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Summary (Abstract) of doctoral thesis contents

Origin of life is one of the oldest mysteries for the mankind. According to a recent
theory, complex organic materials might have been delivered to the primordial Earth
by comets, and contributed to the chemical evolution leading to life. Therefore, the
chemical evolution in the interstellar medium could be the very first stage of
chemical evolution leading to life. In this thesis, I studied chemical evolution and
chemical differences in hot cores via both observations and theoretical studies,
especially focusing on N-bearing species, which can be related to the simplest amino
acid, glycine.

I conducted a survey observation of CH2NH, one of glycine precursors. As a result, I
successfully detected CH2NH toward eight hot core sources, including four new
detections. Not only some well-known complex organic molecules, such as CH3OH and
CH3OCHs3s but also N-bearing species, such as CH2CHCN and NH2:CHO, were
simultaneously detected. I found that chemical compositions are very different among
the hot core sources. For instance, NGC6334F showed lower fractional abundances of
CH:NH and other N-bearing species than those in G10.47+0.03 by a factor of ten.
Such differences would be reconciled by different evolutionary stages or different
physical conditions of hot cores. I suggested two hypotheses to explain the chemical
differences of the sources.

First, CH:NH-rich sources might be in the early phase of the evolution.
G10.47+0.03, one of the CH2NH-rich sources, showed weak emission of hydrogen
recombination line, and past high spatial resolution observation toward Orion KL
“Hot Core” could not detect recombination lines inside it. On the other hand,
NGC6334F and W51 el/e2, where N-bearing species are not so rich, showed strong
emission of a hydrogen recombination line emission, which would trace evolved HII
region inside their hot cores. In this case, different fractional abundances might be
explained by different strength of UV from central stars. If UV radiation is strong,
molecules would be efficiently destroyed.

A second hypothesis is related to temperature structures inside the hot cores.
According to a past study, G10.47+0.03 showed the highest gas kinetic temperature
among the observed sources. If high temperature regions are limited inside
NGC6334F and W51 el/e2, CH:NH and other species would be adsorbed on
interstellar grains in their envelope.

To test above hypotheses, I conducted chemical network simulations. I used the
dataset of KIDA (Wakelam et al. 2015), and some grain surface reactions were added
taken from Garrod (2013). I assumed that physical evolution starts from a stage of

the diffuse cloud will form a dense core via a gravitational collapse. Complex organic
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molecules are formed in this cold phase on the grains. The gas kinetic temperature is
assumed to rise after a birth of a star; then frozen solid-phase species are evaporated.
Following that, evaporated species react with each other in the gas phase. These gas
phase species in this stage are observed.

With our simulation, first of all, I revealed the formation paths to possible glycine
precursors, CH2NH and CH3NH: with this modeling. I found that the hydrogenation
processes to HCN is the most efficient way to produce CH3NHz2. Then CH3NHz: is
evaporated from grains after a birth of a star. On the other hand, CH2NH is very poor
on grains since CH2NH is quickly converted to CHsNH2 via a hydrogenation process. 1
found that CH2NH is formed in the gas phase via radical-radical reactions rather
than direct evaporation from grains. This process starts with the evaporation of
saturated molecules such as CH3OH and NHs, and they are destroyed to form radicals
in the gas phase. Finally, NH and CHs radicals will efficiently form CH2NH.

I also tested the hypotheses with this chemical model. First, I tested the effect of
UV radiation. While grains would be destroyed by strong UV radiation in the vicinity
of a star, UV radiation would be attenuated by grains outside of HII regions.
Considering these effects and assuming a central BO type star (T=30000 K), I found
that gas phase species would be destroyed within 0.001 pc from an edge of HII
regions, and the effect of UV is negligible further outside of this distance due to the
strong attenuation by grains. The simulation results assuming UV radiation from
well evolved HII regions succeeded to explain the observed abundances of CH2NH
toward NGC6334F and W51 el/e2. These results agree with our observational results
that strong hydrogen recombination lines were detected towards NGC6334F and W51
el/e2. However, our simulation results under cases with different UV strength could
not explain the different abundances of other detected species since they are
destroyed more quickly than CH2NH.

Second, I tested a possibility that different temperatures in hot cores may lead to
the different chemical compositions. My model calculations suggested that N-bearing
species such as CH2NH and CH2CHCN tend to be converted to other species on grains
at or below 120 K after adsorption process, due to the longer timescale than 200 K
case. On the other hand, CHsOH, which did not show the correlation with CH2NH, is
not destructed on grains under 120 K. Therefore, the difference of the temperature
among sources would be a possible explanation for the different CH2NH abundance.

Finally, I discussed the formation process to glycine. I extended the work by Garrod
(2013) by adding newly suggested formation processes to glycine and the latest gas
phase reactions by KIDA. I confirmed that “CH2NH2 + HOCO” process, which was
claimed by Garrod (2013), would be the most dominant formation process to glycine.
However, while Garrod (2013) assumed that HOCO is formed by hydrogen subtraction
processes from HCOOH, I found a more efficient formation path to the HOCO radical.
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I discussed the importance of suprathermal hydrogen, H*, which can penetrate high
activation barrier with its excess energy given by UV photons. In this case, H* can
react with a ubiquitous species, COz. I found that H* may accelerate the formation of
HOCO via the reaction of “CO2 + H*”. As the results, glycine abundance would be
strongly enhanced.

Our simulations showed that CHsNH2 can be sufficiently formed on grains during
the gravitationally collapse from the diffuse cloud phase and CH2NH: is formed via
hydrogen subtraction processes from CH3NH2. After that, the reaction of "CH2NH:2 +
HOCO" would form glycine efficiently in any star-forming regions. If glycine is
sufficiently formed on grains, the aggregation of grains will form comets containing
glycine inside. Such comets would have provided glycine to our primordial Earth and
other exoplanets.

To further investigate this scenario, our next important step would be to achieve
the first detection of interstellar glycine. Our simulations suggested that the UV
photons from the central stars rather decreased glycine abundance since the
destruction rates overcome the producing rates. It would be preferable to search for
glycine in regions where UV radiation from central stars is well attenuated. The
chemical simulations predicted that formation path of CHaNHs would be hydrogen
subtraction processes from CH3NHg2, which would be abundant on the grains.

Therefore, CHsNH2 would be a good compass to the first detection of glycine.
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FHICBWTED LI ICAEMMBRAE L0 Z2H@ET 25 95 2T, EMBEES T OEE LT
HYHFORVEERT —~D—D2Thd, HEHFIL, bot bflilRTI VB THD
U IZHEB L, ZORIBEIEKTH D CHNH OBRIFAFIE 21TV, 2, 7 U U DERA
=R N BT,

HREE T, £, B0 FHEBRGRATO 4 5 mEBE R LESE %2 H VT CH2NH B L V2 D
OBy DR 24T\, 8 RIKICBW T CHNH OB HICKZh Lz, 209 b, KIS
BREOBREPRHDHON 4 RE, FcllBHINTELDORARETHDL, ZHETITRW
P TNE (8) b &IT CHNH OF(EED RIKM TO K Z1T > 72, FERISITN 14
DL YR H Y, Orion KL (hot core) =° G10.47+0.03 TIXZ%\—JF . NGC6334F TILIELE
BEREP oo, KFBHEROT —F LOHBALZRTL A, BEGHO MW KIETIE,
CHNH D FAEE DR WEHI 2 S > 72, & 512, KA I E M O KIS &2 & b7 RO v
D= FETNICED I b—v a3 &7V, CHNH OAERIIZBEMEIES &0 b 5HE X
JEMBETCHD 2R LE, TZETOMRBIL, HEENEEFOE T L
Astrophysical Journal, 825, 79 & LTI TICHENLTWVWD,

HEE LS 5T, CHNH OFERO RIEBOENWEH LT 5720, bFKIEY I 2
L=y a X afe D, Bl TRENZ X DIC, BREGROMEV KK TIL, CHNH
DEFEEEMMEVEm 2 H Y . L L7 HIT E D S O LA HRIZ L - T CHNH 238 S v T
HHLWZ EREBZONTZ, BIORGEME & LT, B O & WREE S FEE A /N S W KRR T,
CHONH A L D Z A MIWRE ST WAEEMEN B 2 D7, HIT 58I 0 R4 0 & IR E o 8
ERLI-DIC,. MRS FED2EETNVEER L MEFERIEY I 2 b—3a 21757,
ZORER BN RON RO TIIHFHEBEOEVEZFHHAT L LI TERVWI EBS o T,
—H TG Y I a2 b — 3 VT, KO CHNH 23, 120K KV RIRIC/Z2 5 & 4 A M &
HIGICEVESND IR DEENME O, BEOEWVAEH S CHNH OfFEE
DEWICER L TV D ATREIEN R ST,

HBEE 1T, ®BIC, 2V U DAERA T = XL Z#HELT2, CHNH, & HOCO 5 5 ¢ A LIC
XARIGEN TV DERKRICELAE N THS Z ENETHIEIZEV RIS TV, HEE
FIZEI DI, BRI L > THREI= 2V X — %57 BEW K FEIF 123 HOCO DAk, DT
X7V AR ERET D AREEZRE L, AREE, EaBES o0 TEIH &L
CyIalb—yarzflnTimEztEd, BMIREWKEREZBG b0 THD | & T
Al

ARBFFECTHE SN BRIE, HEE2PBS TR e K-V rzwHE L., Bl - 7 —%
fEtr & EERICAT b D Th D, £, fEFEVIab—varb, PRICHBEEZNA
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