 color diagram for = < 0.3 sample divided by Sevfert type. Only data of which
errors at [2 pixel aperiure are smaller than 0.2mag are plotted. Open square,triangle and circle

represents Seyfert 1, 1.2 1.5 samiple, and filled circle, triangle and square represents Sevlert 1.8,
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1.9, 2.0 sample respectively. The data of the Seylert type were oblained from VV catalog.

Fig.1B.37 shows i1s the 2 color diagram for = < 0.3 sample divided by radio activity. The
radio activity was determined as fugem/fov nsing the data of flux at Gem wavelength and V
band magnitude. Open and filled triangle represents fogen/for < 10,100 < Sveem [ fov samnple
respectively.

The magnitude of the sample for cach 7,10,12 and 15 pixel aperture was determined by the
same size aperture between AGN and photometric standards. However, when the aperture was
small like the 3 or 5 pixel. influcnce of scintillation by atmosphere wavering became strong. There-
fore 1t was hard to compare directly the resull of photometry of photomnetric standards by 3 or
5 pixel aperture to AGN. S0 the correciion equation for 7 pixel aperture was applied o estimate
the color of AGN of 3 or 5 pixel aperture. In general, the magnitude of the object is svstemati-
cally estimated to be darker by this method becanse flux inside the aperture depends the size of
the aperiure. However, the affect of different aperture size is canceled in prinaple if ratio of flux
Fspin] Fepins fopin] frpir ave cqual in J.H and K7 band. It is to use the correction equation for 7 pixel
aperture to estimate the color by 3 or 5 pixel aperture in those case. However, if Jezupic! Fr=tpin
has wavelength dependence, the dependence can be cause of systematic error of color for 3 or 5

pixel aperture,

Plotted objects is distributed [rom about {(H-K7.J-H)=(0.3, 0.7) to about (H-K'.J-H)=(]
0.8) in figB.35. figB.36 and figB.37. These place of (H-K'J-H)={0.3, 0.7) ov {(H-K'.J-H)=(I

0.8} are correspond 1o normal galaxies and QSO on the near infrared 2 color diagram. In igB.35,

il is seen that bright sample al absolute magnitude tends to be plotted near the QSO position
and dark sample tends to be plotted near the normal galaxy position. And it is also seen that
the plotted position in figB.36 tend 1o localized near the normal galaxy position when Sevfort
type become closer to 2. Averages of the colors in the diagram and the errors were determined
to discuss those tendency quantitatively and the results were shown in figh4. (a) and (d) of
the figure show the dependency of J-ff, H-K'" on Mp. The sample was divided into My <-26,
26 Mp<-24, - 20 < Mp<-22 and -22< Mg as above, and average of Mp for each subsamples were
used as the valne ol abscissas axis. The estimation of the average was done with the data with no
weighted. Open square, triangle and circle represents the data estimated with 3, 5, 7 pixel aperture
and filled arcle, triangle and square represents the resull with 10, 12, 15 pixel aperture respec-

tively. The errorbars mean the standard deviations of the color by Tpixel aperture on the diagram.

H-K' has the tendency to become bluer when plotied sample become darker at Mg for all
apertuers at fighd(d). H-K"1s about 1.1 for sample of Mp<-26 that is comparable to the value of
QS0. while H-K"is about 0.5 that is closer 1o the color of normal galaxy for -22< Mg samnple. On
the other hand, J-#H is kept to be abont, 0.8 and the Mg dependence of J-H is weaker than H-K
(lighd(a)). And il is seen that the colors determined with larger aperture are more galaxy like
[or each subsamples divided by Mp. This feature cannot be explained by only the error cansed

by wavelength dependence of fupin/ fopin. fopic/ [7pin describe above becanse the feature is also seon
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in the data estimated with the aperture larger than 7 pix. So it is reasonable that this fealure
1s originated by the color gradient from central region of AGN 1o host galaxy. In fig??(d), the
difference of H-I' by the difference of the aperture size is more remarkable for the darker sample
in Mg than blight sample. This [cature can be explain to think that ratio of component of the

host galaxy to AGN is larger at darker sample in Mg than brighter sanple.

Figh.1(b).(¢) show relation between Sevfert type and J-H., H-K'. and unknown sample was
not used here. Fighd(c), () show relation between radio activity and J-#, H-K'. Condition
of dividing sample by Sevfert type or radio activity into subsamples was same to ligB.36, and
unknown sample was not nsed here. Meaning of the symbol and errorbar are same to (a),(b).

In high.4(e), when the Sevlert type is closer to 2, the H-K' become closer to the value of normal
galaxy while J-H 1s almost constant. These feature is resemble to the case seen in the relation
between Mg and JH K’ color. The Seylert from 1.8 to 2.0 sample tend to be dark in Mg and
their number 1s small. Therefore it is difficult to estimate the dependence of JH K’ color on Mg
and Seyfert type independently.

On the other hand, the difference of JH A" color between radio quiet and radio loud sample
isn't found e 5.4(c),(f). This 15 in contrast to the feature scen in the Mg dependence of JH K/

color for 2<0.3 sample.

For high redshift sample of 0.3<z. there are less sample with good SNR compared with z<0.3
sample. In figh.h or figh.6, the color esiimated by small aperture is not always more AGN like
than estimated by large aperture. It s reasonable that the reversal isn't cansed by real property
ol AGN but lac of SNR of the color. High 2z sample in the figure tends 1o be blight AGN and
radio lound AGN. Therefore il is hard 1o discuss ihe relation between their character and JH K’

color for high z sample in this work.
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5.2 the variability of AGN

5.2.1 introduction of ensemble variability

Becanse each object was observed only two times in this work, each variability data don’t always
reflect the characteristic amplitude of the variability of the AGN. Therefore |, the variability of
AGN 1s discussed with the ensemble variability that reflects the dispersion of variabilities in
the ensemble of many objects. It was overviewed at fig.4.3 that the variability data of AGN is
extended broader than reference objects around AGN. However, the usual standard deviation
is not best parameter to cstimate the varabihity of AGN from the observed data, because not
only the intrinsic variability of AGN but also the measurement error contribnte the broadening of
fig.1.3. So the ensemble variability described as lollowing is introduced to reduce the contribution

of measurement error and to gel representative value of the variability of the ensemble.
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Here ;15 the error of V. The first term of right hand of eq.(5.1) represents the dispersion of
the observed variability data. The second term represents the dispersion cansed by the error of
each data. ¢q.(5.2) show the error of V., however, the derivation of those form isn’t shown here
but m appendixC.

In following, the ensemble variability and its error is estimated for the subsamples made by

dividing the sample with various eriterion and the property of AGN variability.

5.2.2 relation between the variability and character of AGN

< research of the way to divide the sample >

It 15 one of the best method to adopt multivariate analysis for the dala extended widely in
the parameter spade to discnss the correlation between the variability of AGN and their absolute
magnitude Mg, redshift 7, interval of the observations aud so on. However, the distribution of
the sample in this work is not uniform and not always extended enough in the parameter space.
Furthermore, making ensemble 1s necessary in this work to estimate the variability becanse cach

AGN was observed only two times. So number of sample 1su’t enough even in this work in the case
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ol the number of free parameler increases at multivariate analysis. As a first step to estimate the
dependence of the varability on the characteristic parameters, it was adopted that the sample was
divided into two subsamples by cach parameters and the ensemble variabilities of the subsamples
were compared. The way to divide the sample into various subsamples are determined in this
scction. This 1s the preparation to analyze the correlation between the variability of AGN and

their characteristic parameter m next.

It is the primary aim of the method where the all sample is divided into two aud their en-
sernble variabibties are compared to estimate whether there is the main parameter that dominate
the vartability of AGN. There is the possibility that the influence of focused parameter to the
ensemble variability isn't detected when the variability depends not simply on the parameter even
il strong dependence 1s exists. However, such remarkable feature isn't seen in from fig.B.7 to
figB.13 that show the relation between various parameters and the ensemble variability. The fre-
¢quency distributions of some parameters like radio activity or observation interval at rest frame
arc roughly separated into two regions. ‘The method Lo divide the sample into two subsamples at,
first 1s suitable to 1his feature. Only the data estimated with more than two reference objects and

with accuracy higher than 0.lmag are used in the analysis of this section.

The radio activity was locused first. There seems from {ig.B.11 that the ratio of f4., on f,
15 extended for some decades, however, they are localized two places around | and 1000, It is
thonght that this feature 1s onginated by the fact that the sample include radio quiet AGN and
radio lond AGN. The sample with the ratio fueem/fov > 100 was regarded as radio lond here,
while the sample with the ratio foge./fov < 10 was regarded as radio quiet. The sample that
wast't detected in radio flux were classilied to radio quiet. The radio lond and the radio quiet
sample was regarded as the a and b group at the two dividing test and the ensemble variability of
each groups were calculated with eq.(3.1}. The result is shown in table5.1. The number in bracket
1 the table represents the sample number.

Next, observation interval at rest frame was focused. There seems from fig. B.9 that the interval
AL/{1+ z}3s localized two places aronnd 300days and 600 days. T is thought that this feature is
originated by limit of the season of the observation in this work, and the former includes mainly
the sample observed at the 2nd and 3rd term of the observation and the later inclndes mainly
the sample observed at the Tnd and 3rd term. The sample with the observation interval at rest
frame 400(days)AL/(1 + z) < 800(days) was classified into a group, while The sample with the
observation interval at rest frame 100(days)A/ (1 4+ =) < 400(days) was classified into b group.

Mp was obtained from VV catalog. The sample with Mp < 23.5 was classified into a group,
while The sample with Mg > 23.5 was classified into b group. z was also obtained from VV
catalog. The sample with 0.3 < and 0.3 > = was regarded as a and b group. Concerning the
near infrared color, the sample with J — H < 0.8 and ff — K" < 0.8 was classified into a group,

while the sample with J — H > 0.8 and H — A’ > 0.8 was classified into a group.




Tableb.2.2 shows the ratio of the ensemble variahilities of the a and b group made by dividing
by each parameter for J M, and K’ band. The last column represents average of the ensemble
variabihties of J ./ K’ band. The ratio 1s 1.46 and the largest value when the sample was divided
by the ratio activity. The ratio for the obscrvation interval 1.24 at rest [rame and for Mg 1.20
1s following. Oun the other haud. the ratio for z, Sevfert type, near infrared color J-H . H-K' are

more closer to 1.

Based on those result, the sample is divided by the ratio activity into the radio guiet and
the radio lond sample at first later than here. The criterion of division is same to above, sample
with the ratio fueem/ fuv > 100 was regarded as radio loud here, while the sample with the ratio
fuoem [ fuv < 10 was regarded as radio quiet. The sample that wasn’t detected in radio flux were
classified Lo radio quict.

Next, cach radio quict and the radio lond sample was divided by the observation interval at
rest frame into the short interval sample and the long interval sample. The frequency of the radio
activity and the observation interval at rest frame distribute localized around two place. And
it 1s preferable that the subsamples in this stage include as many samples as possible to divide
by Mg or z at next step. Therefore the number of bin of dividing by the radio activity and the
observation interval at rest frame was limited as two.,

The case where sigmficant ensemble variability cannot obtain because of the lack of the sample
when further dividing is excented. But the four subsamples that is the radio quiet with long ob-
servation wlerval al rest {rame and with short interval, the radio loud with long interval and with
short interval were divided by Mg into =18 < Mg < =23, =22 < Mp < =24, =21 < Mp < =26,
—26 < Mp < =32, I those subsamples were divided further, the lack of the sample number
were fatal. Therefore the division by z was done from above four subsample into 0 < = < 0.1,

0Ll <z<03 03 <:<0.6,06< <.

Fig.5.7 left shows the ensemnble variabilities estimated for the all samnple and plotied as abscissas
axis is wavelength. The value of the ensetnble variability is about 0.2mag at J H and K band,
and al least remarkable wavelength dependence of the ensemble variability aren’t found there.

Fig.5.7 right shows the ensemble variabilities of the radio quiet and the radio loud sample.
Two fealures are seen in this fignre, one is thal the ensemble variabilities of radio quiet sample
are smaller then those of the radio lond sample at all of J.H and A7 band. Another is that the
ensemble variabilities at .l and A’ band are similar value at cach of the radio quict and the
radio loud sample.

Fig.5.8 show the ensemble variabilities of of the subsamples made by dividing the radio quict
and the radio loud sample. The further division was done by observation interval al rest frame
into 100days < At/(1 + =) < 100days and 100days < At/(1 + z) < S00days. The left and
right figure represents the radio gquietl and the radio loud sample. The ensemble variabilities of
the subsamples with linger observation mterval are larger than those with shorter interval ant all

wavelength. And the enscmble variabilities al J,H and K7 band are similar to each other for cach
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samples here too.

The error of the ensemble varability tends to increase becanse of the lack of the sample
number when {urther division is executed. And it is possible thatl the lack is fatal and estimating
the ensemble variability is impossible. The ensemble variabilities obtained by dividing subsamples
shown above by Mg and 2 are shown in from fig.5.9 to fig.5.10. For example shown in fig.5.9,
the missing of the ensemble variabilities of Lthe short interval radio quiet sample with Mg < —26
is happen. Like the case of dividing the long interval radio lond by Mg or z, the subsample of
which the ensemble variability was obtained for only one band is also happened. It is impossible
to discuss the wavelength dependence of the ensemble variability for such sample. Comparing to
the sample before further division, there are some cases where the ensemble variabilities of J,H
“and /A" band tends to be scattered like the short interval radio quiet with 0.1 < = < 0.3, or where
the ensemble variabilities of J.H and K’ band are inclined like the short interval radio lond with
—26 < Mp < —24.

In next section, statistic test and estimation is done to check the significance of the features

like found in above 1n from lig.5.7 to fig.5.10.

< statistic test and estimation of X dependence of the ensemble variability >

The statistic test and estimation of the wavelength dependence of the ensemble variability was
done by Lo optimize assumed [unction to data and 1o apply the 2 test to the resualt.

Ouly there ensemble variabilities were available at a subsample in this work even when the
enscimble variability of J./{ A’ band are obtained. Therefore the fitting parameters included in
the function form to use for itting must be less than 3. As above, it is the feature of the overview
of the ensemble variabilities that at least remarkable wavelength dependence of the ensemble
variability was not found, especially for the sample that had many objects and the accuracy of the
ensemble variability was high like fig.5.7 or fig.5.8. So it is reasonable to make working hypothesis
that the ensemnble variability s constant in spite of observed band. T'herefore the function form
of

V(_\) = (e (5.3)

was adopted in this work. The reason to use this function is that eq.(3.3) includes Viyy = const,
is always positive for all @ il €' was selected as positive, and is simple form with only two free pa-
rameters. Therefore the selection of the form wasn’i. based on the consideration of the mechanism

of the varability or emission of AGN.

The wavelength dependence of the ensemble variabilities of varions samples were estimated

with eq.(5.3). a of eq.(5.3) was given and varied numerically, and €' was calenlated with method
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of least square [or every . For each ¢ and o,

NV = VI(C a, )

=2 (5.4)

; F v

was calculated. Here V; and o; represent the ensemble variability of each band and N=3 when
the ensemble variability of JJ H . K’ band are obtained. The 95% and 99% conflidence infervals
of a were estimaled with the \? distribution. Herealler Cq, ay represent the C.a that make 2

.

INInImm.

Table 5.3 shows the result of the test and estimation by above way. The first. line of the table
represents the result for the all sample. The optimized values are Cy = 0.21, 4y = 0.029, this
means that V(2.2pm)/V(1.2%mum) = 1.03 therefore V(A) at J band and K’ band are almost
equal to each other. The value of ¢ = 0 thal means no wavelength dependence is in the 95%
confidence interval shown in the lable. Therefore the hypothesis where the ensemble variability
for all sample doesn’t depend on wavelength at from J to A7 region is accepted. And the value
of a at outside of the confidence interval i1s rejected.  The value except from ¢ = —0.192 to
a = 0.242 is rejected i the 95% conflidence interval 1s used, while the value from ¢ = —0.248 to
a = 0.295 1s rejected for Q9% case. Those value represents V(2. 2p000) /V(1.25mum ) = 0.83 ~ 1.26,
V(2.2 V(1 25mum) = 0.79 ~ 1.32.

Nest, the radio guiet sample and the radio loud sample are discussed as same. The oplimized
value 15 ap = —0.065 for the radio gquiel sample and V(2.2pm) /V (1. 25pmm) when oy = —0.065
is 0.4, This value is close 1o 1. The value of ¢ = 0 1s enough inside of the 95% confidence
mterval, and the hypothesis where the ensemble varability for radio quiet sammple docsn’t depend
on wavelength al from J to A’ region is also accepted. The confidence interval of ¢ of the
radio loud sample is extended somewhat wider than radio quiet and then the ability of rejection
becomes lower. This feature is caused by that the accuracy of the ensemble variabilitics of the
radio lond sample are Jower that those of the radio quiet sample. The hypothesis of no wavelength
dependence is accepted for the radio lond sample too. The resull of the test and estimalion for
the subsample made by dividing by At are similar. The confidence intervals of ¢ include « = 0
and significant wavelength dependence of the ensemble variabilities aren’t detected though the
ensemble variabihty sometimes extended with the decreasing of samnple with the further division.

The ability of rejection in the test remarkably decrease when the subsample obtained by above
process is furthermore divided by Mg or z. The blank line in table 5.3 represents the case where
the test and the estimation were timpossible because more than two ensemble variability wasn’t
obtained. There are some blank shown as (1) in the table meaning that very large or small value
was accepted sincee the ability of rejection was too low (a was surveyed from -10 to 10, This wasn't
enough to reach the edge of the confidence interval for those case). All of the confidence intervals
ol « shown in the table include @ = 0. This result means that it is iimpossible for all the sample

of table.5.3 o conclude the significant wavelength dependence ol the ensemble variability.




As shown above, somewhal significant test and estimation could be exeented for the all sample,
the radio quiet and the radio lond sample and furiher divided sample by the observation interval
at rest frame.  As the result, The wavelength dependence of the ensemble variability of those
samples could be himited around “no wavelengih dependence”™.

On the other hand, the significance of accept “no wavelenglh dependence” was decreased al
the subsample more further divided by Mg or 2. However, il could be shown that there was no
sample where the wavelength dependence of the ensemble vanability was significantly concluded

m all the sample obtained in the analysis in this section.

< statistic dependence test of the ensemble variability on characteristic parameters
>

In this secf;ion, the dependence of the ensemnble variability on the radio activity, observalion
inferval al rest frame, Mp, 7 15 fested. Based on the results of the previous section, weighted
average of the ensemble varabilities of each band V;, Vi, Vi is determined as Vo and Vg is used
as the index of the variability. It 1s the merit of this method that V5 with more smaller error is
obtained and that the data of the sample where the ensemble variabilities aren’t, obtained at all

band are also useful and possible to compare with other data.

However, il is the important problem that the groups consist of completlely different samples
must be compared when the relation between the parameter except wavelength like the radio
aclivity, observalion mterval at rest frame, Mg, v are discussed in this work. There is the possibility
that the localizalion of hidden parameter affect to the relation between Vo and the focusing
parameter becanse observed sample is uniform for all paramecters,

It 1s also the problem which weren™t seen in the analysis of the wavelength dependence that to
describe the dependence on varons parameters with same function form is almost impossible. For
example, the radio activity seen in fig. B.11 distribute for some decades in log scale, while z is in
the region from 0 to 1. There are wingue relation between observation interval and the ensemble
variability and the function form of growth of the ensemble variability has proper significance.

Under the background like above, it determined as the aim of 1his section to test statistically
weather V5 depends on cach parameter with single method. The influence of hidden parametoer
is considered later. The hypothesis to assume that V5 doesn™. depend on focusing parameter was
tested with the method of chi-square test with simple function form V5 = €', This funciion form
has only one free paramcter and has the feature that same way of test can be execended in spite
of the character of focusing parameter. The sample was divided by the vadio activity and next
the observation imterval at rest frame, whal was done in previous section and the equivalence of
V5 for obtained samples were tested. Furthermore, produced subsamples were divided by Mp or
Z into many subsamples with =32 < Mg < 026,26 < Mp < =21. =21 < Mp < —18 or with
0< <0101 <2 <0303 <= <0.6,06<:<1.0, what was same as shown in from fig.5.9
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to fig.5.10.

Table 5.5 shows the results of the test. Cy is the resnlt of optimization. P represents the
reliability 1o reject the hypothesis that V5 doesn’t depend on the {focused parameter. The first
Iine of the table shows the result of the test between the radio quiet and the radio loud samples.
The value of y* is large, and the statistic equivalence of V5 of the radio quict and the radio lond
sample is strongly rejected. The second line shows the result of comparison between divided radio
guict sample with 100 < A7/(1 + =} < 400 and 100 < At/(l 4+ =) < 800. The significance of
the difference is high here too. On the other hand, the significance of the difference between the
radio loud sample divided into 100 < At/{l + =) < 400 and 400 < At/(1 + z) < 800 is T1.1%
and this 1s lower than above value. Il is thought that it contributed to cause this feature that the
accuracy of V5 is low at the radio loud sample with 400 < At/(1 4 z) < 8300 because of lack of the
data{fig.5.10). Therefore it is impossible to conclude that the dependence of V5 on the observation
interval of the radio loud sample 1s sinaller than that of the radio quiet sample.

£ is 5% when the Mg dependence was Lested for the radio quiet sample with 100 < A¢/(1 +
z} < 400. Therefore the hypothesis of equivalence cannot be rejected for example the 95% confi-
dence level was adopted. Then it 1s impossible to conclude the My dependence of V5 is significant,
al the radio quict sample with 100 < AL/(1+ z) < 400. On the other hand, the result of the same
test but for z 15 P = 95.5% and the z dependence is statistically concluded somewhat strongly.

The results for the radio loud sample with 100 < At/ ([ +2) < 400 arc remarkably different from
those of radio quiet. High significance of z dependence of V5 is similar to that of the radio guiet
sample, however, y? is further higher at the radio loud sample than the radio quiel sample. Mg
dependence of V5 of the radio loud sample is also highly significant, what 1s i clear contrast with
the case of the radio quiet sample. The test, for the radio loud sample with 100 < At/ (14 2) < 800

couldn’t be executed because of the lack of the data.

As described above, the test of whether V5 depended on varions characteristic parameters was
executed with simple form V5 = € and the chi-square test in this section. However, the result of
this section represents merely statistic feature of the data. The systematic imfluence between the

result obtained here and hidden parameters is considered later.

< discussion of parameter dependence of the ensemble variability >

The all sample was at hirst divided by the radio activily into the radio quiet and the radio
loud at the analysis by dividing the sample and comparing the subsamples done ai previous. It
was shown thal there was statistically significant difference between the valie of V5 of the radio
quict sample and the radio lond sample. At first, it is discussed whether such difference 1s cansed

by the difference of the observation interval at rest frame At" = Az /{1 + z).

The average of At" ab J.H and A’ hand are 491,503 and 492 days for the radio quiet sample
g ) | I

while 337,358 and 321 days for the radio lond sample. It 1s reasonable to think that the ensemnble
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variability of AGN 1s statistically increasing function of A+ though the time dependence of the
variability of AGN wsu’t clear. In such case, It is impossible to explain the difference hetween the
radio quiet sample and the radio loud sample by the difference of A, because Vr of the radio loud
sample 1s larger than that of radio quiet sample though At" of the radio toud samnple 1s shorter
than that of radio quict sample.

It is somnetimes problemn that the shift of the rest frame wavelengih corresponding o observing
wavelengih when the variability of AGN ol which # distribute widely extended is studied (for
example, }. However, multi-wavelength observation at J.H and K’ band is effective solntion of
this problem in this work. In fact, it can be concluded that difference of the ensemble variabilily
between the radio quict and the radio loud sample is not merely apparent caused by the shift of

observing wavelength, based on the result of the statistic test in previous scciion and fig.5.11

the radio guict sample in this work, while 0.526. 0,488, 0.528 and -24.9, -24.8, -24.8mag for 1he
radio loud sample. Thercfore the radio lond sample tends to be brighter at Mg and distribute
further than the radio quiet sample in this work. However, it is high probability thai the depen-
dence of the radio quict and the radio loud sample on z and Mg 15 different. as describe below.
Therefore it 15 impossible Lo explain the dilference of the ensemble variability between the radio

gquict and the radio lond sample.

Next, the relation between the ensemble variability of the radio quiet sample and A, Mg, =
is discussed. Tu the test of the previous secltion, there was the remarkable difference between the
cusernble vanabilities of the radio quiet sample with long and short A, And the z dependence
of the ensemble variabibty was found at both subsamples with long and short A#. while the Mp
dependence wasn’t found.

As the hrst step to consider those features, the shift of the rest framme wavelength of the
observation s focused on. It is understood that z dependence of the ensemble variability for the
radio quiel sample 151t merely apparent feature by the eflect ol the redshift from the result of
previous statistic result and fig.5.9.

As the next step, The relation between the ensemble variabilities and Mg, z for the radio quiet.
sample. Fig.5.13 was plotted to consider localization of the hidden parameters for the radio quict
sample. The left colnmu shows the relations of z, Vo, At and Mg for the subsample made by
dividing the radio quict sample by z into 00 < 2. 0.1, 0.1 < = < 0.3, 0.3 < = < 0.6, 0.6 < = < 1.0.
Here V3 is the weighted average of Vi, Vi, Vi, and 2, M. A" are the average of used value. Open
and filled square represents the sainple with short and long observation interval at rest frame. The
right column show similar figures but plotted lor the subsample made by dividing the radio gquiet
sammple by Mg into —32 < Mp < =26, =26 < Mp < =24, =24 < Mp < —22, =22 < Mg < —18.

It can be thonght that V5 is ronghly decreasing function of z from fig.5.13 top of the left side.
Ou the other hand, it is shown from fig.5.13 middle of the left side that At" = At/{1 + z) is
decreasing with increasing z at both of the sample with long and short interval at rest frame.

The main reason why such relation between At and 2 s cosnological time delay. Therelore,
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the correlation beiween V5 and z found in previous statistic test is qualitatively consistent with
the effect of At where Vi is Jarger at the sample with longer At Fig.5.15 shows the relations
between Vg and At for various subsamples of the radio ¢niet sample. Top and bottom of fig.5.15
represents the case of dividing by Mp and z. And fig.5.16 is for the radio lond sample rescemble.
From these figures, Mg or # dependence of growth enrve of V5 of the snbsamples of the radio quiet
are staller than those of the radio loud, and are ronghly equal to cach other regardless of Mg or
%.

As shown above, it 1s impossible in this work to reject the possibility where the z dependence
of the ensemble variability of the radio quiet AGN is merely apparent by the difference of At.
Therefore, 1t 15 also impossible 1o conclude the intrinsic 2 dependence ol the ensemble variability
of the radio gquiet AGN though the difference of the data is statistically significant.

From here the effect of the host galaxy and the variability of pure AGN component is consid-
ered. It was shown in above discussion that the intrinsic Mg or z dependence of the ensemble
variabilities small for the radio quiet sample of this work. However, it is thought that the data
used thereis contaminated by the host galaxy component nevertheless the data was obtained with
small 3 arcsec aperture. The ensemble variability becomes smaller when the contamination of the
host galaxy is larger because the host galaxy component doesn’™ vary in some years. It is thought
that the ratio of host galaxy componeut on total flux is larger at darker AGN(for example, shown
in Kotilainen& ward. 1991}, On the other hand, because dark sample is limited in nearby region
because of the observation limitation, the ratio of the flux overflowing from aperture becomes high
at the dark sample. Those effects compete, therelore the influence of the host galaxy to the Mg
or z dependence of variability is complex.

Color analysis with multi-aperture photometry shown in fig.5.4 is eflective to consider the
mfluence of the host galaxy contamination. Tt was understood that the contamination of host
galaxy is larger at the darker AGN discussed in section5. . There were little Mg dependence of
the ensemble variability of the radio guiet sample in this work, what means that there is negative
correlation between the pure variability of the radio quiet AGN and their luminosity. On the other
hand, it can be understood from fig.5.13 lefl side that the sample with small 2z tends to be dark
at Mp. Therefore it is expected that the ensemble variability of the sample with smaller 2 change
more larger al the subtraction of the host galaxy contamination. As the result, the negative
correlation between Ve and 2 seen in lig.5.13 top of the left side is in the sense to become more
remarkable. However, the understanding of z dependence of V5 by the difference of A# becomes
impossible when the change by sublraction is too large. Therelore, it is unknown in this work
how the pure variability of the radio quiet AGN correlate with z without the apparent difference
caused by the difference of Af.

when the dust reverberation model is considered, the hot dust torns of more brighter AGN
is more larger, therefore the variability of the central heating source is dulled more strongly
at the dust torus. The relation between the variability and Tuminosity of AGN at. UV.optical
wavelength is still discussed, however the resulted relations are localized from negative correlation

to no correlation.  Therefore, if the emiiison and variability mechanism is dust reverberation,
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negative correlation between near infrared variability and luminosity is required regardless of the
real property of the central source variability. Considering the host galaxy contamination, the
result of this work for the radio quiet sample fills 1his requirement.

Next, the relation between the ensemble variability of the radio loud sample and At, Mg, 2
are considered. It was shown in the statistic test of the previous section that the dependence of
V5 on both z and Mg were enough significant for the radio loud sample. 17g.5.10 shows that the
sense of defected dependence 1s that the ensemble vartability becomnes larger at more far object
in z and more brighter in Mz ohject for the radio lond sample.

Fig.5.14 is drawn to show the hidden parameter of the radio lond sample like fig.5.13. Open and
filled square represents the sample with short observation interval at rest frame (100 < A" < 100)
and with long interval{(400 < A" < 800), though plotted data of the later is very few because of
the lack of the sample. The middie and lelt of fig.5.14 shows the A7 of the subsample made by
dividing by z for the radio loud sample. In data with short interval shown by open square, W is
recognized that At decreases with z increasing. This feature is mainly cansed by the cosmological
time delay. Therefore, it is impossible to explain the z dependence of V5 for the radio loud sample
with the effect of A" = At/(1 + 2} because V5 increase with increasing # in spite of decreasing At
The Mp dependence of Vx for the radio oud sample is in same sitnation and cannot be explained
by the effect of At'.

Furthermore, it is wnderstood from fig.5.10 that the z and Mg dependence of Vi of the radio
loud sample 1s not. merely apparent feature originated by the shift of the rest frame wavelength
[rom the observation wavelengtih by cosmological redshift.

However, there is the correlation between z and Mp in each of the radio loud sample with long
and shorl rest frame observation interval, what was seen in the radio quiel sample too(fig.5.14
bottom). The subsamples with different A should be compared if comparison of the subsamples
with similar z but different Mg is execnted because the short and long interval sample tends to
distribute separately in the z- Mg plane. Therefore it is hard to estimate the z and Mg dependence
of V5 mmdependenily at the radio loud sample in this work.

As the result of those consideration, it can be concluded that the ensemble variability of object
with brighter My and higher 4 1s significantly larger than darker Mg and lower z object for the
radio loud sample in this work, and the correlations aren’t merely apparent features caused by the
cffect of Af’ or shift of the rest frame wavelength from the observation wavelength by cosmological

redshift.

If the contamination of the host galaxy is larger al the darker AGN for the radio lond sample
too, the posttive correlation between Mp and luminosity found in this work is in the sense to
become weak at the subtraction of the host component. However, it is difficult to estimate
guantitatively how the correlation becomes weaker, or vanish or turn over. But the dilference of
Mg dependence of the ensemble variability is clear between the radio quiet and the radio loud
sample, so extremely dilferent contribution between the radio quict and loud AGN is required to

explain the difference of Mg dependence of the ensemble variability if the difference is entirely
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origimated by host galaxy. Therelore it 15 reasonable to think that not only the variability of
observed AGN but also the pure AGN component variability is different. between the radio guiet
and the radio loud sample.

[t s efficient to make the sample distribution widely in both z and Mg 1o estimale the »
and Mp dependence of the ensemble variability more in detail. The z and Mg of the sample
were extended as widely as possible, however, there were tendency that At of bright apparent
magnitude sample was long and dark sammple had short interval, So il hecame somewhat diffienlt,
Lo compare the samples with alimost same z, A" and with different Mg, It is thought thai this
features is originated that from the brighter appareni magnitude objects were observed i the st
and 2nd term of the observation. It is one of the teason to observe such process that this work is
also the pre observation of the MAGNUM project and necessary to observe many sample at, first
time of the observation.

It 1s eflicient to avoid such problem to observe in the season from 1999 autumn(the 4th term)
the object that was observed atl th 2nd and 3rd term and add the result to this work. As the
result, the interval between the 3rd and 4th term becomes about 2 vears and the interval between
the 2nd and 4th term becomes about 3 years. Therefore it becomes possible to compare those
results Lo the sample observed at the 1st and 3rd term with similar observation interval al the
rest frame. This way is enongh possible with the instrument used in this work without expanding

ol the region of z and Mg with large telescope.

<comparison with the results in other wavelength >

Fig.h.11 and fig.5.12 show the cnsemble variabilities al near infrared wavelength oblained
from this work with the resnlt of other work at UV and oplical wavelength, Large filled circle,
sgnare and triangle in ig.5.11 represents the ensemble variability of the all sample. the radio quict
sample and the radio loud sample. Large open and filled square in fig.5.12 represents the ensemble
variability of the radio quict sample with short observation interval (100 < Af/(1+ ) < 100) and
with long interval(400 < Af/{1 + =) < 800), while open and filled triangle in fig.5.12 represents
the ensemble variability of the radio quiet sample with short and long observation interval. Small
triangle, circle, square, pentagon and hexagon in both fig.h.01 and lig.5.12 represents the result
of De Clemente et al.(1996). Hook et al.(1994) and Cristiani et al.(1990) with 0.3 vear interval.
The filled symbols represent as same but with 2 vears interval. Fig.h.11 and fig.5.12 show that
the frequency region where the ensemble variability was obtained was expanded about two times
wider in log scale by the result of this work,

"The inchination of the plot in ig. 5.1 and fig.5.12 is clearly different between the UV oplical
region and near infrared region. The ensanble varability tends to be saller with decrcasing of
[requency in UV or optical region. Paltani & Courvoisier(1995) explained such intrinsic feature by
model by the thermal radiation. If the variability is cansed by the temperature change of sonrce,

hardening of the spectrum is expected in the high temperatnre and bright phase of the variability.
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In the case, if the temperature of the source is very high and the turn over of the black body
radiation 1s 1n far shorter region, the enseinble variability 1s expected to have less dependence on
frequency. The study to limit the emission and variability mechanism of AGN from the frequency
dependence of the ensemble variability was done like such discussion{De clemente et.al.1996).

On the other hand, siinilar frequency dependence of the ensemble variability obtatned in this
work isn’t found in near inlrared wavelength, what is contrast with the fcature in UV or optical
region. This feature found m near infrared region 1s consistent with the dust reverberation model.
because SED doesn’t change but the ux change if the near infrared emission from AGN s
dominated by the thermal radiation from hot dust that is equilibriumn to evaporation.

The comparison belween the ensemble variabilities at the near infrared and shorter wavelength
needs 1o be careful because the compared ensemble variabilities are the results of different works.
The near infrared ensemble variability of the radio quiet sample with long observation interval is
comparable to the value at the lowest [requency region of optical data with 2 vears rest [rame
interval in fig.5.12. And the near infrared ensemble variability of the radio quict sample with short
observation interval is between the lowest frequency region of optical data with 2 and 0.3 vears
rest frame interval in fig.5.12. On the other hand, near infrared ensemble variabilities of the radio
loud sample are larger.

The light curve at the near infrared wavelength is thonght to be dulled shape from the Light
curve of the heating sonrce becanse of the effect of geometry of the dust torus in the dust rever-
beration model. Therclore it is expected that the ensernble variability al near infrared wavelength
is smaller than that of the heating source. As opposed to it, il it is confirmed that the dulling
isn’t exist, dust reverberation mechanism s able to rejected or limited. However, it is impossible
to conchide about the emission and variability mechanism of AGN from the comparison of the
ensemble variabilities at UV-optical and near infrared in fig.5.11 and fig.5.11 because the influence
to compare the result of the different work of which the sample, analysts method and contribution
of the host galaxy is unknown.

Many AGN is monitored at multi-wavelength from UV to infrared in the MAGNUM project.,
It is expected that the data corresponding to fig.5.11 or fig.5.11 will be oblained for each AGN by

single instrument., observation and analysis method.
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plotted.
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Figure 5.11: Wavelength dependence of the ensemble variabilities obtained by this work and by
other works. Large syvmbols represent the result of this work, where filled arcle, square and
iriangle represent the ensemble variability of the all sample, the radio guict sample and the radio
loud samplerespectively. Filled small triangle, circle, square, pentagon and hexagon reprosents
the result of Cimatti ot al.{1993). Trevese ot al.(1991), De Clemente ot al {19963, Hook et al.(1991)
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93




L, © - N w ~
-blllllllllllllllll[l
[
l—
—
_-h D
m 1
O _
o]
w
a i
Q
—
o —
. L
3] —
&)
[ |
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et al.(1994), De Clemente el al.(1996), Hook ¢t al.(1994) and Cristiani el al.(1990) with 0.3 vecar
span of the observalions, respectively. Open small sample represents same but with 2 year span.
De Clemente et al.(1996) was referced 1o plot those vanabilities.
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Figure 5.13: Relation of the characteristic parameters cach other for the radio quiet sample. Left

side figures show the relations between z and Vi, Al, Mp where cach subsamples are made by
dividing by z as 0 < 2, 0.1.0.0 < = < 03,03 < 2 < 0.6,0.6 < z < [.0. Open and filled square
represents the sample with 100 < A" < 400 and 400 < At < 800, respectively. Right side figures
are same but for the subsamples made by dividing by Mp as =32 < Mg < =26, =26 < Mg < —24,
-2 < Mg < =22, =22 <« Mg < —18.
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side figures show the relations between z and Ve, A, Mp where cach subsamples are made by
dividing by z as 0 < z.0.1,0.1 < & < 03,03 < = < 0.6,0.6 < = < 1.0. Open and filled square
represents the sample with 100 < A" < 400 and 400 < At" < 800, respectively. Right side figures
are same bnt, for the subsamples made by dividing by Mp as =32 < Mp < =26, =26 < Mg < —24,
—24 < Mg < =22, -22 < Mg < —18.
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AJalmag)

AJy(mag)

Al (mag)

Aff(mag)

AN (mag)

AK{(mag)

radio activity
Atf(1+z)
Mg
z
Sexfert type
J-H
H-K'

0.255 £ 0.0259(12)
0.230 £ 0.018(84)
0,233 £ 0.01%{40)
0.219 + 0.020(72)
0.213 + 0.021(57
0.212 + 0.018(749)
0.234 + 0.019(80)

0186 4+ 0.013(116)
G189 + 0.017(81)
0180 + 0.015(75)
0.204 £ 0.016(93)
0.201 + 0.023(40}
0.208 £+ 0.017(75)
0186 £ 0.016(84)

0.262 £ 0.034(32)
0.250 +'0.021(74}
(.238 + 0.022(67)
0.213 £ 0.024(49)
(1.241 £ 0.026(48}
0.221 £ 0,022(58)
0.228 £ 0.2141(65)

0.191 + 0.015(97)
0.182 £ 0.019(60)
0.201 + 0.019(67)
0.224 £ 0.018(85)
0.231 + 0.029(35)
0.221 £ 0.019(75)
0213 £ 0.019(69)

0.290 £ 0.038{142)
0.230 £ 0.021{64)
0.230 £ 0.021(71}
(1.235 + 0.024(57)
0211 £ 0.023(47)
0.207 £ 0.020(64})
0.203 £ 0.019(67)

0175 £ 0.014(100)
0.201 £ 0.019(67)
0.201 £ 0.019{64)
4,202 £ 0.017(78)
4,230 £ 0.030(:34)
0.204 + 0.018{69)
0.206 + 0.019{67)

Table 5.1: the ensemble variability of of divided sample into two

AJ, [ AR AH, [ AHy, AK] ] AK]  average
radio activilty .37 1.37 L.65 A6
At/(1 + = .22 L.37 1.14 [.24
Mg 1.29 1.18 1.14 1.20
i 1.05 0.95 1.16 1.5
Sevflert type  1.06 1.04 0.92 .01
J-H .02 1.00 1.01 [.01
H-K' 1.25 L.O7 0.99 1.10
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Table 5.2: the ratio of the ensemble variability of divided sample into two



Table 5.3: ihe result of X dependence test of the ensemble variability

confidence interval

confidence interval

o iy of a(95%) of a(99%)
all sample 0.205  0.029 (1192 ~ 0.242 -0.248 ~ 0.295
radio quiet 0.205 -0.065 -0.333 ~ 0.193 -1103 ~ 0.258
radio loud 0.213  .136 -0.342 ~ 0.582 -0.470 ~ 0.693
radio quiet.,
100 < A" < 400 139 -0.044 -0.575 ~ 0.452 0741 ~ 0.593
400 < At" < 800 1.242  -0.079 -0.404 ~ 0.234 0494 ~ 0.316
radio loud,
100 < At < 400 0.190  0.169 -0.398 ~ 0.703 -(1LH5H6 ~ 0841
100 < At' < 800 0.251 011t -0.952 ~ 0.992 1313 ~ 1,228
radio quiet 100 < Al < 100
=32 < Mg < =20 0.729  -0.962 -5.316 ~ 1.468 - 2560
=26 < Mg < —24 0.085  0.153 -0.823 ~ 1,132 -1.200 ~ 1.515
=21 < Mg < =22 0.081  0.296 -0.622 ~ 1.150 -(1.904 ~ 1.390
=22 < My < —13 - - - -
0 <zl - - - -
0.1 < z< 0.3 0.073  0.404 -0.546 ~ 1.302 (L8142 ~ 1.564
0.3 <2< 06 0171 -0.17s -1.091 ~ 0.651] -LAI6 ~ D910
0.6 << .0 1610 -1.920 -1.960 ~ -0.136 A 0,772
0<z<0.1{r) - - - -
0.1 < = < 0.3(r) 0.071  0.468 -0.634 ~1.502 -0.980 ~ 1.804
0.3 < =z < 0.6(r) 0173 -0.263 -1.538 ~ 0.919 -1.984 ~ 1.290
0.6 < = < 1.0(r) 1685 -3.488  -8.926 ~ -0.232 ) o 1,368
radio quiet A00 < A" < 800
32 < Mp < -2 i i ] i
=26 < Mg < —24 0.232 -0.098 -0.783 ~ 0LA16 -LOLG ~ 0.693
=M < My < =22 0.244  -0.041 -0.592 ~ 0,482 0.7 ~ 0616
=22 < Mg < —18 0.259 -0.132 -L738 ~ 0.432 -0.915 ~ 0.533
0<z<Ol 0.219  -0.023 -0.443 ~ 0.350 -0.554 ~ 0.481
0.1 <z <03 (.320 -0.178 -0.890 ~ 0.463 -1.110 ~ 0.635
0.3 <z2<06 0.206  -0.323 -1.828 ~ 0,937 2673 ~ 1.467
0.6 <z <10 - - - -
0<z<0.1{r) 0219 -0.025  -0.474 ~ 0.104 0,592 ~ 0.513
0.1 < = < 0.3(r) 0.320  -0.209 -1.044 ~ 0.542 -1.302 ~ 0.745
0.3 < = <0.6(r) 0.205  -0.467 -2.612 ~ 1.356 3862 ~ 2,122
0.6 < z < 1.0(r} - - - -
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Table 5.4: continued

conlidence inlerval  confidence interval

Ca o of a(95%) ol a(99%)
radio loud ,100 < At < 400

~32 < Mg < —26 0424 -0.111 -1.372 ~ 1.054 1874 ~ 147!
—26 < Mg < —24 0.103  0.510 1547 ~ 1.328 -0.648 ~ 1.347
—M < Mg < —322 0.238 -0.750 S w0811 -~ 1510
—92 < Mg < —18 - - - -
0<z<0.l - - - -
0.1 <z<0.3 0.235 -0.711 22,920 ~ 0.847 S o 1,883
0.3 < z<0.6 0.282  -0.379  -1.676 ~ 0.713 2,194 ~ 1.058
0.6 <z< 1.0 0.200  0.301 -0.522 ~ 1.042 -0.780 ~ 1.245
0 < z<0.1(r) X - - -
0.1 <z < 0.3(r) 0.232  -0.850  -3.476 ~ 1.025 -1~ 2,980
0.3 < z < 0.6(r) 0.273 -0.528  -2.438 ~ 1.007 -3.238 ~ 1487
0.6 < z < 1.0(r) 0.197  0.563 -0.973 ~ 1.969 -1.449 ~ 2.356

radio lond 400 < At' < 800
=32 < Mg < =206 - - - -
—26 < Mg < =24 - - - -
=26 < Mg < =22 - - - -
—26 < Mg < —18 - - - -
0<z<0.1 - - - -
0.1 <z< 0.3 - - - -
0.3 <z< 06 - - - -
0.6 <z< 1.0 - - - -
0<=z<0.1{r)
0.1 <z < 0.3{r) - - - -
0.3 < = < 0.6(r) - - - -
0.6 <z < 1.0(r) - - - -

T & I &
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Table 5.5: The result of the radio activity, A, Mg, z. dependence test of Vy

satnple parameter C0 ool CO z° P(%)

all radio quiet/loud  0.196  0.007 5767 > 99.9

radio quict, AVA 0.167  0.008  27.797 > 99.9

radio loud Al 0.262  0.019 1125 71.1

radio quict,

L00 < A < 400 Mg 0126 0.011 2,057 5.0
v 0.1t5  0.010 6.179 85.5

radio quiel.,

100 < A" < 800 Mg 0.212  0.012 1167 44.0
7. 0,196 0.011 11.692 > 99.9

radio loud,

100 < At < 100 Mg 0.131 0.016 35898 > 99.9
P 0.7 6013 39503 > 99.9

radio loud,
400 < A" < 300 Mp - - - -
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5.2.3 probability of having varied for each objects

In this section, cach objects are {ocused on, and the ratio ol the objects thal is concluded to have
certainly varied in this work. Top of ligB.14 shows the distributions of the ratio for all samples
of each J,H and K’ band. Only varmability data of cach objects estimated with more than two
reference stars and their aceuracy was better than 0.lmag was used to determine those ensemble
variability. The abscissas axis shows R=Am(mag)/oan(mag) and the vertical axis shows the
frequency. The object included in more right bin is concluded to have varied more certainly. The
objects with R>5 is included i the most right bin. Middle and bottom of fig.B.14 shows the same

distributions but for the radio quict and radio loud sample.

The distribution of R of /.4 and K’ band is similar for each other al top of fig.B.14 and
it is the feature of the distribution that the frequency 1s decreasing from R=0 to R=4. The
bin of R>5 include more objects becanse the objects with R>5 s included. Similar features are
seen for the radio quiet sample shown in middle of fig.B.14. For the radio loud sample, it is hard

to read some features i the distribution becanse of lack of the sample number(bottom of fig. 13.14).

Fig B.16 shows the distributions of R [or the sample made by dividing the radio quiet and
radio lond sample by rest frame observation mierval. Comparing 1o radio quiet with the long
interval (400< A2/(1 + =) <800), R of radio quiet with the short interval(100< Af/(1 + ) <400)
is localized more left side of Lthe histogram and the frequency is decrcasing with R increasing. And
the sample of R>5 1s rare i the radio quiet with short interval. On the other hand, R of radio
quiet with the long interval 151t localized to the lell side as remarkable as that of short interval,
and R 1s almost constant at 0<R<5H. And there are 20~30 samples in the bin of R>5 in the radio
quict with the long interval. Those features mean that the variability of the radio gnict sample
was identified in long interval sample for more sample with higher reliability than in short interval
sample. And it is shown that the excess at the bin of R>5 found in the histogram of all vadio
quiet is caused by the long interval sample, and the localization toward the left side of histogram
15 cansed by the short interval sample. Those features are consistent with the result of sec.5.2.2
where it was shown that the ensemble variability of long interval radio quiet is larger than that of
short interval. For radio lond sample, it 15 hard {o discuss the distribntions of divided radio loud

becanse of lack of the sample number.

Fig.B.19 s the distribution of further divided sample by radio activity, Mg or z like done
in see.5.2.20 1t s seen that the shape of distribution of the further divided sample is similar to
the distribution of belore dividing sample if the sample number is enongh and the shape of the
distribution is identilied. However, radio quiet objects with short interval of z<0.1 or long interval
of z>0.1 are rare. There are some case in fig.B.19 like above, where the shape of e distribution

cannot 1dentified because of lack of the objects.
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R=Am(mag)/oam(mag) that is focused on in this section depends not only on the intrinsic
variability of AGN but also on the error of measurement. Il the errvor is estimated too small, fake
variability 1s concluded from dispersion of data that is originated by not intrinsic variability but
only statistic dispersion. I the error is estimated too large, the variability cannot be conclnded
with certain significance cven when the vanability was detected. As shown in sec.3.3.4, the error
estimation of the differential photomelry of this work is reliable gqnantitatively in the region of
the error 0.01~0.1 for J,H and A’ band. Therefore, the sample of each J . H and K’ band was
divided by thewr error into high aceuracy gronp with ¢ <0.03mag, middle accuracy gronp with
0.03< o <0.05mag and lowest accuracy group with 0.05< o <0.1mag and the distributions of R is
researched for each groups. Fig.B.21 is plotted for these 3 groups as same as above. It s scen that
the R distribution of each groups lfor J,H and K7’ band is resemble to cach other. On the other
hand, the shape of the R distributions of different accuracy group differ remarkably cach other.
The distributions of R of the lowest acenracy sample are localized to left side of the histogram,
while the localization to left side is weaker in middle aceuracy sample than the lowest accuracy
sample. And the localization to left side s not found in the distributions of the highest accuracy
sample, and there are many objects with very certainly having varied in the highest accuracy
sample.

The ratio of the object that concluded 1o have varied with more than 2 or 3¢ confidence are
shown in tabled. 7. Those ratio varied more than 2o(or 3a) confidence for the highesi. accuracy
sample 1s 85%(73%), 82%(67%) and T3%(65%) at J,H and K’ band and S0%(63%) as ihe average,

those are high value.

If observed sample mclude some fraction of non-variable objects, it is possible that increas-
ing of the ratio of the objects confirmed to be varable is saturated nevertheless the acenracy of
measurement becornes higher. Comparing the three groups that was made by dividing by mea-
surement accuracy, the ratio s increasing with the accuracy and is not saturated. Therefore there
is possibility in which the ratio of the variable object approach 1o 100% when the observation
with more higher accuracy is done, though the ratio in the highest accuracy sample of this work
is already high.

However, it ts Impossible to conclude directly that almost all objects observed in this work
is variable because not only the accuracy but also other parameters are not uniform in those 3
samples made by dividing the measnrement acenracy. AGN observed with high acenracy tend
to be nearby bright objecis, to be radio quiet, and the accuracy isn't completely independent,
from other parameters. However, it is possible 1o conclude that more than 80% objects are vari-
able with 20 confidence and non-variable objects are few when nou-variable objects localize in
the low accuracy parameter region of this work even i the sample of this work include non-
variable objects. It s also concluded that the ratio of the variable object may approach 1o 100%
with more higher acenracy measurement. The simplest, interpretation to explain those results is

to conclude that almost all of quasars and Seyfert 1 AGN are variable in near infrared wavelength,
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In the result of the monitoring of K band in Neugebaner el al.(1989). the objects having varied
with more 99.7% confidence was aboutl 24%. This value is comparable to the value for the sample
with 0.05< ¢ <0.lmag of this work. And K band variable object distribution in Neugebauer et
al.(1989) 15 also resemnble to that of the value of the sample with 0.05< ¢ <0.1lmag and clearly
different from the sample with with ¢ <0.03mag of this work. It was concluded in Nengebaner
et al.(1989) that here were both evident varable object and ambiguous object at half ratio each
other. It those point of view, the result of detection of variability is most similar to the sample
with 0.05< o <0.1lmag of the three groups made by dividing by the measurement. accuracy in this
work.

The ratio of the certainly varied objects of this work 1s higher than the value of Neugebauer et
al.(1989) where 108 objects were monitored al K band for about 20 years with Hale 51 telescope.
High detection ratio of variability of this work 1s mainly caused to adoplt the dilferential photometry
method and using small aperture of 3 arcsee. On the other hand, observation of Neugebaner
et al.(1989) was done by single detector with 5-15 arcsec beam. The advantage of the small
aperturve 1s not only improvement of SNR but also reducing the contribution of the host galaxy
into the aperture, especially for nearby AGN. Furthermore, the policy of this work was thought
to be cfficient at least to detect the variability of many AGN at infrared wavelength, where the
observations of each object was limited only tow times with long interval and mereasing the sample
as [ar as possible. However, it 1s possible that the difference of detection rate of the variability
is also caused by the difference of the sample selection between this work and Nemgebauer et
al.(1989).

I 1s the important resnlt of this work to have detected the vanability of many AGN with high

detection ratio and discussed about the generality of the variability of AGN.
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Figure 5.17: Frequency distribntions of the probability of having varied Am{mag)/e(mag) of cach
AGN. Am(mag) is the variation of huninesity and o(mag) is its error. Top, middle and bottom
figure represents the distributions for the all sample, the radio quict sample and the radio loud
sample, respectively.
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frame observation interval of 100days < A" < 800duys.
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Figure 5.19: Left figure shows frequency distribntions of the probability of having varied
Ami{mag)/o(mag) of each AGN in the radio loud subsample with short rest frame observation
mterval of [00days < At" < 400duys. Right figure is same but for subsample with long rest frame
observation mterval of 100days < A" < 800days.
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mination. Top, middle and bottom figure represents the highest accuracy group with o(mag)<
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J H K’ average

all samnple 61%.47%(165) 58%42%(134) 56%.42%(135) 58%.44%
radio quiet 59% ATH(116)  60%.42%(97)  59%.41%(100) 59%.43%
radio quiet, 100 < A¢/(1 ) <400 38%.27%(19)  32%.11%(38) 419, 14%(42)  37%.17%
radio quiet, 400 < At¢/(1 ) < 800 T5%.,61%(67)  T8%,63%(59)  T2%.60%(58)  75%.61%
radio foud 67%.48%(12)  50%.41%(32) 4% .41%(32)  54%.A43%
radio loud,100 < Af/(1 ) <400  60%.43%(30)  48%,38%(21)  36%.32%(25)  48%.38%
radio loud, 400 < A¢/(1 —|— ) < 800 83%.58%(12)  55%.46%(11)  T1%.71%(T) 70%.58%

Table 5.6: The ratio of the object of which variability was detected with more than 2e, 3o
rehiability in various subsamples. The value in the bracket represents the sample number.

J H K’ average
o< 0.03 83%.,73%(52) 82%.67%(33) T3R.65%(37) 80%.68%
0.03< o < 0.05 59%.44%(51) 68%.50%(34) 60%.A3%(17) 62%.16%
0.05 <o <0.10 41%.27%(59) 40%.27%(67) 41%.26%(51) 41%.27%

Table 5.7: The ratio of the object of which variability was detected with more than 20, 3o
reliability in the three subsamples made by dividing all sample by the accuracy of variability
determination. The value in the bracket represenis the sample number.
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5.2.4 correlation of variability of different band

<OVOrview >

In this section, the correlation of variability of other band is discussed. Only variabilily data
estimated with more than two reference stars and their accuracy was better than 0. lmag was used
following discussion. Top of fig.B.26 shows the relation of the variabilitics between J and H band
for radio quiet and radio lond sample. Middle and bottom of those fignres correspond same but
to J and K’, and to H and A’ respectively. Fig.B.31 ~ B34 are for the subsamples made by
dividing radio quict and radio lond sample by z, and fig.B.27 ~ B.30 correspond to same but by
Mpg.

The data tends 1o be plotted like a sequence from lelt and bottom {o right and top and almost,
through origin, what means thal the object thal became brighter at one band tends to become
brighter at other band too. The data also tends to be plotted more frequently at left and bottom
of the origin than right and top. However, the tendency doesn’t represent. the real property of the
AGN variability becanse the objects turned darker tend to be not delected or to be rejected by

the accuracy limitation.

<analysis by correlation coefficient >

Next, the relation of the variabilities of S and K’ band is research by the correlation coefli-

clent. The correlation coefficient of the variability of ./ and H band is estimated as following,

N —_— -
i v = en — Ur)

rig = ~ ——— —
\/21:1(1’.1:' — g in (e — T )?

—_—
ot
ot

—

where o, vy 15 the vanability data of the i-th object and N mcans sample number. 77,777
is the average of the variability data of each band. rjr, rppe s deterinined similarly, The data
for the discussions of this section were no weighted. About estimation of the confident interval of
the correlation coefficient is described in appendixD. The correlation cocflicients and their 68.3%
confident intervals obtained for all sample, radio quiet and radio loud sample are shown in table
5.8.

The errors of cach data affect the correlation coeflicient. though eq.(5.5) doesn’t contain the
crrors of the data as a explicit parameter. As a expectation. the crrors of the data make real
correlation to be dulled and shift || toward 0. The degree of the affection of the errors depends
on not only the errors but also the varability and real correlation coeflicient. The sample number

affect the confident interval of r. However, becanse the confident interval depends on the sample
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number and r, r and its confident interval are not independent from the errors of Lthe data after all.

As shown in table 5.8, ryyr, rireo. vy for the all sample are high value of more than 0.7. The
width of 68.3% confident interval is about 0.1 or less. r of the radio quiel sample is > .65 and
their lower himit 1s > 0.59, and these value of radio lond sample is more higher. Those features are
clearly different, from the case of non-corvelated(r = 0). Tt 1s concluded that there are the positive
correlations in ryg. rype. ryee of all sample, radio quiet and radio loud sample of this work, This
conclusion 1s not changed to consider the effect of the errors of the data. because the errors affect

rin the sense of changing toward 0.

In 5.8, the value of ryp, rippeo. ryre of radio loud sample are larger than of radio quiet sample.
However, it is not possible directly fromn the values to conclude that the difference of real ryp. rgpe
and rygpe between the radio qmet and the radio loud sample. The errors of the data make |r| to
be smaller, while the data with large variability make |r| to be larger, il the measurement errors
s constant. It is hard to judge weather the real correlation of the variability in near infrared
different band is stronger at the radio lond sample than at the radio guiel sample.

For correlation efficient of the all sample, rppeis 0.81 ihat s a httle larger than vy and rype
that are 0.74 and 0.71 and similar to cach other. For the radio guiet and radio lond sample, rize
shows larger value than other combinations too. However, those differences are comparable to
their confidence intervals and it 15 1mpossible to conclude that the differences are significant from

only the resull m tabled.s.

However, by only the rescarch for the all sample, the radio guiet or radio loud sample, feature
of the emission depending on rest frame band may be dulled becanse z of the objects in those
sample distribution spread widely. Top of fig.5.23 shows vy, ripre and ryre of the subsample
made by dividing the radio quict sample by 2. The criterion of the division was 0 < z < 0.1,0.1 <
< 0.3.03 <z < 0.6 and 0.6 < = < 10, same as before. Open square, open trtangle and fitled
circle mean ryar, rapre and rp respectively.

ln top of fig.5.23, ryy, rppe rype of 0 < 2 < 0.1 radio quiel sample are high and they seem
almost equal to each other. vy rppe s getting smaller but rjyr keeps somewhat high value in
higher z sampleof 0.3 < = < 0.6, 0.6 < = < 1.0. However, the statistic accuracy of rypr. rippee, Hrppe
is fairly low al high z region because of lack of the sample. IPurthermore, the errors of cach
vartability data of high 7 sample tend to be larger because those objects tend Lo be faint while the
variabilities tend to be small because those objects tend to have short observation interval. The
large error and small variability lead to the underestimate of |r| systematically. Because of those
reasons. 1t seems difficult (o conclude significant # dependence of cach of ryy, rppandr e

Therefore ryg.rgpe. e of the bin characterized with same 2 was compared as the next
examination. In principle, cach AGN of this work is observed by multi color alimost simultanconsly.
So the influence of the difference of the measurement error, sample number or observation interval

s rather smaller in comparing ryp, v raie of the sample in the bin with same 2 than in
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comparing cach ryg,rige, ryre of different z.

The equivalence of ryg, rgpe ryre was tested and the estimation of the real correlation coeffi-
cient under the assumption of equality of them were done. The results are shown in table5.9. rg
means eslimaled real correlation coefficient. Such test and estimation is deseribed in appendixD.
P is the reliability to reject the hypothests in which ryg, rgpe. rypee are equivalent. In the results
for radio quict sample, the hypothesis is rejected only in the case with (L1 < = < 0.3 significantly,
for example with 95% counfidence. The hypothesis 1sn't reject in other # region. However, the
interpretation of the test isn't same for the nearby sample with 0 < z < 0.1 and higher z samples
with 0.3 < = < 0.6,0.6 < =z < 1.0. because the accuracy of ryyy. ryge. v ave remarkably different
by z. It is significant to be accepted the nearby case with 0 < z < 0.1 because Lthe accuracy of
each ryg, rirge. ryre are high, On the other hand, It is impossible to conclude the difference of
v i rare 18 significant for the higher z samples with 0.3 < 2 < 0.6,0.6 < = < 1.0 becanse
the acenracy of 0.3 < 2 < 0.6,0.6 < z < 1.0 are fairly low and rejecting ability of the test is poor.

It 1s a few significant result that rypp, rpppe, rge is almost equal to cach other in 00 < = < 0.1
sample and rygeois significantly higher than ryp. ryee In 0.1 < 2 < 0.3 As discussed following,
those features are consistent with the emission and variability by dust reverberation mechanism.
In hot dust reverberation model. it is reasonable that the flux of = ~ 0 objects observed at /.1
and K’ band is mainly emitted from the hot dust in evaporation equilibrium (e.g. Kobavashi
et al.1994). The equivalence of ryp, rppr rgre in 0 < 2 < 0.1 can be explained by the black
body radiation with constant 500K temperature domninating the near infrared emission. when 2
becomes L1 < z < (L3, the [jem mmnimum that is seen the SED of AGN and quasars aflects to
the observed flux at ./ band. The main variable component at the wavelength shorter than Ly
is Lthought Lo be power low component, and its variability is not synchronized with the infrared
variability. It can explain the feature that ryp, rype is lower than ryppe al 0.1 < 2 < 0.3 to think
that the correlation between J band variability and more longer wavelength becomes worse by
the non-synchronicity, thonugh this explanation is only qualitative. The Tpm minimum at rest
frame shifts between W and A7 band at observed frame. In such case, ryyy is affected by mainly
only the variability of the power low component, while rip, ryne can be affected both variable
component. in both side of 1he Tpm miniinum. It is also consistent with above vision that vy
keeps somewhat high value while rype, rppe are lower than 00 the 0.6 < = < | region of fig.5.23,

though the significance of this feature cannot be concluded becanse of the lack of the data accuracy.

Bottom of fig.5.23 shows the rypr, rgne, ryre of the subsamples made by dividing the radio lond
sample with the cniterion of 0 < 2 < 01,01 < 2 < 03,03 < 2 < 0.6 and 0.6 < z < 1.0. The
accuracy of ryg, rare, ryre of the radio lond subsamples tend to become higher with » becoming
larger. The radio loud sample number of 0 < = < 0.1 is too small, therefore the calculation doesn't
exceute more. The confident interval of the radio loud sample of 0.1 < = < 0.3 1s still wide, and il i
impossible to judge whether the correlation is good or not. On the other hand, both ryp, repe, vy
and their accuracy are remarkably ligh at high 2 region of 0.3 < z < 0.6,0.6 < z < [.0.

The acenracy of rypr, rgie vy of the radio guiet sample is high in the region of ¢ < = <
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0.1,0.1 < = < 0.3, and 1s clearly down m the regron of larger z. what 1s clear contrast with radio
guiet. So it is impossible to test whether the features of z dependence of ryyp, rigpger. 5 found in
the radio quiet or radio Joud sample exist in the other. Therefore, it is concluded that significant,
difference of the correlation of the variability at different band wasn’t found between the radio

loud and radio quiet sample.
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sample data num  r  68.3% confidence interval g, (average) o, (average)

all
J.H 127 (0.74 0.70-0.78 0.010 0.050
H.K' 111 0.51 0.77-0.84 0.047 0.044
JUK! 118 0.71 0.66-0.76 0.040 0.046
(quiet
J.H 91 0.65 0.59- 0.71 0.039 0.047
H.K' 84 .72 0.66- 0.77 0.045 0.041
J.K! 3h {1.65 0.59- 0.71 0.037 (0.043
lond
J.H 31 .88 0.83- 0.1 0.044 0.060
H.K' 24 0.91 0.87- 0.94 0.058 0.053
J R’ 30 .86 0.80- 0.90 0.047 .054

Table 5.8: Correlation coefficient. r of the J and H, H and K’. J and A7 band for the all sample,
the radio quiet sample and the radio lond sample. (), o(y) represents the average error of the
variabilily data of compared band.




sample rim IR’ FIK U] P(%)
radio quict

0< =<0  0.6936) 0.77(38) 0.77(38) 0.75  31.5
0.1 <2< 0.1 0.63(20) 0.89(23) 0.57(22) 0.7200  96.8
0.3< =< 0.6 0.6519) -0.04(17T) 0.50(19) 042  58.1
0.6 <=< |  0527T) -051(6) -0.11(6) 0.03  68.3

radio loud
0<z<0l -(2) -(3) (2) ; ;
0.1 <=z< 0.1 0.74(6) 0.76(5) 0.04(5) (.60 46.0
0.3 <= <06 0.70(10) 0.67(8) 0.72(11)  0.70 117
0.6 << 09412)  0.97(9)  0.95(12) 095 129

Table 5.9: The result of the equivalence test of the correlation coefficient ryy, rypee, 1y where
rIH S FIER Freo3s assuined to be equal each other. g 1s the estimation of real correlation cocfficient,
in the case of the equivalence is accepted. P is the probability 1o reject the hypothesis. The radio
Joud sample of 0 <z < 0.1 15 100 few, therefore the test sn’t done. caution (1): The value of ry
1sn’t adequate since the equivalence s rejected.
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5.2.5 time scale of variability of AGN

In this section, how the variability develops is disenssed. There is possibility to estimate how the
variability develops by using the combination of the data observed at the 1st and 3rd term and
the 2nd and 3rd terin becanse their observation intervals are difler about factor 2.

However, it is imposstble Jfor example, 1o consider abont geometry ol emitling region from
light curve becanse frequent repeal of observation was not done in this work. Furthermore, it is
also impossible to estimate the time scale or the variability for each objects even as the nnique
solution because cach objects were observed only two times.

The aim of this section 1s Lo estimate the time scale of the variability of AGN and to consider

the relation between the time scale and parameters that characterize AGN.

All sample was divided into subsample with short rest frame interval (100 < AY < 400} and
long mterval(400 < A" < 800} by A" = At/(1 + z). The ensemble variability was estimated for
cach obtained subsamples. The result- is shown in fig??. Open triangle, square and circle represent
the ensemble variability of J, Il and K’ band. Figh.24(b) show the ensemble variability of radio
quiet and radio loud sample estimated by divided by At" as the same way. Open triangle, square
and circle represent the ensemble variability ol J, H and K band of radio quiet, and filled symbol
represent as same but for radio loud sample. Only variability data cstimated with more than two
referenice stars and their accuracy was better than 0.1mag was used to determine those ensemble
variability.

To estitnate how the variability develops,

VIL(t) = Ag(t/(L 4 2)) (5.6)

and
V2(1) = By 91 — ex / 5.7
200) = By (,:\p—l(l+:) (H.7)

were introduced. It s inpossible to plot many data on the time sequence in this work, therefore
the numbers of the parameters that characterize how the variability develops is strongly Fmited.
So it is preflcrable that the equation to fit the development of variability is stmple and include
few free parameters. There are only p or 7 as the parameter to chiaracterize the time scale of
variability development and Ay or 13 to characterize the amplitude of variability in eq.(5.10)and
eq.(h.7) and they are very simple.

I is natural that the varability obtained by two times observation increases and the increasing
velocity doesn’t accelerate with with the rest frame interval becomning longer. And it is clear that
the variability of AGN is 0 1f the rest frame interval 1s 0. Both eq.(5.10) and eq.{5.7) have those

features. Former increase with divergence, while later increase but with asvmptote with the rest
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frame interval becoming longer.

eq.(5.10) was applied 1o the ensemble variability of all sample, radio guiet and radio loud
sample and estimation of the parameters in the form and . heir confidence intervals was done.
The result is shown at tableb.10. p was varied numerically and A, was obtained by least square
method on every time on the estimation. The best fitted parameter 1s shown ai the 2nd and
3rd column of table5.10. The 4th and 5th column is the confidence mterval with 95% and 99%
confidential level. The confidence interval was estimated by numerical method assuming the y?
distribution. The last column shows the result of the x? test of how ihe data is dispersing from
the best fit curve. Table5.10 also shows the result of the same estimation but for the subsample
that was made by dividing radio lond or radio quietl sample by Mg or z.

The lower limit of p of 95% and 99% confidential level for all radio loud sample was negative
value by fitting, for example. However, the negative parameter isn’t preferable because the en-
scrnble variability should be 0 when the observation interval was 0. Therefore 0 was given for the
lower limitl of the confidence interval. The best fitted value of p was negative valie at 0.3 < 2 < 0.6
radio quiet, however, () was given for p too. The upper hmil was obtained and shown in the table
for even such samples.

p reflecting the time scale 1s related to the featnre of variability. and p = 1/2 is correspond 1o
the random walk and p = 1is correspond to lincar growing where the time scale is mnch longer the
the observation interval. The table shows that p of all sample, radio quict and radio loud sample
include p = 1/2 in their 95% and 99% confidence interval. This fact means that the hypothesis
where the varability of those sampleis like random walk 1s accepted at such confidence level test.
Ou the other hand, cven the 99% confidence interval doesn’t inclnde p = | for all sample. radio
loud sample. This fact means that the hypothesis where the variability of all or radio lond sample
is like linear is rejected atl 99% confidence level.

Tableb.11 shows the result of the same estimation and test but by eq.(5.10). If the best opti-
mized valne or the limit of confidence interval of 7 became negative, 0 was given as above case.

Those value may diverse when the data allows the hinear increasing in ¢q.(3.10).

It is understood from table 5.10 and table 5.11 that the optimized curves are accepted for all
sample, radio gniet sample and radio loud sample. This resnlt means that increasing of ensem-
ble variability of J.H and KA’ band 1s described by single curve for cach samples. Therefore it
18 concluded that the difference related observed band was found in the time scale of variability
mcreasing for the each samples. However, the conclusion is natural result of other features of this
work, one of them 1s almost. simultancous observation in J.H and A’ band, and another is that
ensemble variability at cach band is comparable each other shown in sec.5.2.2. It 1s hard 1o dis-
tinguish whether the function of variability developing is eq.{5.10) or eq.{5.7. what is understood
from that fitting by both ¢q.(3.10) and eq.(3.7) go well. Further test was done using the sample

divided by A, but significant dilference by function type was not. found.




p ol radio loud sample in this work is smaller than that of radio quiet, as shown in table5.10.
p = 0,21 for all radio loud and p < 0.3 for radio loud samples divided by 2 or M. On the other
hand, for all radio quiet p = 0.63 and p > 0.7 for radio quict samples divided by # or Mg except
the case where the estimation didnt go well like 0.3 < Mg < 0.6. The time scale of the increasing
of the ensemble variability becomes faster when p becomes smaller at eq.(5.10). Therefore, it is
suggested that the time scale of the radio loud sample 1s shorter than thal of radio quiet sample.

However, the accuracy of p obtained as the result of those estimation, what is nunderstood by
table.5.10. The 95% confidence interval of p estimated for all radio loud sample includes p esti-
maled for all radio quict. The conlidence interval of p for the sample divided by Mg or 7 is more
extended. Therclore, the difference of p found in the analysis in this section could not concluded
to be significanl. The cause of snch low accuracy of p estimation could be thought that not only
the error of each ensemble variability but also the observation interval of 1the data is lhmited. The
data are locabized around 2 places in fig.5.21. So the fitting becomes like unique solution, and it
becomes hard to distinguish the form of function 1o describe increasing of the ensemble variability.
Therefore, 11 1s not impossible to conclude that mcreasing of the ensemble variability is described

by above function even if the dala of this work was explained by those function.

It 15 preferable that there are many dala on time axis to discuss the time scale and the function
form of how to ncrease the ensemble vartabibity. For example, if the ensemble variability with
rest frame interval of 3 vears 15 added 1o the data of this work, the fitting that is not like unique
solution becomes possible. The data that expand the range of the interval of this work is better
if new observation is added. For example, if additional observation is done from fall in 200 1o
spring m 2001, total data set covers the observation interval of 1, 2 and 4 years. However, there
1s still possibility that result as the parameters or the function formn with enough acenracy is not,
obtained, if the time scale of variability of the sample is too long. However 1t isn'’t efficient to
observe for 10 years to determine the function form of the increasing of the ensemble variability.
Oun the other hand, it 35 interesting plan to observe two times with short interval and add the result
to the data of this work. The effect of the difference of the form or parameters of the function
is remarkably appears al region of At/(l + z) ~ 100 or shorter. By two times observation with
such interval, 1t may becomes possible to confirm the different tiine dependence of the variability
between the radio quiet and radio loud samnple, or {o limnit the emission and variability of AGN
by determining the function form of the time dependence of the variability. Another merit of this
plan is to be able to done the observation in | season.

It is possible to improve the aceuracy of the parameters by fitting with eq.(5.10) or eq.(5.7) if
the accuracy of each ensemble variability at {5.24),(5.25),(5.26) 15 improved. However, nol. only
higher SNR of the observation but alse mnch more sample ts necessary to realize above plan. The
way to improve merely the acenracy of cach data needs powerful telescope, much observation time
and man power., however, the information to determine the function form cannot be obtained.

therefore what is not good way.



Top of fig.5.27 show p obtained the analysis of this section with the optical data from other
work. Filled circle, triangle and square correspond the all sample, radio lond and radio qguiet
sample respectively. The vertical errorbar means the 68.3% confidence interval. The abscissas axis

is wavelength and the abscissas errorbar shows dispersion of wavelength of the sample. Bottom of
t

. r(1+z)

of Cristiani ¢t.al(1996). Open hexagon represents as same but fitted with also z as the fitting

the figure shows as same bul for 7 of By {1 — exp [— ]} Open square represents the resuli
parameler.

As discussed above, it 1s impossible to conclude that the difference of p or 7 in the all sample,
radio quiet and radio loud sample in this work is significant because the accuracy of those param-
eters isn't enough. However, it s interesting that both of p and 7 value show faster variability
in order of radio lond, all sample, radio quiet sample in this work. p = .69 + 0.03 obtained
by Cristiani et.al(1996) is similar to the valuc of the radio gquiet sample of this work. 7 of Cris-
tiani et.al(1996) is larger than that of the radio quiet sample of this work. However. the upper
confidence interval of the radio quiel sample extend widely, as 1s nnderstood from that the estima-
tion allows linear increasing of the ensemble variability, and the confidence interval includes the
value of Cristiant et.al(1996). Reflecting those features, the difference of p and 7 between Cris-
tiani et.al(1996) and the radio quiel of this work was not found, while [ound between Cristiani
et.al(1996) and the value of the radio loud sample of this work.

From the point of view of cinission and variability by the dust reverberation, il is natural that
the time scale of infrared varability 1s longer than that of UV or oplical becanse especially fast
variability becomes dull by the effect of the geometry of dust torus. In contrast, it is hard to
explain by the dust reverberation model that the infrared variability 1s faster than UV or optical.
If infrared vanability that is as fast as, or faster than UV or optical variability, there 1s possibility
to limit or reject the emission and variability by the dust reverberation mechanism.

Neugebaner et al(1989) disenssed the relation between the time scale of the variabilily and
observing wavelength at infrared wavelength region. The time scale of variability al near infrared
1s estimated ~ years because the emitiing region is imited near the central source. So detection of
the near infrared variability with time scale ~ years doesn’t mean the contribution of nonthermal
component al least direct. On the other hand, the time scale of variability at [0gm band is
estimated ~100 years, therefore 1 was disenssed that detection of the vanability at 10pm band

was clficient method to show the nontherinal component.

And the results of the 10m monttoring of 25 quasars were shown in Neugebauer & Matthews(1999)

and it was concluded that ihe vanability was found for soeme radio loud objects and one radio
quiel object PG 12264023 at 10gm band.

As discussed in this section. 1t is thought to be hard to confirm or limit the emission and
varlability mechanism from only near infrared vanability of AGN. However. there is possibility
to confirm or himit the mechanism by comparing the time scale of near infrared variability to
those of UV or optical, or detecting the variability more shorter time scale even al near infrared

wavelength. p and 7 of the radio lond sample obtained in this section correspond to faster vari-




ability than the values of Cristiani el.al(1996), while p and r of radio gquiet don’t differ from the
values of Cristian et.al{1996) significantly. Those result suggest. the possibility of contribution by
nonthermal component in infrared emission and variability of radio lond AGN. However, caution
1s necessary on the interpretation of the result because ensemble vanability of different. sample
was compared and therelore not focnsed parameter might affect the result. It is expected that
the comparison of the time scale between UV optical and infrared wavelength for each objects will
become possible when multi-color detail monitoring ol many sample is done by the MAGNUM

project.
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Figure 5.21: (a)Relation belwoeen the ensemble variability of the all sample and the rest frame
interval of the observation. The sample 1s divided by the interval as 100deys < At’ < 400days and
400days < At' < 800days. Solid and dashed line represents the result of fitting by Aq(4/(1 + 2))?
and By {] — exp [— ﬁ] } respectively. Open triangle, square and dircle represents the ensemble
variability at J, H and A’ band. (b)Same as (a) but for the radio quiet and the radio loud sample.
Open triangle, square and drcle represents the ensemble variability of the radio quiet sample al
J. H and K’ band, and filled triangle, square and circle represents the ensemble variability of the
radio loud sample at J. H and K’ band, respectively.
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Figure 5.25: (a)Relation between the ensemble variability of the radio quiet subsamples divided
by Mg and the rest frame interval of the observation. The sample is divided by the interval
as 100days < A" < 400days and 100days < At < 800days. Open triangle. square and circle
represents the ensemble varability of the subsample of =26 < Mg < =24 at J, I{ and K’ band,
and filled triangle, square and circle represents those of =24 < Mz < =22 at J, H and K’ band.
Solid and dotted line represents the result of fitting by Ag(¢/(1 + )" and By {l — exp [km]}
for —26 < Mp < —24 sample. Long and short dashed line represents same but for =24 < Me'<
—22 sample. (b)Relation between the ensemble variability of the radio gquiet subsamples divided
by z. Open ftriangle, square and circle represents the ensemble variability of the subsample of
0.1 <z <03 al J, H and A7 band, and filled triangle, square and circle represents those of
03 <z <06 at J, Hand A" band. Solid and dotted line represents the result of fitting by
Aglt/(1 + 2))P and By {l — exp [— } for 0.1 < = < 0.3 sample.
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Figure 5.26: (a}Relation between the ensemble variability of the radio loud subsamples divided
by Mp and the rest frame interval of the observation. The sample is divided by the interval
as [00days < At < 4100days and 400days < A" < §00days. Open triangie. sqnare and circle
represents the ensemble variability of the subsample of —26 < Mg < —24 at J. H and A" band.
Solhd and dotted line represents the result of fitting by Ag(4/{1 + 2))” and £y {_l — CX] [-—m”
for M < —26 sample. (b)Relation between the ensemble variability of the radio loud subsamples
divided by 2. Open triangle, square and circle represents the ensemnble variability of the subsample
of 0.1 <z <03 at J. H and A’ hand,
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Iigure 5.27: (a)p obtained as the result to apply Ap(t/(1 + z))” to the ensemble variability of the
all sample, the radio quiet sample and the radio loud sample. Filled circle, triangle and square
represents the all sample, the radio guiet sample and the radio loud sample. The abscissas axis
means wavelength and the dotted bar represents the standard deviations that reflect the expansion
of the data that is localized at the place of J.H and K’ band. The errorbars of the vertical axis
represent the 68.3% confidence interval. Open square shows p of Cristiani et.al(1996) obtained
shorter wavelength. (b)Same as (a) but for 7 of B, {l — exp [—m] } Open square shows 7 of
Cristiani et.al(1996), and open hexagon shows also 7 of Cristiant et.al{1996) but the case where z
15 added to fitting parameters.



confidence interval

confidence interval

sample p Ay of p(95%) of p(99%) P{%)
all sample 0.26  0.044 00} ~ 0.53 0t ~ 0.60 12.5
radio quict 0.63  0.0036 0.30 ~ 1.0 0.22 ~ 1.09 22,7
radio loud 0.21  0.077 0t ~ 0.79 0t ~ 0.91 6.3
radio quiel,
32 < Mv < =26 - - - - -
26 < Mv < =214 0.79  0.0012 0.11 ~ [.59 0~ 1.83 28.3
—24 < Mv < =22 0.73 0.0020 0.17 ~ 1.40 0.05 ~ 1.57 6.4
2 < Mv < —18 - - - - -
0.0 < =z < 0.1 - - - - -
0.1 <z <0.3 .83 0.0012 0.09 ~ 1.67 O~ 192 27.9
0.3 < <06 0 043 @ 0 ~ 1.08 00y ~ 1.36 20.6
0.6 <z<1.0 - - - - -
radio loud
—32 < Mo < =26 0.22  0.10 0~ 132 0 ~ 1.94 13.4
26 < Mo < —91 - - - - -
2 < My« =22 - - - - -
—W < Mu< —18 - - - - -
0.0 <z < 0.1 . - - - -
0.1 «z<0.3 - - - - -
03<z<06 0.28  0.031 0~ 156 0~ 1.90 38.1
0.6 <2< .0 - - - - -

Table 5.10: The result of the test and estimation of the parameters of Ag(¢/{1 + 2))" that de-
scribe the development of the ensemnble variability. Blank means that ithe test and estimation is
impossible because the data of diflerent interval aren’t exist. Caution(i): p=01s included in the
confidence interval. Caution(2): The optimized p becomes negative at the radio guiet sample in
0.3 < z < 0.6, however, p=0 15 given and Ay 15 optimized for p=0. T'he npper limits are oblained
even for those cases.



confidence interval

conlidence interval

sample T By ol 7(95%) of 7{00%) P(%)
all sample 180 0.24 50 ~ 370 0~ 440 12.9
radio guiet 510 0.30 200 ~ ) 170 ~ 6.1
radio loud 140 0.29 0 ~ 820 0 ~ 2040 22.5
radio quiet
32 < Mue < =26 - - - - -
—26< Mpv< —21 870 041 110 ~ ) ()~ 3 98.5
—21 < Mo < =22 760 0.39 150 ~ 3) 100 ~ (1) 6.1
=22 < My < —|R - - - - -
0.0 « = < 0.1 - - - - -
0.l <z<0.3 1240 0.62 110~ @) G~ (3 27.9
0.3 <z<0.6 0t 0,13 ) O ~ G Ot~ 3 -
0.6 <z< 1.0 - - - - -
radio loud
=32 < Me < =26 130 0.42 0 G~ ) 0 &)~ t) 14.3
26 < My < —21 - - - - -
~M < Mo < =22 - - - - -
=22 <« M < —I8 - - - - -
0.0 <z <O - - - - -
0.1 <z<0.3 - - - - ;
0.3 <:-<06 160 0.18 0~ B~ 38.6
0.6 <z< 1.0 - - - - ;

Table 5.01: The resull of the test and estimation of the parameters of By exp [—_(++)] thal.

desceribe the development of the enseinble variability. Blank means that the test and estimation

is impossible becanse the data of different interval aren’t exist. (3): Lincar development of the

ensemble variability is accepted at the v* test, therefore the upper limit of 7 isn't defined. (4):

=0 1s included in the confidence interval. (3): The optimized p becomes negative at the radio
quiet, sample m 0.3 < 2 < 0.6, however, 7=01s given and By is optimized for 7=0.
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5.3 relation between near infrared emission and variabil-
ity and radio activity

As described above, difference of the near infrared vanabihty of AGN in this work 1s remarkable
when radio gquiet and radio loud sample are compared. Obtaimed features of the near infrared

variability of radio quicl and radio loud sample are following.

1. amplitnde of ensemble variability: smaller in radio quiet sample, larger in radio loud sample.

I

. wavelength dependence of ensemble variability: not found in both radio ¢uiet and radio loud

sample

3. luminosity dependence ol ensemble variability: not found in raw data of radio quiet sample.
Consider that contamination of host galaxy component 1s more in darker objects, negative
correlation between My and variability is suggested. Positive correlation is lound in raw

data of radio loud sample, that is clearly different from raw data of radio quit.

4. correlation of varabilitics of different band: rgg s significantly higher than ryg. rppe for

radio quiet at 0.1<%<0.3. r57, rire, rige of radio lond are high value of ~ 0,95 at 0.6<z

o

time scale of variability: characteristic parameters of the time scale correspond faster in
radio loud sample in this work than radio quiet. However the differences are not enough

significant.

2.3.4 of those for radio quiet sample is consistent. with the dust reverberation model as discussed
im each section. However, 1t is hard to explain the dilference of huninosity dependence of the
variability between radio quiet and radio loud by simple dust reverberation mechanisin.

Therefore, nonthermal component as a substituic of thermal radiation from hot dust is worth
to be considered. For example shown in Sanders ot al. 1989, nonthermal componeni [rom more
compact region than dust distribution can vary larger and faster than the thermal radiation.

Hercafter, a working hypothesis, which dust reverberation model well explain emission and
variability of radio quiel AGN however 11 cannot explain those of radio loud AGN because of their
nonthermal component, 15 discussed and checked, First, radio activity of the sample that the dust
reverberation model explain well ohserved light curve is checked and the probability 1o apply the
model for radio quiet and lond sample 1s discussed. Next, subsamples of radio lond AGN and

origin of nonthermal component in the ensemble of this work are considered.

<radio aclivity of dust reverberation sample>
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it is very effective method to confirm that emission and varability of & AGN is originated by
the dust reverberation to monitor both UV optical and infrared light curve and detect the infrared
time delay.

Dust reverberation model was applied to light curves of some AGN and explained them some-
what well, though observations 1s hard and the samples are not enough because those observation

usually needs multi instrument and long observation time.

GQ comae: Result of monitoring project over 3 years were shown in Sitko ot al(1993). The
data was from U to L band, and UV varability was compared with variability of other band.

At was estimated about 2530 days at K band. Indication of larger At at L band.

o Fairall 91 Clavel. Wainstecker & Glass{1989) showed [ar-UV by TUE. optical and ./H KL
monitor data. UV variability of factor 33 was observed. 8 ~400 days was [ound. Dust
reverberation model was applied by Barvanis(1992). Possibility of nonthermal component

was pointed out in Neslon{ 1996a).

o NGO 3783 Glass(1992) showed the result, of JHKL monitoring over th years. Al ol 80~90
days was lead by comparison with UV variability., And stability of shape ol the variable

component. was conchided.

o NGC 744: Dust reverberation model fitted Voand IK band light curves best in the sample of

Nelson(1996a). The delay of K from V was deterimined as A1=32+47 days.
e NGC 4151: By Okyanskii 1993,

e NGC 1566: Multi-wavelength variabilities were compiled from X ray to near infrared. Delfat

of 50 days was obtained though cross correlation function was not shown.

fosem [ fov of above sainple was estimated to check radio activity ol those objects. The result
is shown n table5.12. fi- was used here, where nsnally value around Tpm was used, becanse fy
was available for all of the sample. All the ratios are small Tor all samnple in the table and fill
the condition to be regarded as radio quiet in this work foee. /[ <100 2, Mg, foen and fir was
obtained from VV catalog.

The sample shown in table5.12 s compilation of independent work and therefore compleleness
or systematic eriterion conld not be expected 1in sample selection. Observation detail and accuracy
is also different cach other. The sample shown i tabled. 12 tends to be ncarby blight objects. Tt
is possible that the sample was blased to radio guiet as ihe result of selection optimized for
observalion. Furthermore, it 1s also possible that the observation that was snccessfully explained
by dust reverberation was hased and reported. In fact Mark 7144 was the sammple that was explained

by dust reverberation best in sample of Nelson{1996a).discussed lollowing.
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Therelore, effect of the bias should be thought large. However, it is interesting that all the

sample 1 tableh. 12 1s radio gquiet.

Many Seyfert 1 AGN and quasar was monitored at V and K band i Nelson(1996a,Lhesis).
The main interest of his thesis was on modeling of variability of each object. however, his data
is very useful because it includes the example where the dust reverberation model was tried to
explain the curve but conld not. Table (4.6) shows the result of trying to detect the variability
of V K band and their time lag for 51 samples. Radio aclivity was estimaied for those sample
by the same method with fog., /for. The result is shown in tabled.3. The tst column is name of
objects of VVS catalog and the object that was not detected atl radio is marked with <. 2. Mg by
VV catalog are following. Vali, Valg show the resull of detection of variability by Nelson. Y™
means detected \"N7 means not detected and 7" means unknown. In column of “cor™, “Y™ is
the case of correlation between Voand K band variabilities was found, "N is of not found. In
column of “Lag”, “Y™ is the case of the delay of K band variabilities from V band was [ound, "N”
1s of not found and “L” mecans that limiting succeeded. The most right colunn shows the radio
activity fogem /fov determined in this work.

Figh.16 shows summary of localization of the objects that are well cxplained by dust rever-
heration model in Nelson(1996a)’s sample. Number of the object that is variable in both V and
K band is shown iu the 2nd line. The 3rd line shows the nuinber of the object where the time
delay of the K band variability was oblained. It is shown from figh.16 thal the 6 sample where
the time delay was obtained 1s limited in only radio guiet sample nevertheless detection rate of
the variability is almost equal for radio quiet and radio loud sample. . gives some ambignous
that 2 of the 6 samples are the objects that was not detected in radio. However, even if the
2 ambiguous sample is neglected, all of 4 remained sample are radio quiet. Unfortunately, the
difference between 6/29 that is ratio of the sample where the time delay was obtained in radio
gquiet and 0/3 that i1s in radio lond cannot be concluded with significance. It is efficient to increase

the data of radio lond sample to confirm or reject these tendency.

<subsamples of radio lond AGN>

In this section, possiility of contribution of the nonthermal component is discussed. The
ensemble 18 used to estimate the amplitude of the variability of AGN. Thercfore, when there are
some nonthermal components i the emission and the ensemble variability of radio loud, not only
the case where each radio lond sample have some nonthermal cornponent but also the case where
some extreme sample have remarkable component and others are thermal is possible. So subsain-
ples of radio loud AGN 15 researched following. Krolik( 1999)was referred for the classilication of

them.




Radio loud sample ts sometimes divided into flat spectrum radio lond and steep spectrum radio
loud by their SED in radio wavelength (for example, Sanders et al.[989). when the SED of radio
wavelength for many AGN are fitted by « = f, x v, « distribute in the region of -1~0. The
sample of -0.5< a is classified as at spectrum radio lond and the sample of @-0.5 is classified as
steep spectrum radio loud. There is correlation between the flatness of AGN and their morphology.
SED 11 radio of extended lobe-dominant sonree is usually described by steep spectrum, while SED
of core-dominant source tends 1o be flatter. Correlation between large variability and polarization
seen in the subsample that is Bl lac, high polarized QSO,0VV
toward 100Ghz(Tornikoski et al. 1993, Landau et al.1986). However, the flatness of SED can

change when focused wavelength is changed. 1t is shown that flat source scarched at A850MHz is

and flat spectrumn that is extended

significantly more than scarched at 408MHz in Maslowski et al{1984).

Radio loud sample s also divided by their morphology. For robe-dominant radio loud, light
compact sources are sometimes seen at the onter side of the robe. On the other hand, there are
objects of which robe s brighter at near central source. Fanarofl and Riley(1974) divided tobe-
dominant sample into two groups by the distribution of brightness of robe. FRI is the object
where the distance of the brightest spots on both side of ceniral source is smaller than a half of
total size, while FR2 is larger. Feature that jet brightuess closer 10 center becomes brighter is scen
at FR1, and the jet is scen on both side of the central source. It is also feature of FRI that curved
jet is sometimes seen. For FR2, jet 1s darker than outer robe and sometimes seen only one side
of the central source. FRI1 and I'R2 can be divided clearly by their lnmmimosity. The borderline
can be described with £ 4o, x Lﬁm where L acms. Lip
respectively. Most of IFR2 distributed in the brighter side of the borderline at radio. and most of
FR1 darker side(Ledlow and Owen 1996).

Concerning the variability of radio loud AGN, similarity of structure function of the variability
of flat source and BL lac is pointed out (Hughes Aller & Aller 1992, Lainela & Valtaoja 1993).

Variability with the time scale from a few week Lo 10 years was rescarched and the power spectrum

+ 15 the lnminosity at 1L.AGHz and optical

was like f=1 at high frequency, and flal at low [requency tike white noise.

As shown above, radio lond sample was divided into various subsamples by SED. morphology,
polarization, variahility. It is thought that there are features thatl variability is large and last and
nonthermal component contribute to emission and variability for OVV, high polarized QSO and
BL lac. It is consistent with the features of variability obtained in this work that the ensemble
of radio loud 1 this work is contaminated by such objects. T is possible that the emission and
variability 1s originated by thermal mechanism in usual radio loud while some remarkable object
like above 1s mixed. Another possibility is that contribution of nonthermal component is gencral
property of radio loud AGN in contrast with radio quict. It is necessary to distinguish those tow

possibility to consider the property ol for cach objects.
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< relation between variability and fatness of radio SED >

OVYV, high polarized QSO and BL lac object are candidate that bring nonthermal component
to ensemble cission and variability, as pointed ont in previous section. Large and fast variability,
large polarization, flatness of SED at radio are the features of those objects. Espeaally, flatness
of radio SED is useful becanse the information is available for many objects. In this section, the
radio loud sample of this work is more divided into flat radio loud and steep radio loud by the

flatniess of radio SED, and variability of each group 1s diseussed.

At first the division was executed. Flux data at 6cmn and 1lem in VV catalog were nsed Lo
determine the flatness of SED at radio. o is obtained by fitting by f o #°. The sample with
a < —0.5 was regarded as steep sample, while —0.5 < o sample was regarded as flat. The flatniess
was determined for most of radio loud AGN in this work though 11cm lux of some objects were
unknown. Figh.28(a) shows distribution of o and Mg. Open triangle and square represents short,
imterval (100 < At/{l + z) < 100} steep and Nat spectrum radio loud sample. Filled svmbol
represents same but long interval (100 < At/(1 -+ =} < 800)sample. Obtlained o mainly distribnte
from -1 to 0, however, some of them extend to |, There is possibility that simple measnrement,
error caused this feature, while vartabihty of flux s also possible canse. Figh.28(b) shows relation

belween o &IJI(] Z.

Figure (5.29a) shows the ensemble variability of fat and the steep sample. Open square and
triangle show the value of the llat and steep sample.

Figure (5.29b) is an ensemble variability when the sample is divided by the observation interval
in rest frame similarly to doing up to now. Open triangle and square represents short interval
(100 < At/{1 + z) < 400} steep and flat spectrum radio lond sample, and filled square represents
long interval(100 < At/(l 4+ z) < 800) flat sample. Long nterval steep sample was less, and

5, s0 the ensemble variability was not determined.

sample numnber of each band was smaller than

The ensemble variability of radio loud sample divided by Mg is shown in figh.30(a). The
way of dividing was different from those of up to now a little becanse the sample number was
smaller than past casc. Combmation of flat sample with short(100 < At/{1 + z) < 400) and
long (400 < AL/(1 + =) < S00) mterval was regarded as the fuitial sample. And the dividing
by Mp was limited into only two groups, which was Mg<-25 sample and -25< Mg sample. It i3
understood from fig(a) that the ratio of sample with long interval and short interval is comparable
and remarkable difference is not seen as the resull of the dividing by border of Mg=25mag.

On the other hand. fig5.30(h) shows the ensainble variability of steep sample with short interval
mto two groups, which was MWp<-25 sample and -25< g sample. Steep sample with long interval
was only a few, and localized in the side of Mp<-25mag. Therelore only the short interval sample
was regarded as the mitial sample and dividing of them was execnted into two groups which was

Mp<-25 sample and -25< Mg sample and the ensemble variability was estimated.
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First, it is examined whether there 15 a difference in the ensemble variability of the different,
band. A remarkable wavelength dependence is not seen in the ensemble variability of cach sample
in figures.29 and figure5.30. Table 5.17 shows the result of the test that examine whether signifi-
cant difference is found in the ensembie variability of different band. The technique was same to
the way up to now. a of ¥V = CA" was changed and C was estimated in every case of a, and y?
test was done, finally the 95% or 99% confidence interval was determined. The first column of
the table means the testing sample. I 1s understood from the table that a=0 is in the confidence
interval for all case. T'his fact means that the hypothesis that there are no band dependence of the
ensetnble variabilily in those test 1s aceepted. However, the confidence interval is expanded at the
sample like Mp>-25 mag flat radio loud because of lack of accuracy. In these case. interpretation

should be done as not rejected rather than accepted thongh the result of the test doesn’t change.

Next, difference of the ensemble variability in different subsample is considered. V& was esti-
mated as the weighted average of the ensemble variability at J /f and A7 band and it was used as
the index of variability al near infrared, those process was equal 1o those {or the previous section.
[t was aimn of these operations to gain SNR by average and to be simple by reducing 3 parameters
into 1.

Tableh.18 shows the result of examination whether there is significant difference in the V¢ of
different subsamples. The examninatious were done by y? test with | freedom for 2 values of V4.
The first column means compared two samples. The 2nd,3rd and 4th column is the best fitted
Co and its error and x*. The 5th column shows the probabilily to reject the hypothesis that
compared V1 are equal. In following discussion. the confidence level was set as 5%(P=95%).

The first Iine of the table’. 18 shows the result of comparison of V5 between all flat radio loud
and steep radio loud sample. P=99.9%, and therefore the data is concluded as enough significantly
different. It is shown that the variability of flat group is larger than steep group from fig5.30. The
result of the examination for tow subsamples made by dividing flat sample into Mp<-25 sample
and -25< Mg sample is shown in the 4th line. Long interval sample and short interval sample was
mixed and used here as counterplan for the lack of sample. However, the ratio of sample with
different interval was comparable, therefore the influence of this effect. for the result would be small.
P>99.9% . and thercfore the data is concluded as enongh significantly dilferent here too. T is
shown that the varability of brighter group at Mg is larger from figh.30. The 5th line is the result
for tow subsamples made by dividing steep sample with short interval{100 < At/(1 + 2) < 400)
into Mp<-25 sample and -25<Mp sample. The difference 1s also significant and it is shown that
the variability of brighter group at Mg is larger from fig5.30 too. The resull of the examination
for Mp<-25mag flat sample and Mp<-25mag short interval steep sample is shown in the 6th line.
Caution is necessary to mixing 400 < At/(1 + z) < 800 sample at only flat sample, however it is
understood that V5 of flat sample is statistically larger.

On the other hand, no significant. difference of V5 was fonnd between dark fat and steep sample
of Mg>-2hmag (7th line of table??). V5 of those samples are not different significantly from the

value of radio quiet with -24<:Wg<-22inag and 100 < At/(1 4+ z) < 400.

35




It is understood froin figh.29(b) that ithe ensemble variabilities of flat sample of 100 < At/(1 +
=) <400 and 400 < AL/(1 + z) < 800 are almost equal. This fact suggests that the time scale of
variability of flat sample is shorter than [for example, radio quict. However, it is hard to estimate
the time scale of vanability with mrther divided flal subsample by Mg or to estimate for steep

sample because of lack of sample number.

The variability of bright( Mg<-25) flat sample 1s main cause of the fealures that the varability
of radio loud was larger thau radio quiet, and had positive correlation with their luminosity, How-
ever, positive correlation between the varability and lnminosity is also significant in steep sample.
And concerning blight (Mp<-25) sample, the variability of bright steep sample is significantly
larger than radio quiel thongh sinaller than flat sample.

Therefore, 1t 1s natural interpretation that the positive correlation between the variability and
luminosity 1s common property of radio lond sample though it 1s more remarkable at lat sample.
Another imterpretation is that above features are unique property of flat sample, and resemble
features seen in steep samples are cansed by the contamination of flat sample. [t is shown by figh.28
that the separation of the flat radio loud and steep radio loud is not as clear as the separation
of radio lond and radio quiet. Error of the flnx data used to determine o can be able to bring
miss classtfication, of course. Furthermore, the variability of radio flux is also the candidate of
the canuse of miss classification. There 1s possibility to obtain different o from real value by ihe
variability even the shape of SED s not. vanable becanse the flux data used to determine o were

niol, observed always simultancously,

<summary >

At the opening of ths section, the hypothesis that dust reverberation model well explain
cmission and variability of radio quiet AGN however it cannot explain those of radio lond AGN
becanse of their nonthermal component 1s assumed. It was discussed whether there was the fact
that support or reject the hypothesis using the result of this work and other papers, and the
results hike {ollowing were oblained. Those resulls support, or are consistent with, the hypothesis

shown above.

o Radio activities of the objects individually reported of which light curves were well explained

by dust reverberation were examined. All of them were radio quiel.

o Radio activities of the objects in Nelson{1996a.thesis) were also examnined. All of the objects
of which time delay of infraved light enrve were radio quict 1oo, nevertheless the detection

sensitivity of vanability was almost equal at radio quiet and radio loud sample.

o There was no significant difference between the vartability of dark(Mp>-25mag) fai and

steep radio loud. Those values also didn’t differ significantly [rom value of radio guict.
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o For blight(Mp<-25mag) flat and steep sample, the variability was significantly larger than

dark flat and steep sample, what was not seen in radio quiet.

o The variability of blight{ Mg <-25mag) flat sample was larger than bright that of steep sam-

ple, and any other subsample of this work.

e Mavbe the time scale of the variability of flat sample was shorter than radio quiet sample.
The time scale of the variability of steep sample or Mg dependence of variability time scale

of flat sample was unknown.

The results of the rescarch are consistent with the hypothesis thal assume that the emission
and variability mechanism of radio quiet AGN is dominated by dust reverberation. The objects
that were monitored at both UV.optical and infrared are small number. These sample are all radio
yuiet, but localized in nearby objects and maybe under their complicated bias. In this work, the
observation of more widespread sample(0 < = < 1, -20<Mpg<-30) could be done as the result of
thal the observation of each object was limited only two times. However, it is impossible to test,
the dust reverberation for cach object m this work because the ensemble is necessary to estimate
the variability. Those works and this work can be regarded as complementary to each other [rom

the point of view to examine the dust reverberation model in detail or in widespread sample.

It turned out that the features of variability found in the radio loud sample of this work was
mainly cansed by blight flat radio loud. It is known that objects such as OVV high polarized
QSO.BL lac is flat radio lond AGN. Therefore, it is reasonable interpretation that at least some
of the flat sample are such objects and their nonthermal component make the dust reverberation
not be adopted (As for non thermal emissions of those objects, for example, Robson et al. 1993,
and for Bloom et al.1994).

On the other hand, the condition is complicated about steep radio loud sample. The infrared
bump like radio gquiet sample was found in the SED of steep radio loud and they were sometimes
interpreted by the thermal radiation(Sanders et al.1989). However, the positive correlation be-
tween Lhe variabilily and the luninosity i steep sample like flat sample though the feature was not
as remarkable as flat sample. It s suggested the possibility thatl there is nonthermal component
m the emission of steep radio lond becanse the feature seen i flat sample was also found in steep
sample. There is a possibility that nonthermal component contributes to the variability more
strongly than thermal component. comparing to the small ratio hecanse the variability of nonther-
mal comnponent can be larger than thermal. There is the possibility to explain both infrared bump
in the steep sample reported before and the variability contributed by nonthermal component in
this model. Furthermore, There 1s also possible that the feature of nonthermal component was

not identified in total SED if the shape of SED of the nonthermal component was specific.
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However, 1t 1s also possible explanation that the feature of the variability of steep radio loud
is originated by contamnination of flat sample and therefore only apparent. To distinguish those
probability 1s difficult for this work. The MAGNUM project is in preparation where cach of
many AGN 1s monitored in multi wavelengths and the mechanism of emission and variability is
researched for each object.
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Figure 5.28: (a) The disiribution of o and Mp. Open triangle and square represents the steep
and flat spectrum radio loud with short rest frame interval of 100days < Al < 400days. while
filled triangle and square represents also the steep and fat spectrum radio loud butl with long rest
framme mterval of 400days < At" < 800days. (b) The distribution of e and ».
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Figure 5.29: The ensemble variability of the flat and steep spectrum radio lond sample. (a)Open
square and triangle represents the flat and steep sample. (b)Open square and filled square rep-
resents the flat samples with short interval of 100days < At' < 400days and with long interval
of 100say < Al' < 800days. Open triangle represents the steep sample with short interval of
100days < At < A00days.

110



V(mag)
|
|

— —
4 Mg < —25 ]
= B _
4]
£ o _
> — —
2 —
= Mg > —25 -
- H\E -
O—I ] ! | | | 1 | I ] 1 ¢ I_
1 1.5 2 2.5

)\obs (F'm)

IMigure 5.30: (a) Open square represents the ensemble variability of the flat spectrum radio
lond sample with Mp<-2imag. Filled square represents same but for sample with Mpg>-2imag,
(b)Open triangle represents the ensemble variability of the steep spectrum radio loud sample with
Mp<-25mag and 100days < A" < 400days. Filled square represents same but for sample with
Mg>-20mag and 100days < A" < 400days.
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object, Y Mp  fuoem/ fov
GQ COM 0.165 244 0.0
*F 9 (.046  -23.0 0.0
NGC 3783 0.009 -19.7 0.7
MARK 744 0.010 -19.3 0.0
NGC 4151 0.003 -18.7 2.3
NGC 1566  0.004 -18.0 3.7

Table 5.12: The examples of which the hight curves at UV.optical and infrared wavelength are
explained by the dust reverberation model.  flgon/fuv 18 used 1o estimate the radio activity.
fogem/ fov of the objects i the table tends to be small, and are filled the condition to be regarded
as radio quiet. The data os 2. Mg, fon(Jy) . fvr(Jy) are obtained from VV catalog.




Table 5.13: The result of the test of radio activity for the sample shown in Nelson(1996).

object 7 Mg Valv Valy cov lag  foeem/ fov
KUV 1821746419  0.297 -27.1 Y Y N N 9.8
3C 120 0.033  -20.58 Y Y N N 1505.6
3C 273.0 0.158 -26.9 Y Y Y N 1692.7
3C 445.0 0.057  -20.8 N Y N N [171.2
AKN 120 0.033 -22.2 Y Y Y l. 0.0
[ Zw 1 0.061 -23.4 Y N N N (0.0
IT 7w 136 0.063 -23.0 Y Y N N 0.0
[l Zw 2 0.09¢ -22.7 Y Y N N 175.6
IRAS 0345040055 0.031 -21.3 Y Y Y Y 2.0
IRAS 07TH98 46508 0.148 -22.3 N Y N N 277
UGC 12138 0.025  -20.6 Y N N N 0.0
*MCG 2-58-22 0.623  — Y Y N N —_
MCG 08.11.11 0.020 -20.0 Y Y Y L. 15.9
MARK 9 0.039 -22.1 N Y N N {10
*MARK 10 0.030 -21.1 Y Y 7 7 0.0
MARK 79 0.022 -20.9 Y Y N N 0.0
MARIK 231 0.041 -22.3 N N N N 39.8
MARK 304 0.067 -23.0 Y N N N 0.0
MARK 315 .040 -21.3 N Y N N 0.0
MARK 335 (1.025 -21.% Y Y N N 0.0
MARK 376 (.056 -22.5 Y Y 7 7 0.0
MARK 478 0077 -23.4 N Y N N (.0
MARK 509 0.035 -23.3 Y Y N 1, 0.0
NGC 7603 0.029 -21.5 Y Y N N 1.1
*MARK 543 0.026  -20.6 7 Y Y Y 0.0
MARK 590 0,027 -21.6 Y Y ? 7 (0.0
MARK 6185 0.035 -21.5 N Y N N 1.0
«MARK 704 0.029 214 Y Y N N 0.0
MARK 705 0.028  -21.0 Y Y Y Y 2.0
MARK T39E 0.030 -21.4 Y Y ? N (1.0
MARK 744 0.010 -19.3 Y Y Y Y 0.0
MARK 766 0.012  -20.0 Y Y N N 0.8
MARK 8§76 0.129  -23.5 Y N N N 0.0
*MARK 975 0.050 -21.8 Y Y Y Y (.0
MARK 1152 0.052 -21.7 Y Y N N 0.0
MARK 1239 0.019 -20.3 N N N N 1.6
MARK 1208 0.060 -22.8 N Y N N 0.0
MARK 13583 0.086 -23.4 Y Y N N 0.0
«MARK 1392 0.036 -21.3 Y Y N N 0.0
NGC 1275 o17 -21.9 N N N N H19.2
NGUC 2639 (.011 -21.3 N Y N N 0.8
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Table 5.14: continued

object 7 Mg Valy Valg cor lag  fosem/fov
NGC 1051 5.002 -16.8 Y Y Y L. 1.2
NGC 4151 0.003 -18.7 Y Y 7 N 2.3
NGC 14593 0.004%  -19.7 Y Y N N 0.0
NGC 5543 0.017 -20.% Y Y N N 0.9
NGC 6814 0.006  -17.5 Y Y Y Y 0.0
NGC 7469 0.017 -21.6 Y Y N N 2.8
PG 08444349 0.064 -23.1 Y Y N N 0.0
PG 11164215 0.177 -23.3 Y N N N 0.0
PG 12114143 0.085 -24.1 Y Y N N 0.0
PG 1351464  0.088 -24.1 N N N N 4.4

Table 5.15: Object name, z and Mg [rom VV catalog are shown from the left colnmn. The object
not detected at radio 1s marked by * Valy, Valg 1s the result of detection of the variability at V
and K band by Nelson(1996), and Y,N and 7 represents detected, not detected and ambignous,
respectively. cor is the result of detection of correlation of both lightcurves Lag is the result of
detection of correlation of the time lag and L represents to obtain the limit. The data of foo.(Jy)
. fu{Jy) are obtamed from VV catalog.

radio activity radio giet  radio loud ambignous
sample 13 ) 3
variability detected 29 3 1
time delay oblained 6 0 )

Table 5.16: The result of the relation between radio activity and the suttability of the dust
reverberation model. The second hine represents the object in which the variability 1s detected at
hoth V and K band.



confidence interval  confidence interval

sample Co o of a{95%} of a{99%)
flat radio loud 0.253  0.246 -0.633 ~ 1.008 -0.918 ~ 1.212
steep radio loud 0.182  0.081 -0.649 ~ 0.755 -0.863 ~ 0.934

flat radio loud,

100 < At < 100 0.256  0.227 -0.694 ~ [.144 -1161 ~ 1.605
400 < At’ < 300 0.242  0.296 -2.047 ~ 2.344 -3.395 ~ 3.260

steep radio loud,
100 < At" < 100 0.200  0.078 -0.710 ~ 0.793 -0.951 ~ 0.956
100 < At' < 800 — — — —

flat radio loud.

Mg < =25 0.329  0.247 -0.957 ~ 1.237 -1.454 ~ 1.544

Mg > —25 0.006  1.923 -1.305 ~ 1.999 -1.451 ~ 1.999
steep radio lond, 100 < A" < 100

Mp < =25 0.213  0.177 -0.943 ~ 1.123 -1.351 ~ 1.398

Mg > —-25 0.194 -0.424 -2.041 ~ 0.842 -2.904 ~ 1.306

Table 5.17: The result of the test and the estimation of wavelength dependence of the ensemble
variability for the flatsteep radio loud and other their subsamples. The steep sample with long
observation interval of 100days < At' < 800days is few, therefore blank.




compared samples Cy T v P(%)
flat /steep 0.240 0.020 10.615164 999

flat, 100 < A’ < 400,
Jat 400 < A" < 800 0370 0.050  0.003041 4.4

flat, 100 < A" < 100
/steep, 400 < At < 800 0.2

[ R
Ry
|

0.025 3465026  93.7

fat. Mg < —25,
MAat, Mg > =25 0.116  0.022 24272392 >99.9

steep, 100 < A" < 100, Mg < =25
[steep, 100 < At < 400,Mp > -2

5 0.123 0.017 17.557811 >99.9

ﬂa.t;:.-‘l-‘[‘g < =25,
[steep, Mp < =25, 1000 < At < 400 0.328  0.037 5171503 97,

-1
-1

ﬂa.t,;’h’g > —.2-')
[steep, Mg > —25 . 100 < At" < 100 0.090 0.014  0.077112 219

quiet.—24 < Mg < =22,
fat, Mg < —25 0.115 0.013 2.

=1
t

3600 90.3

quiet,—24 < Mg < =22,
[steep,Mp < =25, 100 < At' < 100 0.1114 0.012 2470579  88.4

Table 5.18: The resull of the test and the estimation of the difference of Vo between various
subsamples.
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Chapter 6

conclusion

Results of near infrared(J.1.K* band) variability observations of 226 AGN are shown in this the-
sis. Samples are mainly QSO and Seyfert 1 AGN, and are radio quict samples and radio quiet
samples. Redshift(z) of the samples are from 0 1o L. and absolute magnitudes at V band(Mv) are
from -30mag to -20mag. Fach objects were broad line observed 2 times and the variabilities were
measured by differential photometry. Ensemble variabilities of all samples were typically 0.2 mag

regardless of observad band,

To detect high sensitivity and high accuracy, method of differential photometry specialized for
this work was developed. Existence of systematic error o turned out that was maybe originated
by the error of flat ficlding more than a few 10 pixel scale. The average of o7 was about 0.03mag
for J.H and K’ band and no wavelength dependence was found, what was consistent with the error
estimated by dithering of photinetric standard star frames. Influence of the PSIP variation to the
result of the differential photometry was estimated since AGN were not always point, sources and
therefore there was possibility that the influence was not canceled even with differential photom-
etry. And it was turned out that the influence of the PSF variation was 0.0lmag or less and was
smaller than other main errors in this work. Estimating those systematic errors, 3 arcsec aperture
that was comparable to the sceing size of this work could be adopted. As the result, determination
of the variability ol AGN with smaller statistic error than in the photometry nsing the photmetric
standards too. The differential photometry was also applied to the reference objects around AGN
and accuracy of the error estimation of the differential photometry in this work was checked. 1t was

confirmed that the error estimation was (nantitatively reasonable for J.H and K’ band by the tesi.

z<0.3 AGN was distributed from typical galaxies position to fypical QSO positioning near
infrared J-MHLH-K* 2 color diagram. In these samples, from Seyfert 1 10 1.5 samples were plotted
from typical galaxics to typical QSO position, but from Seyfert 1.8 to 2.0 samples were plotted
about typical galaxies position. And, bright AGN at V band absolute magnitude(Mv) tended to
be plotied near typical QSO position and dark AGN tended to be plotted near typical galaxies
position. These differences by Seylert type or My were consistent to AGNs unificd model. On the

other hand, radio activities of samples were estimated by V band and 6 e radio fluxes and but,
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positions on 2 color diagram were not separated. The near infrared colors estimated by smaller
aperture(about 3 arcsec) were more QSO like than larger the colors by larger aperture{about
Ibarcsec). This tendency was more remarkable at dark object than at bright object. and this fact

conld be explained by nucleus and host galaxy color gradient.

Because only 2 fimes obscervations were done for each objects in this work, ensemble of vari-
ability data were calenlated and features of AGN variability was estimated. For all samples, radio
loud or radio quiet samples, and more divided by rest. frame observation interval, Mv.,Z, enseinble
variability dependence on observed band was tested and clear dependence like in from UV 1o
optical study was rejected in this near infrared work.

And ensemble variability dependence on radio activity, rest frame observation interval.Mv,z
were tested. The variability of radio loud samples were larger than radio quiet vamability was
shown. In radio loud samples, morve lnminons samples shown larger variability than dark samples.
lor radio lond samples of this work, the variability of bright at Mv and high 7z objects were intrinsic
large, but to separale the effect of 2 and My was difficult.

For radio quiet samples, variability of higher z sammples tended small variability, but only vari-
ability of high z and short rest [rame interval samples was concluded becanse of cosmological time
delay. And significant Mv dependence was not found for radio quiet samples. When effect of host
galaxies in the photometry apertuers, becanse dark samples were more effected by host galax-
ics by J-H.H-K” color analysis, the dependence of variability of AGN themselves and luminaosity
was negative. So probability exist that negative correlation between variability and luminosity
discnssed in optical work was consistent.

By adding this work resull to other work in optical and UV wavelength, wave length range of
statistic variability of AGN conld be expanded about 2 times wider. Wavelength dependence of
variability was not found which was seen in Uv and optical data and variability of near infrared
was smaller or comparable to Uv and optical data. These resull were consistent to AGN's hot

dust, thermal emission in near 'iTIfT‘H.I'ﬂd “‘k]N'(!I()Tlgt}'l.

For cach AGN, significance of variabilities at J.LH. K" band were estimated by ratio of variability
to error. Distributions of the signilicance of JJH,K* band were resemble for cach other. More than
20(30) vanability samples were 587%(44%) by average of J.H.K values of all samples whose error
was smaller than 0.1 mag.

Difference of vartability significance of the subsamples divided by their error to 3 was clear. The
distribution of the lowest aceuracy group(0.05mag < a <0.lmag) was localized toward smaller
significance side. On the other hand. more than 20(30) variability samples were high ratio of
80%(68%) for the highest acenracy gronp(e <0.03mag). The distribntion of the group with
0.03mag< o <0.05mag accuracy was intermediate shape. No observed band dependence was found
in those distributions. The ratio of AGN with certain variability grew larger when the accuracy
of the data became higher, and lcature of saturation was found. As the simplest interpretation,

il was concluded that maybe all ¢quasars and Seyfert | AGN were variable objects.
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The observation of this work was only 2 times for cach objects. and some conditions of the
observation link aperture of telescope or secing were worse than some other works, however, higher
ratio ol the certain vanability detected objects was realize. It was gnessed that this feature was
caused by the differential photometry with siall aperture because main systematic error were
canceled, SN was heightened and AGN component was dipped from host galaxy especially nearby

AGN.

For all samples.radio gquiet. and radio loud samples, correlation coellicient r between different
band variability were estimated.  These values were 1=0.6 ~ 0.9. Radio guict samples were
splitted by z, and z dependence of v was tested by these subsamples. rppe was significantly higher
than ryg. rore at 0.1,z < 0.3 though crror of r was large at some 7z regions. ryp, rygrandripo, =
dependence of radio quict samples was explained by radiation and variability by dust reverberation.

For radio loud samples, ryp.rpandrygpehigh redshift object in this work{0.6 < z < 1)
were high value about 0.95. Errors of ryp, rypandrig, of radio loud samples were large at low
redshilt{0 < z,0.3) against radio quiet samples. So to distinguish existence of z dependence found

in radio quiet samples lor radio lond samples couldn’t done,

Using samples whose rest frame observation interval were aboui 1, 2 vears, time evolutions of
ensemble variabihiy were estimated. 2 form of function Ag(1/(1+2))? and By[l—exp(—t/7(1 + 2))]
were used for fitting. For all samples, the radio quiet and the radio loud samples and the splitted
samples of those by My or z, significant difference by observed band were not found. Time scale of
radio loud samples was shorter than radio quiet as the value of the parameters. But the difference
of the time scales of radio gquiet and radio loud samples couldu’t concluded as significant because

the errors were large.

The features found in this work were consistent with the dust reverberation model. However,
it was difficult for the simple dust reverberation model that the My dependence of variabilities of
radio quiet and radio lond were significantly different each other.

Radio activities were checked for the objects where the time delay hetween optical and infrared
hght curves was determined. and all of them tested in this work were radio quict. Furthermore,
the radio activitics of sample of Nelson 1996 were also checked. I was turned out that all objects
where the time delay conld be determined was radio guict nevertheless the detection rate of the
variability was almost equal between radio quiet and radio loud.

In the radio loud samples, cusembie variabilities of flat spectun samples were significantly
larger than steep spectrum samnples. 1t s known that OVV. high polarized QSO, BL lac object
are subsamples of radio loud and variabilitics of nonthermal component of those objects are fast
and large. Therefore it is reasonable that the feature of flat samples 1s cansed by contamination
of nonthermal emission of such ohjects into the ensemble variability.

On the other hand, ensemble variability of the steep radio lovd sample was significantly larger

than that of radio quiel though smaller than lai radio loud. Positive correlation between lumi-
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nosity and the ensemble variability was found 10 steep sample similar to flat sample. Therefore,
it is possible that nonthermal component exist steep radio lond sample too and the mechanism of
emission and variability 1s diflerent [rom those of radio gquiet though the degree is weaker than flat
radio loud sample. As another explanation, it 15 also possible that those features of steep sample

are caused by contamination of some flat sample into steep sample because of incompleteness of

the separation of flatuess.
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Appendix A

table



A.1 observed object list

Table A.l: observed object List

num  name RA dec 7 Mg radio type
1 PB 5664 6 0o 120 4+ 0O 2 24 0479 246 U
2 Q 23574+019A 0 0 237 + 2 12 41 0.81 -26.8 U
3 PB 5677 0 0 429 4 0 55 39 0949 -254 u
4 PB 5723 ¢ 5 475 4+ 2 3 2 0,234 -24.2 U
5 PB 5853 g 18 221 + 1 19 1 0.16  -22.8 U
6 Q 0019400228 0 21 464 4+ 0 38 59 0.661 -25.0 U
T PB 5932 0 24 441 + 0 32 21 0404 -25.1 U
8 MS 00377-0156 0 40 179 - 1 40 15 0.296 -23.6 U
9 Q 005740000 0 23 4+ 0 16 42 0576 -26.3 U
10 Q 005840218 | [ 2000 + 2 34 30 0929 -264 U
11 PHL 964 1 3335 4+ 10 10 34 0465 -24.1 U
12 Q 0110-0047 13 104 - 0 31 34 0412 -23.1 U
13 B20110429 113 242 4+ 289 58 16 0.363 -24.8 I
14 PKS 0130424 133 246 4+ 24 27 40 0452 -23.5 L.
15 UM 341 L34 182 + 0 15 37 0401 -25.1 U
16 3C47.0 36 245 4+ 20 57 26 0.425 -24.0 |
17 PHL 1070 137 187 4+ 3 38 30 0679 -219 u
1S PHL 1043 1 3% 572 4+ 1 3047 0.258  -23.9 L
19 KUV 01507-0744 L 53 110 - % 28 57 0.3 -24.9 U
20 PHL 1226 15 281 4+ 4 48 17 0404 -25.0 U
21 UM 381 157 957 - 1 A7 29 091 -26.7 U
22 UM 153 1 58 389 4+ 3 AT 44 0.66 -26.0 U
23 MARK (018 2 6 160 - 0 17 29 0.043 -21.3 0l
24 RXS JO207042930 2 7 22 4 29 30 45 0.110 -23.1 U
25 MARK 586 207 498 4+ 2 1255 0.155 -24.2 Q
26 PKS 0214410 2 7 7T+ 114 U 0408 256 L
27 PB 9130 2 07 294 - 3 3 9 0323 -2438 U
28 B3 0219+443 2022 177 4+ 44 32 57T 0.850  -26.6 L.
29 KUV 0229243227 2 32 104 4+ 32 39 46 0.356 -24.7 U
30 MARK 79 233 224 4+ 27 56 14 0.038 -20.3 Q
31 NGC 985 2 34 378 - 8 4T 15 0.043 224 Q
32 MS 02328-0400 2 35 192 - 3 17 15 0.3%6 -24.0 U
33 4C 41.01 295 561 4+ 4 23 16 0500 -25.1 B
34 Q023540121 238 10,0 4+ 1 34 19 0393 -24.0 U
35 Q0238-0142 2 41 127 - 1 29 17 0346 -24.3 U




Tahle A.2: ohserved object list: continued

num  name RA dec 7 Mg radio type

36 PB 6856 AT 27 0LB6Y U
37 US 3150 0 59 31 0467 U
38 MS 0244841928 19 40 58 0.176 u
39 Q024840207 : ' 0.489 u
40 US 3254 9 0811 u
41 US 3333 22 0.354 U
412 US 3376 , 0.879 U
13 S 025440101 A8 0.177 U
44 US 3472 36 0.532 u
15 S 0257-0027 22 0.102 &
16 Q 025840227 .592 U
17 US 3543 0.641 U
48 Q 0300-0018 20703 u
49 US 3605 022 32 0.635 U
50 Q 030540222 2 3 0.590 U
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NN
S
=
jomy
=
—_
=
o
=

1 b 1

oo b —

—
=
N1 S
g
-
=
-
jon

—_
=
[~

YLt

~
-

1]
|
(=

+ 4+ 4+
[
—
=
[
=

' )

o I IS N D N S N I

[
o
oL

I~ 2 O e oS O

&
=

=
+ 4+
1
oD — e

b3 |

S0 SR L B ] ) B

<=

U D
-1
[}

I L B
R
_-
o,

R
s
—_
o G
1

—_
=
e~

=

o

p—

-

S =

[ R e Bl )
s

-

S

k-

=

o

i

=
—1 _.

e

=
=

~
&

on
=
—_
+ + + o
a
[
e
[
e
[ SR o SRS B L T ST

51 PRKS 03064102 3.4 -25.1 Q
52 Q 0307-0015 9 394 - 0 3 40 0570 -26.1 U
53 PKS 03104013 12 436 + 1 33 17 0.661 -24.6 L
54 MS 031204-1105 14 484 + 14 16 27 0744 -25.5 u
55 Q031340126 16 313 + 1 37 30 0.956 -25.2 u

6 B20321433 24 412 + -22.2 L

310 45 0062

36 0.832
(} 4 27 0.384
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64 MS 04124-0802 4 527 - 7 55 40 0.037 -21. Q
65 3C 110 17 16T - 5 B3 45 VY3 27 L

66 PKS 0420-01
67 3C 120
63 IRAS 044480513
69 Q 041640130
70 NGC 1685
71 UGC 3223
T2 2E 050741626
3
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Table A3 observed object Tist: continned

num - name R. dec 7 Mg radio tyvpe

6 38 21 0.759 L.
49 51 T (.545
16 36 40 0.474
16 26 21 0.020
s 34 19 0.872
26 4 36 0.580
v 35 53 0.722
[T 46 15 0.768
36 56 7T 0487
45 41 56 0.056
39 5 5 0.663
A7 50 8 0.782
37 14 00191
31 11 59 0.630
49 48 35 0.022
3042 56 0.462
0 44 18 0.994
3313 34 0.610
28 42 14 L35
305 44 0.132

6 3C 138.0 o2
7T 30 147.0 H oA
8 4C 16.14 5 5
9 MCG08.11.11 S
80 OH-010 O
81 3C 154.0 6 13 50.2
82 MC 06574176 T 0 314
83 3C 175.0 T3 23
84 B2 0709437 T 13 94
85 MARK 376 1415
86 B3 07294391 733 208
87 S40731447 T35 2.2
8§  PKS 0736401 739 180
89 0Ol 363 T '
90  MARK 79 T
91 B2 0742431 i
92 PKS 0743-006 T
93 GO 0742433 T
94 RXS JOT49142842
55 RXS JOT19543154
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99 B3 07544364 T8 0.1 39 200 29 0.096 -21.1 Q
100 KUV 0754944228 7 58 198 1219 35 0.21 -24.2 L
101 UGC 4155 S 0 2006 26 36 51 0.025 -22.7 U
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1 1
e S R B B T R L

=

103 MS 08019+2129
104 3C 192.0

105 MS 0808041840
106 3C 196.0

107 132 0810432

108 PKS 0812402 s 15 23.0
109 RX JOBL664+2041 8 16 36.1
110 3C 197 s 17 35
111 RXS 0822343305 8 2
112 KUV 0821744235 8 2
113 4C 4407 8§ 2
114 KUV 0826744027 8 30 0.2
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Table A.d: observed object list: continued

num - name RA dec z Mg radio type

116 PG 08324251 5 35 359 i 59 0.331  -25.7 U
LT OJ 256 § 36 23.0 T 28 0.765 -21.9 L
Lis US 1329 S 36 5H8.9 1 26 0.249 -25.9 {
[T MARK 1218 § 38 111 153 45 0.028 -21.1 Q
120 Q 083544744 5 38 405 47 34 10 0.697  -24.1 U
121 3C 207.0 S 40 476 23 0684 -24.6 L
122 KUV 0837744136 8 40  58.7 )06 - U
123 PG 08444349 8 A7 425
124 55W |79 8 47 44.6
125 (50 2 s 49 2.5
126 US 1742 & 49
127 L13 8741 8 50
128 MS 0847542813 3 50
129 US 1786 S 5l
130 MS 0849540805 8 52
131 MS 0819842820 8 b2
132 MS 0850242825 8 A
133 US 1867 S5 Al
134 MARK 391 5 5
135 NGC 2683 Ul S
136 LI3 8948 8 5
137 LI3 8960 S AT 331
138 US 2068 5

139 KUV 0901244019 9 4 233
140 US 44 9 T

141 1E 090644254 9 9 266
142 4C 05.38 9 14 I8
143 MARK 704 9 18 2640
114 RXS JO9189+3016 9 18 56.0
t45  RX J0S1904-350213 9 1Y
B46 L 09174341 9
LT RX 0924942527 Y9
118 PG 09234201 Y
119 MARK 705 Y
150 B2 0923439 9
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Table A.5: observed object list: continued

num - name RA dec 7 Mg radio type
156 PG 09364396 9 39 4146 + 39 24 2 0458 -26.0 U
157 US 822 9 10 337 + 46 23 15 0.699 -25.6 U
158 MS 0939840052 9 42 334 + 9 38 36 0.206 -21.9 U
159 HS 0940+4820 9 414 144 4+ 48 6 44 0393 -238 u
160 2k 094444629 9 AT 1TSS 4+ 46 15 8 035 231 U
161 US 995 9 48 594 + 43 35 18 0.226 -24.3 u
162 HS 0946+4845 9 50 05 4 48 301 30 0.590 -26.1 U
163 MARK 1239 9 52 19.0 - 1 36 44 0019 -20.3 Q
164 US 1107 % 55 398 4+ 45 32 17 0259 -24.3 A
165 PG 09534415 9 56 523 4+ A1 15 41 0.239 -25.6 Q
166 3C 232 9 58 209 + 32 24 2 0530 -26.7 L
167 NGC 3080 9 A9 BAS 4+ 132 A0 0.035 -20.9 Q
168 IRAS 09595-0755 10 2 00 - 8§ 9 44 0.055 -22.1 u
169 KUV 09597+3343 10 2 349 + 33 28 16 095 -274 U
170 KUV 1000043255 10 2 546 4+ 32 40 39 0.83 -27.1 U
171 TON 28 1 4 26 4+ 28 55 36 0329 -254 u
172 PG 1001405 w4 2000 4+ 5 13 1 0161 -23.6 Q
173 PKS 1004413 17 262 + 12 48 56 0.210 256 L.
Ir4 RXS JI00794+4918 10 7 563 + 49 18 & 0149 -21.4 U
175 TON 488 o 10 07 + 30 3 21 026 -25.1 U
176 40 11.21 10 275 4+ 41 32 38 0.613 -26.6 L
177 Q 100840058 1010 444 + 0 43 31 0.8 -23.7 u
178 CS0 37 mn o173 4+ 32028 7 041 -25.0 U
179  TON 1187 10 13 31 + 35 51 22 0079 -23.0 U
1830 PG 1011-040 14 207 - 4 18 39 0.058 -22.2 Q
181 PKS 1011423 10 14 471 + 23 1 18 0.565 -25.2 L
182 PG 10124008 0 14 549 + 0 33 37 0.085 -24.3 Q
183 Q101340124 15 570 + 1 9 13 0579 -26.9 L
181 MARK 720 1o 17 380 4+ 6 58 16 0.045 -21.1 U
185 Q 1015-0121 o 1 110 - 1360 2 0319 -231 u
186 PG 10164336 19 495 + 33 22 4 0.021 -19.9 U
IS7T  MS 1018242010 1020 551 4+ 19 54 AT (0.250 -224 u
188 B2 1028431 30 59.1 + 31 2 56 0477 -23.1 L
189 MS 1046141111 0 48 46.2 + 13 54 33 0.290 -22.6 u
190 Q 10474067 o149 368 4+ 6 29 22 0148 -23.1 u
191 MS 1047043537 1 49 493 4+ 35 22 5 (LI61 228 U
192 CSO 292 10 50 337 + 34 43 38 0147 -23.2 u
193 PG 1049-005 Iy 51 585 - D 51 17 0357 -25.7 Q
194 MARK 634 A8 1.2 4+ 20 2% 14 0.066 -21.9 u
195  RXS J11006--1316 [ 0 373 + 43 0 I 032 -23.5 Il
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Table A.6: observed object list: continued

num  name RA dec 7 Mg radio type
196 RXS J1100842839 11 0 524 + 28 38 1 0.243 -24.] U
197 MARK 728 11 L .8 + 11 2 50 0.036 -19.9 A
198 TOL 1059+ 105 11 I 579 4+ 10 17 39 0031 -21.0 U
199 1059.640157 2 87 + L 41 11 0.394 -23.4 U
200 PKS 1103-006 I 6 318 - 0 52 533 (426 -25.7 L
200 MC 11044167 L7 15 4+ 16 28 30 0632 -27.1 L.
202 PG 11124431 115 60 4+ 42 49 50 0302 -25.2 U
203 PG 11144445 m 1y 63 + 44 13 34 0.144  -23.7 Q
200 PG 11154407 I 18 304 4+ 40 25 55 0.151 -23.9 Q
205 PG 11164215 19 88 + 21 19 18 0.177 -253 Q
206 MARK 734 (r 21 4v.0 4+ 11 44 19 0.049 -22.0 Q
207 RXS J1124043110 11 24 06 4+ 31 10 0 0.109 -21.2 U
208 PG 11214422 11 24 392 42 | 15 0.234 -24.2 U
200 Al 27 26 43.0 + 15 45 55 0431 -25.7 t
210 MARK 423 11 26 485 + 35 15 4 0.032 -214 Q
211 US 2450 1127 364 + 26 54 50 0378 -24.9 U
212 MARK (298 129 165 - 4 24 85 0.060 -228 Q
213 MARK 1447 11 30 290 4+ 49 34 58 0.096 -22.8 U
2114 B2 1128431 I3t 94 4+ 31 4 7 0289 -253 L
215 3C 261 L34 Hih 4+ 30 5 26 0.614 -245 L
216 MARK 739E 136 293 4+ 21 35 46 0.030 -21.4 Q
217 MCG 06.26.012 39 135 4+ 33 55 54 0.032 -21.0 U
218 MARK 744 1T 39 426 4+ 31 354 34 0.010 -19.3 Q
219 WAS 26 I 41t 161 4+ 21 56 22 0.063 -23.0 U
220 CG 855 1T 44 30,0 4+ 36 53 9 (.04 -20.7 U
221 NS 11435-0411 n 46 39 - 4 28 1 0.133 -22.7 U
222 MC 11464111 I 48 479 + 10 54  5Y 0.863 -26.9 A
223 CBS 147 1T 58 9.5 4+ 34 56 31 0.251 -25.0 u
224 PG LISI4117 il 53 493 4+ 11 28 30 0.176  -24.2 Q
225 CB5 151 1151 285 4+ 34 7 8 0461 -24.3 U
226 10 29.45 159 319 4+ 29 14 45 0.729 -28.6 L
227 (Q COM 24 42t 4+ 27 54 12 0.1656 -244 Q
228 UGC 7064 12 4 434 4+ 31 10 335 6G.024 -21.0 U
229 Q 121140848 1213 572 4+ 8§ 32 3 08310 -26.3 u
230 PG 12114143 tz 14 177 4+ 14 3 13 0.085 -24.1 Q
231 WAS 498 12 179 + 29 31 43 0.064 -225 Q
232 PKS 1216-010 12 18 350 - 1 19 51 0415 -25.9 L
233 MARK 1320 12 19 88 - 1 48 29 0.103 -24.0 U
234 PG 12164069 (2 09 209 + 6 38 38 0331 -26.0 Q
235 Q 122040939 2 23 178 + 9 23 8 0631 -256 U
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Table A.7: observed object list: continued

num  name dec % Mg radio type

o
et

o
—

-
=
e

15 45 & 0.081 -21.8 U
2458 36 0.268 -23.8 L
9 14 9 0.731 -239 f]
2 3 8 0158 -26.9 L.
Io47 4 0706 -25.2 ]
209 30 0.064 4 Q
31 2 0.290 U
503 0.046 0 U
10 34 50 0.664 L
20 19 0.672 u
5 200 39 0.009 Q
33 17 1 0.045 8 ]
15 29 35 0.07 1 U
24 1 0.397 0 U
1729 35 0.519 7 ]
4 4 49 0.803 9 L
6 17 23 0.305 ' U
28 12 4T 0.85 0 U
21 53 AT 0.187 3 U
16 24 28 0.067 0 Q

|

T

1

236 MS 1220941601
237 B2 1223425

238 2F 1224 10930
239 3C 273.0

240 Q 12280130

211  TON 1542

242 (SO 150

243 1C 3528

244 MC 12334108
245 Q 123540216

246 NGO 4593

247 WAS 61

248 Q 124041516

249 CBS 63

50 Q 124041746

1C 45.26

MS 12480-0600A
(SO 769

MS 1254542209
MARK 783

us 272

3C 281

58 MS 13061-0115
59 PG 13074085
260 €SO 835

261 B2 1308432 98.
9 PG 13091355 (2 17.
263 RXS JI312942628 13 12 59,
261 Q 131640103 1318 43.9
265 MARK 1347 13 22 555
26 Q 1326-0516 1329 9286
267 MS 1328543135 13 30 53.2
268 Q 1330-0156 13 33 19.5
269 1333.342604 1335 39.4
Q 1334-0232 13 37 128
IRAS 1331942438 13 37 18.8
Q 1338-0030 13 40 445
TON 730 13 43 56.6
MARK 69 13 16 8.1
1343.9-42828 1346 14.4
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Table A.8: observed object list: continmed

Q 1404-0455 47 308
PG 14074265 14 9 239
PG 14114442 11 :
PG 14154451 11
NGC 5348 B
H 14194480 B
MS 1420142956 I
132 1420432 [
MARK 471 [
3 14224231 [

10 1559
21 0.94
0.089
0.114
3 0,015
24 0.072
55 0.053
0.685
3 0.034
3.62
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Q
Q

Q
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num name RA dec z Mg  radio type
276 MARK 662 3 51 64 + 23 25 49 0.055 -21.6 Q

277 PG 13524183 13 54 356 4+ 18 5 18 0152 -24.0 Q

278 MARK 4631 13 56 28 + 18 22 19 0.050 -224 A

279 PG 14024261 15 162 4 25 55 31 0.164 -245 Q

280 PG 14044226 116 219 4+ 22 923 4T 0.008 -23.1 Q

281 0Q 208 1 7 04 + 28 27 15 0.077 -22.2 L.
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302 Q 1446-0035 1149 305
303 PG 14484273 1 51 8.8
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305 MS 1500542552 15 17
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307 MARK 840 5
308 PKS 15094022 5
300 MS 151980633 15
310 LI3 9695 15
311 OR 139 15
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Table A.9: observed object hst: continued

num nane RA dec 7 Mg radio type

316 MS 16118-0323 6t 290 - 3 31 10 0.298 U
317 MARK 877 6 20 11.3 17 24 28 0.114 Q
318 PG 16344706 6 34 29.0 00310 33 1337 Q
319 RXS JI644642619 16 44 425 2619 13 0.145 u
320 TEX 16524151 (6 54 519 5 2 57 0.29 L.
321 2K 165443514 16 56 14.0 0.80 1
322 PKS 17254011 17 0.293 L.
323 PKS 1739+18C 0.136 L.
324 TEX 17504175 0.507% L.
325 0OX 169 0.211 L.
326 PG 22334134 (0.325 Q
327 PB 5155 0.973 U
328 3C 459.0 (.220 L
329 Q 2350-00713 (.761 U
330 PB 5577 0.561 U
331 Q 235240025 0.271 U
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A.2 variability of AGN

Table A 10: veiability data of AGN

natne AS oAl Ny Al oam nmg AN oar ng dalel date?

1 PB 5664 _— = — 0.366  0.126 6 -0.004  0.058 6 961208 980105
5 PB HEhi 0017 0.073 5 — 51T 0.0u6 5 061208 980121
7 PB bY32 0048 0037 10 (.037  0.065 b 1162 0.105 0 961201 980126
% MS 00377-0156 0087 10063 2 0.088  0.078 LS —_ — 61204 980106
14 PKS 0130424 0315 0.062 11 0.028 0.085 10 0.126  0.072 9 9612001 980121
1h UM 341 -0.030 0082 1 — 0.031  0.076 1 9612001 971227
19 KUV 01507-0744 04054 0.065 3 -0.229  0.081 3 (1.141  0.066 20961125 971231
20 PHIL 1226 -0.142 0 0.063 B -0.004  0.051 4 0.007  0.063 6 9612001 980116
21 UM 381 0.027  D.034 3 0.053  0.091 3 -0.054  0.05Y 4 961208 980104
22 UM 153 0,096 0.034 9 0.100  0.063 g 0.115 (1045 T 961208 980105
23 MARK 1018 0011 0.022 70061 0.019 5 0254 0.033 2960211 980105
24 RXS J0207042930  -0.041  0.023 7 -0.122  0.033 5 -0.183  0.029 5 060211 980106
20 MARK H86 0079 0024 bt (445 0.098 6 (.000  0.204 G 960207 9801056
26 PKS 0214410 0098 0.040 6 -0.072 0.108 & -0.078  0.034 T 961208 971227
27 PB 9130 0.541  .100 1 0.126  0.102 2 0.062  0.106 1 961125 961201
28 B3 02194443 00139 0050 26 0.148  0.091 21 .100  0.094 13 961222 980131
32 MS 02328-0400 0187 0.087 4 0.025  0.070 ] 0218  0.064 4 961221 980116
34 Q023640121 -0.002  (.066 5 0.1 0.075 Hoo 0032 0.070 3961202 980104
35 Q0238-0142 0246 0.074 h 0.103  0.064 53 0.108  0.045 5 061208 980217
37 US 3150 -0.259  0.073 5 — — — — 061125 980106
38 MS 02448+1928 0,101 0.025 8 -0.056 0.035 6 0071 0.029 79612001 971227
42 US 3376 0,114 0129 1 E— — —_ —  Ofi1222  QT02L
44 US 3472 -0.096  0.075 ho -0.090  0.053 4 (1280 0.059 6 961222 971231
45 5 0257-0027 3.070  0.142 T-0.336 0 0.192 7 0.000  0.060 6 970209 980121
50 Q 030540222 -0.044  1.062 ] 0.156  0.076 6 0108 0.074 H 961202 980209
51 PKS 0306+102 _ = — — — — 0854 0.083 5 061223 980126
54 MS 0312041405 0,030 10.044 8 -0.007  0.08H T D127 0,075 7961208 980129
h6 B2 021433 0.159 005 24 0.197  0.019 19 0.158  0.018 12 960205 980105
9 3C 93.0 0126 0.052 9 -0.445  0.058 10 -0.025  0.047 10 970204 980105
61  PRS 03534027 (3.000 0.057 11 0.013  0.059 16 0.060  0.062 13 970122 980116
62 MS 03574+1046 0137 0084 4 -0.361  0.035 T -0.2760 0.032 6 96120F 971224
64 MS 04124-0802 -0.123  0.015 H -0.162 (030 T -0.107  0.024 5 960206 971227
65  3C 110 -0.048  0.035 8 -0.063  0.064 5 -0L014  0.061 7960202 971241
66 PKS 0420-01 0.736  .07Y 7 0.677  0.070 G 06490  0.051 4 961208 971224
67  3C 120 0044 0014 7 14 -0.079  0.018 11 -0.165  0.034 i 960205 971227
68 TRAS (M448-0513 0.053  0.014 ) g.060 0 0.021 8 (.150 6.043 6 9602056 9T1227
69 Q 044640130 _ = — o e — 0128 0.085 g 070120 980131
71 UGC 3223 -00.305 0111 3 -0.058 0.016 9 — — 960206 971227
72 2K 050741626 0.007  0.083 1 e — (.468  0.152 T 0960206 971227
73 3C 1350 -0.035 0 0.030 18 (.03 0.037 17 0070 0.042 16 961207 971231
74 AKN 120 0177 0072 22 -0.145  0.011 16 -0.124  0.014 11 960205 980106
75 1E 0514-0030 0.080 0044 19 0.163  0.048 14 011 0.081 15 960200 971224
76 3C 138.0 00700 0067 48 _ — — —_— — — 970106 980124
77 3C 7.0 0237 0029 24 -0.068  0.036 25 (171 0.039 I8 961221 980105
78 4C 16.14 491 0188 70 -_ — —_— ~— 961207 980208
79 MCG 08.11.11 083 02 59 -0.668  0.011 21 0628 0005 16960203 980106
sl 3C 15640 0126 0.032 62 0212 0.085 61 -1).022  0.030 B 961209 971231
82 MC 06574176 0.022 0.07% 57 — — — U8l 0.097 400 970106 980206
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Table A.11: vriability data of AGN: continued

naine AJ oAy NJ Al ocag ng ARK'  oapr nge datel date?
83 3C 175.0 008 0.029 3 0200 0052 12 0465 0065 10 961129 980104
¥4 B2 0709437 0415 0067 17 -0.281  0.040 16 0377  0.016 20 960202 980105
85 MARK 376 (L1122 0.011 33 0.110  0.012 25 0383 0.069 15 960203 980105
88  PKS 0736401 0.100  0.035 20 0.098  0.040 20 -2.699  0.1H1 1 960131 971218
89 Ol 363 -0.210  0.045 19 -0.150 0076 18 2187 1.157 3960131 980106
91 B2 0742431 0225 0 0.099 18 -0.200  0.102 18 041 0.043 13 960124 971224
93 GC 0742433 0.070  0.074 19 0150 0073 19 —_— — 961221 980121
95 RXS 107498+3454  -6.016  0.060 9 (.000  0.069 b 0.149  0.055 6 961203 0980105
96 PKS 07484126 a.461  0.069 13 0.641  0.063 13 0.521  .050 16 970126 4980116
098 B2 07h2425A 0.5 0.051 6 .00 (.090 3 0182 (1124 2 960131 971231
99 B3 07544304 0173 0146 17 0126 (.107 7] 0.058 0.011 11 9601214 930105
101 UGC 4155 -0.086  0.069 14  -0.068 0.013 12 0030 0.014 6 960206 971224
102 MARK 1210 0,150 0.015 25 0068 0.014 1T -0.030 0.0u6 15 960205 980105
103 MS 08019+2129 -0.030 022 120 -0.032  0.030 6 0.000  0.027 6 960121 471218
104 3C 192.0 0.1 0138 3 0118 0.139 2 0.020  0.087 1 961204 971218
105 MS 08080+4840 166 0.048 16 -0.147  0.087 14 0.052  0.083 16 961231 980210
109  RX JOS16642941 0291 0087 15 _ — — 0.604  0.107 15 961207 980119
110 3C 197 0.094  0.036 20 0.072  0.108 17 0.044  0.063 16 970126 980126
111 RXS JOR22343305  -0.005  0.038 4 0.061  0.070 4 A.008  0.042 6 9702200 980116
112 KUV Q8217+4235 —_—_— e — —_— —_— —  -0.037  0.127 20 961129 971231
118 4C 4417 0.161  0.04% 12 0.347  0.094 14 0377 11428 12 970127 980209
115 B2 0827424 0712 00460 14 -0.302 0111 13 -03394  0.049 14 961207 980116
116 PG 08324251 0148 00832 9 -0.155  0.051 & -0.07h  0.019 9 960124 971224
118  US 1329 0541 0.030 0 10 -0.489  0.044 6 -0.468  0.073 7060202 9T1225
119 MARNK 1218 0084 0028 2 0456 1.128 3 -0.179 0.439 39602056 971224
122 KUV 08377+4136  -0.516 0079 10 0573 0.148 9 — 0961222 980208
123 PG 084414349 -.067  (.018 9 0,023 0.040 6 -(.115  0.059 3 960202 971224
124 5HW 179 _ — — — — —  -IN6 1179 2970212 980318
126 €502 -0.081 0.032 8] 0.128  0.052 9 0.008  1.044 8 961207 980106
127 L13 8741 0.188 0057 15 e — 0.188  0.0841 8 061207 980124
129 US 1786 —_—  —— — 01158 0.1} 1 0.127  0.061 8 061222 980121
131 MS 084984+2820 .001  0.0506 T-0.100  (0.064 11 -0.068  0.294 4 970219 980130
132 MS 0850242825 0036 0.090 12 0.026 0 0.094 12 (LS9 0.084 10 961202 4980129
133 US 1867 02258 0.045 T -0.262  0.059 5 -0.141 0 0.048 4 960207 971225
136 NGC 2683 U1l 343 0303 3 -0.119  0.139 4 0.162 0,085 4 961208 980119
136 113 8948 -0.02:4 0.061 7 0.057  0.047 8 0035 0.023 6 061207 971224
137 L13 8960 0.058  0.054 7 — — 0.294  0.109 T 961207 980130
138 U185 2068 0149 0,038 4 _— — 0.006 0127 4 961129 98012
139 KUV 0901244019  -0.005  0.159 5 e — 0115 0041 7970222 980403
140 US 44 0045 0.025 0 -0.0600 0.027 g 0094 0.031 b 070211 971297
141 1F 090644254 0010 0049 11 -0.267  0.070 12 0.058  0.081 T 961230 980302
142 4C 05.38 -0.604%  0.046 7 -0.133  0.140 6 -0.062  0.042 4 961202 980102
143 MARK 704 0036 0.025 3 048 0.021 3 0.111 0.036 4 060203 971224
144 RXS JOUIBO-+3016  -0.185  0.142 10 -0.073  0.075 9 0228 0078 9 970220 980126
146 I 09174341 -1.053  0.078 2 0032 0.073 2 =016 0121 2 070228 981302
145 PG 09234201 -0.186 1).021 6 -0.257  0.030 4 -0.201  0.088 d0 960201 971225
119 MARK 705 0.093  0.019 5 0.508 0038 13 (.221 0017 10 960206 971224
150 132 0924439 0.020 0.065 30-029% 0.106 1 _— U61221 980315
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Table A.12: vrability data of AGN: continued

natte AJ Tas  MJ AH  oamg npy AR mapr nge datel date2
152 M5 0930042128 1315 1016 2 -0.721  0.120 1 0473 0.160 b ou61130 971227
153 US 737 0016 0.034 13 0.167  0.046 13 -0.152  0.031 12 960202 971227
134 MARK 707 — —— .199  0.047 2 0.120  0.048 30060203 971224
155 TON 1078 04033 0.041 5 0.02H  0.057 4 0.061  0.087 1 960202 980105
156 PG 09364396 -0.122 0 0.064 T -h6HT  0.205 A4 0398 0.239 3960202 980212
157 US §22 0016 0.047 2| 0.068  0.056 4 0.016  0.049 5 061209 980126
159 HS 094044820 — — 0.7 0.212 4 0108 0.051 6 N61220 980129
160 2E 094444629 0100 0.057 9 -0.04%  0.084 o] 0.072  0.077 11 970102 980210
161 US 995 0.023  0.038 T 0077 0.047 4 0081 0.162 3960210 971227
162  HS 094644845 0422 0.049 300328 0 0.093 3 0041  0.086 J3 961129 9802210
164  US 1107 0470 0.044 2 -0517 0.054 30673 D23 2 961129 980116
166 PG 09534415 -0.128 0 0.024 T -0.181 0.032 6 -0.226  0.030 4 960202 971218
166 3C 232 0073 0.030 7 0051 0.049 4 -0.207 .045 70960202 980106
167 NGC 3080 .122  0.015 14 0.207 0.079 10 0.1%8  0.061 TU960203 971224
168 TRAS 09595-0755 0655 0.01s 5 _ — —  -0.730 0.075 T 960211 971225
170 KUV 1000043255 (.248  0.272 4 —_—  — — 0362 0.224 5 961130 980206
172 PG 1001405 0.01h  0.074 5 (1.288  0.066 5 0.188  0.029 960210 971224
173 PKS 1004413 (L3903 0.153 b 0.026  0.052 4 -0.058 0.035 3960201 971218
174 RXS J100794+4918 0.20% 0051 3 0.147  10.161 B 0277 0,130 3970220 980119
175 TON 488 0733 0.072 3 _— — — —_— —_ — 960130 960405
177 Q 10084+00568 0186 (.244 2 0.026  0.097 I -0.112 0137 2 960210 961130
179 TON 1187 -0.050 0030 % -0.07  0.038 7 0.037 0020 9 960130 971224
180 PG 1011-040 0.083  0.021 12 0.139  0.025 11 (.235  0.029 fi 960211 971225
181 PKS 1011423 0315 0043 5 <0283 0.052 6 -0.298 0.048 6 961208 480121
182 PG 10124008 0G4 0.3706 &  -U0.114  0.038 ho 0070 0.024 T 960201 971218
190 Q 10474067 —_—  —— —  -0.029 0.059 4 0.022  0.039 3961130 971225
191 MS 1047043537 0.298  0.082 50222 .00 4 -0.081  0.052 4 961229 980116
193 PG 1049-005 0.04%  0.043 5 0.002  0.050 9 0047 0.034 4 960212 UT1218
194 MARK 634 0074 0.073 ; mmm — — — 960203 971225
196 RXS J1100842839 0.005  0.308 3 0.000  0.222 2 0.083 0.078 20970222 980119
197 MARK 725 0174 0.4339 9 0.062  0.053 | 0.270  0.039 960203 071225
198 TOI 10594105 0292 0.037 b -0.319  0.262 ho -0.329  0.042 7 UB0206  OT1227
199 1059.64+0157 _— = —_ — — D043 0081 5 070103 980206
200 PKS 1103-006 0032  0.048 7 (.110  (0.068 6 -0.074  0.066 5 0960212 9301056
201 MC 11044167 -LELH 0.036 8 -0.821 0.057 8 -0.666  0.045 12 960202 930119
204 PG 11154407 -0.154 0 0.021 7 -0Hh 0.182 ¥ -0.130 0.074 8 960212 930403
2065 PG 11164215 -0.003  0.026 4 0.011  0.027 / e — 960202 980106
2060 MARK 734 0.0kt 0016 5 0013 0.027 fi (1038 D84 a6020h 9712
210 MARK 423 0.181 0138 1 — - — — 960206 V80102
211 US 2450 -0.007  0.036 8 -0.091  0.053 7 0.036 0.039 9 970222 980124
212 MARK 1298 071 0211 5 _— — 0213 0.208 30960206 9801241
213 MARK 1447 0.H14 (1038 6 -0.060  0.027 6 -0.083 0.0z i 060206 071224
217 MCG 06.26.012 0.090  0.024 2 _ — — 0139 0.107 2 60205 971224
218 MARK 7dd 0142 0,155 2 —— 20091 0.186 1960206 980124
219 WAS 26 (086 0.030 9 0.552  0.076 T -0.050 0.044 Hoo 960202 971218
220 CG 8hh 0234 0,039 3 -0.145  0.105 I 0170 0.133 1 960205 980102
222 MC 11464111 0.090  0.047 7 —_—  —— — 209 0.139 Ho O61208 980307
227 GQ COM -0.244 0048 7 U104 0043 o] 0.083  0.027 G V6D131 971218
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Table A13: vriability data of AGN: continued

name AJ Faj Ry Al wmag ng AR oapr npe datel date?
228  UGC 7064 0,393 0.038 8 -0.06%  0.022 30138 0.014 5 960212 480102
230 PG 12114143 .168  1.043 4 0.153  0.029 30052 o1 30960131 980124
232 PKS 1216-010 -0.335 0075 85 -0401 0.104 4 e — 960202 980121
233 AMARK 1320 0701 0.031 H o 0551 0.036 5 -0.388  1.066 d 960211 971227
235 Q) 122040039 0.13%  0.070 4 083 0.143 4 — 061221 980130
236 MS 1220041601 0319 0.029 6 -0.386  0.044 8 -0.201  §.045 6 960206 980121
238 21 122440930 -0.829  0.052 2 -0.021 0.105 I -0.114  0.226 2 0970120 980131
239 3C 273.0 0320 0024 H 0378 0.013 4 0.251  0.256 T 4960130 980124
241 TON 1542 0041 .071 5  -0.061  0.067 4 0.028 .00 4 960206 980102
242 CSO 150 0,135 0.059 3] —  -0.009  0.082 4 960130 9602
243 1C 3528 0.126 0067 5 — —  -1.787 0222 1 960206 971225
247 WAS 61 -0.5048 10018 5o -0.580 0.071 6 0490  0.020 ¥ 960211 Q80102
248 Q) 124041546 0.077 0.113 30180 0.102 I 0151 1.199 1 960206 980102
249 CRIS 63 _ — — — — 0.021  0.137 2 970223 980212
260 Q 1240+1746 -0.082  0.076 6 -0.163 0.106 T -0.319 092 6 961231 980318
251 AC 4526 G276 0.0890 5] — 0.245  (.133 4 961221 980202
257 30 241 0153 11.063 4 -0.0%% 0.085 J -0.154 (L1109 3070223 9R0130
260  CS0 835 -1172 0 0.092 2 3.116  0.144 1 - — — 970201 970206
262 PG 13094355 (020 0128 4 1.578  1).488 4 0124 0.114 2 960202 980301
263 KXS J1312942628 0.090  0.017 4 3.096  0.034 i 0.043  0.030 6 961229 980129
264 Q 131640103 1131 0.082 7 -0.029  0.088 4 0.028 0181 9 970130 9s0210
266 MARK 1347 0010 nots 100 -0.059%  0.014 4 -0.048  (LO1b T 960206 980126
266 Q 1326-0516 0070 ).026 5 -0.005  0.049 5] 0.030  0.037 5 0G0O130 980131
267 MS 1328543135 0367  0.111 5 0.320 0.169 2 0363  0.162 20 970220 950124
271 TRAS 1334942438 -0.079  0.013 7 0.035  0.057 3 0.106  0.0749 2 950210 9804124
272 1338-0030 0.563 (1949 2 0.144  0.101 1 -0.063 11103 1070223 950130
273 TON 730 0v7  0.042 f 0.121  0.044 fi (0.388  0.4029 6 960206 971218
274 MARK 69 0.023  0.027 b 0063 (1.266 4 _ — 960205 980302
276 MARK 662 -0.081  0.099 2 0077 0.131 2 —_— ~— 960206 980131
278 MARK 463E (1016 0.015 T 0.066 0.039 ho 00586 0.129 7960206 980131
279 PG 14024261 0.265  0.019 6 0.363 0.048 3 0285 (1080 2 060210 980126
280 PG 14044226 0097 0.023 6 -0.147  0.034 hoo-0.093%  0.031 4 960210 980302
251 0Q 208 0126 4.016 ol 0.302  0.058 6 (.128  0.156 1 960206 980126
283 PG 11074265 0,055 0.038 hoo -0 0.038 b 0128 0.05 5 960131 Ysn212
284 PG 14114442 0108 0.013 5 0071 0.014 6 -0.061 0014 4 960210 980302
2585 PG 14154451 00497 0.016 10 -0.059 0.022 10 -0.025  0.031 H 960210 930302
286 NGC 5548 — 0100  0.133 1 0.189  0.376 4 960212 950131
287 114194480 0175 0015 11 <0241 0.019 10 -0.297 0014 G 9650212 98O0
200 MARK 471 (rods  0.013 [§] 0.029  0.055 5 (.021  0.026 4 960212 450302
21 B 14224231 0.077  0.019 by 0.108  0.0033 7 0.072  0.027 5 970219 980301
202 2K 142342008 — -— — — — 0.003  0.100 1 960210 980102
293 MARILK 813 0187 0.017 6 -0.216  0.026 6 -0.208  0.104 2960130 980208
204 B2 1425426 0.021  0.060 5 0.203 0.338 3 _ — — 96013 980212
205 MARK 1383 026G 1.054 2 081 0.013 3-0.080 (L0358 20 960222 980202
206 MARK 684 04260 0046 114 -0.010 0.016 2] 0028 04024 5 960206 980126
205 MARK 474 0.9 0027 12 0.010 0.029 ¥ 0110 0.02% 7960212 980301
300 MARK 478 -0.090 1135 11 -0.126  0.013 10 -0.138  0.016 12 960210 980302
301 PG 144494407 -0.16Y  0.030 T -0.026  0.027 8 -0.005  0.0024 8 H60210) V60405
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Table A14: vriability data of AGN: continued

1Aate AJ oAy HJ Al oapg ng AR gapr npo datel date?
302 Q 1446-0035 0124 0.073 153 0.234  0.069 ) 0.050 0,112 3970206 980315
308 PG 14484273 -0.071  0.014 13 -0.061 0.017 8 -0.001  0.021 8 960210 980302
304 MS 1456442147 0407 6.025 9 -0.597 0.078 11 -0.657  0.041 6H 0960212 980302
306 MARK 811 03638 0037 §] 3391 0.330 2 _ — 960212 980202
308 PKS 15004022 (1.054  11.034 10 0.138 11052 13 0.063  0.044 9 970224 98(ITH
309 MS 15198-0633 -0.265  G.020 11 -0.194  13.022 11 0270 0.018 0 960222 9R0307
J10 0 LB 9695 0284 0085 11 _ — —_ —_ — 970130 980317
311 OR. 139 -(LOSG 0.061 7 0.039  0.063 7 o100 - 0091 8 970128 980206
312 QNZ5:02 (rons 6054 4} 0.023  0.070 8  -0.037  0.046 6 970228 v80212
313 MARK 1098 0100 0 0.012 13 -0.136 0 0.015 12 0135 0.018 54860210 980202
314 NGC 5940 00158 0.014 14 -0.237  0.139 9 -0.123 0019 4 960222 980131
315 KUV 1552442153 -0.082  (.038 11 -0.014 00038 13 -0.081  0.043 10 970222 980316
318 PG 16344706 0071 0.011 ] 0.065 0.017 O _ — Q70222 980307
319 RXS J164464-2619  -0.042  0.080 8 -0.117  0.055 3] 127 0.308 8 970211 us0316
A20 TEX 16524151 01300 0047 th 0100 0.093 14 0.041  0.042 I3 970220 980316
321 2E 165443514 —_  —— — 0.215 0.133 8 -0.067 0.108 8 970220 980318
325 PRS 1739418C 014 0290 24 0167 0.031 22 0.085  0.024 13 970224 980307
328 3C 4590 -H085H  0.063 4 0.248  0.102 5 -0.014 D062 30061125 971231
330 PB BLRTT (L1920 (1.098 5 0.047 11116 J =607 0118 J 0961202 071227
331 Q 235240025 0.052 0.048 ] 0.033  0.063 Fi (.022  0.0035 fi 961223 9712431
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A.3 magnitude of AGN

Table A.15: J.H.KN'" band magnitude of AGN with 7,10 pix apertuers

name Jr - Iy TH f\'-:. T o @7 0 Tir ]\'-1’ 1) ¥ date

1 FB 5669 16,24 009 1545 0,10 1460 008 16.0 010 1529  ¢.13 1443 0.0 961203

— — 1581 023 1475 0.0 — — 1505 09 1519 0.22  9KRUI06

2 Q 23R740149A 16.62 012 1641 0.27 — — 168 07 1621 0434 — — 961202

3 PB5s6TY 16.89 Q.11 16,16 0,12 — — 1687 015 1627 0.20 — — 970106

4 PB5723 1590 008 1503 010 1407 008 583 011 15013 017 1434 006 961222

5 PB 5853 16.08  0.09 1631 G111 14.58 0,10 1604 012 15018 014 1290 013 961203

15.90  0.08 — — 1420 004 1592 0.11 — — 1410 Q.06 Y8012

6 Q0019400228 — —_ — — 16001 0.26 — - — — 1580 0.2 0961230

7  PB 5932 15.75 005 1h16 Q.09 1418 008 1569 007 1576 014 14.20 0 0.13 0 us1201

15.85  0.06 1511 007  14.21  0.04 1582 048 15040 041 1412 0.06 980126

& MS Q03T7-0] 56 16,19 0.09 16534 G100 1421 006 1627 0.02 1543 006 14200 0,09 961203

16.31 0.0 1532 008 — — 1634 05 1618 0.1 — 980106

9 QU0sTHUOU0 15495 .07 1563 016 1530 021 1589 010 1567 024 1529 032 961202

10 Q 005840218 16.63 009 1583 014 1494 0.0 16499 012 15497 013 1465 .12 9612072
] PHL 964 16.85  0.09 1534 010 1530  0.11 1711 (16 1565 0.12 1531 017 961223
12 Q 0110-0047 17.66 011 LG.6 014 1530 010 17.29  0.20 0625 024 1521 014 970120
I3 B20110429 16,33 0.09 16569 G144 1450 010 16049 011 16,11 030 1447 Q06 961202
14 PKS 0130424 16.07  0.06 16531 0.09 1447 008 16,03 009  15.28 044 1444 012 961201
1617 .07 16 D07 1Gd 006 168 009 1510 009 1449 Q.08 980121

15 UM 341 1556  0.04 1483 006 13.67 004 1543 005 1486 Q0% 1377 .07 961201
1555 .06 11478 00T 1360 004 1560 0010 1480 .12 13.52  0.06 971227

16 3C47.0 16,14 005 1520 006 L2700 005 1611 006 1515 0T 1429 .07 961223
17 PHL 1070 14.69  0.06 1389 004 1310 .04 [4.59  0.05 1380 0.04  13.03  0.04 961203
18 PHI 1093 1528 005 1440 006 13.62  0.04 1527 006 1446 009 13.69  0.07T 961202
19 KUV 01507-0T14 1569  0.08 1477 000 0T 007 1569 0013 LG 00120 1399 0.09 971231
20 PHIL 1226 15.7. 0.05 1492 G060 BU8 0 006 1561 006 1476 008 14.05 009 961201
15,72 (LOG BLYl G060 1404 0.0 15560 008 1LTY O 008 1396 006G 980116

21 UN 381 1527 0.04 1501 0 010 14.200 0.08 152G 006 1509 0.6 142 014 961208
1532 0.06 1500 008 1406 G06 1532 0.07 (505 012 1403 008 980104

22 UM 153 1534 0.05 1480 Q.08 1415 009 1536 007 81 012 1428 0.5 961208
15,55  0.00  LLUs Q.08 14.260 05 1559 008 IR.08 0 0130 1428 0 008 980105

23 MARK 1018 12.29  0.02 (145  0.02  11.02 .01 1213 0.02 EE2S (h02 10.492 0 002 960211
12.32 0034 1155 Q.02 1104 0.01 1216 .04 1Al 002 1080 0402 98105

24 RXS JO20T042030 1422 004 13.22 004 1262 0,03 1412 G4 13000 0.0 1262 005 460211
.12 004 13240 004 1240 003 1404 05 1300 0060 1226 0,05 49801056

26 MARK 586 14.51 .06 13,74 0.06 12.67  0.04 14.54  0.08 1574 009 1264 006 960207
1430 0.0 L1368 006 12,76 005 1422 006 1461 (O 1296 0.09 920105

26 PKS 0214410 1496 004 1430 005 1359 004 1494 006 14,29 008 1352 0.06 961208
14.95 004 1426 0 1358 004 191 006 14.28 (.07 1359 006 971227

27 PB 9130 14.33 001 11,03 0.03 1345 004 1438 001 12.93%  0.02 1261 003 4961201
28 B3 O2194-143 16,17 008 1648 082 1479 015 1633 06 1534 016 1459 0.20 0 961222
1601 007 1580 0.1 1491 006 1603 008 1581 043 1488 .08 980131

29 KUV 0229243227 — e — — 1405 010 e — — — 1397 014 961222
30 MARK 1179 1308 042 1225 002 1197 002 1240 042 1217 0.02 1180 0.034 960211
31 NGC 985 1242 0034 11,55 02 183 001 1236 00«4 1146 0.02  10.78  0.02 980105
42 MS 023280400 16,04 0.4 1549 013 1429 008 1591 O3 1573 022 1429 013 961221
16.32  0.10 1549 009 1437 007 1650 018 15T 01T 14.28 0 0% Y80116

43 4C 41.04 1589 007 15,12 009 1442 010 1590 010 16522 004 1424 043 9612272
31 Q 023540121 1599 007 AT Q08 133 009 1605 012 BR82 0 001 1458 007 961202
1588 008 1506 009 14.02 006 1582 0.0 1500 Q.12 1389 0.08 4980104

35 Q 0238-0142 16.25 008 1521 0.09 1436 0.09 1634 014 1501 013 1434 004 961208
16.27 008 (h 16 Q.08 1412 006 16.25 0.2 1501 0.0 1404 0.0G 930217

46 PB G856 1524 004 1471 0058 1408 0.06 1521 0.0M 1458 .07 1409 Q.10 U612
37 US 3150 [5.86 (.06 — — 48 006 1582 (U8 — — 1440 0.08 980106
38 MS 0244841928 1513 0.03 1452 Q.05 1333 004 1515 004 1442 007 1340 000 961201
15,07 0.04 14.34 006 1344 Q.04 1506 .06 14.39 GOS8 1343 005 971227

390 Q 024840207 — — — — 1643 0.26 — — — — 1607 028 970102
40 USRS 3254 A7 045 1681 0% 16502 015 1567 0.07 1595 0433 1508 024 961201
A1 U5 3333 16,47 0.1 1561 010 1443 014 16.80  0.23 15.61 007 1431 1y 9806
42 1581 009 1628 012 — — 8 013 1haaz 01 — — 9612972
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Table A16: J,H. K" band magnitude of AGN with 7,10 pix apertuers: continued

name Ji2 Ty i T K{, o5 Jis LX) Hhr, Ty K. op date

15.7: UAM 15.38 0.1.3 — — 165.72 0.14 15.28 1y — — a70222

13 5 025440101 [5.51 13 .71 010 14.00 0.07 15.43 0.13 14.70 (.10 13.94 0.07 61280
444 S 3472 15, 0.0% 114.56 Q.06 13.57 .06 15.05 0.06 14.62 0.10 13.64 .09 961222
15.2 .04 14.61 0.07 1.3.54 .04 15.29 .07 14.76G 0.11 13,50 0.06 971231

4h S 02RT-0027 16048 .08 15.70 .12 14.87 0.07 16.23 (.10 16.1¢) 0.25 14.80) .10 Q80121
46 Q 025840227 17. .21 15.98 .15 — — 17.14 (0.28 15.67 017 — — 970127
A7 IS 3541 — — — —_ 16.14 (.32 —_ —_ — — 15.76G .35 97028
48 Q 0300-0018 16,77 0.12 [6.71 .27 15.14 tl 16.30 .12 17.22 .67 14.92 0.14 G70130
49 US 3605 16.16 0.07 15.26 0.10 14.71 .12 16.18 0l 15.54 .20 14.62 017 GG 1208
50 Q OMH+0222 16.31 Q.07 1h.31 0.04 14.87 .01 15.99 0.08 14.92 0.0%9 14.44 (L 061202
16.26 U.14 16.68 Q.04 14.89 0.08 15.9% 013 15.45 0.11 14.58 O.10 980204

h1 PIKS 03064102 16492 10 — — 15.1:4 0.1 16.71 0.12 — — 15.17 0.16 G1223
— — 17.10 0.23 16.21 0. I8 — —_ 17.52 .03 16G.149 .45 U8 26

52 Q 0307-0015 16541 4,10 15.55 .11 14.73 .12 16.66 .18 15.12 .15 11.11 (14 GG1208
53 FPI<5 04104013 — — — — 15.30 O.Li — — — —_ 15.36 as 70126
54 MS 0312041405 16.50 b1 V5.7 .14 15.449 0.19 16.69 017 15.36 0.14 15.45 0.28 61200

1 .
16,30 4.5 1602 0.08 15.36  0.049 16.28  u.u8 16.04  0.13 1527  0.13 4980129
A5 Q O3L34U126 E7.L6 0 G.14 —_ — — — 17.02  0.19 — — —_ —  49T0L30

56 B2 0321433 E3-16 0 0T 12,58  0.03 11.85  0.02 1339 .10 12,54 (LOS 11.83 002 960205

13,657 .03 12.7 0.03 1197 0.2 13.50 0.0 12.65  0.04 11.91 001 980105
87 PKS 0336-01 15.76  0.07 14.86 007 — — 15.72  0.04 .88 .11 — — Y7224
58 KUV 43398-0014 1548 U7 15.2¢ 010 1473 012 15.91 O 1503 003 14700 018 961208
5 3C 93.0 16.14 .06 15,15 006 14,38  0.06 16,10 .08 1545 0.08  14.27 008  9T0204

1642 Oy 15.13  0.08 14.36 0.06 16.31 .14 14.99  0.10 14,31 48 980105
60 WS 0341940451 16.82 010 1RV I VN 8} 15.80 0.16 16.80  0.14 15.84 017 1570 0.23 970201
61 PRS 03634027 16.57  0.06 15.67 007 1506 007 16.51 .07 15.51 0.049 15.08 010 970122

16.5% U104 15.65 008 15.09  0.10 16.66 .17 554 0.12 15.14 L6 980116
62 MS 0357441046 1490  0.02 1410 04R3 13.10 .03 1495 (.04 14,14 .00 1308 0.04 961201

4.7 0.06 0.06 1292 0.3 1470 (LUK 1393 0.08 12,491 0.05 971224

2w
e 4

63 30 1000 14.G1 Q.02 3.55 0,03 12,43 0.02 1462 .00 13.53  0.03 12.42 002 970219
Gt MS 04124-0802 1297 0.02 t2.12 004 I1.19 002 1293 .Ul 1208 (103 11.18 0 2GU206
12,82 0.U1 11.90 0.01 FLO4 001 12.78 002 L1499 003 Loz 0.02 971227
[T BT 15.11 0.06 1468 0.10 14.28  0.14 15,14 0.09 L1448 013 L4466 026 960202
15.041 0.04 14.86 0.09 13.96  0.06G 14.97  0.06 1484 0.12 1492 008 97124
66 PRS 120-01 1511 0.03 14.29 (.05 13.31 (VRSN 1518  0.06 1440 008 13.24 0.04 961208
16,30 0,22 15,40 (L2 14.25 0.1 16,96 0.62 1h.a46 0.34 1420 007 971224
67 301 12.28  0.07 11.33 0.03 1043 0.02 12.18 0,50 11.25 005 1038 0.01 G602065
1232 11.29 4.0 10.31 0.01 1223 001 11.21 0.02 10.28 0L 471227

68 TRAS 014480513 13,09  0.07 12,19  U.03 11.56 0.02 12949 0.4 2.1 {.0b 11,55 0.2 9602056
13011 0.01 12.25 1.02 11.73 Q.02 13.03 002 12,17 0.0% 1168 0.03 471227

69 Q Ud4640130 16.80  G.08 16,35  (h12 1531 010 1681 0.12 16.06 0.5 15.23 0.6 970120
— — — — 1546  0.09 — — — — 1548 013 950131

74 1293 .06 12,17 0.02 .87 0.02 1275  0.05 1198 0402 11,70 .02 4960212
71 12,24 {102 1148 G.04 11.14 (.02 11,97 0.01 11,20 042 10.90 0.0l UGL206
1218 041 11.38 0.1 10.92 0.0l 11.91 0. 11.14 002 10.70 002 97{227

72 2F 050741626 12,79 0.02 11.89 (.04 11.11 .02 12.66 001 1178 042 11.07  0.01 960206
12,76 0.1 a2 002 11.1Z 002 12,66 002 11.82  0.03 11.06 .02 971227

T4 3C185.0 15.09  0.10 14.28 0,09 114.61 006 1507 010 1404 0.049 1345  L07 961207
E1.99 UG 14.28 .05 13.83% 0.04 14496 .05 1128 006 14579 006 971211

T4 ARKN 20 1184 Q.07 10833 0.03 10,13 9.02 11.76  0.10 10,87 (L.056 10.08  0.01 9602045
.7t 002 10584 0.01 10.08  0.01 1163 002 10.78  0.02 10.04 0.02 950106

75 112 U514-0030 1503 0.06 14.14 007 13,00 G.05 1508 .10 13499 0.10 13.08 0.07 960211
15.28 Q.08 446 008 1322 0.04 15.31 013 1457 04 13,30 0.07 971224

TG 30 180 17.06 0.1 — —_ 15.37 0.1t 16.8¢ 0.4 — — 15,38 (.16 970106
17.07  O.11 1638 012 5,53 L0 1701 0.1 16.60 0.23 15,50 13 GS0124

TTO3C 1470 15.39 0.07 14.68  0.07 BLOY (LUG 1540 008 1476 (.09 L0809 961229
1547 0.05 14.67  0.05 B3 {LO5 155G .08 1683 007 L4y hO8 G80L05

T8 AC 1614 18.25  0.62 — — — — 18.85 1.67 — — — — 961207
16.87 0.1 16,30 0446 15490 018 1617 (LIl L5893 017 15664 021 980208

T4 MCG08.11.11 11.85 04K 1Lo2  0.04 10.30 0.02 11.65 0.4 10.84  0.04 1049 002 960203
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Table A7 J H K" band magnitude of AGN with 7.10 pix apertuers: continmed

name .I] o Ty II] 2 TH I\'lr2 [ 8 J15, o081 .”1_', Trr I‘(L:, Tt date

11.63 003 10464 0,01 976 001 1147 002 153 002 964 0.02 980106

80 OH-010 1434 004 1268 002 1239 003 1333 0.02 1266 0.02 1236 0.02 970125
81 3¢ 1540 1543 0.07 166 009 1403 05 1545 009 14.60 0 011 1400 0.07 961209
1542 006 1444 006 1374 005 1541 Q.09 AT 008 1374 007 9TI1231

&2 MC 06574176 17.15 0.1 — — 1hdd 014 1703 015 — — 1522 004 970106
1762 019 1645 0.14 1584 0.16 1836 054 16,59 020 1592 0.26 0 9802006

&3 3C 1750 1442 004 14.09 005 13.66 Q.07 13474 003 13300 G.05 1299 0,06 961129
14,24 000 13.80  0.04 1339 004 1359 004 1307 0403 1286 0.03 980104

84 B2 0T0U447 .81 0.05 14444 007 1407 009 14.78 007 14.4% 0.1 14.27 16 960202
1495 005 434 0.05 1397 006 14.94  0.07  LR23 007 1408 010 9801056

85 NARK 376 12,64 (.04 11.69  0.04 10.70  0.02 1256 (.04 1065 1067 302 960203
1279 0.03% 1185 .02 1090 001 - 12,71 0.4 1180 002 1088 002 980105

86 B3 072094491 — — 1667 019 154l 0.2 — —  IG.GHE 029 1519 0.5 970140
87 54 0731447 1592 004 1585  O.11 1552 003% 1677 049 1585 0.8G 1555 0.24 970128
88  PKS 0736401 1449 011 13,64 0.09 14.03 012 1437 0.10 14540 0,08 1380 013 4960131
— — 1377 007 1272 0.04 — — 1S3 009 1267 005 971218

& O 363 15,76 0.1 1502 046  13.83 0.1 15.86  O.17  1h.06 023 1372 012 960131
1531 004 481 005 1407 004 1525 005 14760 007 1410 Q.07 980104

90  NARK 749 11.36 (.22 11,18 0.01 10,34 0.01 LL68 023 [1.08  0.01 10,27 Q.02 971225
g1 B2 0742431 14.61 005 1388 005  13.06 003 1459 005 383 006 1310 0041 960124
.62 006 1383 005 1304 004 1472 08 13492 008 1410 0.06  9TI1224

92 PKS 0743-006 1469 (.04 14.29 .07 13,89  0.06 1292 0.04 12,50 0.06 12,01  0.02 961202
93 GC 0742433 1TO0 014 15466 U.11 14,86 012 1687 .19 16566 004 1480 016 96]122]
1711 010 15T 007 — — 1700 003 165G 0.09 — — U821

94 RXS JOTA9142842 16.27  0.UT 1519 (L08 114.30  0.07 1640 0,12 150 0.t]
95  RXS JOT49843454 14493 006 1441 0.06 13,49 Q.05 14.85 0.0 1434 0.08
.96 004 14.25 005 1342 004 1487 006 119 007

0.1l 961 208
0D.07 961208
0.05 980105

96 PIRS 074384126 15.74 003 15.14 005 1445 0.05 15,76 0.05 16589 008 0.07 970126
1G.23 000 15.61 0.11 11.81  4.04 16.36 016 I5.57 0,16 14 80116
97 MARIK 382 13,3 Ol 12.6% (.04 1215 0.02 [3.86 0.04 12446 0.0 0.0 960204
98 B2 UTH24254 1555 w12 14.81 0.13 1380 411 1552 014 1479 017 i 960131
15,50 006 14.87 007 1405  0.06 15.51 [SRO 1500 011 0.0 971231
99 B3 07544594 12.88 0.05 12.01 .04 11.03 0.0 12,86 0.04 1145 0.08 11.03 0. 260124

13,00 0.03 1210 0.02 11.08 .01 1299 0.0+ 12,10 (.04 1106 002 980105
100 INUY 0754144228 1475 .22 11.21] 0.09 1.8.01 0.03 14.55 0.25 15 018 1299 .0 971220

101 UGG 41656 12,12 (.02 11.40 (.04 1104 002 1194  0.01 1123 6.02 10.88 0.01 960206
12,19 004 1141 .02 1049 Q.01 1200 004 11240 G020 1084 002 97124
102 MATRK 1210 12.29 007 LL5T 003 1105 082 1207 010 L6 0,05 1099 001 960206
12,83 .03 1168 L02  1114 001 12,10 001 1138 002 1096 0.02  S8GHS
103 MS 0301942129 1426 (05 1349 .04 1266 002 1496 004 1343 004 1258 003 960124
14,18 G060 1348 05 12,77 004 1408 007 1342 0.06 0 1277 006 YTI2LR
L 3¢ 1Y2.0 1863 06 1292 003 1256 (hO3 1354 04 12800 0.4 1248 003 961203
13.62 0.6 12894 0.06 1252 003 1850 007 1278 005 1243 004 971218
105 MS 0808044840 16.78 08 1648 018 1557 0.5 1693 912 BG.51 0 028 1644 022 961231
L6656 008 16018 010 15,62 010 1663 .11 16.12 0,14 1557 (0.15 980210
106 3C 1960 1569 004 1545 007 14.86  0.06 1559 Q06 16537 009 14730 0.0% 970201
107 B2 0810432 1746 046 — — 1597 0239 1737 0.23 — — 1554 024 970127
108 PKS 082402 15,37 GH0 1T 00 13 007 1521 010 1LST 0 U1l 1482 009 961207
109 TN JUSL166+294] 16,32 013 15.66  L18  BLSS 0.1 16,43 0% 15687 035 1439 0156 961207
16.69 (.14 — — 186 0.1 16.99 (.26 — — Y8 U019 98011y
10 3¢ W7 LG0T 004 1598 000 0606 010 1592 005 16013 08 14.99 0 0.1 970126

16.13 004 1577 047 1504 006  16.09 006 1550 0.08 1491 008 980126
111 RXS JOB22343305 1568  0.10 1459 008  14.20 006 16576 0.12 14492  0.11 14,14 .08 YT0O220
15.56 005 1502 006 1431 006 1562 Q.08 1507 0.0 1432 009 980116
112 KUV 0821744235 1516 0.04 14.40  0.06 13.72 006  15.11 Q06 1435 008 134.70 0 000 961129
14.910 004 1424 006 1367 005 LLET 006 419 007 1363 008 971231
113 4C 4437 16,43 Q.07 16.25 014 1562 006 1648 0.1 1604 0200 16566 0.23 970127
1692 015 1640 0.12 1597 016 17016 022 1648 008 1608 0.26  Us0209
114 KUV 0826744027 15,80 007 thay 013 1502 Q08 1583 010 1558 022 LTI Q20 961129
115 B2 0827424 15.89 0.1 15,40 003 1435 009 1590 043 195 G 14200 0012 961207

17l




Table A18: J,H. K’ band magnitude of AGN with 7.10 pix apertuers: continned

name s 75 I TH Ki, o5 i 73 I T K. T pei date

1548 005 .79 004 1409 0.05 1547 007 1477 006 140G 0.07T 980116

116 PG 08324251 14.59 005 1382 U5 12.68 002 1456 (.04 T8 005 1269 003 960124
14,32 005 13.67 005 1265 003 14.27 006 1379 .08 1271 001 971224

117 OF 256 —_ — — — 1688 20 — — — — 15495  0.22 470120
118 US 1329 14.73 005 L% 005 134 004 168 006 1401 007 1317 006G 960202
l.47 022 1401 007 1324 004 Ld4d 024 P0G 010 1314 .06 071298

119 MARK 1218 1224 007 1157 003 11160 0020 1204 010 1135 005 1098 G010 960205
1230 0.04 1150 003 11.02  0.02 1210 044 1128 0.02 0 1087 (b0 971224

120 Q UK83544744 — —_ — — 1569 0.11 — — — —  1A60 0,16 970102
121 3C 207.0 16,51 006 1568 009 1509  0.09 1652 009 1545  0.10 1511 0.13 961223
122 KUV 0837744136 16,32 010 1606 0,21 — — 1607 012 1636 Q. — —  O61222
l6.2:4 QU5 1582 007 14491 008  16.05 006 1658 008 1473  0.10 980208

123 PG 08444349 13,26 0.04 1261 002 10895 002 1322 004 1268 003 1192 0.03 960202
tdob 004 1261 003 1188 0 1431 05 1254 004 11.82  0.05 971224

124 55W 179 — — —— — 1606 0.15 — — — — LT3 007 970212
PT.00 0 017 1660 .24 1577 0260 15210 007 1474 009 E4.B5 0 0.3 980318

125 CS0 2 163 18 1527 012 13497 G070 1534 010 (5.2 0.7 1386 009 961207
ih47 .04 1512 005 14016 .05 1531 .05 1497 007 1407 008 980106

126 TS 1742 16,62 011 T 021 15040 L1516 0220 164400 089 E5.09 0 024 961202
127 LB 8741 16,74 0.15 — — 1501 G160 1680 0.21 — — 1527 0. 961207
PG.G4 09 1598 0100 1504 G060 1670 0012 1608 006 195 04K 980124

128 MS 0847542513 16,76 .11 1604 0.19 1497 0.1 16,85  0.17 15756 020 191 086 961209
129 US 178G — — 1551 012 137 010 — — 1548 018 L4420 016 961222
16043 0.1 1565 008 1446 0.04 1608 013 1577 013 1441 006 980121

130 ©MS 0849540805 1458 .03 12,82 .03 12.21 0 003 1346 004 12,700 0.0% 0 12,16 004 460211
131 MS 0844842820 1G.8G Q.08 1599 .10 1560  4.11 16,68  0.10 1601 016 1671 019 970219
IG.67 08 1583 008 1560 012 1667 0.12 1588 .11 1576 0,21 980130

132 MS 0850242825 16,61 000 15497 016 1557 017 GTY O 006G 1575 020 1580 0.32 0 961202
16,80 0.07 1608 009 8571 010 1681 00 1609 0.1 16.06 0 0.21 0 980129

143 US 1867 15.25  0.07 1556 0.09  13.54  0.07 1497 008 1430 0.t 14,39 0,10 960207

1608 123 14.51 0.07 13.61 0.04 14,41 0.25 1.1 11 13.41 0.06 971225

13 MARIK 391 F2.06 0,02 1134 0.4 1.0 0.02 11.85 0.0 s 002 10.83  0.01 960206
135 NGC 2683 11 16,60 (.10 16,20 019 1504 O3 1652 014 1G5 0.27  1LEG IR 961208
1700 .17 1572 014 1502 0.1 I7.05 025  I551  OJAT 1507 019 980119
146 LB 8948 15,560 010 1430 009 13001 006 1540 000 14268 009 13.00  0.06 961207
1571 12 s 0000 1312 04 1604 024 (437 005 1310 008 9T1e24
137 T.B 896 1615 0.12 — — S0 006 16 0.1 — — 1452 017 961207
16,36 .07 I57Y 007 1616 008 1639 0.0 15T 001 1504 0.12 0 880130
148 US 2008 16,03  0.08 — 14.67 0.4 1606 .12 — — A8 08 961129

15.83 {05 1547 0.08 14,70  0.05 15856 0.07 1534 0.10 14.62  0.07 4980121
139 KUV 0901244019 16.0] 0.049 1512 0.10 I3.84%  0.06 16,334 0.18 Lhs 017 13485 004 970222
1619 0.07 1509 0.05 1422 0.05 16.20 0.10 15.11 0.08 1419 Q.07 980403

140 US a4 1.57 0.0 139G 0.04 13.21 0.04 14.02  0.03 P42 0038 12,79 0.04 970211
1463 $.09 1398 0.04 13,15 0.03 14.01 U.03 13,43 0.04 12.82 0413 wr1227
111 1K 090641254 16416 015 1557 0,12 1468 .04 16356 0.16 1h.2%  h1d .47 0.1 261230
16.1h 006 1556 0.06 L1498 0.06 16,35 0.08 1h.40 0.08 15.12 .10 980302
142 40 0538 15.28 415 14.81 0.08 13.72  0.04 15,13 .06 14.53 0.1 3,67 006 961202
1550 048 1486 0.0 173,81 0.06 15.60  0.13 ih.27 0.2t .02 0.11 980102
13 MARK 704 1228 (.04 11.36 0.04 1049 0.02 12,16 OAx [1.27 0.04 a3 002 960203

12446 044 1150 0.03 1064 0.01 12,83 0.4 LE3Y 002 1068 003 971224
144 HXS JOU18943016 16.00 0.1l 15.35 (11 1492 0.1 15,90 0.3 1530 0.6 1507 909 970220
1687 046 1512 0.09 RO 008 1575 0.09 1496 012 14.96 0 015 980126
145  RX JU919043502B 1731 018 (737 0.52 — — 1T 028 17T 38 —_ —U617203
146 F 09174841 16,41 0.00 1569 012 1537 014 1629 003 1644 015 1543 022 970223
1642 007 1568 008 1494 0.06 1636 010 16561 0.11 14.84  0.09 980302
147 RX JO924942527 16,14 G400 1507 0.11 .41 GO 162 0.1 15,21 016 1435 007 961209
148 PG 0u234-201 409 005 132 0,03 1222 003 14060 003 15019 004 1207 0853 960201,
ARG 022 120 004 12,01 002 13T 024 13000 046 1209 004 971225
149 MARIK 705 12,42 0.02 1155 0.04 10,94 0.02 12,35 0.03 1149 002 10.89 001 460206
12,63 004 101,70 003 i1.10 0.02 1244 004 1161 003 11.08  0.03 471224




Table A.19: J.H K band magnitude of AGN with 7,10 pix apertuers: continued

namne .fl 2 Ty f[] 2 T [\'{2 T J] 5 7 I[] 5 Trr I\—{5 T it dato

150 B2 0923439 1522 007 1493 .09 1395 006 13.80  0.067 1368 007 1333 .05 961221
15.09  0.04 153 0.06 — — 1365 003 1325 008 —_ — 980315

1510 RX JO427343045 17.06 013 1657 019 1570 419 1698 018 16832 024 1528 (.20 961208
152 NS 0940042128 1455 0.03 134910 004 13.04  0.03 1457 005 1386 0.06  12.88% .05 961130
.52 002 13700 003 13.06 0.03 0 1449 004 13630 004 13.02 0.04  9T1227

1534 US 737 15,24 006 425 006 1365 0.06 1517 Q08 1421 0.0 1370 0.0 960202
15,13 005 Li4g 007 13410 .03 1508 007 .35 009 13.36 0.5 971227

154 MARK 707 — — 1329 004 1272 0.03 — — 138 Q.06 1269 0.04 960203
1404 005 1A54 0056 (2,80 0.04 1402 005 1343 0.07  12.65 (.05 971224

155  TON 1078 1500 006 1494 0.11 13,77 0.07 1496 008 1502 019 1360 0.09 960202
15.05 005 1470 007 10 Q.06 1506 007 1458 010 14.11 0.1 980105

156G PG 09364306 16.80 .11 1560 Q17 1496 6,18  16.07 016 1526 1% 1520 035 960202
16,22 006 1580 041 1464 Q08 1607 008 16.88  0.22  14.57 0.1 980212

157 US 822 1626 0.09 1554 0011 1504 Q.10 16.26 (.11 1541 0140 1528 020 961209
16.23 005 15.65 007 E5.04 0.06 1624 007 1565 010 1508 009 9R01G

158 MS 0939840952 .60 007 16.55  0.08  15.02  0.07 1650 049 1546 Q.11 1501 001 970131
1549 HS 094044820 16,79 013 1hah G148 1485 G070 16,61 (.14 15.65 .21 14.69 009 961229
17.04 008 16.58 049 15.12 006 16.79 0.0 1683 0.26 1506 008 980129

160 2F 08944446249 G388 0.04 0 1595 00 1541 0.1 1553 0.03 1504 006 1460 008 970102
16,59 008 1544 008 1539 008 1564 006 1497 006 1471 007 950210

161 US 9us 1514 004 120 (.05 13.57 006 1522 006 1408  0.07 1357 009 4960210
1524 0056 LL5E 006 1379 005 1522 008 14461 001 1388 009 971227

162 HS 094644845 16,32 010 1644 (h12  14.556 W13 16.64  0.2] 15.27  (L16 1474 024 961129
1617 007 16540 006 1498 007 1622 0.08 1535 008 1538 (.15 980210

163 MARK 1289 11989 005 1061 o2 9.9 001 11.86  0.05 1060 0.01 948 001 960212
1640 US 1107 1559 006  [4.78 0407 1397 0.08 1550 008 LEY 0 0012 14130 01 961129
15,34 005 1463 005 13910 0604 15190 006 14.70 009 13.89 006 USUILG

165 PG 09534115 1436 004 1364 G04 1272 004 14360 005 13462 006 : 0.05 960202
14.26 .07 1352 006 1248 003 1429 008 1339 006 004 YTE2IR

166 30 232 149G 005 138 007 1380 008 1497 007 138 010 010 960202
14.93 004 14,27 0056 1371 004 1505 0407 1420 007 1366 0.06 980105

167 NGC 3080 12,92 004 12,20 004 11.70  0.02 1272 004 12.03  0.04 1154 002 9602038

13,00 0.04 12,29 003 11.79 0.02 12,579 0.04 1210 0.03 11.61 0.04 971224
168 IRAS 09595-0755 13,36 002 1256 04r2 12,14 .02 13,06 008 12,29 0.03 11.89 L034 960211
1426 0,22 12,58 0.3 11.84 0.02 13,00 .21 12,30  0.03 11.60  0.04 971225

169 KUV (0597458343 — — 16,03 (h23 0 1539 0.26 — — 15465 024 1548 QA4 970222
170 KUV 1000043255 16392 Qs — — 1503 022 1619 017 — — 1474 024 961130

1637 009 16,02 008 1523 008 1649 0013 1600 042 1519 0.11 980206
171 TON 28 1464 0.04 1394 004 1290 003 1457 000 1395 0.07 1292 0.04 960202
172 PG 1001405 1500 004 1435 006 1301 004 (535 007 1431 009 13.05 0.06 960210

1530 000 180 004 1330 0.04 1552 007 L&Y 021 1327 0.07 971224
173 PIKS 1004414 390 003 1348 003 1278 004 1390 G040 13450 004 1277 005 960201

.23 007 13.57  0.05 12.62  0.03 L33 0.0 1352 0.06 12.62 006 971218
174 RXS J1007T9444918 150t 0.09 1.749 .06 14.22  0.05 I5.5(  0.04 1492 0.0 4.22 .08 970220
15.79 007 1h8 LO7 14.66  0.09 15.78  0.08 15.05 0.049 14.57 0,12 980119

176 TON 488 15.48  0.11 1453 12 13910 Gl 1534 012 1458 U068 1387 014 960130
1566 007 1474 007 1410 009 1567 008 1471 009 1405 012 960405
176 40 41.21 1560  0.07 — — 1396 008 1556 0.10 — — 1357 0. 9811380
177 Q 100840058 14.62 003 388 004 12294 004 1455 (.04 13,72 05 12,90 0.05 960210
T8 003 1399 005 1297 003 1468 .00 1409 08 1294 005 961180
178 CS0 47 1704 008 16010 0.23 — — 1702 0260 16250 0.9 — — 061202
179 TON 1187 B 010 1345 0 007 1263 008 1413 009 1345 008 12464 007 960130
21 005 13560 005 1260 003 14.29 007 1361 008 12,60 0.04 971224
180 PG 1011-040 348 002 1274 002 12,15 .02 1338 008 12610 003 1214 0.04 960211
A 0220 12930 003 1221 .03 13.27 0 024 1288 004 1211 0.05 971295
181 PKS 111423 1514 003 1451 004 14.24 0.0 1281 0.02 1224 003 12,13 001 961208
.65 004 1450 005 1382 003 1275 044 1242 002 12,18 .01  9R01:H
182 PG 10124008 24 003 1351 (U3 1265 004 1422 003 134 004 1246 0 Q.04 960201
14.20 006 1354 006 12,55 003 14.20 0.08 1352 008 1251 Q04 971218
184 Q101340124 1550  0.08  [4.88 0.4 1449 018 1540 0.11 148 (16 1465 031 961140




Table A20: J H K7 band magnitude of AGN with 7,10 pix apertuers: continued

name Jiz aJy I T I“-lf” Tt ds T s T I\}ﬁ TR date

184 MARK 720 1323 004 1255 004 1220 G.02 1300 004 1243 0.00 1206 0.0 960203
185 Q 1015-0121 16,22 009 1529 008 1492 000 1617 G130 1503 0 009 LLTT O 0013 961231
18G PG 10164336 3 002 12490 004 1193 002 1319 001 1237 003 1LER 002 960206
187 MS 1018242010 16.68 009 1609 010 1525 0.U0% 1669 004 1631 020 1557 0. 970224
I88 B2 1028431 L4466 003 1483 0.04 135 004 464 004 1371 005 1318 0.06 961130
189 NS 1046141411 16,16 (.07 15.25 05 1473 006 16,19 0010 15,200 007 1487 0.11 0 9T0224
190 Q 10474067 — — 1425 0.07 1337 .06 — — 1432 01 13420 .08 961130
1480 022 (449 006 1317 0.03  LTE 0 024 14.04 0 008 13.06  0.04 971225

191 MS 1047043537 1488  0.10 144l 013 1385 006 [4.91 10 1429 0.4 13.84  0.09 961229
15.00 004 1431 006 1371 006 1485 (.05 1422 009 13.74 048 9R0116

192 CS0O 2492 1491 0.0 1399 004 1331 404 1479 G050 1390 006 1341 007 961140
193 PG 1049-005 14.82 006 1396 006 1294 004 1478 008 1406 0.1 1295 007 960212
1481 00 0T 009 1289 004 1498 15 1412 0.4 1281 0406 971218

194  MART 634 1864 004 12,77 004 12,016 002 1341 (LOd 1266 004 1205 403 960203

1332 o2 12,76 0.03 12,26 0.0 13.17 .23 12,60 003 1215 0.0b 971225
195  RXS J1100644316 1624 0.06 15,22 0.06 14.24  0.M 16.22 008 1528 0.10 14.23  0.07 97020t
196 RXS J110084-2839 15,70 007 15.05 .09 [4.13 Q.08 15,74 0.10 15,08 0O.14 1414 012 970222
15.41 Q.07 1521 QU9 14.21 0.06 1599 (.10 1556 0.6  14.24 (.08 980114

197 MARIK 728 ILEG o 12660 004 12,12 002 13.27 0 0.4 12,58 004 12,06 003 960204
P20 (22 12,72 003 12310 0030 13,100 0.23 0 1266 .04 1224 005 971225

198 TOL 10594105 14.23  (LOX 1465 0.6 13.32 (.06 14.17 Q.11 13.45 007 1347 011 960205
1424 0,03 1360 003 1319 0.03 14013 0.4 [5R 004 130T 004 4971227

199 1059.640157 — — — — 1576 (.14 — — — — 1568  0.20 970103
1712 04 16,130 0012 15310 0.09 0 17.22 0 022 1620 019 1508 0,12 980206

200 PKS 1103-006 15,40 0.09 1149 0.09 13.87 Q.08 1537 0.12 14,52  0.15  13.79 014 960212
15.53 .07 14.76  0.08  13.75 005 1565 0.1 14.82 043 1371 007 980105

201 MC 11044167 Q.06 14500 007 1412 0.09 1523 008 145 G100 1T 014 960202
0.05 1450 006 14,12 0.05 1523 005 1458 0 007 1429 009 980119

202 PG 11124431 012 15049 1T 1437 016 16,64 089 1506 0.26 0 14260 0.22 0 960211
203 PG 11144445 Q.01 14,09 003 — 13094 002 1304 003 — — 960210

Q.00 1345 {LOY 12,62 0.03 1-1.24 0.06 [3.358 004 12,55 .04 960212
0.0 13,45 0.03 1247 0.03 1418 0.05 13.37  0.03 12,42 (.04 SR04103
0.0 1150 0.02 1136 0.02 1346 .04 1252 0.0% LESE  (L02 960202
X 0.03 12,77 0.02 11.64 0.02 13,510 0.08 1279 .04 11.61 Q.03 980106
1331 0.07 12,50  0.038 11.87 002 13.25  0.10 12,458 0.05 11.81 .02 DEUZ00
L300 004 12.356  0.03 11.71 0.02 13.06  0.04 1233 (.03 11.67 0.04 971224
207 RXS J1124043110 1180 011 1394 0.08 1.3.51 0.0 .75 0.0 13.89 0.08 13,53 .05 970206
208 PG 11214422 L4198  0.06 1416 0.05 13.07  0.04 P44 0.08 14.09  0.07 1286 000 960212
209 AL 2T 007 14.72  0.09 1376 008 15.73 0.1 14.75 0.14 13.66 0,11 H6O210
210 MARN 423 0.02 11.74 004 11.41 .02 12.29 .01 157 0.02 11.24 0.1 S60206
0.02 11.80 0.01 1144 0.03 12,27 0.02 1.6t g.02 11.26  0.03 980102
0.06 15.31 0.08 14.64 0.08 15,77 0.08 15.31 .12 14.89 0.5 970222
.08 1514 005 14.52  0.04 15.84  0.08 1500 048 14,43  0.06 980124
0.02 1198 0.04 11.10 0.02 12,88 0.02 1197 .03 11.08 0.01 M) 206
007 — — 11.22 0.01 1296 0.06 — — 11.20 0. Q801 241
0.07 141y 004 12.66 0.1 13.57 010 1281 1.06 P2.44 003 960205
0.0 1310 o4 12.54 0.0 13,64 0.05 12.81 0,04 1225 0.04 v12
004 14.15 005 — — 1476 004 F1.08  0.06 — — 460201
0.1 14.07  0.13 15.01 0.10 16.98  0.19 1593 0.8 14.62 0.1 9612351
.02 148 0.04 1O 0.2 12.00 (.01 .24 002 14.70 .01 9602006
0.07 12.858 0.04 12,31 DRIN 13.33 0.0 12,64 0.05 12.08 .03 960205
0.0 — — 1234 Q.03 13.38 W45 — — 12,10  ¢.04 971224
0.02 1106 0.4k 1063 0.2 11.63  0.01 1086 0.02 10,48 0.0 YE0206
0.07 1.0 0.02 1067 0.01 160 006 1090 048 10.51 0.01 SJE(H 24
0.0 13,08 003 12.68 003 13,83 0.04 1285 0.03 [2.57 0.04 02072
106 .06 13.47 0.6 12,64 0.0 1399 007 13.22 0.6 L2656 005 971218

204 PG 11154407

2056 PG 11164215

206 MARN 7i4

200 US 2450

217 MARK 1298
213 MARK 1447
214 B2 1128431
205 30 2061

216 MARK 7301
217 MCG 06.26.012

218 MARK 744

219 WAS 26

220 CG 855 13.41 .07 12,68 0.04 12,54 0.03 1324 010 1248 0.05 12,00 0413 960200

1437 003 1269 003 12,23 0.4 13,15 OAR: 1247 0.0 12,14 045 QRO
221 MS E1435-0411 14890 0.04 1.0 0.0 134,37 0.05 146.81 0.04 13.941 0.05 13,35 006 470211
222 MO 11464111 16.57 007 — — 1566 0.27 16.24 0.0 — —_ 15,63 .37 961208

174




Table A.21: J, H K’ band magnitude of AGN with 7,10 pix apertuers: continned

name Jiu 7y I T K, og Jie 7 s E3Ts Ri. oy date

1654 007 1613 0.08 1540 0.08 1656 009 16,18 012 1545 012 980307

223  CBS 147 15.72 448 1575 023 1398 008 1555 0,10 16.12 049 1400 012 960202
224 PG 1IB14+117 14.92 011 14.21 009 1320 0,08 1492 010 1446 002 1342 010 960131
225 CBS 151 170 16 1612 021 1663 036 1676 016 1580 023 16.14 0 036 961229
226 AC 2045 12 004 1336 004 12500 006 1400 Q.05 3. 006 1243 00T 980102
27 GQ COM 14.63 011 : 0.08 1263 008 1466 0.10  13.79  0.09 1260 006 96014
1463 0.07 007 12293 004 1464 009 1365 09 1297 007 YTIMs

228  UGC 7064 1225 (.05 0.02 1108  0.01 1202 005 1127 0.01 1088  0.01 960212
12.24 002 0.01 11.07 002 1200 002 1129 001 1087 002 680102

229 Q 121140848 16448 0.08 G4 154 0260 16.54 0 013 IRT3 019 156G 028 961208
230 PG 2114143 13,12 0.11 008 1135 007 13010 009 1235 006 11.35  0.05 960131
1326 007 003 1140 001 1328 006 12442 003 1141 0L.01 980124

231 WAS 49B 1390 0.02 005 1266 0403 1363 002 (293 003 1242 003 960206
232 PKS 1216-010 1649 0,15 15 1450 013 1630 019 1500 018 14.56 021 960202
1601 0.06 [1XeH] — — 160 G088 1549 016 -— - Y801

233 MARK 1320 441 0.03 005 13.04 005 1436 0.04 330 0.07 1293 0.07 960211
14.54 003 0.03 0 1333 003 1450 004 1362 005 1331 005 971297

2: PCo12164-004 1394 0.03 008 1292 0.0 1221 0,02 168 001 11T 002 980102
235 Q 122040949 LG50 013 027 — — 1636 006G 1580 (.28 — 0961221

¢ 15,53  0.10 16.79  0.15 16.09 017 1548 0.14 980130
B.07 13.69  0.06 14,80 0.05 14.32  0.09 13.61 0.09 960206
(h.04 1373 0038 1477 0.05 14.02  0.04 13.71 0.04 980121

1686 (.14
236 ME 122004 1601 14.8 {hd
14.83% 005

237 B2 1223425 16,08 004G — — — — 16.04 (09 _— —_ — —  9Tu222
238 2K 122440930 16,76 0.07 16.23 U011 1539  0.09 1667 0.04 1614 006 1534 U.14 970120
1649 0,08 16.36 .15 4.9 (.06 1646 0.10 16.35 0.2] 14.78  0.08 98013
2349 30 2730 1.8 0.14 10.77 007 9.71 0.07 11.5G  (hOY 10.76 0.06 9.69  0.06 260130
11.491 0.07 1108 {L02 9.98 0.01 1140 0.5 11.09  0.02 D99 0.0 URO124
240 Q 1228030 — — — — 16.75 (.16 — — — —_— I6.18 037 970126
2441 TON 1542 1338 002 1257 004 11.88 (.02 13.27  0.01 1246 0.008 11,79 002 960206
13,41 004 1255 {LO2 11.8G (.03 1421 0.03 1246 (.03 11.80 (U4 930102
242 S0 150 1585 0.14 — — 14.76 019 1590 U.16 — — 14.86  (L30 960130
15,86 Q.08 1517 0.09 14,58  0.09 In.76 U010 1515 L1 14.54 .14 960221
243 1C 3528 13.05 .02 1232 0.04 11.82  0.02 1279 041 12.06 0412 11.62 .01 SG0206
12 84 0.22 1231 Q.02 11.85 002 12,67 0.23 1207 0482 11.67 043 971225
244 NOC 12334108 16,77 (.06 1609 0.0% 15.52 0.10 16.74  0.08 I5.73 0.9 15.63  (L18  970H06
245 Q 124540216 16.08  0.10 1ha 014 — — 15,80 12 14.86 0.1 — — 96221
246 NGO 4593 1103 0.05 1018 0.06 9.70  0.03 10.79  0.05 OG04 Q.52 002 98HAI
247  WAS 61 1334 002 12,54 (0L02 1183  0.01 113.31 0.03 12.51 .02 11.82  0.02 96021t

13.26 003
248 Q 124041546 14.2] .02
14.26 (.04

0.02 1166 0.03 1424 s 12.51 0.04 TL68  0.04 U80H02
0.05 13.0  0.04 1420 ik 1441 0.04 12,98 (.05 160206
0.04 1315 0.04 1119 0.05 13,42 0.05 13.06  0.06 980102

249 CHS 63 — — 1632 028 1569 .22 — — 1652 02 1585 040 970223
— — — — 1547 013 — — — — 1588 0.25 980212

250 Q 124041746 16.59 010 1630 017 16.06  0.25 1646 013 1633 028 1648 087 961231
16,71 Ol 1598 016 1507 012 16.65  0.20 0.22 1515 017 980318

251 AC 45,26 16,76 0,12 1652 0260 1524 0.5 17.06 0.22 045 1505 019 961221
16.70 007 — — 1581 004 1657 009 — —  15.T1 .19 4980202

MS 12480-06004 — — — — 14466 0.05 — — —_ — 1448 007 970212

CS80 769 — — 1650 034 1471 (.14 s — 1681 059 1440 015 9702

MS 1254542209 — — — — 1280 .03 — — — — 12,53 L3 970224
MARK 783 14.20 002 1356 005 1289 U3 1468 0.03  13.60 Q06 1292 004 960206

: — — 1634 0019 1562 015 — — 16l 0l 15,70 0.24  9TOI28

1611 0.1 1H.18 0.11 15.06 g.19 16.62 0.24 15.40 a.1G 15.04 .30 avn224
1625 007 1548 000 1510 Q07 16.26 010 1533  0.11 15,07 0O.I1 GRS
258 MS 13061-0115 1588 012 1h.54 015 15.06  0.12 15,73 0.12 1640 § G300 1588 024 G702

2549 PG 130740856 14.04  0.10 1347 008 12,47  0.07 [4.02  0.09 1342 .08 1239 007 960130
264 S0 835 16.74  0.10 - — — — 16.67  0.14 — — — — 470201

16.54 013 16,42 (121 — — 16,45 014 16.25  0.26 — — 970206
261 B2 1308432 16.08  0.10 1549 (L& — — 16.01 0.14 144 0.26 — — 960201
262 PG 13094350 154 004 13,55 0.03 248 Ouk3 1394 9.04 13,53 0.4 12,47 003 960202




Table A.22: J H.K' band magnitude of AGN with 7,10 pix apertuers: continned
name gy a7 Iha Ty K, o5 s T I, T Ki. a5 date
.08 042 1348 003 1255 003 1405 003 1346 004 1259 0.05 980301
263 RXS JI312042628 1506 G100 1342 001 1304 004 1378 0.08 1320 0.1 1296 0.05 961229
.09 0.02 1341 002 1302 002 1340 002 1323 002 1287 0.02 980129
264 Q 131640103 1726 017 1585 014 1485 007 1741 030 1588 022 1470 009 970130
1692 0.1t 1578 0,09 1496 007 1702 017 1566 012 1790 0.09 0 980210
265 MARK 1347 1300 002 12,16 004 1156 002 1280 001 LEARY 002 1145 0.0 960206
1400 042 1208 002 11.51  0.02 12,82 0.02 1203 402 1140 (.02 980126
266 Q 1326-0516 14.76. 010 14,10 009 1308 008 1477 00 1400 0 0010 13424 0.09 960130
.70 006 1400 007 13.26 004 1478 006 14200 008 13.28  0.05 980131
267 MS 1328544135 [6.12 0.0 1540  0.09 1469 009 5495 0.01 1544 13 14.61  0.13 970220
16,76 0.23 1582 033 1530 0439 1668 031 1568 044 15.21 055 980124
268 Q 1330-0156 — — — — 1597 (.16 — — — — 1596  0.25 970127
269 1333.342604 16,81 0.09  16.29 008 1501 0.0% 1682 0.12 1664 Q38 1511 U5 970125
270 Q 1334-0232 1660 0,08 — 1551 014 1649 0.10 -— — U572 025 970222
271 TRAS 1334942438 1288 0001 11.85 002 1053 001 1287 001 1183 002 1053 G001 960210
1281 007 1187 002 1062 (.01 1281 005 1181 003 .01 980124
272 Q 13380030 16.04 008 1508 009 1437 011 1601 014 1483 0.11 D8 970223
16,03 0.06 1534 008 1445  0.04 1597 008 16056 011 006 980140
273 TON T30 120 002 1334 0050 1258 0 008 140000 (020 1328 0.04 003 960206
14.24  0.07 1347 0.06 1287 004 1416 008 1329 006 0.05 971218
274 MARK 69 1412 007 13456 0.04 13.04 004 1401 .10  13.56 007 0.06 9602056
1445 0.04 1370 003 13.24 0.0 1442 004 1367 0.04 .05 980302
275 1443942828 1740 020 1637 023 1619 029 17.86 046 16.036 0.4 0.45 970127
276 MARK 662 154550 0.02 1263 0.04 1213 002 1332 0.02  12.58  0.03 0.02 960206
18231 005 1262 0.06 1197 {04 1327 0.05 (1248 0.05 0.03  Y9RQ141
277 PG 13524184 14.79  0.04 1422 006 1328 0.05 1477 005 1427 010 008 960210
278  MARK 463E 12,700 002 11.58  0.04 1034 .02 1248  0.01 L1143 0.2 0.01 960206
12,74 0.5 11,64 006 1032 03 1252 006 1LAG 005 1027 002 4980131
279 PG 14024261 L2 002 1508 003 11.87  0.02 1405 003 1305 003 1E86  0.02 960210
4G 003 1346 003 1221 003 1448 003 1350 0.05 1223 003 980126
280 PG LA0442206 1454 Q.03 1392 005 1314 0.04 0 1448 004 1393 0.07T 1319 007 960210
1460 003 1397 004 1311 0.03 14568 004 1403 0.06  13.21 004 980302
281 0OQ 208 13,22 002 12580 044 1169 002 1307 0.01 12,30 002 1163 0.02 960206
13.37 002 12564 002 1179 002 13210 002 1240 0.03  11.72 002 980126
282 Q 1404-04155 — ——= 154 007 1484 008 — —= 1560 048 1434 0200 960130
283 PG 14074265 14492 011 1449 009 1390 010 1495 G100 1449 011 1486 0.2 960141
.79 044 1462 0056 1441 009 1475 005 1444 00T  14.73 019 980212
284 PG 14114442 A3 000 1251 002 1166 G010 1331 0.0 1247 002 L1.B6 002 960210
0.03 1244 002 1148 002 13.25  0.03 1241 002 1147 0.02 980302
285  PG14154451 001 1303 002 1224 0.02  13.86 002 1304 0.0 12260 0.03 960210
10 003 1297 002 12,13 0.02 0 1394 003 1297 0.03 1211 003 980302
286 NGO 5548 1053 0405 10071 002 1006 001 1136 0.05 1056 0.01 GU97  0.00 Who2t2
1152 005 1070 006 1014 003 11360 005 J0S6 0 004 10.03 002 980131
287 H 14194450 1338 0.05 1248 002 1166 001 133G 005 12434 0402 11.67  0.02 960212
13.29 004 1232 002 1139 002 1329 003 208 002 1138 0 0.02 9803072
288 NS 1420142956 15365 000 1286 0.02 0 1239 0.03 0 1350 005 12710 0.03 0 12300 .04 960212
289 B2 1420432 16,87  0.10 1587 012 1544 012 1687 006 1556 004 1540 G190 970201
290 MARK 471 12,37 0.05 164 0.02 1129 0.0 12,18 0.05 1148 .02 1115 0.01 960212
1241 0.02 1166 001 §L3F 002 1223 002 (150 001 LE14 0.02 980302
201 B 14224231 1479 002 1029 003 1259 002 14.T4 0 002 118 003 12500 002 970219
1377 002 1321 003 1253 003 13.72 0 002 1512 003 1242 004 980301
292 2R 142342008 41.70 003 1380 004 127 0.03 1467 005 13TRE 006 1265 004 960210
— — — — 1298 005 — — — — 1290 008 980102
293 MARK 2813 13,89 010 1324 007 1237 007 1389 0.09 1326 007 1241 .07 960130
1383 002 1308 003 12,22 003 1380 002 13102 004 12.24 .04 980208
294 B2 1425426 14.96 010 1420 009 1362 009 1499 010 1422 010 1365 0.1 960130
15.06  0.05 1430 .05 1358 005 .99 0.06 1423 .06 1349 0,07 980212
205 MARK 1383 L0601 12220 002 1132 G010 13.01 0 001 1218 002 11300 001 960222
12294 03 1215 .02 11.25 001 (287 002 12,13 9.0 11.24 001 980202
296  MARK 684 1276 002 1202 .04 V1.1 002 1261 001 1190 0.02 1141 Q.01 960206

176



Table A23: J.H, R’ band magnitude of AGN with 7,10 pix apertuers: continned

name gy s T K, o Jig Ty T 7y K. ap date

0.0z 12.06 (.02 11,53 0.02 12,67  0.02 194 0.02 .44 4,02 480126
0.07 1188 .07 14.63 008 1580 009 1481 014 1454 1 961231
005 12.54 (.02 P24 002 13,09  0.05 12,38  0.02 1199 O3 960212
0.2 12.61 0.02 12,24 0.02 13.18  0.02 1245 042 12,10 .08 980301
0.8 13.82 005 12.76  0.03 14.65  (LO5 13341 SRV 1250 0.06 960222
Q.01 12,114 0.02 116 0.0t 13.02  0.01 12,09 0.2 11.16 Q.01 960210
Q.08 1E.49% 0.0t L1066 002 13.01 .02 FEOs 041 1107 0.02 980302
0.08 13.85 0.04 12,78 0.0 1482 (U5 13490 007 1284 005 960210
0.06 13.88 0.6 12,82 0dM 14.47 .07 PN 006 12,82 Q.06 960405
g2 1hi2 042 40 007 15.33  0O.11 14.72 Ao 14.34 .10 970206
16.02 005 15.3%  0.08 14,52 007 15,71 .06 15.27  0.11 I4.44 0.0 980315

297 MS 1431540526
298 MARK 474

209 PG 1A36-067
300 MARK 478

ol FG 14444407

a2 Q 1446-00356

303 PG 14484278 13.658  0.01 F2.88 002 1213 0.02 0 1352 (.02 12840 003 1209 0034 960210
13,66 0.0 12,87 002 1223 003 1361 003 1283 0.03 1225 004 980302
304 MS 1156442147 14,71 006 1394 006 1302 005 1468 006 1392 008 1302 006 960212
14.52 003 1367 002 1286 002 1450 003 1870 .03 1281 .02 980302
305 MS 1500642552 1577 004 1482 0405 1419 0.04 1578 006 14.G2 0 0.06 1411 006 9TU21Y
306 MARK 8411 [2.88  0.O5 12,14 042 11.71 .01 12,81 0405 12,00 002 1161 .02 960212
1321 O 12450 002 64 01 1314 042 1240 0 0.02 0 11.60 Q.02 920202
307 MARK 840 1032 L0 1356 0 0.02 12,77 002 1429 0.4 13560 0.0 12.77 0.02 980317
308  PKS 15094022 1567 .06 1490 004 1411 003 1555 006 1490 005 14.02  0.04 970224
1581 105 1499 005 14.25 .07 1571 007 1490 0.07 1432 012 4980315
309 MS 15198-0633 14010 0.02 1336 0 003 12564 002 14.00  0.03 1334 Q.05 1251 0.03 960222
13.497 005 13056 003 1240 0.02 0 1391 005 1307 003 12.36 0 0.03 480307
310 LB 9695 729 06 — — — —  17.200 0.22 — — — — 970130
1708 G0 B6.28 0 0100 15.28 0 0.08 1703 004 1634 01T thel 0013 980317
311 OR 139 16,56 012 1544 009 1458 007 1670 0.7 1533 011 14.61 .10 970128
1636 04 1547 009 1492 007 16.22 0013 1544 014 1490 010 980206
312 QNZs02 15.69  0.05  14.83 006 1396 006 1555 007 1469 008 1393 0.0T 970223
1564 0.0% 1486 008 1406 007 1540 010 A8 0012 1408 0 011 980212
313 MARK 1008 10 0.0 1225 002 11.75  0.01 1299  0.01 1215 0.02  1L64 .02 960210
1295 002 12,19 002  11.66 001 12,82 002 1206 .01 11,58  0.01 980202
A4 NGCG B0 12.95  0.01 12,20 002 11.82 0.1 1263 0,01 11.89  G.02  11.52 0.0 4960222

1292 0.05 1217 0.06 11.73  0.04 12.61 0.05 11.88  0.U5 1146 0.0 980131
315 KUV 15524421534 15.80  0.05 1500 .06 14,14 0.06 15.6% 007 14.88  0.07 LEdh 009 970222
1580 0.06 1506 0.04 1.0h a.0d [h.70  0.07 15k 006 03 006 Y80316

316 MS 16118-0328 1600  0.07 1506 005 1426 0.05 1615 0.1 15,13 Q.08 1425 (.08 980103
317 MARK 877 1442 0.0 1348 0.03 1242 0,02 1442 .05 13.52  0.04 1243 04K 980403
318 PG6ss14706 1343 003 1268 0.02 1249 (.02 1343 002 1268 002 1249 0.0 470222

13542 005
319 HBXS J1G44642619 1570 044
1553 0.06
320 TEX 16524151 1566 0.10
1567 005
321 2T 165443514 — —
1651 0.0

0.02 1244 0.02 13.43 006 12.68 (.03 12441 0.02 980347
0.06 11331 008 1575 008 1482 0.09 14.31 0.12 970211
0.04 1615 0.0 15.48 .06 14.81 0.05 1418 0.06  Y3U316
Q.07 1410 .05 15,54 (L10 11.54 0.U8 13965 007 970220
0.04 L1704 15446 0.06 14.92 006 1407 005 4980316
0.19 1504 0.14 — — 1568 0.24 1496 0,21 970220
0.13 1518 0.09 16.31 0.1l 16,16 018 1507 (.13 980318

322 PIKS 17254044 1544 0.05 0.04 1393 .03 1530 006 14456 0.0 B3T8  (L0O5 980403
323 PKS IT30418C 4.9 .05 004 1337 0 003 1493 006 260 006 1347 0.05 0 970224
14.97 Q.06 0.06 1351 0.04 1496 007 1449 0.09 1355 006 980307

TEX 17504175 15800 0.07 GHO6  14.65 008 1572 (.09 1508 0.09 AT 013 G80403

OX 169 14.95  0.07 0.07 1333 009 1449 012 14000 009 13460 0160 480116

PG 22434134 1591 014 0.12 1400 007 15806 0. 8 020 1402 011 480121

PB 5155 16.11 Q.07 015 1488 012 1622 012 1572 025 1487 019 961223

30 4500 15,44 007 0.11 1357 Q06 1542 016 14.7h 015 13.65  0.08 971231

Q 2350-007B 1668 007 016 15497 0.24 1655 0.1t bGAS 02T 16,42 051 970102

PB 5577 — — 014 1495 014 — — 1548 i8 1510 0.25 0 961202

[6.29 009 0.09 14568 006 1653 005 1562 05 1451 009 9T1227

331 Q 236240025 5.8 006 1160 .06  13.65 (.05 1552 .06 1460 009  1A50 005 961223

1560  0.06 t4.56 007 1380 0.05 15.51 (.04 Lb-p .09 1380 007 971231




Table A24: J,H K band magmtnde of AGN with 12,15 pix apertuers

name Jie [ iz T I\'{:, T gt Jiz T Hyy, 77 f\—is T g date

1 FB 5669 1596 0,12 1526 006 1428 0.12 1578  O04 1503 020 1406 O34 961203

— — POy IBET Ol — — 163 021 1721 251 980106

2 Q 23574019A 16.67 (.24 0.50 — —  16.62 0.3 16.08 0.5 — — 961202
3 PB 5677 16,83 019 0.22 — - 16.64 .22 IR87 (.25 — — 970106
4 PB5723 1068 Q16 0.24 1457 026 1603 0260 1499 .27 1487 045 961222

5  PB 5853 16.05 Q.15 017 1426 16 1607 G200 1506 .23 1427 0.22 0 961208

15.492 (14 — — 06 007 15894 019 — — 1399 0.09 980121

6 Q 00194+0022B — — — — 1555 0.3 — — — — 1527 0.35 961230

7 PB 5932 15.66 009 1535 0.20 1418 017 1569 (L1200 1550 Q.27 1404 020 961201

15.96 010 1504 004 1400 .07 1567  0.12 1490 017 1385 008 950126

& MS 00377-0156 16.15  0.13% 1531 U8 1418 0.1 16.08 007 1538 0.28 1407 015 961203

16,22 007 1493 0.2 — — 1626 024 14660 013 — —ORQI0G

9 Q 0OKTH0000 1583 12 15856 003G 1504 033 1581 0.6 1577 047  14.80 036 961202

10 Q 005840218 16.57 016 1517 005 1461 004 1692 0.29 1505 018 14.50  0.18 961202
11 PHL 964 17.07 020 1571 007 1521 (.20 17.33  0.45 15.66 0.22 1552 036 461223
12 Q 0110-0047 1746 027 16360 084 1520 008 1T44 041 1641 049 1509 0.23 479120
13 B20L010429 1621 015 1670 66 1434 008 16,16 009 1740 173 14030 0.20 0 961202
14 PKS 0130424 1A.8%  {LI0 15.15 016 1450 (17 1580 003 16534 .26 1440 .21 4961201
1613 0.11 15.09 0.1 14.32 008 1614 004 1613 006 14.22 0 00 980121

15 UM 341 1536 Q.06 1498 003 BAET O 00 R (08 1505 0.20 0 1403 016 961201

15.61 0.13% 11.95 .16 [13.51 0.08 15.64 (L1 Ih.13  1.25 13.40 0.0 971227

16 3C 47.0 16.24 0.0 1522 010 DO 1636 003 1519 14 14330 0.3 9612238
7 FPHIL 1070 J4.58 005 1477 006 .06 1457 006 1369 0.06 12,95 007 961208
18 PHL 1093 15.29  0.07 1448 010 010 15631 009 1447 013 13.96  0.16 961202
19 KUY 01607-0744 15.57 0.15 14.33 0,12 000 1543 008 1404 013 K3As4 0 0100 971231
20 PHIL 1226 15.50 0.07  14.70 (.10 0.1l 1544 00 1462 012 414 017 961201

15,53 009 1476 010 (LOT 1660 0.4 1468 012 13.87 .09 980116
21 UM 481 15.26  0.08 1508 (.21 U160 1527 Q.11 15017 0.3 14,11 021 961208

1545  0.09  15.16 017 I 15587 002 15200 024 1400 014 980104
22 UN 154 15.27 008 1473 014 .20 1528 0.11 1451 .16 1446 031 961208

1559 008 15.04 16 4.2 (11 th.bs 0.2 1498 0.2t 14.26  0.14 980105
2% MARK 018 1207 0.2 11.22  0.02 10.84% (0.0t 12,04 0.03 L7 002 1087 0.02 GO
121 0.4 135 .08 10.88 0482 12,08 004 11.37 0.3 10,86 0.03  98U105
24 RXS JO20704 2930 L4134 0.0b 13.05  0.06 12.65 {07 1417 0.07 1244 0.08 1266  0.09 960211
14.02 0.46 13,12 007 12.21 0.6 14.06  0.07 1310 0.09 12,19 0.07 QR0105

25 MARK 586 14.68 (10 13.79  O.1¢ 12,62 07 14495 (018 1389 0.7 12,66 010 960207
LB 006 13540 0100 1208 002 1416 Q.08 1452 0.4 1295 016 980105

26 PKS 0214410 14.80  0.06 1415 0.0 1341 0.07 1444 GO6 1401 010 13.08  0.08 961208
1473 0406 1417 Q08 1352 007 1444 007 1380 008 1342 009 9T1227

27 PB atso 13.28  0.01 1281 002 1249 003 1323 0.0l 12,78 0403 1242 004 961201
28 B3 02194443 16.55  0.23 1529 009 1448 023 1653 0.4 165,28  0.27 1472 039 961222
1549 010 1602 020 1481 010 1596 0.2 1641 038  14.T1 012 4980131

20 KUV 4229244227 — — — — 14060 09 — — — — 1405 0.27 961222
30 MARK 1179 12,84 0.0% 12,04 002 1186 0.03 1273 003 1196 003  11.78  0.04 960211
31 NGC 9ss 12533 004 1142 002 10,78 (LO2 1234 04k 1139 0.02 1077 003 980106
32 MS 023280400 1588 16 1672 .28 1432 07 A5TG 019 1588 045 1440 025 961221
16.56 (.24 15828 (h24 1431 0012 1695 046 15493 035 1440 0.15 4980116

33 4G 41.04 1599 014 1537 0.21 114.08 015 1611 022 1640 030 1380 0.6 961222
a4 Q023540121 16.26 017 14.7 012 1495 0 0300 1686 040 149 014 1607 16 961202
15.7 .11 86 13 1380 0.0 1555 014 1474 16 1358 010 980104

35 Q02380142 1641 019 1507 G168 1429 007 1682 038 1500 0,22 1422 023 961208
1624 05 1502 003 1396 007 16250 0.20 0 1496 08 13000 0.09 0 uso2IT

36 PB 6856 1520 005 1460 009 1411 0,13 1529 0.08 452 002 14.20 0 0.19 961201
37 US 3150 1589 0.10 — — 1439 010 G080 06 — — 1425 013 980106
a8 MS 0244841928 1509 .05 1436 0.08 1344 00T 1501 Q.06 1428 G0 1347 010 961201
15.02 007 1438 000 1342 .07 1515 011 1446 014 134 010 971227

S Q24840207 —_ — — —  16.15 0.49 — — — — 1638 067 970102
40 US 3254 1560 008 1624 0556 1503 0.29 1546 010 1635 0 084 1522 048 961201
41 1S 33338 1730 04T 1569 024 1419 022 1767 0480 1563 0.1 14.00  0.25 980106
42 US 3376 1578 0.6 1527 024 — — 1573022 15030 0.29 — — 961222




Table A.25: J H. K band magnitude of AGN with 12,15 pix apertuers: coniinued

nante da 7 ; Iz 7 K, a0 J1s ¥ I, 3T Kio g date
15464 016 1507  0.18 — — 1547 019 500 0.24 — —  HT0222

43 5025440101 1545 013 1468 010 1388 007 1544 0.4 1464 011 13.80 009 961230
44 US 3472 EOS 007 1470 I3 1365 012 1485 009 1480 020 1381 018 961222
15.28 09 .89 15 1349 007 1537 (14 15.22 0 028 1348 009 9712

45 S 0257-0027 16,17 01 1639 042 1464 091 1648 0.6 1781 2014 1453 0.14 985011
46 Q 025840227 17.26 .39 1552 (.14 — — 17.67  0.81 1516 0.19 — — 470127
47 US 4h44 — — — — 1559 (.48 — — — — 1574 061 9TUL2E
48 Q 0300-0018 1545  0.07 15,75 0.22 1457 013 1348 0.02 1296 .03 12,71 0.03 970180
49 US 3605 1621 015 157 030 1462 .20 1626 0.22 (607 067 1443 0 0.25 961208
) Q 030540222 1590 0.09 1479 400 1451 003 1583 0.1 1461 0.12 1438 0.16 961202
1579 Ok 1548 014 1453 0.1 1559 016 1555 019 1447 014 980204

51 PIKS 03064102 16.76 {16 _— — 1511 020 16.61 .20 — — 148 021 961223
— — 1824 B2 16498 0.7 — —  17T.RA 1260 1700 100 980126

52 Q 0307-0015 1704 033 90 0056 14200 0056 1740 063 14T 008 1388 0.5 961208
53 PKS 03104013 — — — — 1540 0.24 — — — — 15467 042 970126
A4 MS 0312041405 16,491 025 1607 07 1548 036 1769 069 1502 (.20 16234 1.01 961209
16,30 010 1600 016 1531 007 16.23  0.13 1620 .27 1539 0.25 980129

55 Q 031340126 16.91 (.22 — — —_ — 1664 0.24 — — — —  UTOI30
56 B2 0321433 1337 0,10 12,52 006 1184 0 1336 0.1 12,53 007 1182 004 960205
1346 004 1260 004 1186 004 1342 006 1260 005 11.82  0.06 980105

57 PIKS 0336-01 570 .11 1480 013 — — 1566  -0.15 14.80  0.18 — — 970224
58 KUV 03399-0014 1593 0.12 11495 006 1471 0238 1592 017 1483 009 1496 041 961208
59 3C %0 16,13 010 1500 010 1430 010 16,17 004 1485 002 1435 014 470204
16.30 07 1482 002 1434 011 1657 (130 L8606 1430 014 980106

G0 MS 0341940451 16.74 017 1ho8 019 IET3 000 16565 0200 1546 021 15.72 041 970201
G1 PIKS idb34027 16,43 0.9 1542 010 1507 013 1619 009 15 .12 1497 0T 070122
169 027 1548 04 51532 .24 1697 039 1546 008 16521 029 98116

62 NS 0357441046 1499 004 110 007 13.06 0405 1506 .06 1412 009 1307 0.07T 961201
176 010 1392 G0 1297 .06 14500 013 1385 0 0013 13.09 0 008 971224

63 30 109.0 1464 03 1354 004 1242 002 1469 004 1355 006 12430 003 GTU2EY
G4 MS 04124-0802 1290 002 1207 0.03 1118 000 1288 (.02 1207 0.03 1119 0.02 960206
1278 0.02 1189 004 11.02 043 1280 003 11.88 004 1109 004 971227

65 3¢ 110 15.24 012 1445 006 14.54 0360 1539 049 1439 0.20 0 1522 094 960202
149G 008 1487 0.6 1489 010 1492 010 1502 0.24 1397 014 971241

66 PKS 0420-01 1519 007 1440 010 1315 005 1518  0.09 1447 014 1297 06 961208
17.09 089 1538 040 1428 024 16.67 (W82 15014 045 ld4h 0 036 9YTI224

67 30120 120440 010 1122 0.05 1036 0.01 1210 .10 118 0,060 1034 0.01 960205
1220 002 1118 004 1027 002 1219 @02 1107 0.0 1031 .03 071227

68 TRAS 04448-0513 1296 010 (2,10 0.05 11.54 002 1293 0.1 1207 006 11.56  0.04 960206
1300 002 12014 QU5 11,71 005 1301 a4 1208 005 1L.TH 06 9TIR2T

69 Q U46G40130 16,81 0.5 1593 007 1512 07 1665 018 1562 018 14890 0% 970120
— — — — 1h61 019 — — — — 1834 021 9K01SI

70 12,67 006 1192 403 1L63 .03 1260 006 11.81 003 1LY 004 960212
7 Lt 0.01 11,07 002 1078 0.0 1174 002 1093 002 166 001 96020K
11,78 002 1102 04 10568 002 1166 0.02 180 0.03 1047 003 97227

72 2L 050741626 12,68 0.02 101,73 002 1106 0.02 1245 002 1164 002 1001 0402 460206
1268 008 1178 0.04  11.02 003 12,56 004 1LTF 0 004 11.02 005 971227

T aC 1350 15.00 010 1406 010 1335 009 1493 000 13.89 0.0 1346 009 961207
1.8 005 L4210 007 1375 007 LTG0 007 1412 009 1370 009 9Ty

74 AKN 120 11.72 0.0 1085 005 1006 0.1 11.71 010 1083 006 1005 0.0 60205
1.6 0.02 1077 002 1004 002 1161 00 1078 004 1006 0.03 980106

75 1E U514-0030 15.20 0014 14.04 0 003 1307 009 1541 .22 14004 09 1297 0.1 960211
1539 17 1456 048 1337 009 1571 030 14.57 024 1350 004 B7T1224

T6 30 1380 1649 012 — — 1537 121 14.75  0.05 — — 1407 10 BTOIG
16.69 014 16.23 0 021 1538 0156 1497 006 1461 006 1522 IR 980124

TTOAC 1470 1548 009 1473 0.1 1L 011 1549 012 1476 014 1408 0.4 951221
15.64 0.1 1460 008 1417 011 1568 013 1455 10 14.24  0.16 980106

T8 4C 1614 16.93  0.47 — — — — 1641 .32 — — — —  UGLE207
I5.73 009 1538 013 1521 018 1534 000 1498 003 1485 019 980208

9 MGG os.1.11 153 004 1074 004 1003 0,02 LE4l 004 1083 094 10,07 002 960208
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Table A26: J,H K’ band magnitude of AGN with 12,15 pix apertuers: continmed

name Ty ]T] 2 TIr I\-lf’l L Jl 5 28 ] Fle arr I\'IS T date

.02 1048 0.02 9.67 .02 1132 0.04 106 044 Q6.4 003 980106
0.02 12,66  0.02 1236 0.2 13,42 0 267 002 12,338 002 970125
.10 14.62 0.3 14002 010 15.31 0.12 L4507 017 1409 Ol 9G1209
0.1t lt44 010 13.73 0409 15.29 0.4 14.26  0.12 13.74 0.1 aTIzZ
.15 — — 15.04 018 16.04  0.11 — — 165 007 970106
0.54 1641 0.22 15,92 0.33 16.95  0.27 1572 0.07 1539 0.20 080206
.04 13.03  0.04 12,72 0.6 13.43 004 2.5 (.05 12,62 007 961129
U044 12,496 0.04 12,734 0.4 13.29 0.4 12,86 0.04 1267 QUh 980104

80  OH-n10
81 3C 1540

82  MC 06574176

83 30 1750

&4 B2 0709437 14.74 008 444 013 1452 0260 1470 (L1000 A8 00T 1471 0 960209
14.92 008 1428 009 1410 012 1503 0.11 14,34 0.t3 1402 017 980105

85 DMARK 376 12,50 004 1164 004 10.66 002 1251 004 (161 004 1065 002 4960200
1269 Q.04 11,78 003 1089 002 1270 004 1158 .03 1089 .03 9801056

8 B3 07294391 — — 1686 045 15.00 006 — — LT8O LU 1484 1Y 970130
87 54 0731447 1ha68  0.10 1608  0.26 1573 036 1560 0,11 1685 (68 16.76  1.30 970128
88  PKS 0736401 14.30 0.0 13,54 0.10 13,77 0056 14.28 010 13.53  0.12 1398 0,25 960131
— — 1392 013 12640 0.06 — — 1380 01T 1259 008 971218

89 O7T 363 15,74 018 1490 025 1357 003 1531 07 1460 026 L33 014 960131
Lh.09 006 1464 Q08 1402 008 1481 007 1439 009 1400 011 4980106

90  MARK 79 1165 Q.16 11.02  0.03 10.26 .01 1HLG7 .08 1098 .02 1023 002 971225
91 B2 0742431 ‘ 1450 0.05 1373 005 13010 006 1433 005 1358 006 1304 .07 024
1467 0.08 0 1392 010 1401 007 LESE Q0 1387 013 13000 000 971224

92 PKS 0743-006 LES5 004 1100 005 1079 002 1079 004 1056 006 1045 0.02 961202
93 GC 0742434 L1687 024 1550 016 1488 022 1700 040 1537 0200 14.84  0.30 0 9461221

1697 0.16 1540  0.09 — 1696 022 15.256  0O.11 — —  UR(121
94 RXS JOT49142842 16.439 015 o 14 015 1427 13 16,53 0.24 1507 0.19 14.21 017 961208
95  RXS JUTA9843454 14.80 .06 14.40  1.10 1344 008 14,74 008 14.39  0.14 13.54 U130 961203
11.87 007 14.22  0.09 1348 0.07 1489 0.049 14.39 014 134T 0.09 980105

96 PICS 07484126 15.7: 006 1518 010 113 010 15.63 0.08 1516 0.1 14.47 0.1 9701246
1608 .24 15,52 020 4.8 0.18 16,55 0.4 1h36 0.24 L1799 .28 980116
97 MARIK 352 P31 0.0+ 12,42 G.04 1196 0.03 13.05  h0d 12,38 0.05 1183 0.04 9602038
98 B20UTHh2425hA 1h.4h 015 .23 13,87 017 15.23 016 15.11 0.9 408 028 960131
154 0,10 [V 1399 0.1 15h.:31 012 15,27 0.4 13.94 0.11 71201
9% B3 OTHA4304 12.85  0.03 0.03 108 001 12,8 0.3 11.95  0.04 1 1.0 0.02 960124

1298  0.04
100 KUV 0751944228 1500  0.20

0.03 1Lo6 008 1295 (.04 12.14 0.0 11.03 003 HRUT0H
a.16 13.00  0.0G 1537 0.23 14.21 (.23 1300 Q08 471225

101 UGC 4155 1188 0.0 ¢.02 1082 0.0] 1183 02 Lk 11 002 1076 001 960206
196 0.03 .03 1080 001 LLY3 0.05 1113 0402 1078 0.0 971294
102 MARK 1210 11,98 010 0.05 1094 0.01 1192 0.0 1121 .06 10491 (.02 960205
12,02 004 .02 1090 02 1TLYT 0.04 1127 002 088 0.02 980106
103 MS 08019+2129 .00 0. .04 hO3d 1408 0 0,04 1342 005 12440 004 460124
14,04 008 .08 B.O7T 1395 0.08 1341 041 12.83% 0.0 971218
104 3C 1920 Ldetd (.04 0.03 004 13060 004 12,42 G0 1208 004 961203
Ll 006 .05 - G065 1300 005 12449 006 1217 0.06  9T12L8
105 MS 0ROB0-44840 16,97 016 031 1548 (.28 174l 031 16.35 043 1580 0.51 961231
16,65 0.t 0.22 15,60 W19 1662 008 1637 032 1553 (.25 980210
106 3C 1960 15.06 (.06 0.11 1476 011 158,54 .08 ER.A8  O16 1498 019 970201
107 B2 0R10+4-32 17.20  0.26 — — 1544 029 0T.5 (49 — — 1545 WD 9TOI2T
108 PKS 0812402 1510 0. L 1435 Q.11 13.87 011 I5.01 012 14.29 013 (3494 016 961207
109 RX JUS166429441 LG58 025 1618 A3 14320 017 17250 060 16.09 0GR 1482 024 961207
17.37 047 — — 1522 0300 1849 182 — —  15.3% 045 a8011Y
110 3C 197 1588 006G 1610 0.22 15,05  O.17 1579 008 1645 0«83 1492 021 970126

610 008 1537 UKW 1482 0.09 6.0 011 1508 (.10 L4651 010 080126
111 RXS JOg2234-3305 15.7 O.14 1486 013 1403 0.10 15.08 0.1 1440 0.12 [3.72 0.0 470220
1563 0.10 15.09  0.t2 1433 0O.11 U7 008 1448  4.10 404 013 9801146
1127 KUV 0825744245 1502 Q.07 1437 0.10 Lagh 010 .88 008 14.22 011 13655 013 961129
I4.78 007 1416 .09 13.466 0 (.10 1L68 0.09 14.09 (.12 13,68 0114 4712331
113 4C 4417 1642 0138 1590 0.20 1505 0.26 16.37 017 15.66  0.22 1.0 036 970127
1744 0.2 1628 0.21 1590  0.29 17.59  0.50 In499 (.12 16.0:4 05 U30209
114 KUV 0826744027 1588 014 15495  0.39 1404 0.25 1587 018 17.04 1.44 1477 0389 961129
115 B2 0827+24 1580 015 14,78 014 1413 0.14 1n.h1 015 14,56 014G 13.95 007 961207
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Table A27: J H K band magnitude of AGN with 12,15 pix apertuers: continued

name Ji2 T I, o K, om0 Jie L s T RNl o date

15.51 (.04 14,83 0.08 14.25 (.10 15.42 .12 14.67 004 14.25 0.13 980116

116 TG U8324-251 1205 Ok 1357 .05 12.69 .04 1.8 0056 1:3.74 0,06 12.69 .05 24
14.29 Q.07 1:3.86 0.1 12.7% 0.05 14.26  0.09 14.11 018 12.41 .08 a9T1229

LT 0O 256 — — — — 1529 0.5 — — — — 1486 0.td YTUI20

118 US 1529 14600 007 1389 .08 13.03 0 006 .54 009 5475 00 12499 009 960202
1447 018 L85 012 RLOG 007 448 013 1374 15 13.02  0.09 971225
119 MARK 1218 1195 00 11.26 005 1092 0.01 11.88 .10 1§18 006 1086 0.02 960208
12,02 003 1127 003 1083 002 L1496 0056 11.22 003 1081 004 971224
120 Q OBA544T44 — — — — 15 18 — — — —  15.68 031 97002
121 30 207.0 16,67 043 1537 012 1510 07 1675 020 15619 0103 1614 24 961223
122 WUV 0837744136 1588 008 1706 1.7 — — 1573 016 1644 0.84 -— —_ 61222
1598 007 1546 0,10 1469 012 16580 0.09 1526 0.11 ddd 0014 980208
123 PG 08444849 13.22 005 12688 Q.03 190 000 1321 005 1260 004 1188 0.04 960202
1431 004 12,60 005 11.81 005 134 .06 12.67 0.06  11.81  0.07 971229
124 55W ITY — — — —  lddd 007 — — — — L300 008 970212

14.67  0.06 1446  0.09 1419 (i12 .60 007 14.45 010 1410 0056 980318

126 CS0 2 1544 011 1537 0.22 1489 0.1 15.3% 013 (541 0.4 13.68 .12 961207
1525 006 1491 009 111 010 1519 008 4,87 0,12 1403 014 980106

126 US 1742 L7110 03%  F6RT 076 1508 028 1738 059 1809 2T BT 03 961202
127 LB 8741 16.70 0.25 — — IRB3 A8 1672 00 — - 1543 06F 61207
1630 016 14612 121 L8 011 16,81 0.22 1590 .24 14,72 0.1 980124

128 MS 0847542813 1682 0.20 1569 027 LL&P 008 1663 023 1645 GG 1T 0.2 961209
129 US 1786 — — 0.21 860 0.20 — — 1528 G227 1dAG 000 961227
0.14 .21 36 007 1583 017 16.23 36 14.26 0.0 980121

130 MS 0840540805 .04 004 1216 005 1271 003 1225 003 1195 006 960211
131 MS 0840842820 (10 0.22 1563 028 1659 01T 16.5 0.1 1586 030 970219
(.14 013 1616 049 1664 019 15.69 016 16.55 078 Us0130

132 MS 0850242825 0.20 020 1587 0.4 15092 013 16T 014 1497 027 961202
0.1 017 16.056 027 15.67 007 1502 0.09 1523 008 980129

L USser 0.0 Lbab 16 R3S 012 1477 0.1 14.75 0.29 1330 0156 960207
0.19 014 1839 006 1505 (W16 .52 0.20 1337 .09 971225

134 MARK 391 0.01 0.02 10,76 (.01 11,72 002 11038 002 10.70 0,01 960206
135 NGC 26834 Ut 018 029 60 009 1643 G230 1666 0.31 1468 0L26 961208
47 017 1506 024 1715 48 152 0,20 1546 0-% 98011y

146 LB 8048 0.11 414 010 1295 006 15108 002 14.138 012 1289 007 961207
027 1424 016 13 0060 1697 040 1416 .21 13,08 000 971224

147 LB 8960 0.16 — — L3 09 1600 009 — — 14.20 0 023 961207
012 1567 013 1546 009 1654 00T 156G 018 1587 0260 980130

108 US 2068 015 — —  lde Q22 1592 0.1 — — Ly U2 961129

0.08 1h.21 011 14.56 (.08 15,84 0.09 15.049 O.14 L4423 010 S80121
.23 1519 0.22 13,79 0.1 I6.46 0.45 15,84 0.130 13.71 0.1 970222
.14 I1h03 00 11.19 0.08 PG.060 0.20 14.79 011 1419 0.12 980403
0.0 1297 0.03 1245 0.04 A0 0.0 12.8:4 0.038 1244 006 970211
0.02 1292 0.4m 1724 0.03 13.45 0.03 12.88 0.05 12,48 0.04 971227
018 15.21 .14 14.38 012 14,22 0.21 1504y 016 14,241 Ol 961230
010 15.29 0.04 15.14 0.13 16.145 0.14 [h. 18 011 1519 0.19 GRO32
0.07 b.7% 0 013 13.67 008 14.81 07 14.51 (.15 146G 001 OQG1202
0.20 15.00  0.45 14.09 016 1590 L28 15.53 (a7 14.22 0.23  HRG102
.04 11.24 0.04 10.441 )2 1208 0. 11.21 0.0 1040 002 960200
0.04 11.3:4 0.03 1056 002 12,27 005 11.33 0.03 .67 0.03 971224
TN 1547 .3 15.7!

139 KUV 0901244019
190 US 44

141 1T 090644254
142 4C U538

143 MARIK 704

144 RXS JO918943016 0. 14 15.1 00T BarT 0.20 1563 .55 970220
U0 1486 014 15016 .22 1542 011 14.62 0165 1588 0.6 980126

145 WX JOOI90+3502B 1729 033 17.652  L1.18 — — 16T 028 20088 21.6) — — 9612034
146 F (91743441 16.39 008 1532 018 1554 082 1626 0.1 15.26 0.23 1581 058 970023
16,29 0.2 15565 013 LLYd 012 1601 0134 1535 005 190 016 980302

147 RN FOU2494-2527 16.26 01 1A 019 134 008 1640 0200 |58 .26 1493 018 961209
a8 'G09234201 1396 0.0 13.09  0.04 1214 003 13910 0.0 12.97 005 12082 04kt 960201
13,68 016 130T 007 1204 004 AT 009 15.008 0.09 1202 004 971225

119 MARK 705 E2.80 0 003 11a 02 1086 001 12,27 04 11,38 0.0 108t 005 960206

12,57 0.0 11.56 .03 107 003 12,32 045 11.50 0.0 11,07 0.04 BT 1224
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Table A.28: . H K’ band magnitude of AGN with 12,15 pix apertuers: continued

name T Ty [ Ty K, o Jis T ; 11 T K[, o date

150 B2 0923439 1260 .07 1217 006 1203 004 1239 006 1200 0.06 1184 0.04 961221
12,78 003 1233 0.02 — — 1248 004 12,04 002 — — 980315

151 RX 927343045 1683 (.20 16356 032 1500 19 G799 027 16.25 040 14.58 0.8 961208
152 MS 0930942128 1459 006 1388 008 1282 .05 14.70  0.09 403 13 12756 007 961130
54 0.05 0 1362 006 13.05  0.05 1464 0.07 1364 .07 1310 007 971927

153 US 747 1522 Q4 1407 010 1383 13 1518 014 1408 (R13 13.82 0 048 9602072
15,06 0.08 1428 0.11 1334 .06 1522 014 1426 W15 3420 008 971227

154 MARK 707 — — A3 00h 0 1269 0.05 —_ — L G060 12273 007 960203
1.3 0.05 1335 048 1262 006 1383 .07 1425 10 12.58 008 971224

155  TON 1078 1490 000 1534 (h32 1351 011 1491  0.12 1539 047 13439 04 960202
1507 0.09 1443 0.1 1407 012 1549 013 1433 014 14.01 0.15 980106

156 PG 09364396 16.09  0.21 14.9% 18 15493 088 1593 026 488 (W24 1573 1.02 960202
160G 0,10 1635 033 1457 015 607 014 1662 058 14039 0.17 9’0212

157 US g22 16,27 013 1545 018 1535 027 16.22  0.16 0.21 1574 .54 961209
1629 009 1577 05 1527 014 1644 014 0.19 571 028 980126

158  MS 0939840952 1G.60  0.12 1544 014 16510 015 16,52 0.5 019 1518 0.22 47613l
159 HS 094044820 th4s 015 1558 024 1456 10 1G.50  0.20 h26 0 1442 012 961229
16,72 0.12 1607 0.26 1506 011 16.57  0.15 0.1 1520 0.7 4980129

160 2T Gkl 4629 1543 .04 10498 007 1454 010 1533 0.05 0.09  14.52 003 970102

1403 007 14.78 .06 14.63 008 1546  0.07 0.08 14.55 0.10 980210

161 US 995 1511 008 1496 008 13567 12 1482 .08 008 1343 015 960210
1507 0.0 1460 .14 13.89 12 1478  0.09 Ol 1399 (L1700 971227
162 115 094644845 16.75  0.29 1518 0.19 14.92 0.6 17.00 0.5] 0.23 14.54 035 961129
16.25 000 1542 0,10 1575 .27 16156 .12 (542 011 1681 0.97 980210
164 MARIC 1239 1886 0.05 1060 002 949 0,01 11.86  0.06 161 0.02 950 .01 960212
64 US 1107 1549 010 L8706 109 006 15360 .12 1488 0.2] 14.05  0.22 9611249
1.0 007 164 000 1381 0.07 1508 0.0 1471 015 1485 0.1 980116
165 009534415 1441 006 1360 006 1274 006 1427 008 B3G60 (09 1278 008 960202
127 L02 1352 009 1224 0.05 1421 009 1351 0.2 12016 04K 9TI208
166 a0 282 14.97 008 42 003 1SS 0 1960 0. 129 0016 1363 016 960202
thit 0.0 1419 009 1361 008 1541 04 1447 0.11 13.652 .08 98005
147 NGO 3080 1265 Q.04 1095 004 1148 003 12588 004 11493 004 1141 .03 960204

1251 (.04 1204 0.03 P15 008 12.66 0.5 sy 4,03 1150 0.0bh 971224
168 TRAS 09545-0755 12090 0.03 12,15 004 11.756  0.03 12.75 0.03 12,00 (03 11.61 0.014 211
1280 016 1219 0.04 1145 .03 12.7% 008 12.09  0.056 11.29  0.04 71225

160 KUV (059743343 — —  1h.Gd 031 15,27 (h46 — — 1561 04 1552 080 970222
170 KUY 1000045255 1619 0.22 — — 1457 AL26G : .12 — —  LLBS 046 961LEE0

.68 0.15 16,07 16 1506  0.12 0.21 16,04 0.22 14,88 0.1 980206
171 TON 28 .53 0.07 1401 009 12,94 0.06 0.09 .02 413 12,930 .08 960202
172 PG 1001405 15,30 008 1436 0.2 1301 0.07 0.1t 1439 017 1302 10 960210

15,60 0.23 1508 3 13.26 0.08 041 1562 076 1330 0.11 971224
173 PKS 1004413 1491 003 1345 0.05 1280 Q.06 B.O3 g3 00T 12,83 0.08 960201

Bt 000 13.67  0.08 12640 006 012 1N 0.tl 12.57  0.07 971218
174 BRXS NOOTH4H491 8 1549 010 11934 0.1 14.22 {10 Ih.4 0.2 11492 0.5 14.24% 14 970220
1577 0.0 1502 0.1 4.68 0.7 1574 0.14 P97 014 14.57  0.21 Q801149

175  TON 488 1526 0.13 14.54  0.14% 13.96 0.7 15,22 0.14 1-h.61 028 14.28 031 HGUES0
G.14 14.66 0.0 14.10  0O.t7 15.72 (.12 L4065 0.14 14.25 0 0.26 960405
P76 a0 41.21 .12 — — 13.830  0.13 t5.55 U7 — — 13.79 0.18 961130

177 Q 1UDS40058 .00 1362 006 1287 .06 I4.600  0.06 114.55 0.08 12.88 0.0 960210
(1.063 1417 0.11 13.0] 07 11466 G.08 1.3 0.17 13.0% 010 961130
G4 16.64  0.71 — —- 18.40 .48 15441 0.52 — —  U61202
(.04 1342 008 12.65 0.08 14.08  0.09 FaAG 010 12,68  0.09 960130
G0O8 : 0.1 12.64  0.05 14,40 0,11 1374 D16 12.64 .07 971224
u.03 0.04 12,13 0.1 13,435 04K 1241 0.05 12,44 .06 960211
.14 1288 005 12.14 0.06 13.24  0.08 1240 .07 12,15 0.08 971225
0.02 1.7 0.03 11.70  0.01 12,531 0.01 173 0.03 L1166 0.0 961208
0.0 .81 0.02 .68 0.1 12.31 .04 .78 002 11600 002 980121
.04 1A 005 1246 0.05 1124 006 1440 007 12,53 0.07 860201
U.08 1452 0.1 12,538 0.05 118 0.04% 1358 0. 12,55 008 971218
g.13 11256 0.6 L.72 bkl s 0014 1422 02 14.54 050 961130

178 G50 47
179 TON 1187

180 PCH0LI-040
[ PKS 1011423

182 PG 10124008

183 Q1015340124




Table A.29: J H K’ band magnitude of AGN with 12,15 pix aperiners: continued

name iz 7 My =y K, o5 Jis 7y Hin oy NP date
184 MARK 720 13.04 04K 1240 0.04 12,02 .03 1298  0.04 E2.0%6 0.04 11,96 0.04 960203
185  Q 1015.0121 16,22 007 1492 0.1 14.76 0417 1643 0.28  1L.T1L 0 002 1481 024 961231
186 PG 10164336 1416 0.02 1236 003 11.89  0.03 1303 003 1231 003 1192 004 960206
187  MS 1018242010 1651 016 1629 025 1664 027 1605 16 1590 0.24  15.82 0.4 97022
188 B2 1028419 14.67  0.05 1363 006 1323 008 1469 0.07 1364 0.09 1341 014 961130
189 MBS 1046141411 1629 004 1A 008 1512 08 1640 .21 1501 0.0 15658 037 970224
190 Q 174067 — — 1427 03 14500 010 — — 1428 18 1464 016 961130

14.76 017 14.01 011 13,04 0.4 1480 0.12 13.47  O.14 LA 04 971225

191 MS 1047043537 14.91 .10 14.21 .14 1373 010 M8 010 1422 18 1386 0.6 961229

14.91 .06 .15 10 14 0.12 14.92 0.08 13,99 (112 13.78  0.16 980116
192 CS0 292 1472 0.05 13.92 7 0.08 1346 Q.09 1466 0.07 &6 011 1360 018 961130
193 PG 1049-005 1483 0.00 408 014 12294 008 15.01 O.14 1420 0.21 1295 012 960212

0.1 11.19  0.14% F2.8G (.08 15,00  0.25 124 027 1283 0,10 4971218
0.01 12.61 0.04 119y (.03 13,35 0.M 1258  0.08 11,98 0.04 G020
0aa 12,52 0.04 12,17 .05 L33 08 12.45  0.00 12.20  0.07 971225
195  RXS J1HJ0GH4316G 16.20 0.0 that 014 4.2 0.09 16.20  0.19 15.54 .22 1427 (13 970200
196 RXS J110084-283Y AT 012 1512 019 1.1 .15 1587 0.19 15.27 0.0 1406 0.20 970222
FG.O3 00138 1565 0,23 1427 0.1 16.09  0.19 16,12 047 14.30 015 980119

5h

194 MARK G634

197 MARK 728 13.24 0,04 12,56 0.04 12.06  0.04  13.23 004 12.5! 0405 1207 .04 960204
1405 G.16 1260 005 12,23 0.06 13,19 0.08 12549 0.07 12018 (.08 971225
198  TOL 0594105 L4 1h 012 1340 Q.08 1357 015 1400 04 1331 011 13.76 0.25 960205
1408 05 13,565 006 144 006 14.07 0 0.07  13.60 0 007 1317 0.08 971227
199 1059.64+0157 — — — — 1570 027 - — — — 1578 0.0 970103
17.593 29 1609 0256 1506 014 1689 028 1586 0.25  14.T 0.15 980206
200 PRSI 1H103-006G 1518 0.1 1400 017 1367 0060 1479 012 1390 015 46 018 960212
15.67 134 1485 017 LE60 0.08 0 15030 0120 168 009 1A3Y% 0 0.0 980106
200 N 11044167 1528  0.11 14.51 014 14.06  0.17 1531 15 1446 019 1404 0.23 960202
15.22  0.07  14.59 009 1448 013 1525 0.09 1450 0002 1453 019 980119
202 PO 124401 16,82 0568 1503 035 1447 085 1708 0098 1498 043 LL38 044 9602)1
203 PG L4445 1391 0.03 13.00  0.04 — —  1AEG 003 1291 .06 — —  U60210
204 PG 11154407 1421 006 1337 005 1249 0056 L1 008 1339 007 1264 007 960212
14,16 005 1383 004 1241 004 1100 0060 13300 006 12390 006 980103
25 PG 64215 1444 005 1252 003 113G 003 1344 006 12560 003 1136 0.03 960202
13,58 003 1281 0.05  1LG1L 003 14560 006 1280 007 1161 005  9R0I0G
206 MARK 734 13.235  0.40 1231 006 1177 003 1324 0.0 12.25 006 11.76 (.04 960206

1304 004 1235 0,04 tros 008 13.02 Q.05 12,48 0.4 11.71 G.05  9T1224
207 XS J1124043110 14.74 G110 1L8h (08 14.55  0.06 14.67 0.0 1377 008 1358 007 970206

208 PG 1121044122 14.49% 009 1404 008 12,86 007 1497 012 1499 Ot 1270 0.0 960212
209 Al 2T 1573 014 1463 006 13540 0012 1563 017 62 020 13 06 960210
210 MARK 423 12,22 0.01 151 002 1119 0.0 L1217 0.02 1047 0,02 1115 002 960206
12220 0,02 1156 002 1109 0.04 1223 002 1153 .03 LLIT 004 980102

211 US 2450 1576 10 1548 18 1507 025 1557 012 1508 019 1531 040 970222
1582 0.09 1500 009 1442 Q08 15566 O00 14640 009 1407 008 980124

212 MARK 1208 12,86 0.02 1096 (L02 1107 0.0 12.85  0.04 L1949 03 11056 0.02 960206
12,96 005 — — 1121 002 1297 Q.05 — — 1024 002 480124

213 MARK 1447 1327 010 1254 005 12,19 003 13.09 (.11 12,39 0,06 12,13 0.056 960206
1314 004 1246 004 11495 003 13.06 006 12001 (05 11.89  0.04 971224

B2 1128431 L4467 006 1401 0.08 — — 1LGO 006 1398 0 0.10 — — 960201

215 30 261 705 (R28 1679 020 1464 O.t4 2004 555 I5A2 0 022 1468 0.1 uGl2dl
216 MARK 739FE P92 0.0 116 002 10,63 0.01 1186 0.02 1E10 002 10.57  0.01 960206
217 MCG 06.26.012 1322 OB 12540 006 12,00 004 1306 0.1 12408 (RO 1192 004 G60205
13.29 0.0+ s — 1192 0.04 1325 0.06 — —  LL.82 006 9T1224

218 MARK 744 11.63 (.02 10.77 002 1041 Q.01 114l 0.0 1065 .02 1043 002 960206
1149 0405 1080 002 1042 0.01 1147 005 1070 .02 .3 002 980124

219 WAS 26 1380 0.05 12,92 0.04 12.58 0.4 13,82 006 12,88 005 1263 0.06 960202
13495 007 L2000 007 1252 006 13491 008 1312 009 1247 Q.07 YT1218

220 (1 866 1315 0.0 1240 006 1197 004 1310 041 1286 006 1195 0.05 960206
1301 003 1240 .04 12,15 007 13.05 003 1233 0.05 12,22 0.09 980102

MS 11435-0411 B8 000 1390 0.6 1342 0.08 1471 007 1386 008 13300 001 9rozn

222 NC L1464111 16.19 0.1 —_ — 1541 (.42 16.07 0.1 — — 1554 .66 961208

153




Table A30: J.H K band magnilude of AGN with 12,15 pix apertuers: continued

name Jia T 1y, Ty R, ax &y His 3T Ni. mpe date

1665 (L12 1628 017 1548 016 16 16.55 0.1 15.61  0.25 980307

223 CBS 147 1547 012 1595 054 1399  0.15 .14 15.82 67T 1376 01T 960202
224 PG 11514117 1492 010 1459 16 13.52  0.12 .12 1497 0530 14.64 018 4960131
225  CBS 151 1667 GI8  1550  0.22 1667 043 .20 15.21 23 15,64 040 961229
226 A0 2045 14.05  0.06 15434 08 1246 (109 0.08 13,39 0.1 12,49 012 980102
227 GQ COM 14.53 010 1381 010 1257 0.07 1453 0.1 13.82 013 1264 (LU 960131
1463 0.0 1368 011 1301 009 14.66  0.12 1367 0.14 1323 014 971218

228 UGG TO64 1193 005 1118 002 1079 0.01 118G 006 1112 0.02 1073 002 960212
LLas 002 11200 002 1083 004 1189 001 tl.14d 0.02  [0.81 003 980102

229 Q 121140848 1658  O.17 1556 (.21 1577 042 1660 0.24 1541 (h25  16.00  0.72 961208
230 PG 12114143 13,01 008 1234 006 1134 005 L1 08 12.33 006 1134 0.05  9Ga131
1330 005 1239 003 1142 002 1383 056 1238 0.04 1142 0.03 980124

231 WAS 198 13.54 .02 1282 .03 1233 004 1347 003 1277 0.4 1229 045 960206
232 PKS 1216-010 16.24  0.23 1478 019 1453 026 1592 (.24 14.58 0.22  14.20  0L27 960202
16,14  0.10 1556 0.22 — — 1608 .13 1543 0.26 — —  UsLI21

233 MARIK 1320 14.33 .05 13490 G100 1290 008 1433 0,07 14.06 0.6 1282 001 960211
1449 GG 1354 006 1330 0.07 143 007 1342 0.06  13.26 008  9T1227

234 PG 12164069 1.8 002 1147 .02 1118 0.04 11.82  0.01  11.33 0.02  1L1S 002 980102
235 Q 122040839 1623 18 1581 036 — — 16,28 025 1607 0.64 — —  UG1221

6.7 i 154 0.19 1548  0.18 16.58  0.21 15.91 024 1580 0.25  9SHI0
236 MS 1220041601 1479 oG 14.35 011 13.60 0.1 14.79  0.09 14.45 017 13,46 014 960206
14.72 006 1594 0.05 1366  0.05 14.63  0.06 13.89 .06 13.60 0.07 980121

237 B2 1223425 16.09 0.1l — — — — 15958 014 — — — — 970222
238 2F 122440930 16.65 {114 1617 0.21 1554 047 1653 0.13  16.23 0.4 1536 026 970120

16.47 0.2 1667 0.35 14.60  0.U8 16,50 0.17 7.50) 1.3 14,41 0.09 980131
239 30 2780 11.55 0.08 10.77 06 968  0.06 11.55 008 10.77 0.06 G468 005 960130

11.91 0.05 1109 0.02 0.01 11.92 0,05 11.09 4.02 1— Ul 9801 24

240 Q 1228-0130 — — — — 0,56 — — — — 1673 108 970126
241  TON 1542 15.24 Q.02 1244 0.03 0.02 1325 003 1245 0.0 1173 (L03 960206
13,20 Q.03 1245 004 006 1321 004 1244 (hO6 118 006 980102
242 OS8O 15U 16,14 023 — — .37 16.15 03] — — AT 0l 960130
1573 044 1506 016 0.7 1561 016 1502 (.21 11,23 019 960221
243 TC 3528 12.72 0 1.a8 002 0.02 12,67 .02 11493 0.02 1149 002 960206
1255 016 11.99 .03 003 1257 008 11.94 003 1165 00 971225
244 MO 12844108 16.73 010 1565 0.1l 1569  0.24  16.76  0.14 1554 0.14 15485 042 970106
245 Q 123540216 1576 013 1464 014 — — 1579 0.7 1421 0.1+ — — 961221
246 NGC 4593 10.71 0.05 988 0. 945  0.02  10.63  0.04 .80 .04 9. 0.02 98013
247  WASGI 13.27  0.03 1250 Q.03 11,77 008 1419 004 1249 .03 1174 004 960201
13.23 003 1248 0.05 1168 006 13,26 004 1252 006 11.76 0.07 980102
248 Q 124041546 14.20 0,04 1340 605 1300 006 1424 005 1343 0.07 100 008 960206
1420 0.06 1338 0 006 13.09  0.08 1432 008 13.30 008  13.20 0.1 980102
249 CBS 63 — —  16dG 051 16.27 0.5 — — 1594 044 16.56  1.35 970223

— — — — 16.04  0.37 — — — — 16.97 .21 980212
TH .29 1644 094 961231

250 Q 124041746 16,38 014 1665 A7 1688  1.03 1583 0.12 15
1653 024 1576 024 1501 019 1588 018 1506 018 1497 .25 480318
251 (4526 1762 030 1639 043 1483 (200 17.26 0468 1595 Q40 1454 .21 961221
16.39  0.1¢ — — 1553 (.M 16,20 0.12 — — 15.51  0.28 4980202
252 NS 1 2480-0600A — — — — 1437 0.08 — — — — 1418 009 970212
253 CS0 7649 — — 17.51 1.8 14.08 0.15 — — 20004 2006 13.567 (.13 970223
254 MS 1251542204 — — — — 1253 0,04 — — — — 1253 005 970223
255  MARK 783 18 003 1366 006 1291 0.06  14.21  0.05 1367 009 1298 0.08 960206
256 LS 272 — —  16.73 G54 1611 0.45 — — 1643 067 1573 (44 970128
257 30 281 17.02 044 1502 018 1533 049 1888 347 1503 G220 1647 192 970223
16.23 12 1532 004 1512 G150 16260 017 1623 018 1511 0200 980130
258  MS 13061-0115 15649 (113 16.29 049 1559 (.38 15,60 014 17.62 230 1577 062 9TU06
2549 PPGO130TH085 14.03 000 1340 009 12,35 007 1406 010 1340 010 12,29 007 96U
264 CSO 835 1663  0.17 — — — — 1654 021 — — — — 9702
16,23 015 1627 033 — — 1615 017 1547 015 — —  9T006
261 B2 13084132 1587  0.15 1535 0.31 — — 1578 W19 1549 0.4 — — 960201
262 PO 13094455 1390 0.05 1836 005 125G 04k 1390 0.06 13459 GUG 1256 0068 960202




Table A3 J.H K" band magnitude of AGN with 12,15 pix apertuers: contimed

name Jy2 oy I T KNis  op Jis 7y ey T8 K, o date

1403 003 1345 005 1262 006 14.00 GO 13641 007 12660 009 9805301

263 RXS N312942628  13.72 008 13013 0.0 1291 005 13,70 0.08  14.07 01 1294 007 961229
13.86 002 13,17 003 1282 002 1384 002 1310 003 1280 003 980129

264 Q 131640103 1781 055 15497 031 1457 011 2236 5033 1654 072 1448 0.12 970130
1698  0.21 1548 003 1472 010 16.90 .26 15310 015 14556 012 980210

265  MARK t347 12.7% 0. 1494 0.02 1143 0.02  12.68 002 1190 002 114l 002 960206
12,76 0.01 1199 002 1138 002 12.72 0,01 11495 003 1138  0.02 982G

266 Q 13260516 14.79 0.1 1401 003 13.28 0.1 14.84 013 L0007 1333 014 960130
180 007 L1220 009 1332 006 14.85 QU8 1424 012 1332 008 980131

267 MS 1328543135 1584 0.12 1521 0.l 1446 014 1556 012 14896 006 1435 0.7 970220
16,97 0.52 16498 075 1523 0.72  16.69 056 1582 0490 1489  0.73 980121

268 Q 1330-0156 — — — 1571 0.26 — — — — 1555 031 970127
269 1333342604 16,80 015 17014 057 1512 020 16.78 0.21 18,13 266 1560 042 970125
270 Q 1334-0232 16,27 0.1 — — 1560 0.29 1526 0.06 — — 1473 018 970222
271 TRAS 1334942438 12.86  0.01 181 002 1054 001 12.86 002 1181 002 1055 001 960210
1250 005 1181 003 1059 001 1279 0405 1180 003 1057 0.01 980124

272 Q 1338-0030 1622 020 1472 0.2 1453 025 1647 034 1458 015 144 031 970224
1598  0.10 1507 013 1428 007 1611 005 1494 006 1423 009 980130

273 TON 730 A1 008 13290 005 1250 004 14016 0.05 1327 0.07 1246 005 960206
08 009 1334 009 12,76 007 14.29 010 1330 011 1285 010 971218

274 MARK 69 1396 010 14.52 008 1287 007 1389 0.11 14,53 010 1282 009 960206
1440 005 13561 005 1326 006 14.41 007 13.59 006 1331 G090 980302

275 1345942828 1740 .39 1541 029 15495 047 16436 0.21 15.06  0.19 1480 .23 970127
276 MARK 662 13.31 (L02 1257 003 12,09 0.03 0 1331 0.03 12568 003 12,08 G.O04 960206
1324 (LO5  12.49 005 1194 Q.03 13,24 0.05 1252 005  11.93  G04 980141

277 PG 13524183 14.74 006 14320 013 1527 009 14.64 0.08 1428 0017 1335 G140 960210
278  MARK 463E 1241 L0l LT 002 10,27 .01 12.37 0.02 1134 0.02  10.26 0.01 960206
1245 (.05 1136 004 10256 (L02 12.41 004 1133 004 1024 002 980131

279 PG 14024261 1429 004 B30T 004 I1LER 003 1426 005 106 .05 11492 044 960210
.54 004 1348 006 1222 (.03 14.60 006 LRSS 009 12,19 004 980126

280 PG 14044226 14.4% 005 1396 0,10 13518 0.08 14.48 006 1400 014 13,20 042 960210
14.66  (L05 1400 0.07 1328 0.06 147 0.08 1421 011 1347 004 480102

281 0OQ 208 RO 002 12,260 002 1161 0.02 0 1295 0.02 1226 0.03 L6 001 49602006
1316 002 1237 003 11.69 002 1311 0.02 1231 004 1LGH 004 980126

282 Q 1404-0455 — — 1G24 0BT 15 0.25 — — 17T 2.84 1429 043 4960130
283 PG L0T4H265 1497 000 11390 012 1374 013 149 0.12 126 0.4 13,62 016 960131
006 1439 0.09 1481 026 14.65 0.08 011 1542 057 4980212

284 PG 14114442 0.02 1247 003 11,56 002 1330 0.02 004 LB 004 960214
0403 1240 002 1146 002 13.21 0.03 003 LL4a8  0.03 980302

285 PG 11154451 008 1306 0 004 12,27 0.04  13.85 0.03 006 12435 0,05 960210
003 1298 004 12,09 0.04 1391 0.041 G5 12,08 0,05 980302

286 NGO 5548 0.05 1050 0.01 .92 001 11.24 0.06 0.2 989 001 960212
0056 1050 0.04 998 002 1124 0.04 0.4 995 0.02 980138

287 T 14194480 3450 0060 1240 002 1.7 003 13.34 0.06 GU3 1176 004 960212
3280 003 12330 002 1137 002 13.28 0.03 GU3 11,38 008 980302

2588 MS 1420142956 1346 .06 1264 003 1229 004 1341 0.06 004 1229 006 960212
289 B2 1420432 16.74 08 1664 018 1545 0.25 1687 .28 029 1557 039 970201
200 MARIK 471 1211 005 11l 002 1109 001 12.06 0.06 0.02 1106 (.02 960212
12,16 002 1145 Q.01 1106 002 12,11 0.03 001 1100 0402 980402

201 B 14224231 14,72 002 1415 003 1247 002 1370 .02 003 1244 003 970214
1470 0.02 1300 004 1238 005 13.70 .04 0.05 1233 006 980301

292 2F 142342008 1465 006 1379 0.08 1264 005 1464 .08 010 12,56 0.06 960210
— — — — 1308 {1l — — — — 1308 015 980102

293 MARK 813 13.90 .09 1326 008 1243 Q07T 1390 G.09 13260 009 1245 008 960130
13,76 0.03 1317 Q.06 1226 0.05  13.74 GO 13,22 007 1228 007 980208

204 B2 1425426 1496 0.1 1427 013 E3.87 0 016 14.90 012 14200 0060 14120 0.26 0 960130
1494 .08 1426 008 1347 0.08  11.99 0.11 1421 O.11 1362 013 uku212

295  MARK 1383 13.00 0.02 1207 .02 1130 002 12,99 G062 12014 004 HL3O 0 002 960222
12,84 0.07 1213 002 11.22 0.01 1280 002 12,12 002 1E21 002 980202

206 MARK 684 12,85  0.01 1186 002 113G 001 1250 0.02 1180 002 1132 002 960206

F8H




Table A.32: J H . K' band magnitude of AGN with 12,15 pix apertuers: continmed

name Jie ~; i, T Ki, o5 Jie T I EXTS KNi. a5 date

12,61 (.01 LES6G .02 11.38 002 12,56 (.01 1180 003 1133 002 980126

297 MS 1431540526 1577 0.0 1471 012 1447 015 0567 (L12 14.55 0 04 1453 0.22 0 u612:1
298 MARK 474 1400 005 1232 002 119 003 130100 0060 1227 00 11L.EY 004 960212
1308 002 12410 002 1202 003 13100 002 1239 003 1099 004 980301

2049 PCGO1435-0G67 LGY 0060 134920 0100 1267 0060 182 0100 1394 0140 1262 0 008 960222
300 MARK 478 13,00 0.0t 1208 002 1116 .01 13.02 002 1207 0% 118 0.02 960210
13,02 002 1197 0,02 1107 .02 1303 003 LLOG .02 1107 002 920302

301 PG 4444407 1483 006 1396 009 1290 006 1485 0.08 1415 005 1302 009 960210
1447 008 1403 007 12277 06 14260 009 1409 0 009 12.74 0 0.0T 960405

J02 0 Q 1446-0035 1511 0.1 .53 013 1440 013 1500 042 1443 016 1451 019 970206
1551 006 (514 013 29 01 549 Q08 15009 0.7 14487 017 980316

S0 PG 14484273 13.651 002 1285 003 1200 03 1345 008 12850 005 1203 04 960210
19610 008 1281 004 1227 006 1359 004 1285 005 12,28 0,07 9803072

304 MS 1456442147 A5G 008 1389 010 120958 008 1448 009 1394 016 1293 0011 960212
a9 004 1T 004 12790 003 14600 .05 1384 D06 1281 004 980302

305 NS 1500542552 15,80 0.07 1451 07 1402 008 158 010 1435 0.08  14.09  0.10 97019
S06 MARIC 841 12.79  0.05 12405 {102 1163 002 1278 006 1205 G034 1161 04K 960212
1309 0,02 1239 (.02 1158 002 1306 002 1240 (03 1167 003 980202

W7 MARK 840 E27 003 1357 002 1278 0,02 1425 004 1367 O3 1278 002 080817
308 PKS 15094022 15.29 (.06 4.8 006 1396 005 14,81 0.05 L4420 006 1366 005 97022

i
15.54 .07 14,72 Q07 14.31 .15 15.16 0.07 1436 Q07 14.149 0.8 HDEOILH
r»

AU MS 15198-0633 [ DS RIE S VRV X 133 .06 12.51 0.04 134.91 0.04 1348 010 1250 L06 960222
13.90 4.05 13.01 0.03 1238  0.03 1487 004 13,00 0.9 1242 (.04 80007
310 1B 9695 17.20 (.29 — - — — 16G.491 .31 — - — — 970130
16858 (16 16.27  0.20 15,38 0.7 16,69 U.18 16,06 0.23 1516 019 980317
a1t OR 139 1680 0.23 1o 16 042 14.51 012 16.491 0.3 15.00 015 T4.44 015 970128
16,19 .14 15.314 0.16 14.88  0.13 16.15 (18 15.20  0.14 14.72  4.15 950206
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B.1

comparison between the two photometry methods
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Figure B.l: The relation between the error of the AGN variability i/ band determined by the
differential photometory o457 and by the photometory nsing phtometoric standard a,40,4. 7 shows

the apertuer used in the later method.
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B.2 wvariability and other parameter of AGIN
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Figure B.7: Relation between variability of AGN at J,/l and K’ band and redshifi. Only the
data estimaled with more than two reference objects and with accuracy higher than 0.1mag are

plotted.
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Figure B.8: Relation between variability of AGN at J,H and K’ band and B band absolute
magnitude Mp. Only the data estimated with more than two reference objects and with accuracy
higher than 0.1mag are plotted.
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Figure B.10: Relation between variability of AGN at J,H and K’ band and radio activity. the
radio activity is estimated as the ratio of the flux at 6cm wavelength and at V band fogem/ fuv-
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Figure B.11: Relation between variability of AGN at J,H and K’ band and radio activity. the
radio activity is estimated as the ratio of the flux at 6cm wavelength and at V band fuiiem/ fuv.
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Figure B.12: Relation between variability of AGN at J,H and K’ band and radio near infrared
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higher than 0.1mag are plotted.
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B.3 frequency distribution of the probability of having
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object at J H and K’ band. Top, middle and bottom figure represents the distribution of the all
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201



number

o | | T T T
redio quiet N
F 100 < &t/{1+2) < 400 E .
20 [— —
10 |- T —
0 I I I _-.__...l...........“....
0 1 2 3 4 5 4

&m (mog)/am(mag)

number

3¢

[ I | I
redio quist J | —
400 < At/(1+7) < 8OO H o[
K
2 — I
10— —
il w— g
o | | | | |
0 1 2 3 4 5 €

&m (mag}/0sum(mag)
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Figure B.19: Frequency distribution of Am(mag)/oa., (mag) for cach radio quiel object at J #H
and K’ band. Left side figures represent the sample with short interval further divided by 2. Right
side figures are same but for long interval sample. Only the data estimated with more than two
reference objects and with accuracy higher than 0.1mag are plotied.
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Figure B.21: Frequency distributions of the probability of having varied Am{mag)/eo(inag) of
cach AGN in the subsample made by dividing all sample by the accuracy of variability deter-
mination. Top. middle and bottom figure represents the highest acouracy gronp with of{mag)<
0.03, imtermediate accuracy group with 0.03< a{mag)<0.05 and the lowest accnracy group with
0.05< o(mag)<0.l. Only the data estimated with more than two relerence objects and with
accuracy higher than 0.1mag are plotied.
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B.5 correlation of variability of different band
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Figure B.26: Left side figures show the correlation of the variability of J and [, H and K', J
and K’ band for each radio quiet object. Filled circle represents the sample with short rest frame
interval of the observation 100days < At < 4100days and long. Open circle represents same but
with long interval 400days < At < 800days. Right side figures are same but for the radio loud
sample. Only the data estimated with more than two reference objects and with accuracy higher
than 0.1mag are plotted.
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Figure B.27: Left side figures show the correlation of the variability of J and H, H and K', J
and K’ band for each radio quiet object with —22 < Mp. Filled circle represents the sample ‘
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < At < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.1mag are plotted.
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Figure B.28: Left side figures show the correlation of the variability of J and H, I and K’, J and
K’ band for each radio quiet object with —24 < Mp < —22. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < At < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.1mag are plotted.
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Figure B.29: Left side figures show the correlation of the variability of J and H, H and K, J and
K' band for each radio quiet object with —26 < Mp < —24. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 100days < At < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.lmag are plotted.
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Figure B.30: Left side figures show the correlation of the variability of J and H, H and K', J
and K’ band for each radio quiet object with Mp < —26. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < At < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.lmag are plotied.
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Figure B.31: Left side figures show
and K’ band for each radio quiet object with 0 < z < 0.1.
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < At < 800days. Right side figures are same but

for the radio loud sample.
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Figure B.32: Left side figures show the correlation of the variability of J and H, fI and K', J
and K’ band for each radio quiet object with 0.1 < z < 0.3. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < Al < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.1mag are plotted.
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Figure B.33: Left side figures show the correlation of the variability of J and H, H and KXK', J
and K’ band for each radio quiet object with 0.3 < z < 0.6. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < At < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.1mag are plotted.

219




IIIITIIIII|IIIIIIII ‘tll![ll']lll!lllfl

-~ radio quiet ] - radio loud —
| 068<z<10 i . 06<z<10 4 + ]
5 - 5 ]
& g, i ’6; L *}* ¥ ]
g
E ol | —H E oF —
~ L -
3 E o §
-5 - -5 —
-1 L | I O T o | l | IO S | I Lt | _ -1 B | | I Ll 1 | ‘ | N | I | S T ]
-1 -5 0 5 1 -1 -5 0 5 1
AJ (mag) AJ (mag)
! LI I L I B L L L I L ! LI I L L LI
- radio quiet -1 - radio loud
B 06<z<1.0 N 06<z<1.0 -
5= 5 i 4

T
1lltl|l|

AK' (mag)
s
BT

AK' {mag)
o
T
N
RN NN AN A BN N A AT NS B RN

-5 — -5
C ] S
-1 C | T | ‘ | I T T | | | ] | | ] -1 B I | l | S l Ll d I [ T -
-1 -5 0 5 1 -1 -5 0 5 1
AH (mag) AH (mag)
! [ L I T T T I 1T 171 I T 1T 1T ! LR L ' LR ; L I 11T
I radio quiet - - radio loud
[ 06<z<10 i [ 06<z<10 4 7
5 — 5 ¥ HH -
~~ - -1 —~ - -
g L s 18 + #* : i
E o JE of . -
¥ [ 13 L i
- - - -
-5 - -5 1= —
- i L ]
-1 C § I N T | | I T | | I | I | . | ] -1 C | - | F O O . | I N | I | O N
-1 -5 0 5 1 -1 -5 0 5 1
AJ (mag) AJ (mag)

Figure B.34: Left side figures show the correlation of the variability of J and H, I and K
and K’ band for each radio quiet object with 0.6 < = < 1.0. Filled circle represents the sample
with short rest frame interval of the observation 100days < At < 400days and long. Open circle
represents same but with long interval 400days < Al < 800days. Right side figures are same but
for the radio loud sample. Only the data estimated with more than two reference objects and
with accuracy higher than 0.1mag are plotted.
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Figure B.35: JHK' tow color diagram of the objects in 2<0.3 classified by their Mg. Only the
data of which the accuracy is more than 0.2mag at 12 pixel apertuers are plotted. Open square and
triangle represents Mp<-26 and -26< Mp<-24 objects, and filled triangle and square represents
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Figure B.36: JHK' tow color diagram of the objects in 2<0.3 classified by their Seyfert type.
Only the data of which the accuracy is more than 0.2mag at 12 pixel aperture are plotted. Open
square, triangle and circle represents Seylert 1, 1.2 and 1.5 objects, and filled circle, triangle and
square represents Seyfert 1.8, 1.9 and 2, respectively.
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Figure B.37: JHK' tow color diagram of the objects in 2<0.3 classified by their radio activ-
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Figure B.38: JHK' tow color diagram of the objects in 0.3<z<0.6 classified by their Mp. Only
the data of which the accuracy is more than 0.2mag at 12 pixel aperture are plotted. Open square
and triangle represents Mp<-26 and -26<Mp<-24 objects,
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Figure B.40: JHK' tow color diagram of the objects in 0.3<2<0.6 classified by their radio activ-
ity. Only the data of which the accuracy is more than 0.2mag at 12 pixel aperture are plotted.
Open triangle represents objects with fugem/fur < 10, and filled triangle represents objects with
qucm/qu > 100.
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Figure B.41: JHK' tow color diagram of the objects in 0.6<z<1 classified by their Mz. Only the
data of which the accuracy is more than 0.2mag at 12 pixel aperture are plotted. Open square
and triangle represents Mp<-26 and -26<Mp<-24 objects,
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Figure B.42: JHK' tow color diagram of the objects in 0.6<z<1 classified by their Seyfert type.
Only the data of which the accuracy is more than 0.2mag at 12 pixel aperture are plotted. Open
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square represents Seyfert 1.8, 1.9 and 2, respectively.
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Open triangle represents objects with fuaem/fuv < 10, and filled triangle represents objects with
fu(u‘cm/fuv > 100.



Appendix C

estimation of the ensemble variability

In this section, it 1s shown how to estimate the variabihity and its error in this work from the data
ol which sample number and the accuracy are himited. The format of the data of the variability
oblained by this work s like (Amy. o). (Ao, o). (Amy.on) for the sample of AGNLAGN, L.
AGNx. Here Am;. o; represent. the variability and the error of the i-th object. Hereafter the real
variability of the 1-th object 1s described as v;, and the dilference between ¢ and g is as ¢ ¢
can be regarded as random vartable described by the normal distribution of which the average is

0 and the standard deviation is g, based on the test considered in sec.3.3.4. iLe.

A, =64 ¢, <e>=0 < fi'f >= ;. (C.1)

<> represents the expectation, It is assnmed that the real vanability of the i-th object ¢, 1s the
random variable deseribed by the normal distribution of which the average 1s 0 and the standard
deviation 1s vy, what ts independent from 7.

The dispersion of the ideal observation of which the errors of cach data are 00 and the sample

number 1s infinity 18 minded as next.

N2
li =L 0.2
1 v (C.2)

N —oa

Hercalter 1t is the aim to estimate the value of eq.(C.2) and the error from the observed data

(Amy, a0 ) (Amg.oa)(Amy. o).
Considering the next relation

2 A2 oy .
vl = Arm] — Qe — 3, (C.3)

Since expectation of the right hand side sccond term becomes 0 because of independence of o and

¢;. the expectation of #? becomes as below.
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< vl >= Am? - a? (C.A4)
The observed data is used for ¢q.(C.2). and the eq.{C.2) becomes

N o9 N2 N Arm? N g2
> v N 2 b N i Ami -5 a; w2 (C.5)
- ‘0

Il

lim

N—x N N N

where the first ~ relate to the finite sample number and the sccond ~ relate to the error of cach
data. The overline of 12 means to be the estimaled value by such way.

As the next step, the error of eq.(C.5) is considered. at the first.the error caused by the
estimation of ideal value available only by mfinite times observation by the finite sample number is
focused. Tt should be thought that 3N (v /14)? is the random variable described by 2 distribution
with the freedom being of N, therefore the expectation being N and the dispersion being 2N,
because v /vy, 1 = 1,2,3..N 1s the random variable described the normal distribution with the
average being 0 and the standard deviation being 1. Therefore 41/204 /N is obtained as the error
caused by the being finite of sample number.

Next, the error caused by the estimation of ideal value available only by infinite accuracy
2

observation by the finite acenracy data is focused. the expectation of the difference between o

and < v? > is calenlated as

<(vj—<el>P> = <(AmP-2¢u—F —Am+ol)? > (C.6)
= <dcfvi+ el + ol Aty — ool — 2eio? > (C.7)
= dof <ovl>+ <> —c). (C.8)

where the independence between o and ¢; and ¢q.(C.1) 15 used. Using that < ¢! > corresponds

to 30! and eq.(C.1), next equation is obtained.

‘> = Ao? <vl> 420 (C.9)

= AeiAm? — 20 (C.10)

t

< (ef— <l >)

Therelore :t\/zl\ (AAmia? — 201)/N? is obtained as the error of eq.(C.3) cansed by the non-zero
error of cach variability data.

Considering those error factor and using eq.(C.5), the estimated value of 62 and its error are

oblained.




NoA N oo N 2 2 o
— YAt - YN g 200 M (4Amiol — 207
Ll ant 3 \/ § , SYAmio? — 20)) e

v= A Ry Nz
z;"Arrfﬁf\; N i\/z(zs"amé_;— Eieti | z:"(:mnﬁf;—’—zo?) (©.12)

Finally, the estimated value of #y and its error are also obtained by usnal propagation of errors

as following.

NAmE 5N g2
\/Z‘ '”‘:\, 2 7 (C.13)

% =
:t 1 Z!\ _.-‘_\I;-.l? — Z:\' O'? —-1/2 _2(2'\ A!T}? _ Z:) 0_;_2 )2 Z;\'(‘:IA[})?G? _ 20:) .
2 N A + 7 (C.14)
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Appendix D

statistic estimation and test

D.1 estimation of correlation coefficient and its confi-
dence interval
When there are such formal data of {aq, g1 ), (xa.y2), (4. ya).. (2. yn ). and the sample number is

N. correlation coefficient 1s r. reliability 1s A, r 15 determined as below.

_ i — T‘)F?Ji - 7) _ (D.1)
VEL (e — 7y — 7P

The confidence interval of 1 was estimated as lollowing. Using o = | — A, ihe percent poimnd
of the normal distribution where the upside probability equal to /2 15 determined and described

as Zoso. £ transformation value is calculated by the Fisher's 7 transformation.

_ 1 l+r
Zo=fin = 51” ( i r.) : (1).2)

Next, 7. 75, arc estimaled by next form.

. ’ Zo 2 > ’ Zo 2 -
Ly = Zo+ /,. . L=y — /_, . (D.3)
n—13 n—3
Then by the inverse of Fisher’s transformation
o, oexp(27)—1 ,
= = 13.4
. '[(7) exp(274) + | (D-4)

the confidence interval of 15 oblained, The upper side confidence mterval ri; and the lower

side confidence interval rz are following.




rpgr = [(_er) rrp = f(—zlr) (l)-j)

D.2 equivalence test of correlation coefficients and the
estimation of mother correlation coefficients

The data sot of
(s (s o) (enss ya) e (8 g s iny ) (1)

(T2.0: g2 ) (2,2, V2,2), (223 Yo ) A T2y Yoy ) (2)

(-’ffN_.l-. Hx ): (-"-' N2 .U.-\','z): (-’"N,:t-, .UN,"‘)"'(H:N:?i;\;ﬂ YNy )( N)

are assnmed. The correlation coeflicients of group (1),(2)...(N) are calaulated and described as
ri;rerxe To test the equivalence of mother correlation cocellicients, the null hypothesis in which
all mother correlation coeflicients are equal to cach other, and the alternative hypothesis in which
all mother correlation coeflicients aren’t equal to cach other are assumed. Using those hypothesis.
the tow-sided test is done with confidence level of «. y? is caleulated from the 7 transformation

Zl: ZzZ\ of Fy.ra...ry.

, . (TEi(n—3)7)
vi= E n, — N4 — - }
Yo b IR e LT

{(D.6)
when \# is the random variable described by y? distribution, the confidence probability P is

estimaled.

P=Prin’ > xg)- (D.7)

Il # > a, the null hypothesis is accepted, where all mother correlation coefficients are equal to
cach other. Il P < o, the null hypothesis is rejected, where all mother correlation coefficients are
not equal to cach other,

Il the null hypothesis is accepted in equivalence test, it is possible to estimate one mother
correlation coeflicient. Al the first of the estimation, the weighted average Z,, is caleulated from

VAR AP AT



Z:\ e —3)7;

. )
Am = .
Ciy(ni - 3)

(1).8)

Then f(_lZm) 15 obtained by the inverse of the Fisher's transformation as

1, exp(2Z, ) — | ,
- Ymy= 222mr A
ro f( m) N RWEE (1.9)



Appendix E

automatic reduction system for

MAGNUM project

E.1 background

At the MAGNUM project, hundreds of AGN will be monitored antomatically for more than some
vears at the wavelength from UV to infrared. So there are basic the features of the data analysis
al the MAGNUM project as next.

e The amount of the data is very large.

e Similar process s repeated.

Those process s appropriate to be done by the computer automatically, and in fact, the atom-

ization of the process is indispensable to treat such amount of data,

The differential photometry will be adopted to broad band iimages at from UV Lo infrared to
detect the variability of AGN. Therefore essential of the data analysis process in the MAGNUM
project 1s similar to the process of this work. As described following scction, most of the data
analyzing process is atomized in this work, what has the aim not only to analyze the data of
this work more eflicient]ly but also to check the feasibility of full antomatic system planning for
MAGNUM and to hst up the problems.

In this section, the problems that was found as the result of developing atomization of this
work, their solution and the conception of the full automated sysiem for MAGNUM are disenssed.
Iurthermore, the benchmark test of reduction the data obtained in one night was executed and

the results are discussed.

E.2 the scope of automatic reduction

IFig. 1.1 shows the flow fromn the data transfer to determining the costmological paramcters. In those
process, the MAGNUM automatic reduction system(hearafter MAG-RED) execute the process un-

il summanzing the magnitnde table as text file. Mam information written in the magnitude table
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are the magnitude of AGN. reference stars and photometric standard i observed, the acenracy
and reliability and FWHM of the objects. The property of the process until and after summariz-
ing the magnitude table 1s different, therefore to atomize the former process is reasonable. There
are some property as below in process until summanzing the magnitude table compared with the

process alter summarizing the magnitude table.

o deal the data set of cach night serally.
o deal 1mage data
e therefore the scale of the data s very large

o Tepeal similar process

Those [eatures show that 1t 1s more easy than the later process and eflicient to atomize the process

until suminarizing the magnitude.

E.3 feasibility of full automated reduction system

It 1s necessary to atomize the iinage reduction to realize the MAG-RIED. The process thal was
not antomated in this work arc listed up and the sohitions of the problem are discussed.

The antomatic process sometimes s stopped by the error of the effect of the dust on the optics.
However, this trouble 1s merely by the problem of the programming. therefore not disenssed in
this section. In such case, the process that isn™ antomated in image rednction of this work are

next three.
s (1) selection of the frame to make each sky flal 1nage.
o (2) identification of the abnormal frames and their rejection.

o (3) trying and error to combine frames when the position reference star is not found

About (1), the reduction seript antomatically made is adjusted for that all iinage is analyzed
by the self sky flat image. Manual operation 1s notl necessary if the defanlt type of the script
is available. However, some of the bad frame is identified from the observation log notebook,
and 1t is tmpossible in this work to unprove the seript. antomatically to avold those frames. At
the MAGNUM project where the all observation log is remained as machine readable form, it s
expected that completely antomatic formation of the serpt will become possible using the log file
of not only the telescope. camera but also clond monitor and weather monitor.

About (2), there 1s possibility to identify the exiremely abnormal frames to check the statistic

of the frame with, for example, IRA Tistat task. The same treatment is also effective for frame
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affected by the cosmie ray or airplane, however it may be possible to neglect the frames if the
[requency of born s low. Identification of frames alfected by stray light is difficult becanse of their
faintness but iimportant becanse such frames tend to born continuonsly and therelore couldn’ be
neglected. Though to reject the influence of the stray light is very hard, it is thonght that some
of them 1s able to be avoided comparing the sky flat image to other typical images. On the other
hand. it 15 important to excente the error estimation mcluding the effect of the stray lighten the
differential photometry, what 1s done in this work, And then it becomes feasible to avoid the fatal
fault conclusion by the stray light.

About (3), 1f the position reference star s notl found antomatically, detection parameter was
varied by manual operation to detect the reference and combine the frames. However, this prob-
lem can be avoid on MAGNUM becanse only AGN that has some reference stars around itself
will be sclected referring the result of this work and other data. It is also important for accurate
identification of the objects in the field that the telescope is maintained and the pointing and

tracking is good condition.

As shown in sec. k.5, most of the process of the data reduction have already antomated. Fur-
thermore, 1t s thought to be possible al MAG-RED to atomize the process not automnated in
this work as the result of total effort for not only the reduction software system but also digital
log file, hardware like telescope and camera and AGN selection adjusted for reduction. After all.
it s concluded possible to realize full antomated data rednction systemn at the development of

MAG-RED.

E.4 conception of the MAGNUM reduction system(MAG-
RED)

The MAGNUM reduction system{MAG-RED) is designed 1o have following features.

o full automatic ranmug from the data expansion to suminarizing the magnitude table. Fol-

lowing process not atomized in this work is atomized.

— production of all scripts.
— identification of abnormal frame.
— 1dentification of known objects.

e specialized system for the unique systems on MAGNUM

— for hardwares like telescope, mmlti-color trmaging photometer, dome flat system.
— for machme readable observation log automatically produced

= for the clond monitor. Hs output is used to judge the rehiability of cach data.
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o adjust 1o IRAF V211 or more, C langnage, perl script
o detection of moved objects
o detection of new appeared objects

o ability to finish the rednetion of the data obtained in one night in less than 24 hours(1.5).

E.5 benchmark test of automatic reduction in this work

Beaus hundreds of AGN will be monitored automatically by multicolor observation lor more than
some vears I MAGNUM project, it s essential that the MAG-RED has ability to finish the
reduction of the data obtained in one night in less than 24 hours. To obtain the rongh estimation
of the time, it was tested how long cach process of the automatic reduction need the time by the
atomized reduction in this work. The data obtained on Febrnary 12,1998 was used in this test.
All process of the reduction was continonsly exeented antomatically using the data where the
part needed humnan’s check had been done. The data was 1662 of 256256 [rames, thal is the
typical number of this work, The rest was done with workstation S4/5 m8H at the Astronomical
Data Analysis Center of NAQJ. The starting and ending time of cach subscript was written in log
file amtomaltically. TableEl] shows the result of the benchmark test,.

The typical mannal process in this work nceds [~ 1.5 hours in the reduction of the data obtained
on one night. On the other hand, the antomnatic process needs 36 hours, for example, the case of
tablelli. The time of atomized process is depend on the amonnt of the data, operating speed of
the workstation and the other user’s job. Furthermore, result. of this test doesn™t include the time
for the reduction of GCD 1mage. because the observation m optical was not done in this work,
However, the resull of this test is nseful as the rough information. The ratio of time for human

% in the case of tablel.l where total antomatic process

operalion to alomized process is 2.7~4.0
necds 36 hours.,

I the process shown in tableli 1, the longest time is used for the 2ud round of AGN fmage. It
15 the canse of this feature that the 2nd round of AGN frames inclnde fitting and subtraction of
the 50Hz noise for many frames. The 2nd round of the dome flat frame neceds much more than the
Ist round, and the process of the dark frames, photometric standard frames need also somewhat
time. These tendency is originated by litting and subtraction of the 50Hz noise becanse those
process mclude the 501z noise subtraction thongh the frames aren’ as many as AGN frames.

In the benchmark fest of this section, more than 24 hours is regnired to complete the reduction
of the data in one night. Furthermore, the amount of the data oblained at MAGNUM is larger
than this work where the optical observation is done with the infrared observation simultanconsly.
However, those Tacts docsn’t mean that it is impossible to complete the reduction in 24 hours

becanse the workstation used here isn’t the newest. We prepared SUN ULTRAS30 for the data
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reduction of the MAGNUM project that would be 10 times laster in the CPU speed and several
times faster in disk access speed than S4/5 m85. Therelore it is thought possible to finish the

data reduction of the data v one night i 24 hours without preparing multi-workstation svstem.
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Figure I 1: Flow from the sending of the observed data to determine cosmological parameters
in MAGNUR project. Media saved the data is sent by post to Advanced Technology Center
ol NAOJ. MAGRIED s respousible for the process in the dashed line and exceute those process

completely automaticaly,



Process time(min)
dark frames 240
dome fat

dome llat frames the lst round 5

dome flat frames the 2nd round 60
AGN frames

AGN frames the 1st round 180

AGN frames the 2nd round 1200
comnbination of AGN frame

reference detection a0

apertuer reducing the st round 20

apertuer reducing the 2nd round 20

combining the frames 120
standard star frame

image reduction 210

photometry of J band 7

photometry of H band 10

photomelry of K* band 10
{olal 2172

Table E.1: The result of the benchinark test of the anlomized daia rednetion of this work. The
data of 1998 Frburary 12 were used in this test. Using the data and scripts of which check by
human’ eye hab been done belorechand, the resuction in this test was executed without break.
The requierd time for cach process was examined to log the starting and ending time of the cach
subscript into a file antomaticatly. Total of the time requicred for all antomized process was ~36
hours. The ratio of the requierd time for all manual process to total time was about 4% or less.



