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1.1 B@EEIRIILF—MHE

1.1.1 ARO¥EMETRLFE—

ABORBOERII=RXVX—HAROER L L b Ch D, ¥ 100 AER. AKE
IKEW) ZAALF—EHEVIRD T, TR, FEORBIIAR, HEipHme Y
., BEOMRICAE, k#E, $FBRLOARTIAVF—2AVTEE, Zhbd
DT RNV —1X, BEFELZZIVF—-THY, BRROI RO ¥—
FRALTWAILBE 2ot

UL, 1I8HARICA XY R THE->EELM (RIBEOREHAS) ITL-T,
IERBREPLENE TLHBRIIROBRVWABOZ RN F—ZWRYHT I LR TE
Broichot, TRV —HROEMIE-T, TTEEFETAIBRREIE
& HVTRBREETHEE TS (Fig. 1.1), 21 HHEETECEEEO A N LE
B L AR 228, BERLERAHZ AN E . 2100 FiTidf
ﬁAuﬁumﬁA%ﬁ?:tﬁ%ﬁénrwéu

1.1.2 1RIRILF—R

AR OREHREMHEN, AHOLZTRALF—HRELRERKICABITHE LT
B, TOFEIHZTNE - REJAX—FBROFA LI, BRIVAWME VT
ERRBRPRRA R TH D, CERELRRT AOEHHITIB Y B L TR
FRELELTWS, £0kdh, BEOERITROHFPRENTbh T L,
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Fig 1.1: RO A DOH® (B#) & AOHINE (FRR). AREMET 2005 FE2EHEL LT
W5, ROERB ICERIITLThEERR I URER EEO A DBINE, 1950 LA
IR (9], 1950 FELAREISTRR [10] 12 & 3 b D, 2005 HFELAREIL T8,

ELI, ILERBRRATRAIFERLZBERTH Y. 5%, FHRHBRTRH
BIEABERRANT R, BEHRIATH S —BLRFEIHET 5, LAk
RRBH R Z N2 XN F—DORBHBITHV, BEHRY 2 BSHRBHEICHE
RpERE 52, NEDEFILRBY EHDTND, ZOMBEBRT LD,
200542 A 16 AT/ U 3 “BLRFEH R E 1000 F R HEL LT—EH
BERT 3 2 L 2 REHT ERBREBREH SN,

DD, SRIMMEEBERPRAT A~DEFELEHES S RTHIERLR N, £
D=z, BETATH. REOEHBPEMNMIK, RBEOXEE, FORERER
fabite iz ¥ AR ARG L, B THET R ¥ — (KBTI X —, BHT
F—, WY ZIAXF—RE)PRFATINF R EFL R 1 REFAXF—IBH
%-BERENTVD, ZRLHD I RZRAE—FiT, KFELERT R ¥
ERBbO L MFEREHEIC OB U b D LI, FHEICIE U TEWST, <
ARy 7 ATHALTH Z ERRELL,
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1.1.3 BHRPELEMEF

IRNVE-BREOEBEIJBEHESAOHENL, BROEHLRIERT
ANF P LTRTFATRAF-PHBRINTWD, RTAOFARZZ, T
TRERFIA SN, ELICEPSRIE BHE L BENMEF ~OBMEIThhTn
DHEHRIFL . MRBRRICHIEMETFYRH D,

W& L bR RIS H DA, ATEIIFICUTO 2 >ORENZMER S 5,

o B LUV HROR I BEIEY) D A AR,
o EFFISOHIEE EK LEBEOBEHREN» LI Z 2 RAEY,
o EEB~DOF|FHMEHE,

B UV SIT N T 2 LIRETH T AE kAL L, BAHICHTH 100m
~EBNET A0, BEERETORK TH S ARRICHEETE T T VL FRE
ETETIDEREN1ILTFLELRDS, LItHoT, BHRTHL-T, £0
BERBELRD, FEENBRECLIBRAERI. SHEHLOREMRITLVE
R BEAEICFEECTHIUTEZ 208N 23, 1999 F D JCO DEHD L 5T
t;—vy-ii—u;of‘%@%i@ﬂ%ﬁmﬁﬁ?%&wo

—7, BEAFX, FEMCEVVBREEERIERENI A, L
FRAHEBEESIT AR e, AR SN D& L~V U EBEZEY) O U BB 100
FRETHATER L-IVIETT 5, £, RSN » O ORBHHE
EIEHD LRERRICIR Do, BRESRETE R R D7D, HHREIIRV,
2 HiIZ, BEREFR. BEES~OEENRFMABTERL, ZTLBBTHIEK
RV FULDKWK) PICBRRICFET S0, HFCBRFORMELRSZ
epial 2FNCFIRTLIZ LR TES,
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114 HRBEF~O7 FO—F

BRAE AR EREICER SR TORNAL NS & | FHITEERA RIS B
BICEZTRL S b5, BRAREE. 2TRMECTHSEARR CORT
FARICETHL BT AR, KICT T 2OBEAE BB TR L 2B
WREED, ABCRTHEETCOMET 5 ICDEERROT T X RETI
Fho, FLTERFERLEZHEIRICR X2 1EBELVIBIAICL, &E
BEAYIC UG & B I BB DR IE & SRR T 5 UERS B,

BREEEDT T Xv kAR - T 50 L 2OFEL LT b5 ABEHIC
EB7T DB LADRS B, ZOFECLBRISEMER. BEH 10° K(= 10
keV). BEAR 100 m=3, RFOBURADEMA1s THD, Lal, 772wt
HERTORAETHEED, KENORTO L 5 2HE5HO ML, B
BRI L) SEGAELBOET S, Sbic, 77 X+ AR X D RIEE K
B 50 ik, BRARHEERIC L) S e REER RS 2B b,
RS AR 75 Ko a5 = L S L,

AT BDIc, REBUADFRTILAA, EU. 74U 4AKE, =
o7, BE, FEBEL0M v FEEBRHAOT, REER 15k 3000EM L bEbh
S EBRZM S RBUF. ITER (International Thermonuclear Experimental Reacter)
SEASHED BRTH Y, 00546 8 8 HICT SV ROAYT v o= CREHMRR
Fok, WNPEREN, MEPRY A, EREICHFES 5 BRRRERE Dok
FUAE b oBRAIFA ITER (0 X 0 SIS L. 3K 10 41 R ARRA A 47 4 &
oz EPHRMICHFERTWA,

1.2 FSXTOREBEELAD

BB CiAD T 5 Rvic kR x RRERMIL, 75 XvO@BBER->Thb
s, BEIZTT A LEREDEROREENL A 415 27 LEBED
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BHRMARERD 2 2le K& i b s (EE, PREROSELED Shmd
TW3B), BEBHACADEE T, 75 X< BEn Y ei s TERNREE]
X NSRRI 2 & DR A TEEESR LA TS,

—% . BEMAEERIBESCREARCE > TALAEBBTHY, HFE L
Thiobhd, REOHMAFRICLY, ELRERBIIR T O3 ¥—0REY
FIEEIL. BBLIADHEZEILIRIZ EBHLNT NS, ~OEXEY &%
LLBBOBREER L @S, FrlBX o L TRERSZ LS, 75X
BT A HERT ORE L BE LB HMEEOHEEEIC L 5BBIRY fu, 1.

g = ‘% (11)

Ehobihd, ZIZT, BFIREaAFARE. ridBFARITTHY ., 6F
XEREE. 0B IIRUETEE). B IIREBREE, v XM CADRBIRY ROEERS
Th5,

BHEOKRFRT X, EFEELEFREELFERY (ThBhng BLT
Vo) £ BT DOR L FDORSY (TN BN 6n, & du,) KT B &,

Ty = (e + 61e)(Ur0 + 002)) = (ie,0te0) + (Fneds) (1.2)

L5z oD, T, ()iiﬁ?ﬂ?ﬁﬁ'@‘?béo L7edso T, BENC & DRIF R v
it |

T — (5 dv,) = (J”B;E") (1.3)

Liz3, ‘
—F ., B Qe iz o T b EMEI LT,

: 3
Qlf-mc = 5(5105’01:) ‘

. _:_3_ ﬂe’o(dTe5E9> + Te,o(éneéEg) n (5neﬂ.05Eg)
o2 B B B

(1.4)
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&gk, ZIZT, piET I AENORBRG TH L, BBREBADIITT X<

D CADEFNMTEEFT 55, BEBICETHAPENESEEL, T2
TiZERT D,

1.3 FSXTORBEEHALE

KA BEITXN(14) kv, EAFRBBCE VB EEZINIRFWZEDOA L =
X BEERT B0, EFEE, 8. ETRERBLIURBOEH L <AL
ERAMOMBERES X AR RET 5 BER 55, RERECHT 5HEI
HL M bIThbh, #BaRBREFL, YIal—val@ERBH5, ThbHDE
FARLERLEET310id, L0 BHE - BZRSREORPHAERD L
NTO, T, BEO LVHAKRESRR - BRI TRY, EROKEBLAD
ETRAEWEICETOHEDOHIT L2>T WD, Table 1112, FMORRIZ
BB E R [11,12]. |

EEE | IR I
BTEE | v/ Ia7Fu—7k, 8ELE, V—F A,
A 7 CERAR, E— AR
Y FITAE—LTa—TH, BEAFrE—AT -7
% (BAL) ?Vﬁin?#'ﬁx-—f%, B A E—hFu—Tik
ETRE |BTY/ 7o buiiik

B35 MR a—7%, 7o AREEEE

Table 1.1: £k« 2BHE L HAFE.

o, UTFROL OO AEOHEK LT,
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1 FE 7

Svza7r7n—J&%

G 7 Ia7ru—Tk FTITRATOEERNRNANTA—FZE2FHAT IR L EL
MNEHAFETHD, T 7 3Ia7ru—7i%, 77 X~HIBINEBEZEAL
EAEBMICK L CEEZAML TR-ER —BEMME»OEE, ZMEM. BT
IR % B2 M4 REETREITE 5, Fig. 1.2 DIIL-D i\ TAVE 5 KO B
BROT a7 u—T%m57, Fig. 1.20 X5 123K LOERE AV~

T

fplqllp‘qh
8 % |-®?
p

- Ymm 10 20 :

i xlf\lﬂllllﬂ ‘ﬂi‘dl‘lhllllh\nh‘thlll|l|iul

Fig 1.2: DIIL-D CRIW= 5 KO BN RS ALF T a—7,

NFTa—T7 Tk, BE, ZHEN. EFREXRRFICERMOMFETHRETS
TENTE, FROTOMBBRERMBEEZRDOD LB TE D, LrL, 7v7
a7 Fu—71L, TOBENL T T A ~OKREREIAEE 2D L LBIT, R
TIRTHNIBIHATHLRMBLTCLE I 2D, BEALAD I X<=TiX, A
WEFRANCRON D,

74 7 ORRSE

<A 7 v iIRHNEFHOWAR % Fig. 1.3107T, BEOKHFTIX, 7 X~<D
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Fig 1.3: =4 7 e i REF OMER,

REEICIR>TIA 7 2 EANT L, v 7 nEOFERICHIE LD v b
A7 EETHERN SND, AFEEZSVAREL, KAEONMHECEIZE KL %
AT 5 Z L TREERICHIS LEBEOMBEERSEOLND, LzB->T, R
M BEFRELREMIMETHRT 28 TES, /-, ARKERSITS
LKV EBEEFMEZHAT I LB TE D, 20, toSHFHENHESRT
IR — b OHIFKIH D720,

<A 7 aERHFTEAREEEE L, MECRMEIEZHIEIT S Z L THER
BAR/OND, SHIT, 2O0RRIFARBERRRET S Z LIk BERS
DHBEENRE LN D, HENMRERT V2L Pk 50, EEEMAOAEED R
Thd, ZOX5MEMD, DILDICEBIT5 HE— FBBRICRHI 7 70—
FHETHEERBIORA [13,14] R JT-60U (331} 2 NERERREREEE T OAHEE D
D [15] 2o EDFHRAIBM TR TWS, —F, E—AEBEBHOERIV b REL A
5 A REERCA v —RBESHICK T 5 FOERITHEIT S Z 2B TE RN,
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E— LS5 &

Fig. 1.412 & — AUt 43 Y6 (Beam Emission Spectroscopy; BES) D& X % 7~
o 7T X MBUZ AV D PRI F £ — A (Neutral Beam Injection; NBI) i%, 7
Neutral

Beam
Injection

\ Neutral
Beam

Photoreceiver

Fig 1.4: BES O#4 X,

FATHIIAHEIND L, E—LRT LT T AvHORLT (A v LEF) & Offf
RICELY O —DRFHRERE L 25, FALIADT T X<IZHWS NBIOT RV
F—i3K 10 keV TH D7, B —LRFIIA A L OBWHRITL Y EhiEdRiEL 725,
L7eB> T, E—2RFORNEEDHHBTIE, A AV BELXRBRL-ERE
AT LN TED, £, E—DRFORNKL T T AP DA 4 DORHIT,
BFOEEZEIIELDI Ny T —v 7 MCLoTRATEZENTE D, Lo
T, E— AL BRORZEMIDFHURL 2D, FHAUMBEORKENR,



Fl1E FE 10

BES i%, MELEE TH S NBIZ AV 256, BRTOFRIZRIOAHEOATX
WZ LR, TR ORFMEREHAFRETHD Z LBFIRE LTETLND,
—F., BEBEN/NIVEEET T X< TIIREARER 2/ ONRVW DR
AP EETH D,

JFEOLE—LITR—Tik

Y F 7 A —LA7 1 —7k (Lithium Beam Probe; LiBP) D&M % Fig. 1.51Z
7~%, LiBPIZBES ®—f Td 525, LiBP I35HIE—2 & L TNBI 7 & Ok ELE

lon Gun

Lithium
Beam

Plasma

Photoreceiver

Fig 1.5: LiBP O#:&H,

FfE (kFE, BEAR) OFHERFE—AIc#ibo T, FHAOHTHEY F U LE—L
ZHWS 79, BES Lo Tihbid Z L 3%\, NBI DERKLT THDHKED
BOVIZVFULERANDSZ LT, BEKMEEPRES RS, TD7DH, LiBP X
BES TIXLEBHEE LWVMEFBETH L0, 77 A 2RORBICKRESSEET A
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DEROHBATE B, —F. Wi LERILE— ARSI L TR 550 TH
A ERTH B,

EsAoE—LTO—Tk

& > E'— 57— ¥ (Heavy Ion Beam Probe; HIBP) [16] 11, 75 X##
FRELTF (KFERE)KHARTENA A E—A (A AV BEINVED T A BV T A,
BV UL, &RE)E BT XvHICAR L, 75 XviTl AL L 24fic
Rotd dy E— bk T T XeDMDT RN F— T B4 E L TRES TR
5. BOBA, AT LHBIWBICE S0, RHBO U— AAEIETE
EOEBREF-TVS, £/, ARAFVIEA AUV LEATETFE 1SHEE LN
HILT, TR OHSETIEA A LRDBE T RN X — 53 OEB R
%—ﬁﬁwﬁﬁm*»%—umﬁéhaoLtﬁor,xﬁf—Amme—A@
TRAE—DEN DA FALRDBI R BFHICHBEITE S, £, SRR
BT 5T Lok 0 BEORN L BB RD S = L RTE 5,

HIBP X, BiR75 X~ABOBTHE L B (BH) B X RENEhoBhE
FIRFBHAIF 5 = & 5T B, Tk, BRTT X A0S % ERIET
DLLBTED, E—APEIRZE— b4 DOTF —ETEEICL>TREY, b
LOAMIE  HBIEI kT RIckE SR 0, BEMAMEEH,
7o, BES®LIBP L B72 D, U—AASEEEHET 51D, KEMEDDLES
BOOTHBMARIEL D, —H, EAAMBEST ¥ —HFER LN
BETH B HEERKAC RS, BT, B2 ECTRET S,

BEF Vs /0o BsE

BT IIRARICE X SV CRISER %7 5 B4 USRI ST 5 b, BR
BEBHNT B, TNEBTHA 70 bar il LV, BEREIC L >TETY
A 78 b o FEE w, B & EOREE (n %) ORBROBRBSHF SN 5,

|
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Liedio T, BB LTV 584, BB & AN nw, #3HIF5 = & T,
BFHA 70 ba BN ES - MBERETE D, =T ABEORE. ;
EEORIBIHE B(r) 13, B(r) = ByR/(R+7) CHEXbND, 22T, RiE h—
FADKER, ri/NERTHD, TOD, BEEIEE Aw & 2RI HRE Ar
1 Aw = ArweR/(R+1) DBRIZH S, R=1m, By =1 TBLTAEE R
$7% 500 kHz DB Ar ~ 1 mm DERAMIESR 5 5,

BIHA 70 oL E 7S X ABOT LT F CRET AR, TOME
I, 1%,

I _ wgep-‘e 1 - e—T
© 871'3‘02 1— Rege ™

LB B, DT, TEETEE, oG, 1(> 0)HIERES, Ry RO
EATRMIRM (0 < R < 1) Th B, LidSoT, 1—p < 7 OB, I, ~ w2.T./875
LR, BHMES LU OBMEHAT S - L TRTRER L CETRES
ERRIT S LB TES, |

BEIO—THEE

RES 0 —7 OREFERL. 77 57— OEREEOENV xE = V x (v x
B)—0B/0t K £V TW\B, 77 57— DERBEOEAE 7o — 7 HEC bl
rﬁﬁﬁét‘m%ﬁﬁmmy&=ﬁm@Mmaaéo::ﬁ\wmmfﬂ—f
DEEBOTRCENDBE, N iENRORSEK, SI27o—7ONERTHS,
RET 0 —7 13, MEREETEH Y, BRNSRBLE-, —F. BATL—7
BTy 2T 7 u—T Rk BRT T XNEIEAT S 2 LB TERN, £
D, FHRST X OIBTIE, R FABEE R a4 FAED i TH
BOME S0 —7 EEL, BEEBORa A FA ) balf e FEE
T3, |
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1.4 BAXUE—LFO—T(=&BEHAH

AL, FRNICHIES 7 X< NROBESE, EHB0E L OREEHY
FRFERITEETh Y, ELITRBIC X DR THMEZFMTE 5. B WERE R
HIBP OY¥£REZ 5| & b D TH 5. HIBP i3, F.C.Jobes & R.L.Hickok 51z k-
r#uyzbyﬁ@ﬁy~kmgf$xvfmwr%ﬁénuﬂ,%m%srrﬁ
< 7 BT 1970 FEEA HBB SN TE & (18], Y1k MED 8% #HE+ 5 7
HICMB SRR, ST b7 CHERCE2h o7, HIBP 25 LR
7 X AEREEE % Table 1.4 1TR7, |

HmPMLﬁvyﬁédUb\%%t%uﬁbfﬁfvﬁﬁwgﬁéhrmé
(43], HIBP Dt —ABLBII E—ARIF DT —E 7 ERCEE 5, Fh~ 27 BRig
%EﬁbﬁﬁﬂFEJVwﬁﬁﬁﬁ%ékw,f?XvKA%LkH—Am‘&
FERLERA FABEROHTLE B3, ZOEDAKE—L (—KE—L) % hoof
V»ﬁﬁkﬁﬁﬁﬁ‘ZﬁwewAﬁm%ﬁm;oruybumwfacam;o
THET BT ERTE B,

%ﬁ\tﬂ%fﬁwtfms%ﬁﬁZ&Téﬁuﬁw%??fvfﬂﬁﬁﬁﬁﬁ

R Z AR R T, 3R E LT B0, BEMEOBEL S b5,
1990 ££@> ATF(Advanced Toroidal E‘acﬂi.ty) FECiThbhizhof, ATF DEBRT
HENETO M~ ” L Fl, —KE—ADHE 280 C— MENEREIC LT
E—hkol b Lkid, TRAX—SHEBYRE A VES ICRE LA
B 5T, MABESR E OBk o ERARESE LT,

EOH, ~YDAREED 3 RTBEORBBEDRE, —KE—ABL G
KE—LEENEN KO E— MENBETHET B = L T XL E— i BE
ﬁ%ﬂ%wmaﬁ?$ﬁﬁﬁ%éh£B&ML:nnib\E—Awﬁﬁtﬂi
WSR2 Y . TEXT-U CR 2K E— AT A L RURETH o175 Xvd
m%%m%\«uww%f&autﬁefxmsru1mfﬂﬁmmoto

HIBP W7 5 X IESOEAT, BAE & ORES % # 2R RS Aese TR



ERQVAW 22 £ LU B¥F% J9IH T 91981

77 X2 AR ¥EBFAT B AF M | NEBE (V) | BEXR
ST Spherical Torus Prinston Cs,Rb 20k (18]
EBT(-S) Bumpy Torus ORNL Cs,Rb 60k [19,20]
NBT Bumpy Torus Nagoya K,Rb,Cs 30k [21-23]
MST Reversed Field Pinch | Wisconsin [24,25]
ISX-B Tokamak ORNL 125k [1]
JJIPPT-IIU Tokamak | Nagoya | TI |  500k..__| _ [26].
TEXT(-U) Tokamak Texas Tl 500k(2M) 2]
JFT-2M Tokamak JAERI Tl 500k [27,28]
ATF Helical ORNL Cs © 160k [29-32]
CHS Helical Nagoya, NIFS Cs,Rb 200k [33-35]
LHD  Helical NIFS Au 6M [36-38]
TJ-II Heliac CIEMT Cs 200k [39]
TMX Tandem Mirror LLNL [40]
GAMMA-10 Tandem Mirror Tsukuba Au(Nutral) [41,42]

L7

=

¥1
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TR BT DA RRREET T, B, BURR IR 57T XA
WO TREREMAEBEFHOFAF I 7 AORINCRTI LTV 5, JIPP-TIIU
I, Sawtooth O HABERS I BALASERRS (S ms) AL B 2 L 2 RR LR [26].
JET-2M T Sawtooth 743] & & & 725 L-H SR ALY 10 s FRA CHERS

B Uit 100 s FREECRNIF 5 = & %38 Ui, CHS TIiAHmEmeE:
X BBAIO 10 s BEOKER r — NV OEBERR L (44,45, VIhb iR
5 X WEOBRER L s £ 5 HREARIEINIC > THD TRO RS
TH 5.

EBERICH S B TR S RETH S BHOHBC LRI L TH
Bo %&C%‘fﬁ%ﬂi‘iﬁ:ﬁﬁgﬁﬁIC#E&T%@UﬁgﬁLb‘iﬁ“ ISX-BizBW\WT, £
FE B R D BRI RES NS, BETT X7 & LTS TETE
ﬁaﬁ{ﬁmﬁﬁ%@mﬁﬁ%mﬂu:ﬁﬁﬁtrmé (Fig. 1.6} [1]o #W T, FERDOR

10pmm ' . o sy -
© % 20}
E . e o
50 E | £
= r .t e <10
= e P ;
~ 28":mg::: mma—
1= N : 0
s | . 1P
310t | el
£ g
|
8 ol e
[ 0 . . < *
- 0. . comevon | c ] © %-."i_..
3 b2 : ol_ + . .
0.50 0.75 1.00 [1.25 0.50 0.75 p1.00 1.25
o :

Fig 1.6: ISX-B i035\7 2 BT HESH (R & — A BISH)(£) » BB (4) ORK
B [1].
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TR L B OALFEEO RSB TEXT(-U) TRHLTVS [2), &
NICEY, P s BRICEOT, BRT S X< ARORERR LTS Z &
RILTO0B, —F, ~) AVEER, MERESE Lok ki EF B
B & BREEROFABIAIL, T hE TR TV RN,

HIBP © ¥ — ABLEOHIBEIEIR E— A= RXAXF —ICRDIFLE LIRS, Zh
FTCOE—LOTRILE 1T, ¥ 10d keV., TEXT-UIZEBWTH 2MeV Thotz
DB, BEOHKEMRAALE LT LHD BT 6MeV @ HIBP DBEREBEA TN
% [36-38], KEEBIBNT. BHBTEREZ b HIBP ORI E HLA
H£EoTWNS, 1

1.5 WREM |

BT X OB TER & BILOLAR AR (~ us) OFIRHE,
BAARIIC VT, ¥4 37 ROBIC S TR S R B AR LB L
FBEDBLL, FAv 2 BTT X0 SX-B & TEXT(U) KBV TRERD S
DHTHT (1,2, EZT, FHEDE—BEL, ~) VAR 5 ETHE
B RO R AEERZHNT 52 & Th S,

b5 X BB LA DT 5 K v DB LA, BEKAA DS T &
RENCAIBN TS 46-48]. TORD, 7T X~ OUIMAE R HEHICTIET 5
=ik, KREEOBEFERFHATILNENSH D, BE7 7 XA~% HIBP 2K
WCEREREEESORBINT 5 BE, BICBEEFICENT, € A0
MEI L BHRIKE < RHED, E— AR EOBTHERDING, BHNS
BRIKE R B, AT A—FICk TR, RHIE— ABIHBEIL, A A AL
PRFEEEHIALY b, BERAMRIC L BBEXE < TUT HBAAKD
5. “OfH, TR ETOHBPIC L BHHIIEEASPRLERTE, &
e — MBS E RFTE RS L TR AEEERRIE SR TR,
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EEEDHRCBT 2 BBEUIDROVEL ML BER S8 [3-6),
LiL, WIRbETEES L CRE, BFHERD, 5 5 R OEESH
3% P EREL, BESRARIEY - ABRED LOBBRADROPEE
Sal— M BbOTHS, 2T, ABFROB= SHIL. HIBP i &5 AR
BERERICH Y 5 RERETEERNHREERT 5101, TETORXE
R BT — 7 (RH A0, ETEEES S OE) 15, 7T X< HO%E
RO RFBT RSB LGS S - L THA,

1.6 EWIXOERK

KR, LTENOCHREND, B1EREETHY, FERT) LTONE
LEIEEMICE L TR, $2Ed, AFRTECEIL 7 b end by
25 (CHS) $f8 %> HIBP @%ﬂﬁﬂﬁa#ﬁ X TR CHS o HIBP DEHAIL A7 MBI L
Cit~5, 38, HIBP & 5EFHEEE L BIIEBORMBHRICE L O
<5, FaEn, BFEERBHNCEY 3 BENAMRICHT 5 5HREB3,
580, ATEESBAHORERCILT, B, & 6ICRBEEL R
BEEBS A~ FAOREECEL TR, BT AFEOELDLA%
DPRAE BB, B
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2.1 aAVRY k- AUAL - L XFL(CHS)

ALRT b ~Y AN 2 RT A (Compact Helical System. CHS) [49-51] i
1988 EIC & BRASE T T X HRRFCRRE B LI~ ) W75 X< B Lidd
KEBTHD (Fig. 2.1), CHS DEE/XT A—F % Table 2.1137%, CHSit b—F

EBEAT A% [N
K¥EER lm
RN o 02m
Avwwﬁﬁwm&z 2
- A% m 8
7 AR M A 5

Table 2.1: CHS DRBAT A —

i
ADK$E R =1m B £ P EE 0 =02 m, LEK>TT 227 Mk R/ =5
DERORBHE LADEBTHS, i~ Hb b—F ARBBEDOEE L LT
REl=2L bl XVEHEm =8 Ths, +hbb, #HEHORa L X LKEN
}~~§z&~)ﬁ'a‘5ﬁﬂi:4@&?51#%%:?:01»\250 Fig. 2.2{Z 3 & MHD ¥
#52— K VMEC [52] i & > T L7z CHS DB ZREBENL O K 0 A 7L E E
T, BIRARR TRV CHS ORIERAL Ru = 9214 com D b OTH S, Fig
2.2(a). (b) BET (o) (HEREN b A SRR OE, 1125 F5 L X225 DK
A FAMERTH B, BARBIELS T Cho. CHS I 24 | MOMEEX &
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’

. =

Fig 2.1: CHS DR 2 A VOEER, 1#DO~N) IABEEaA LV E AORa A X VRS
aAfNnbRB,

PlIEE T A (e
NBI#1 | <1 MW | KFEE—A, 40 keV

NBI#2 | <1 MW | AZt—2L, 36 keV

ECH #1 | < 500 kW 53GHz
ECH #2 | < 500 kW 106 GHz
ICH < 200 kW 7.5 MHz

Table 2.2: CHS Ohn#%EE
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WoE EREE
(a) e
5.
N
(b)
5
N
(c)
5
N
= \\
g
60.0 100.0 140.0
R [em]

Fig 2.2;: CHS OEZEHF I BT 2MEEORNa A ¥ VWrmEK, Sl Ry, = 92.14 cm.
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TTRXwRFRA—F | REXORE
haA XNEEGEE B, | <18T
BB ETHE N, ~ 102 m—3

FLEFIRE T, <2 keV
A A BE T <1 keV
TF R _R— 2l 2 %

Table 2.3: CHS D77 XA=/3F5 A —#

X2~ WNABES A Vv (HF) Offic, B 24K 1T AMOR e A R
Bagn, Thbb, BREE=A L (SF), NUEERS =4V (IVF), sMUilE
ERESHaAV (OVF) BL Y I FRERSE 2 A )V (TVF) Z BV TS 2 T#
KT %, 20D, ALY INVEBTHINRIMOReA LG aA NV 23
{3 % LHD [53-55] % Heliotron J [56] 72 & & RTINS OEIA RO 2L, &
TR EGMEE TR T D LB TE D,

CHS AS%f+ 5 MEA%EE % Table 2.1127"7, CHS 377 X~ mdE@ L LT
BETVA 7 v o R nEdEE 2 & (AEE:53 GHz, H71:500 kW 3 K O
#:106 GHz. 171500 kW), A >34 7 1 b o dE@ngiEE 1 & (AEET.5
MHz, H747:200 kW) 3 X OVPHERL 7 ASINEEE 2 & (B — AT RV F—40 keV,
HA 1 MW BLUPE—LZ XL F—:36 keV, H77:1 MW) BRESHL TV,

CHS DRRFM 27T X< /35 A —4 % Table 2.1 I~ T. REHBFHEE R, ~
10° m=3, FLEFIRET. ~2keV, FLAZFRET, ~1keV, 77 Xw_—
ZE2 %TH D,
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2.2 EBEAAVE—LT7O—JORAIERIE

HIBP i3EA AV 2T AP F L LT T ATHICAFT L, HTERF%25
BILTT 7 A~OREBEZHATIEBETH D, ZLOHAE, —MHORFOE—A
7T A2HICART D, ZhE—RE—LLEES, —RE— LIRS 28] -
TT 7 A2 HICEZEST D, TTATHTRLIA A {LL, ¥— MROZfliD%L
FOE—LERD, TNEZRE—LLES, ZRE—AIXT 7 X<2DIMIH T,
REHBFORNCRE SR v b E2@EY, REBICBEET S, RV v b E2ELH
FII—RE—LLEZRE—LDBEB LTS A MR LV IRE D, HIBP I3A A4~
LRDOBFERERF > TVWH 72D, RENICRFTFHAFIEREERETH S,

—RE—AL L ZRE—LADPEIIREEF DOV A 712 ba U BB XL >TRE S,
HIBP iXflifio K&\, T2bbHT7—ET7ERPI/NSV_RE—LBT T X<
CHRTHIEFHRAT S Z LB TERY, EOEDHT 7 A<ORLZFRT 572D
IZiE, ZRE—LDOT7—ET¥EN T T AERLEABRECRIVER DD, T
BROL, rLIEZRE—LDT—ETHE, MIIAFAVDOHEE, v, BLWg TR
E— AR FHEER L OB, BIIBBOMS L 35L, r, > Mv,/qB 73 HIBP
FRAWTT 7 X~z #HAUT 200N ERELERD, ZO&EEZE—LLTS
FRATDNRFA—RIIHITTEEET L,

MWb a232
>
gs 2

(2.1)

EVWHBIEREIT D, T T, Wy = i1 MZ Y —LDOEBTRLF—THD, =
DALY, E—LDZRXNF—ITF T X DEERB LIRS D 2 RITHHI L TK
L L 2TNERLRY, E—LADTZRNX—ZHRT 5 & IERE DO BIKEE D
KREL Y, RAVELL 2D, 20D, BBHALAD T T A~DFE, BEA A
YEAVWTE—ALAZRXNVF—ZEIMADILERZHD, LIL, =TXLF—%K
KFTBLTTATHDOE—LDOWHERHBE R RDDT, E—LDOBEENKE L
ZRYVE—LORHEPELL 2D, EDED, E—ATRNVF—L A F U OfEHIT
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INLDRHURT T AT NRIA— L2 ERB L TRDILERDH D, KBNS
BOEL LT, R CRADEETIE, $10keV~ £ 100keV O L — AT RLF—
THETY T A (Rb)REI Y A (Cs) B3, KELDEERE TiE, T MeVDOE—LT RNV
¥F—T# Y U A (T]) & (Au) BEDLHTVS,

EFEEA

—RE—LRBFEIAFY - BFHFERICEL->T2RE—LLRD, A4 - BF
BWROA A ALRITBEFREDOBEE L LT Lotz DR [ IcL > TKRRD L S
L5z bihd,

N )

S(T.) = 3.0 x 10713 ; T[%]WI, ’ /1 ¥ %‘z)dz m*s  (2.2)
T, Lt gRA AN RNF— L RFROSEMEFETH S, FEIBESH
CiA®IEED HIBP T ELRBLEY T A LE LT AIZOWT Lotz DR
X VRDIA A LR %E Fig. 2.31T7-7, MH & HETIRE 30eV 225 10keV <
BWETIHA A UMEROE(R DR, Th iy, TRBEHCADERICHT
% HIBP O A A ALEIZE— DR FH L 77 XA~ DB TFHEL T ICIREERET 5,
E—b DA F U MIEA FALRDHZTIIRL . —RE—LAB IR E—L#0E
ETHEZTVWD D, RHE—LABRIZA A LR r, OBFEEOMICE—2L

HE LOEREZATVD, LER-T, BRHE—LAER I 1T

Iy(r.) = 2Ihhlsyne(rs) (T12vin)y

— (_/I ne(Tl)(Ulvth>MdT1_[ ne(r2) (0'2'Uth)MdT2) (2.3)

Ub Ub

LETD, ZIZT, Lhix—RE—LDER, lsy 131 A ULROY > TV EROE
S, MBI E—KRE—LBLUO KR —L8E LOME, op iT— M=
fli~DA F ALBTEE, 01 3L TP oy iT—liH> D ML LIS X O MfiH 5 =MLl E
DA FACKER, v FEFOREE, [ ...dnBET [ ...dr 3T TH
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m-lS: ’

w—li -

w-l7

o (s * + g —> Cs?* + 28~ |]

— Cs2* + g~ —> Cs¥* + 2¢ ]

= Rb * + & —> RbZ* + 2¢” |]

w RB2* + &= —> RB2* + 2¢”

10 100 1k 10k 100k
Electron Temperature [eV]

lonize Cross Section Rate <ov, >

m-ll

Fig 2.3: Lotz DREVHE L2V TV ABIUNET T ADA (LR,

—RE—LABLOZRE— 288 EOFER TH D, 72, () ITEELAR B
T I AV NDHERELEFEHTHY, ELORE 21T —KRE—LIZ—H, =
KRE—LIZZMMDA A E— L2 HNVEOFRETH S,

BB ST X< THBEENNS < (exp DIEM 1), BHE—AEHITA 41k
RORBFRETBEOHIEET S, LrL, BEEICRD L BEENERT
ERRY, E—LOBREZBRBLRTNIBESREZR/DIZ LB TERY, B
ERBICOVWTHLREKT, BFESS. Rt — ABREIIRNEEREIE
PITE 20, MEETIIE—L LOBREZZR L 2T 6 ER L2,

EAIEHA

HIBP 3= XA X —RFFAI &L 0 BAFH IR TE D, AHRE—AZRXLFX—% W,
4%, E—LRFOEBTRANVFE —LART UV Uy VXAV F—Thbbanb
BIANF—R T T AHOE—LEETRET S, A A MLROEME ¢ &
DL, AT NMERTER —e ZFOBT 2 ARV E— LR F Ol 1 D
L, E—LRFRTTA2DIMIHD ETIEBI = RIN X —F ep /D LITA
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Do LIEBO>TRHE—LAZRAFX—WaiIW, +ep 725, BEXET L,

Beam Energy

. \\x\\\~\\

Potentai |
0 [V]

Fig 2.4: BALFHRIO R,

Wq—W,;
e

o= (2.4)
LY, A A NCRDRAIRBILZFHET 2 Z LB TE S, FEBMEEIZONT
b, RHE—ATXNAVXF—DOFBICL > TRATFRAINTE 5, ZKE—AIZA F
NMERTHRIEB AN F I Lo THEREDY, 4 A MLaB3 T35, LS
<DHBE, R(21) DEFBITLY, eplTH LTHRORERW, ZHNWS=H, =D
THIIERTE D, —H. ed L W, DREREDEDIZ, TRXLXF—/IFBITES
FREENER S, FHEMOH L1073 ~ 1074, BMIZHOHAIL10° ~ 106
U EDGREBMBEDRH D, TRNVF—54788% &1 HIBP BALFHHIOFMICH
WTIX CHS Ol ZZF T, 248 THHAT 5,

23 BEAFAVE—LTO—TDEERERK

—fRHY 72 HIBP i34 A H v, IER, E—ARAY AT A, TRAE—S5H
wBLXVOARAT Yy b« FL— b oEREND, REOHER TH S CHS @ HIBP
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O % Fig. 2512780, UTFIREFNENOEBEERICOVWTRRS,

AF - Ho &ES

AL THBFAFT R, VBB, DPINEERENORD, A AV, £
LEBEZFOT AN VELEWn L OBA U BEHERIA L b OR [57-60], 7
FAREERLEIDOIEHTHLORERD S, FREBTIT, AIEN LS
bLRTWD, ZZTiE, AIFEIZOWTCHS DA F v » H &2 EiFTR~R3,

Fig. 26 BX U Fig. 27T ENFhA 2 « U DBEEBIUERREYRT, 7
N IEERDLBA F VB K> THREEN A A 0%, SIEHLUERIC L -
THEHSNTE AL D, TOK, VURBRICE VESMENRESL, 4
HMEEBIC LV INEEINS, E—ABREBE—LTF A ETFL— MRHESR
EZRAWTHEIT S, A F T b ENE— A, TRICREShM
EBIZL o TREDZRIAF —ETMES NS,

E—LEAXT A

IEEEP O HF LI —Aid, E—b T A Y OBROA A2 - H o (oA A
R) ORBBRER LI L>THLEEVANERE, Mt —AMERBICL - THE
BOC—LTAVCHESND, ZORERLEROT2 774V s E=FRET
T9. TO®, A F U HAEBHBFAICRBE N (A AT RUOHDHBED
HD) A DE—LMERBCIEHRETELNZBELZHITIHZL T, T X<
POA FAERERD, o

IRILF—5H3R

TI7RXenbHT, E—ARESBEZ BT E— AT RV X —HBREES,
HIBP THWA3 XNV F i MlEE & 30 EETERE S ML TS, £
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Auxiary Sweeper
n— e 200keV Accelerater

Fig 2.5: HIBP O,
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Fig 2.6: Ion Gun ®BEH

ivi : Pierce Type
Divider Eintzel Lenz lon Gun

lon Bea’N{ lon Source

PRl oo Nacat B ke AL oY e d SR LW RS Dielh N «——D

.

Beam Energy
a8e1 |0\

Fig 2.7: 41 &> « H > OEKEX



B2E RREE 29

< O HIBP T, &#&FD 30 EFATERBE RN F—H @R b T3, 308
FATFAR = RNV ¥ — 5347881 Proca & Green iZ X > THRE S [61,62]. HIBP %
FALAD T T A<RRIZRL T, £ 0B TEDA TV,

AF)y k- TL—F

RSB A X — BT B blc. ETIABISR TS, £ HIBP X
BOhh RO EE TN B DT, RIMBIEAIC AN, 344
WABEENTZAT Y b e FL— L 2HVTHWS, AFYy b+ FL—hikt—A
BREBIT 5 SBIREE S b0 & oA KT BE S & M5 MOP(Multi
Channel-Plate) 25 b OB H 5, £ DEBTIIEBRBAVLRTVER, K
HE— ABHETHBHE, BESAONEERHS,

TR iCek - B

REBZEBRBRZ AVWHEES. E—LEBERZBREET L FITL W BEICER
T 5. £D®., 7% A ¥ (Digital-Analog-Converter; DAC) 2@ L T, F—# #
RIS, ETIX. PCIZEX->TITORAHEENE,

24 CHSOEAFAE—LTO—T

CHS L5% b Rz HIBP ORBALE % Fig. 2.81277 7, o HIBP Y27 Al
(372 CHS @ HIBP ¥ R 7 A DB ROFHEE b 2 A F A HICH 90 BB 741
BIZ2BERESNTWHZ L THD, ZhitkD I X<RNED buaA ZLFEHE
DHEEZBAITESLIICRY. V—FAROFHEIE Vo TR REE 20T
T3 [63],

CHS-HIBP & =2 b — v 27 LAOBBER % Fig. 2.9 7, BAFC, #R
BHEOTHAET S,
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(a)

HIBP#2
Analyzer=-O

SWANnalyzer#1

» b8
»

T —— -
™

Analyzer#2

i

Fig 2.8: (a)CHS ® E£J7>5 .7 HIBP ®EERX & (b)CHS ® HIBP DEH,

30
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Accelerater

Auxiliary
Def lector]

—Honitor

Octapole
Deflectors

’

Heater _
20V o -

S Optical g
Extractor| & Fiber N
20KV 12* %

[
Focus E E
40kV - i

Accelerator
200kV
H. V. Monitor
Analyzer .
40KV 1
'|H. V. Monitor|
H. V. Digital Analog
Anplifer| Converter
IVAX 6510 —]
Split Plate
Current Analog Digital
Voltage Converter
Amp i fer 1500KS/s
{ 20MS/s

Back-up HDD
(180GB)

Network HDD

(17B)

MS Windows
Computer

Analysing
Computer

HTE

BEgx

1€
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17X - Ho & mESR

AFBIPEACADEETISANVLR TN EY VA (Cs) R EY T A
(Rb) D—flDA > & BATND, A AV DERITIIBILEBELESCEF A
MeeERWEBRA A U BEIC L > TERT D, A3 - Hid, Ao
Y X @dE Pierce A A« H [64) ZHWTWS (Fig. 2.7)e A2 - HUF
WMOMEERIL, 10 ROBREEBILRY, A4V - HUBETHLAEEDOR LK
BN D THIZE P> TT —REBEE TRARXTIFAZ LT, 43 2NET 3,
IERDORANEBEL 200kV TH D, ZhiZk Y, CHS OBKHEBRAE 1.8 T
THL7 7 AHLOHBIBFETH D,

E—LBRHAL E—LERS AT A

E—ADERRE—LT A OMBOFHANITMER THICRE L2~V IR
D& BRI EELT 5 MR (Profile Monitor) & HIBP ¥'— A F 1 v ko CHS &4k
L CRES N7 L — MR AR (Primary Beam Monitor) i &> TR 22> T
W3,

E—AT A v ORBIL B - MR TIT> T2, FhAf D —
LR R T BdA F 2 - T A EBREBRCERERNB Y — ARABIRE
T3, 1BICHNTEX 2R KEEIX, 20k VTH 5D, Fig. 21012 = DIRMA
VAT bE Ve CHS OREKEN 92.1cm DBA OFHRAEZTT, hasFrk
FMICFHEIREBBI LR L, 77 XA<0RGFHSBOHBESHETWNE Z & itb
1%,

IRILFE—5H%

TRAVR -G 280E 30 BEATER T RA-F—0r 3% AV T3, ETERIC
FINCE 3% KEEIT40k VTH5D, CHS THWTWS 30 EEITERT R F—
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1
surface

1

| IS PN TE FETHY ST FUTR) AT

L1l Ll 1 1 _0.4
08 09 1 11 0 5 10 15 20 25

Rpmi(m) Ctor (degree)

Fig 2.10: #&5Xh 92.1cm ORFOF IR, ZEixR oA FVBimE, Hix oA FAfE,

SATER OIS % Fig. 2.11 B X U'Fig. 2.1212, BEE#% Fig. 2.137~%, LTk
BICIHIRNEREZ DR THEDIT, AvvadBRoThd, THAY Valit—
LDOYIEFER, EHMORA Y V2377 X b OB EERT O THS, F
e, EMOFATEREBDENENOBDITBREFTZRTH7-DIC, AOTH S,

ZIZ T 30 EHATER= RN X =T8ROV T EICHAT 5, BAKNRTE
TR IV XF— S REE ) FTRIHE— AT IAF— W, RKRO L Y i2dh
bbahsd,

Wa = qeV {G(el, a) + F(6, a)AI—:d} : (2.5)

IIZT, 132K E—LDER (ZZTilg =2€). i BERalFEFRERTRL
XD BA~DEEIR L OKE (ha A X)) FROARE, AigiEZAFY v k-7
L— b EORH E—ABHD L FOET,

Aid = Iupper ~— Idown (26)
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JM
t

> ¥ = ValV]

-V = 0[]
Yo2
Fig 2.11: Proca-Green BT EHR = RV ¥ — 43785
@) b)
E* 580 —i e 500 i
o
&
o
g “}%—gﬂ
| 100 | 110 I 90 120 |
1 i ! | ~1

X

Fig 2.12: Proca-Green I EAT AR RN — /O L TO®IK, RhEHEL LT
7D, Ay VaBiBoThHhd, THAY V23— AOBERR, LBOA v a2l
TT7 A= DRNEEN T,
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Fig 2.13: CHS - HIBP O AT EARSHT RO EH,

LHbbB, TIT. Lppe BEP Ligwn BENRZRZATY v FFL— b BB
JFUOTERORHE—LEBRTH D, 72 Vi X ERBEBICEIMT 2BETH S,
G (61, @) IIFIBEETE—ABRTY v b« FL— MRLICERET 2O 1 K E—
LIEEEW, &V, DEEW,/(eVa) TH D, F(b,a)id,. BRHBEICBITSE—A
DETHMTHBRELZBETHEETHS (18 A). CHS DHEA, 6; = 30°, a =0°
Thd, . G(30°,0°) ~ 4.864 B LT F(30°,0°) ~ 2.1 x 10~2 £ 2o TV B,
CHS DORHERNL (RBEXUHI:92.1cm, FHIRESIREE0.88T) I2B W T, Cs E— L% A
WCRE, Vi = 14.7kV 2O T, =X VX -8R0 AR, K (24) BLOR
(2.5) &9,

=

Wa ; W o 2VAF(30°,0°) ~ 630 [V] 2.7

D2fE, DEVM 13KV L7225,
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Ay b TL—+

A7Y v b 7= MIEBRERNTWS, Fig. 214IZCHSDAXFY v k -
FU— OB L 3ODRFY v k- FL— bNERoE Y NOBEETT,
ERREZHANWILATY v b - FL— M Fig. 2.14(b) IZRT LS5 TEP L RS
ERODETERYE>TWD, ZOMHMAICIY v —AT@BRHEEEE L, #
RKyDIELRLICBRHT 228 TE S, IRTHIREABELESLERSES
DITBREICREARIRITTWD, XAFY v b - FL— MCRFEREE—LEH
11107 V/ADBHREBET > 7B L TEERERCERS NS, EEIRMSMRE
2pus 12l 25 ns D DACZEL T, HRMEWIIN—F-F X7 - KT 47 (HDD) 2
REEIND, BITIZPC TIT 5,
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Fig214: 27U v b+ ZL—h, (a) E—ABRY7=BEH D BE, Haizr—A0RE
£ A=, (b) BEA S R7=E, (c)CHS - HIBP LRBENA TS 3E—ABDRTY v
b Pk,
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T4

A E - BARDERIZEID FEH
B 5E

3
o
10t

3.1 BWBEEHRICHELGE—LME

BEHAOLDOLELMEHME TS, REE—2BRIX, 14 bRee—
LABE EOBEEZKRT HBER CH o, BERBHACHV IR L —LEHR
BECHRJOFENERLD, REE— L2 BRES L BERBHOBRERD LD
2. RHE—ABRESLbTR (23) DENE L B,

014(ry) = Iolgydne(r){o12Vine)M

X exp (__/u ne(Tl)(lethe)Mdll _[lzne(T‘A’)(UZUthe)Mdlz)

UB (%:]

+ Iolsvne(r){012Vthe) M ( / e lethe> dl) (3.1)
o ( /ne(n)(alv«shJMdh_ L ne(rz)(azothe}M db)

UB
one .
+ Iolsvne(T){012Vhe )M / (7'2) 02Vthe)M My )

coxp (— [ merlostnly / e y).

2 (3.1) 25 (2.3) TES &, RHE —A‘%iﬁ%ﬁm\
0Ia(ry)  Ome(ry)
Li(r) — me(r) _
_ f One(rs) ne(ri){orte(r)im oy / One(ra) ne(rz)(ﬁz’l’e(rz))Mdl%

1 ne(’!‘;[) UB Te (7'2) VB

6
tHbband, ZOLICRHY—-LABHEHIIRFTEERS (52%1E) &
PUE EOBEEEE) (FLF 2. 3F) 0L LThobbIhd, ZOBE EOBER
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BOF5 2 RBELIDRLEES,
A Z BT D D BB DR ZER L, RHE— AERIIRATBER
BOALATHLDLDED LTS,

814(ry) N 0ne(rs)
Id(rt) ne(r*)

CHS @ HIBP Tit 10" V/A DEBREEHERZ RT3, TOB/ A X (T
T ARX)iIZ10 mVEE, TROLBRHE—LABERICHRET S & 61410 ~ 1 DA
7%, BTREERBRIOHANL, YT XvRERINTVEEFORHEE — A
BRICH LT, I RXATHBFELLRVEOESORERE (/A XL_V) L0}
REVBERH D, A A ALROBEREN 1% LRET S &, BERBHHO
o O SLERMX

. (3.3)

OTasoie] _ 9 (3.4)
Iy

£9. I;>1000A L7235,

KIZBAEEFRIOLERHIZONTE LS, ALY < Bk

dne  ed¢
w = O T, (3.5)

B DERET D &, BEFIRE TR L BARENIEERBIC AT 5,
EHIT, RBE BV THAUEK o =1, A A LA TOEFIREY 200 eV &
RETSE, BEEBII%LERELTWSDOT, BAEBNX2V ETFHRENS,
THDEEX(27) &0, BURBHAOLDDOLERMEFIL,

A(Sid,noise 63O|6Id,noisei
630 T, ~ A

ERBOT, RHE—LEBR L OLEBRMEIX, I; >310nA & 43, ZDk>
CEMBBHC I IEERBHAIC R TRERRHY —AERAKLE L #HE S
nd,

RERDTHRD A A W% v iz HIBP OB B — AEFIL 100 nABETH 5,
Ihid, BEESHAOLEREBERMBETSH D, TOLDEREFHANTOWVTI,

2>

(3.6)
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FIEE - BNORBBRENSKEZVIE—L Y FE— ROFHBAZTo TV, &
MRATIIBTFHE - BEMOabt—L >y hE— ROEBIOAR LY, KRB
BRI EROBRBOIMED 2 LEEIT S Z & 2RA T,

3.2 AFAVEOHB

1MLy, ENORBHEEZIT) CRREE—LERBBHLZRETSLD b,
REHE—LAEREZREL LRTHERZLRY, REE—LABREAEX T35k
ELT, A3 UMERTOA AU ALROHKB L CAK ©— L EBFHEEOHMRAE
Zbhb, ATEZBIRTIBE. (A RINVEF—DBENS T BLEBSZ L
258, E—ABELOE—LDOBEBLRELLZoTLEY, REE—ALAER
ZRESTEDLIIRORV, T THREOAFE—LAEREBEEORALTE LT,

CHS ® HIBP i3BA AU T LW TA B V EBA A ZROB LTS, B
A FVBHICE DA A ROBFEE LT, B2—2 Y S XA b (B-eucryptite) BT
NIV TN )7 A B (X,0 - Al Os - 28i05. X i, Li. Na, K. Rb# XX Cs)
BT BHERH S (65, FNITLD LKL —ERME, BHLTHT ARBIC
THZLT, AFVBEFICRBIDTANIVEBA AL OBBENKEL 2D, A
BETOHRICHE_TI0EREDA AU 2BETAZENTE, hOBBES 2
VEHOREBBRBICRRRMESND, LWIBRERDH D, EFETHOTY
BELFTA MIB2—2 VI HEA MERBRCKEREOESILERWE THB b,
BRI U RARBIC LT BV EL O FVHABRB LN AN S B,

Fig. 3.1(a) (C&BFEBASALARTIZ AV TV 2 Spectra Mat Inc. B (BH A F I8
iy COBBEERYT, TRIEET I IAERICT 4 T AV FBEDIATN, &
72y 7 ERONIRIA AR (LYY A ¥AT A MAK) 2 ED LR THY, B
AZ VBB E>TAA VB HTBEICRoTWE, BIIT7 T2V M &T
v, B T4 bbb BENCNBTIHBERoTWS, ZOYry b %



FIE BE - BALOELIREE O FRRE 41

(a) (b)

lon Source lon Source
i i Cesium Zeolite
&\\ (Cesium Zeolite) ( )
Dielectric Dielectric
T (Aluminum Oxide) (Ceramic)
Filament to heat Filament to heat
| ’ ion source ion source
Support

Fig3.l: A AWV v b (a) BEAF ARV 7y b, (b)FRAAL|Y 7y b

Fig 3.2: A AV ROBMBEETHE. (a) MBAOMKREA T A b, (b) MALTEE 72K
M, (c) T HIC 6 RFMME L 7=H & DIRAE,

RANWT, BF 74 MRHFZ AT HETRIBICTEDIC, 74T A2 MY
BRERES LTV L, BT AELFTA MRS IRNICT 4 7 A2 P3N
MLTLE I,

ZIZT, BAT7A bOFIZT4F AV MERAL, €474 M2 EBRAT S
WEOFA AR 7y hEBR LI (Fig. 3.1(b))e 747 A ¥ MIKERM
HzWS oA LR, —FRRTELFA MEBETHZ LN TEIE
B03mm DV =T L22%EEHT DL TAT vy EANTNS,

ZOFY ry M, B4 74 FEEDADRMEICZ 4 T A M EHBTD, B
74 MEEDADERICIIR L EEBTEARANVE S ITRETIVERD S,
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7o, BRADOBRTIIBANREREA T RIEBEDLS D, [WTNBT 5 L b rics
ENDEXPBBMCEREL, A A WMERESRIILTLES>OT, BEY 7y b
[CHA_TERONITMAT 2 LERH D,

IOVry hERVSZ L THERRELT A I (Fig 3.2(a)) 24 5 RIRHE (Fig.
32(b), (C)ICTTHIELNRTER, TAP - RAFZ UV FIZBWT, £ FVELLH
Im O EICRHAFZRE L. EERHE L HEMEAE A 4 ROMRER ik L
Teo EEMBAIC L72Z LITX Y, RERICHESTRAK 10/£0 1 mA(INE RV
F¥—:10 keV) OBREZHD Z LITRII LT,

ERMBIRA F 8 Y 7y MEAWTCHS 77 X~ Ol Z1Tv, REEms
BAFARY 7y VERWEIZEREZHTOT 7 X~ OISR & gk L= (Fig.
33) A ATV LATH S, HRBIOFRITTNEHEZMEA L L OREM

secondary beam current
;/ ' New source

I | Il 4 | 1y

Old source

Isec[x100nA]
O = N W A U N

|

| | |
20 40 60 80 100 120
time(ms)

Fig 3.3: MEEMEIE I X NEEMBE A 1Y 7 v bORH ©— LB,

BRI AR ry Ve ERLIERHBE—LABRTH S, ZOFIDHA. 80ms iz
B 28 € — 2 ERIXBNEELA 100 nA 72Dkt L, EEMBAIIED 51
D 500nA L7xo>TWD, Tk Y, BB AS AR E—LEBRE2E5
TLBTE, ¥ERTFITRAINTIA—RICH I DM, BEEMBEZAVW-ZLE
TORKELT, BR2 U ABEORHE—LAEBRE/I Z LITRHLTVS, =
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nix, EMNRBOALRLY, BUDOELIVRDS O LVFHARESELWNE
PR RHETRLRERBE TH S, |

3.3 EEBENE

DAC LD ar¥a—FBREINERAT Y v b - FL— hOFEBROET —#
DIEF I j)raw(t) i3, HBSHRZTRICRBETSENELVD OV A LENTTH
TvW% (Fig. 3.4)e T Z T, i = upper,down 8L j = left,right THY, Th
ENETBIVCERAEZTRTRAFTHD, £ TT T AHRERINTVRVE
M tw/o DHEBRBOEZSEZHEROB /) A X (T FI/4RX) L, ZOREDOES
I jy(twso) DFEMER B RE L, UROBITEITOBE LT —FEF I;,(t)
&E9%,

Lo (&) = Isgyran(®) = (s (b)) | (3.7)

MELET—ZEEEZANT, 27V b+ 7L — FOBROBH L BLT
EFZAig Z3E L, REEC—-ABRBERB LT 7 A BAORNERD D, B
& — A EHER R S CEMEBIIKRAIC LY RD B,

S 4 _Id(tW)_(Id(tw»
RHE— AEFHEE = A (3.8)

< _ Aig(ty) — (Ada(tw)) e
BAIEE) =630 x ) T

TIZT tu X7 7 A ERFTOBTZITORFBTH Y., ) IIBFTREIZIIT 26
BEHEH DT, /A XL VFMT 3,

(3.9)

N 3 > Id(tW/O) (Id(tW/o»
— —
RHEHE—LABRDO /A X = Tat))

BND A R _ 630 x Naltwso) ~ (Aaltuso)) & (3.11)

{La(tw)) T

(3.10)
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Signal Amplitude [V] (100[nA])

1 I I 1
10 20 30 40  50x10°

Time [sec]

Fig3.4: A7V v b « 7L — FNOEBRDET — %,

B e — LB L OBAHZEI D /T — Py BL R P BEUBERERD /
A ZDINT — Proine BER Pooip F_RFEHZHNT, UTDO X3 ITEET 5,

()
e
Pigs = <(630 A“(t"é 3 (twﬁzd(t‘”/ ) ee) > (3.14)
Boip = <(630 X Aid(t“’Z}dztiﬁ;d(t“’/°» 73,) > : (3.15)

%EEOD%EJ/\OU‘— P ‘i{;—%%@%@)@/\oy‘— -Psig = -Psig,mﬂ -Psig,¢ o /AR Pnoi =
Pnoi,ne7 Pnoi,q& 0)/\07—%§|b\7’:{ﬁ\

P= -Psig = Pnoi (316)

LERT D, ERFEHORE. /A XBIOYHEEOEEHRE T T O
BER A ART—DEHR, 2FY, TNEN /Pigs VPooi BERVP LES
‘a‘éo
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EHRBOTZ A PITHFET 2BBICIT, HHORELSEMBHD, Zo-
O, WEANT—3HLREORERSO, ZORHB T —DEEZRDZ-DITIE, £
FEATIRF ) 2 ) < DO/ IMEHTIRFRTIC 2 EI L, SEEHAE%1T 5 L ERH S, Fig. 3.5
(TR E— LB Z 2R T = 10ms % N = 10 fEO/NMEHTRER ¢; = 1ms
CRBI LBl ZRT, S/ETREECYERORES) U — P, 2Rk®, TOEHHE

tl tz = = = tN'

S — P — - -

1.2 -

L10

T

R ——

Fig3.5: 7—% - U4 FUuD4El,

N P2
Z b LR iﬁfé?&%)\sz(\f(’Tf)ﬁ&:ib%iﬁmv——@dﬁ;ﬁwﬁ

‘9‘60

3.4 EBFART MLOEHAKER

3.4.1 SEEBR&EH

Fig. 3.6 i< CHS OiE#HI %R+, Fig. 3.6(a) XEHl L7 75 X< DR b
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0 50 100 150 200 250

Time [ms]
(c)
2.0 .
le—
1 Bea
1.5 i Incl::lnonee
r— : Direction
T ._
= :
0.5 -

Fig 3.6: 77 A~ D&#r/3 7 A —# OFfHZEA L. (a)ECH(KE#R) & NBI(HF#HR) DAG ¥
AIVITBLUEFEE (Fft). (b) A A MLRBRHLTHS HIBP O Iy #ifR (F) B &
U Aig #i#% (3R). (c)ECH 77 X< 4R ((a) @ 100-110ms) D H#AE o & — LB
53,
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EFHEEORME(L, Fig. 3.6(b) 17T XvRbTA AT 5 e AHEORH
E—ABEE 7T X BLOBLOBMELTH S, AFETIE. TAT = B
%&— F (Alfvén Eigen Mode, AE £— R 2 EORECHEEE b o>a—L 2 b
RRAEETIE R < | KRR ISR O B L LT, T0ORD, ab—L
v REBAIEL A Y RVWECH 75 X<ic B8\ T, EBhE T 5, Fig 3.6(c)
i ECH 75 X< AR QMR R R ©— ABR A 2 TS, —KE—MIER
FABAR LTS, BTEES L CEFRENHICEE L E— AORIER L
A AACEDRIEORER, Bt & — S BT LEE L/ LBAE p(= r/a) ~ 0.5
TRALBoTWD, 22T, r REE/INERME, 01375 Xv DFL/NEET
5%,

Fig. 3.7(a) 8L T (b) IZ, 342 TIT S HANCANVDI FF X=D b b Y UL
HAC L 2 EIEES L CEFREORFASHETT, VHEFHER ry —
5.3x10%m=3 T ) . BFHEEF R —BE LTV B, HOBTRELT(0) ~
1.70keV] BREE T 3,

3.4.2 EER&ER

BBV — L, BRx RARBOEZEOEREGLENLR-TEY, 7—Jx
B LEEINDBFNFEICLY, TNO2EABREERTHBETE 3, 22T,
B O AB I Z RS T DITHEE 7 — V =& (Fast Fourie Transform, FFT)
ZAWT (& B), £ABEKOEBRELRD S, FFTOF TN —F L IZBEL
Bk [66] \CBBMS N TV Fortran 70 75 Ak A5, BT ETHE. 78
B, I 8B L O Ajy IaiE— & (B RE) Th 5B/ T 5,

Fig. 3.8 IR H &'~ ABHIBE & BAEHIO T — 227 MAERT, Fig 38
FOEL L CRRITENTRHE — LA BHREHE X CEMEEBHDO T — 2Ry
v, BB L CERRITRE E— 2 EBERESH R L OCBMERHO ) 4 XL~ idH
HbLTW5, %72, Fig. 3.8(a). (b)BIU(c)iX. TNFh p=0.11, 0498 &
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(a)
W i R T
1.0 |- -
R i} :
Zosf o8V gt ]
.~ s © .
s | " I
&0. T ECTRAL TR, 1.:_‘_;
0.0 0.2 0.4 0.6 0.8 1.0
p
(b)
25 P
2.0 k
;‘15;{
20k gi
|‘1"055 "ﬁz

0.0 0.2 0.4 0.6 0.8 1.0
p

Fig 3.7: Fig. 3.6 ® 80-95ms (#5175 b A Y U HELFHANIC L 5 (a) EFHEB IR (b) &
FREE DT M 534
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. p='011

Noise(54)

1 10 100

1 10 100

Frequency [kHz]
(c)
i G S =
o
E
o 10°
()
010
=
“o107
o
w0
108
1 10 100
Frequency [kHz]

49

Fig 3.8: R £ — A BREE K L OBMBEBONRT —ZAX7 by, F, KRB IURHRIZZ
NENBRH E— 2 EiED. BUEBBIT /A XL, (a)p=0.11, (b)p=045%

L (c)p=0.72
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R0.74 DBRF ML BEORERERLTWS,

R — A ERESR L OBMBE A7 PUT e bIizF0 5 BRMTICES
TEIkHz £ T/ A A~V KXY RERAT—EFKESTND, BIC3FDOPTE
bRIBE—AERBERKE VD p = 049128V T, 200kHz f3EE TORRY b
PR/ONTEY, 10 kHz Tk S/N A ENIZBITRE THRA 1008, £, B —LE
MBI TIIRK 1000 L LOKEREEBTHD, S ELY, REBE—ABRIEE
BLUOBMREBL bIC, FL»LEDMNEE CEFEARNRT 2T ML EEBS
ZEIRBLTNS,

3.5 EFEELBHMOBRHSHADOER

10kHz LA L OBV R ELIREN L BB L. AMBHBOBRFMAH L RO, FH
BT HER ~5x10m P BEXUETFRET, =1~ 1.7keVEED ECH /5 X<
IZOWT, BRI E— LB L EMAOILFEERE L, &5 M 2mm B2 FHH
L7=8l% Fig. 3.9(a) BL U (b) LN ENTT, ThENS T 713, KB ORIER
DT —Z THEINTEY, BRI LT —FROBEEXTHD, RHE—A
BREESREOREIZ. p~ 05 TR/NLZY, PLBITABMETKREL 2o
TWd, Zhik, ECH7 7 X=DH4E, Fig. 3.6(c) TRLEL S TRHE—LE
WREN p~ 05 THRARLRZD, TFRIVFLBITCABIINIZLER> TR
HE—LAEBRBENBDT LD THD, BARHOBEORE I bRHE—A
EFHEE L FEOREICN AT, AR THME, SFREMEVECS X5, Fig
3.9 XV EDHLPLE TS T Xv ORI MAIRE SIFEEN (2mm BIE) 2. B
HE— AERMEE - BEBEZRKFHAILE (7, ZhRE—2BERE—ATX
NE—DHIRPD b= 7 THRILEAIZARL, FrAFAT T XL LTH
DR TH D, RMIPLAHETIZE—E, BUEMECTRIAABBITHAIL TV
b, T I THRASH T IRHE— AEMB L EMLRSREOTRE



BIE BE - BAOILREBORRKAE

O BIDAEDBRI M5 & FAROBERTH 5,

51
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= 02} :

-~ | :

0.1} -

i TEET NN :

0.0 L e e il
0.0 0.5 1.0

p

¢

1.0

Fig 3.9: FHEFEE ne ~5x 10¥m3, EFIEE T, ~ 1 ~ 1.5keV ® ECH 75 X<
BT 5EMEBORG MM, (a) R E— ABREEME (b) EFRE CHKLLE-E
=3 UECYE
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F4E BEEISVDRIIOVTOBER

41 BEESHIICETBEEESHER

RHE— ABHEBORESRDBEDIC, R (32 E2-RT5L.

7(ea) = &(ps)
-2 /l E(p.)€(p1)S1(pr)w(pr)dpr — 2 /; £(p4)€(p2)Sa(p2)w(p2)dp2

+ /I ; &(p1)€(01)S1(p1)S1(ph )wi(p1)wr(p})dprdp) @)
+/I>L &(02)€(05)S2(p2) S (02 )we(p2)w2(03)dpadpl

2 / ] £(01)E(p2)51(01) Sa(p2)wn (1) w2 (p2)dprdps

Z T,
n(p) = z“((p")) it E— ABFIED (4.2)
£(p) = %_(%l RS (4.3)
Si(p) = ") <";Ze(p Jhua A A ALES (4.4)
wi(pi) = al;&)’j‘) RADEH (4.5)

LEELE, ZIZT, MOOEALIX, PUEOERBIOBENMNETHD, N(4.1)
XHIBREICBITIREE— 2 ERBERETH S, BBERD SHHNE
BThd, TV TAEEE (Vg ThbbT L, (=023, R E
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WTT oS TNVERE LD &,
MoNe= (€N
-2 /h (€(ps)&(p1))ES1(p1)wr(p1)dpr — 2 /lz (€(p)&(p2))ES2(p2)w2(p2)dpe
i [ (€(p)E())eS1 (1)1 (1Y (1) (0 drd
+ [ J (E(0)E (1) Sa(p2) Sy uwn 2w s dpadiy

+2 / f (6(01)€(02)) 51 (1) Sa(p2)wr (o1 )wa(p2)dprdpa
L/ lo
(4.6)
2T, (E(0:)E(p))e L2 ROBBYDIRE L £ b OFEEEREE T (04, p;) PTEL LT
(E(P)E(p3))e = [E@IIE)IT (o5, 27) (a7) -

NESTHLbEhD,

4.2 E/PMEEEC—EBHIREREUNR -

X (4.6) £V, BHE—ABREDIRFEEEDH L —EBLC-ERITHL
bENARBUNPRTEREND = L8bN3, ZhbOBREMSDEICOW
TR (4.6) UL LENTROBRICOVWTE X B, HEERTT XvBick
THHEVEREL., ERMABEL RS R5, RBIREEEHLbTED
TS BB S(p: — pj) BFAVNT, 220 2 MO B OB %

(€(pi)E(pi))E = V2m|E(p:)|1(p) | Lc(pi)8(pi — p;)o(li, 1) (4.8)

LEHT D, 2T, ~RBILVZRE—LDENENOFHE L TOAHFEEN
BB LEELEED, 70Xy H—0FAF 6, 1) i, X (4.8) 2R (4.6
WWRAT B L,

(o) = (1 —8c(ps))E(ps) + Ac(la, I2) (4.9)
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BROND, ZIT, Leid77 A=B o THREMLEBHOMBER, -

Solps) = 2vV2rLo(ps)(Si(ps) + S2ps)) (4.10)

Ao(ly, ) = ] €(p1)Lo(pr)S2(or)wr (pr)dpy
i (4.11)

+ [ EoLole)Sieualeie
TH5, R (49) OHELE 1 HIRFHRHRETH S, B2HED AL, B —2HL
EEOBTEERDPEE SN TREEY —-AEBICHET DR THS, Z0K
B, ZOBHEEHEESE (Accumulation Effect) & FEWR, Ac ZRBEFREE LKz &
23 %,

% 1 IHOBMANZIZA T AR D RFEERE L AR SR OV ZREES 2R
ScBEFENTVD, TNEFHPTHEDIIAA LR EDLY ORFIN LK%
Fig. 418X U Table 4.1 1277, —RE—ALBI T RXAF—HFHRORY v b
ZED _RE—LEELNENEFBLOFRBRTRT, BARAAVIEEATHS, H
SBRENC, A FMERBL AT UALRAY O, Lo AR THoEHE T, BEN
WMRLELREYT D, ZORF, —RE—LBUE EOA A ALK L Y FATT 2l
EizAF AT D E—A (FlE LT 2D E— A 2HRTRY) OB FEMBEAT
B, AFAMRITEET D5 —RE—DRFERBD TS, £, ZKRE—A
kDA F ACRERFSTIMEL EIZA AT B E—A (Bl LT 3MORIT A
ERBRTRT) ORITFELEKRT 5, ZORKR, RAHICRS L ERRODR I8
HE— 20BN HEET D, ZOPDRIIB/FNLRBBLZ2E) LOKFETIED
SRR (Screening Effect) & . 7= Go ERAM L RET Lict 3,

4.3 RBRBRESDHROEHEC

—R2 T T A2 EREL, R (4.9) EOIHIELT D Z &L T, BREIDRD
BYHE - BFREREFHIIOVWTERTS, 20D, —RE—LBIVTIKE—
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/Gun

Primar
Beam {q=+1)

Miss
the Slite

Through
the Slite

Secondary
Beam (g=+2)

Fig 41: A A MERE DY OR/FTRL#ER. F. FBLVKBREZEALTh—KRE—2A (1
fif), —RE—2& 2ffi)) BEU_KRE—AETA AL L TERShEZ 3oL —2, &

RITA A AR, BRIZRY v FE2BEOLRVWKRE—A,

G | BEEN | ©— LRERN
i T l
" T T
OIS T l

Table 4.1: Fig. 4.1 OFBVIRICIS T 2 BEELENL L R ©— ABREN
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LOBERE ST X EF o THRBLLEESEENER L BLCL L L, 7
FAVRRCETHE, ETRE, EFEERSBLCEOMBER—E, T4
DB Si(p) = Siv £(p) =EBL VT Lo(p) = L EERET D, D&, nlp) =1
&2, X (4.9) 1,

7° = (1 - 6¢ + Ac)E’ (4.12)

B, ZIT, EREAEBLIUCHEEAKL—EER2Y,

Gc = 2V2rLc(S, + S,) (4.13)
Ac = V2rLc(S?Ly + S2L,) (4.14)

E72%, N(414) BIUK (4.14) LV, A FfbRioxt UTERDRIZ 1 R, M
BORI2KRODRTHDZ b2, ERIRBIUHEEDRENKEL 2B
ERHE— ABREBTOA LRI BIT 2 RFAEROCE BRI T S, £
TREEROVROEEL L TRERIRE(E

(=6c+Ac (4.15)

LREET D,

Fig. 4.21C CHS OEHERNT (BXHh 0.921 m, REBIRE 0.88 T, 77 X< &
a=02m)BIWL =L, =02 m BT, EBBIDAEEE Lo = 10 mm D,
BTV ABIUOAE DY AD—EDA A E AN E—A (AR E— LT RNV F—X
EFNENTOkeVBI 111 keV), ZMlDA AL 2BRHE—L L LEEBAIT, £h
ENORBRIBE (e BE Py PEFEEn BLUCETRET, 0BKRETT,
Fig. 42 &9, ¥V T A AEDY L L HRIRFER (~ 50eV) ICB W TEFIRER
LT CHRIFBICRESENT D, 20D, ARSI A~DBTEERSHZHA
T5%E. ETRELEBCHAT 2 LERH 5, FRIRESR (50~200eV) I23
WCETEE - BTEE, WECH LT AR BT 5, BHRGESR (200eV~)
BOWTCRIEEFRECH L TEIRERE L2V, EFBEICHNLTIIRELE
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00 05 10 15 20 25 30 35 40x10°
n, [m ]

(b)

0'0 I----IIIIIII...IIIII’II-I--I--I-I.----I-.-I

00 05 10 15 20 25 30 35 40x10"
n, [m ]

Fig 4.2: BBEEDDROBTEER LCEFRERTME. (2) ¥V A, (D) VEVT A,
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L9%, ik, BIEFIETIZA A ALE (o;vme) BFREEL L2V DIZR L (Fig.
2.3), R (44) & VA AR S i ne KHBIT B Z Eh b, R (4.14)-(4.15) &
D ¢t n2 ichBlT B THS,

ZITi MR 7 A~OHABECEE2EBX, BE—ELLELED, (&
BEFHBEOBBRICOVWTHRD, Fig. 4.2(a) 1V VT ADHRE, BFIEE lkeV
CRBWTETBER 2 X 10%m™> Tl (e ~ 0.1 BETH Y, RH ' — ABHRES
R ERESIIITEE AL EIDNS, —F, 1.1 x 10%m 8 Tid (e ~ 1
BEICRY, RIEHRLC—LDHELOBRIEAREL 2V, RHEBERDEE
i3 2 L CRBREFDROEZERIIRAARTHS, i, Fig. 42(b) LvYreyy
LB, BFRE lkeVIZBWT (o =1 & RDDITEFHEN 1.7 x 10¥m3
OFTHD, ZHED, BEVTAID ALY T AOFNRBEE CRETERD
FlEnREVL, LIL, BBETEIEY ALY OAE DT ADOFRA F bR
PENTDIZBRHE—LRER/NE L RBEDS/NBLILT B, £, VEDY
LAED BBV LADEBBO DR CBBRE TIX, KERE—ATRXLF—H
PVETHD, TORER, RQ7) L0, BEMAOFSFIvr - LU DRERS
2, RICADC 2 5RY 3fFRIMET 32, 20k, BFRELEMORE Y
[FRFEHEI (GREE - 4868 - (LMZEORE) T3k 77 Xv0&BicL>T, 4
FrOREEEZDLENRD D, |

4.4 CHSIZHITH5EBRESDIROFTEM

AIEIC BV T, REFEIDRLERDR EBMADRICHTONDZ Z ERbro
7o ZOETHE, CHS 28Iz & » TREEIMRE L MM IaL— T3,
ZOBIIAVIETRERBLCETRECRFMYA & Fig. 431577, BiRHA
BIZBWTREMSDREOEBIBETRECR Y X520V T, BFERESHIL,
Te(p) = 10%exp(—(p/0.5)?) eV, & LTEET 2, BFEESMIIOVTIE, <F
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Fig 4.3: BEEOIDROV I 2L — 1T, 1 DOBTFRENT (B) L4 >OEBTHE

o3 (K. &, BB L UHRR)
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AEZNBRGTERE L. ne(p) = ne(0) exp(—(p/0.8)%) m=3 % EAR K & LA

%, ZOBERERIC Lo TEYEFHEEER, = 0.75x10°n,(0) m™3 Th bbb & 5,

ne(0) 2 EZAD2ETEHEFEE. n. =0.2, 0.5, 1.0, 1.5x10¥%m 3 DHFIZHONT

YIalb— 1%, CHSIZRV TR (RS 0.921m, BIRIRE 0.88T) DTS5
X2 DHILE E— AT RAE—T0keV DB T L E—AZBWTHAEIZIT I HE,

Fig. 4.2 XV EBEBELSHBEITENEN (o, = 0.13, 0.36, 0.89, 1.6 TH D, iz, &
FHERBIIEICBELL (7e(p)/ne(p) = 0.2exp [ {(0 — 0.9) /0.2}%] +0.01),

HBERILY 7 X< 2T 10mm (B /N FERE X T0.05) RET 3,

£9, ERMABEL T o2 (4.9) ZAWT, BEREIDREZI Iz L—1
LTekiR% Fig. 4.4177F, Fig. 4.4(a) iMRE L =BT HERE» M (FR) & Fig.
43CRELEENENDOEFEENIHIBNTREE — AERESHEZ Y I 21—
PLERKREZRLTEY, Fig. 44(b) RENRThOFBRIZ >V TCETHERS,
LR E— LA BHRBEI~DELE (Din(p) = (n(p) — £(0))/E(p)) R LI HDT
H%, Fig. 42 TFRLIEY, BEPBI DO ONTREEIDRIIAEL
RoTWD, BV VAL —AICBITBEHE Dy o, 1L, BRWDr/a > 0.6 TA
2o TWB I LD, ZOFERTIIREHEIVDRON, ERDEVEETH 5,
Dist,cs PB/MBEIZ T, = 1518V T-038 THD, —FH, PLHDO<r/a <06
T Ditcs (FEEL 2o TR Y, MEDRBFETH D, o, POLEBIIADER
LVLELPREL, e =15 ICBITIELERORKMEIZ3.6, THROLBERE
ZIMULRESAEL>TLEIFIRBESNH D, ZD LD IT, M A VALEDNE
BIZ LV BBRBESDROKE ESBER>TVS [6]

BRESAE COIEBRDR L MEDRETOI IR LIRKTHE, —FH. BA
B D ILERSRE LA, HEDREEL LTRLERETHD, LEK-T, —
BT 7 X2IZBNT, Dis(0) < ( THBHH, ERDEDBFEE RVBE, D 12 ¢
IIRIERET 5, Fig. 4.4 £V, Filad® Dig e 12 7. = 0.2 B L VA, = 1.0 IR
T ENENROIBEIRLT L RO TV, T, = 0.2 1BV T Fig. 4.2 £ Y (g
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< 20[A =15x10"m’
© [ me W 19 -3
: 15[ n, 1.0x10 m
— I
s | | A =05x10"m® ‘
s 10r -
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- 3 4
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Fig 4.4: SEIR/MEBLEREL (X (4.9) Z AV EHAOREMHPREDO Y Ial—va, (a)
RE L - BT HERH (FH) BEUY S 2 L— F LN E— ABHES (k. & 85
LU 254, (b) R E— AEFRIEBOLILE (n — €)/6). 2T, (a)(b) DO
#4131 Fig. 4.3 C BT 35 QOBENIC—5K, 7. HEEILY S Xv2KT10mm &

RE.
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FHETARRLIEIE—HT D, LML, e =1.0CBVTIE (e B PHTIHERE
Db RER Digrcs 2D, ZhiL, Fig. 42— K277 XA=RZEELTVDHD
L, ZOYIab—varyTRIFMEREL TV ), BERIBDRIEK
EVWEEETRKEREAPELDIDTH S,

KDL DT, HBERED(pi,p;) £ V. VUV RABEEERNT, XYHRREOLAME
BRICHGS® 3,

Do, 5) = exp (—é(—”-—gf)—) . (4.16)

Fig. 4512 (4.16) # VT, R (4.6) »oRBRBBAOPREV I 2L —FLERKER
BRT. AFVIFEY T A, E—ATRALX—ZT0keV THB, HELEETFE
B, BTHE, ETHERDBIUCHEROAMILFg 44 LA LD EZHVD,
¥7-. Fig. 4.5(a)(b) IXENEH Fig. 4.4(a)(b) KHET 5, ¥ Iab—MERD
BRI BT & FARIC, BREICRDEEBRBODRBIRES LT,
¥, AR CTEBRDRBREL, FLTRELEEDRIC L > TRAEERDN
EATNWBZ RN 5,

£ 0 B EIR/ AR & VU RBBGERO Y 2 2 - MERE T ST
DT, Fig. 46 ICEBANKEVTA =15 x10° m B3 BT I/BRERT, £ —4
TRV FE—T0 keV DE T LY — LB 5 ER/MMIBEELR L O T R BEEGI
BUz & A EE F IR E L OFRR T RY, Fig 4.6 LV, BUERKICBWV
TER/DHEBECOFTREZBKREN, —F, FOLERICBNTIIY Y A BEEGE
LPlOFBELBRKEN, ZOEVWERTEDIZ, Fig. 4.7 I0ERSRB L OERD
R ZNTHERMIBELEE (TR BhRE X UHR) 38 L OF 7 2 BEGREL (%
NENEB LUAR) IOV TV 2 b— b LEERETRT, ERDRIA DR
CREL. XY AEEEE 0TS ER/MABELI /N ESFR SN D, —F,
BESHRIIEAD» L PLETIRE—ET, VU REEELI DS A5 ER/NMEBELL
ICHRKRELSFEEIND, 20X 5 THBDELBEEIC L > TREHEIBROE
EBRERDZOT, BRI A<2HALTEDL ) REUERVLIPRD S



FAE BEBEIDRICOVTOESR 64

(a)
25 s L= e T T
Cs: 70keV
X 20fhi =15x10"m’ %
° [
E 15:_ A =1.0x10"m*
[ | L
g || |n=05x10"m"
g 10 e .
° : n=02x10"m" -
2 b o e
™ 5L ¢ d
\ R, .
o...l...l...l..‘l....
0.0 0.2 04 0.6 0.8 1.0
r/a
(b)

Co:70kev
A =1.5x10"m”

3t

n =1.0x10"m®

Dm
N

1 '-ﬁe =05x10"m?

Eﬁe= 0.2x10" m\
0

—y—;
0.0 0.2 04 0.6 0.8 1.0

r/a

Fig 4.5: 7V ABEBELZ AW REORBEEIDROY Iab—vay, (a)FHELE
BFRERBHB LUV Iab— PLERHE—ABREHHM. (b) RHE—LEREH
DEHE ((n - §)/€)-
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(a)
25_.......,...........
g 20} y
°© !
* 151 Cs: Gauss, 70keV
o 3 y
| = - 4
.g - | Cs: Delta, 70keV g g
s 10 N
£ =3 i / 4
g i Rb: Gauss, 111keV ]
wospe l ) ]
L v
o 1 1 M 1 1
0.0 0.2 04 0.6 0.8 1.0
r/a
(b)
4 [ Cs: Gauss, 70keV b
| Tl e :
[ Cs: Delta, 70keV
a 2|
L Rb: Gauss, 111ke
1
of

Fig 4.6: £ 7 A E— A% RAWHE OER/MABTEL (Pkk#R) 36 L OH 7 R BIEGREL
(FR#R). BLOAVEV T AE—LZEAWEREOH 7 2 BEGEEL () OB RO
g, (a) REL-BFEERE (FR) BLUOYIal— b LEERHE—LAERIES. (b)
R E— LA EBiEESOEALE,
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15 s T T T
-Cs: 70keV
10 I S.: Delta
o
=i S.: Gauss
(& ]
<
u‘;’ T A.: T-:—uss A.: Delta
o & 4 . Llesass o A
0.0 0.2 04 0.6 0.8 1.0

r/a

Fig 4.7: MERCHES & OHEZR O EIR/INEBIEEL (Zh ZhiRks X OB 3 L0 7 =
BISGREL (225 L OAR) (31 5 597,
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VERDHD,

Fig. 42(b) £V, i, = 1.5 KBV TAE ST AL E—A (E—hzRAF—111
keV) ZfV 5 &, (rp =089 X2 Z &N T& 3, Fig. 4.6z, o AR
EFRAVEBEONEV Y AE—LIIBITSVIab— MERZERD (K#R). Fig.
4.6(b) & 0, BEHEROMIE (r/a ~ 0.65) A TR E S T AMTHRTLED T AD
FHREHHARB/NPNEILBR2TND, Zhid, BV Y7 AICHERTAVET T LADGH
E—AZRAAF—=RREVWEDIZ, FTAFOE—LOWERMBELS, B—
ADBEB/NENILLTHD, £, BV TABLIUAE DT AIEBITSHLME
D Digy DL (Digt 05/ Dist rb) 1£ 2.2 TH Y, ( DI ({os/Crp)s 1.8. L BB LEMF
BEILRD, UEXY, XFRINVREBESHERFOREBT 7 A=IBNT, B
FLLEEFEERDIINT 2RHEE— LABRESGO P LFIROEFALDOKE 13,
FIE ¢ TRMET A2 B TERZ EBb23,
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FEE BREBEREISMOMETEELL
l[:,\%

5.1 BBRESAEXDOEX

RHE— LA ERESNIIR (4.6) L H LR, K (4.6) POA A 1LRiX Lotz D
REX (2.2) BAVIUE, FPAYUEEHAAZ S IV ETRER I CETFHE
STWEFHETH L THATZZENRTES, LEBoT, R(4.6) 2BV T it
HIBPIZL > T, S;i3 bAY U BEFHAREIC Lo THATHZ B TEHDT,
REBITE LT LD, Elr, (E(p)E(p;))e 2 RDBLEDME L 2N 6 DOHHE
RE T (0i, p;) DFEL LT, R(A7) THODER, PELY, 2850 RFEERS
DOEBIRE T AbhhiE, R(4.6) ZEICOVWTHLERTE, RHBERD2#E
BT HIENTELZ RN,

AR TIL, K (4.6) & £ ILOWTHEL mdIC, BUCELIEC L VB Fu s>
LEAER LT, RE LT RFTH ERBIAH b RO KRB E— A BFHBE DM
XMLTZDTar T L%2RTT5ZLTHEONRIBERBSMIL. TORE
L RFTEEEBARICEVBE T BRI 2MRB LE, 7l T A0HM
WOWTIfHE C &:n‘ﬁz

CHS ® HIBP iZ, =RV F¥F—RHBOFHNCRY v M % 3ORETB -+ T,
B — ABGE LD 3 A2 RRFHEI L T3 (Fig. 5.1), EEIEOFL T - &
Y 2a—AOHLMERE A 2, CHS OFEE(Y (RXEH 92.1cm) ODRZEHBFFICE
WT, ¥ 8mm DXy )b - B —Ah RV v ME30mm & {KE LBE0HERE
K% Fig. 52177, ZEOE—AIERAEZRF->TBY UL s E—AThRNY
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Energy Analyzer

7 o
/ Split Plates
S
/

Secondary
Beam

Fig 5.1: 3 ARE#HHL, FBLUOFRIZTATL—KRBLIVTZRE—L, —RE—L#LE
LD 3 oA AR (BR) TA A ML LEZRE—AZZR TN IV —SH#0 3 2
DAY MZED D,
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15 [T T[T T YT

102' ﬁhh“"h }

Distance between Sample Volumes[mm]

0 s a3 ) s a1z la s al g 2 a2 Lo oo 1l 3 o 20 o2 a1 3 3o
. -10 08 06 04 02 00 02 04 08 08 10
rla

Fig 5.2: 7N « R Y 2 —bOELHEH,

fedd, ZOHEIIIEENS S, Fig. 521 X309 7N« RY a— LHEHED
et gy e LT« RY a— LHEHEEZRLTVWD, F TV R Y a—
L RBEEEE HOE, r/a(= p) BARTH Smm, ERTH 3-5mm T, MWAE B
BLEE R 2 BABRBKESLT 10mm BE L 25,

B3 RO RFBEREOMEBERKN» L RFMN2MHEETI(A;p) ZERTE D,
DA p) . 75 X o CHBAL LT BT AR lo(p) % LEMRIC A
AEETHD., LEETDH L.

2
0= st~ (3w
LE TS, LIL, REERBEMOMBERHATERVWED, RXOLSICK
e ERSROMEZ K p DAY OEFE2 R o BE YR p; TAA VLT IHEDOKR
HEe—AEBREEREMOFMERA L L THEFICRWELEZ L, Ic Z2KkD 3,

nGen(e)l ., (_15%p)
WMﬁw)em(z%@)' (5.2)

(5.1)
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EBEOHPT —Z L0 RATBERSZHETAICHY, ECH I A<=z An
2o ECH7'Z X<iENBI 77 X<TRT, TA V2V EREE—FRYDaE—
LV MBSOV DTH D, Ik — L MaBBEEaERRE L, R
(5.2) L VHRBEEZRDLHE, FREAFEBHOMBELY b —L > FREOME
HMEROTLES WREENRDH D, £/, ab—L IV MeRBNXT 7 XD ERX
FNBEORVEBREFOBENSH Y, Fig. 5.213R Lk & ) 2RI
ik, MEROHBICKE REEE SLTEENS 5, RFEESDLEE
THLEERDIIRELEL 25,

FAREIIBWT, BEMIDROBE TH HEBHENMRE C I3, HCEEICLoT
RESEDDHERR LI, £Z T, 220085 ( OB ERBIC OV CRFTHERRS)
DHEEEIT D, O EDIL( =0.3 THEBRIUBREBODROEEN/ NIV L FHIH
HIET ERIR, THETHER. = 4.7x 108 B X OHLETIRE T.(0) = 1.3 [keV].
DT F7 A= EHNCRD, b IVEDE( = 0.8 THRHNERKOIDROEENKE
WEFRENDIEBEFERK. 7. =95 x 10¥ mP BLURT.(0) = 1.3 keV], 7
7 A= &Pl S, Fig. 53 TN ENFEE TCOETHEBLCETFRES %2
T,

Fig. 5.4iC, EFERS L URBEERBICRT 2REE—ABHRMOEEEZRT,
%%lﬁ%ﬁﬁ%h%ﬂ@b&L%IUT%@&&%T&&?%@&E_A%ﬁ
MOEBETH S, Fig. 5512, Fig. 528X W Fig. 54 16X (5.2) ZANTRD
THBEROBEFARMETT, BEERSLUCEBEERRZETLELEFL L GRA
TART, RITFL e ERB XU TRORESE TREHT 2RH Y — 2 ERB OB
EHETHY, TT—_—D LTI 2 > OHBREOEL LhDEERT, /A4 X
VAR, TR BRCREOHEB X D ROEHBERICHAY T AETH D, HE
RIMVEFERL L OBEERR L b ITP.OME T 5mm B E CREAHE T 20mm B E
20 RO EZICHET THERRES RELONE,

RNM@T) D (pi, p;) 1377 A< 2ETHBMEER T LERSH D, £Z T, B
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(a)

N
o

.
(9]

ne [10"° m), T, [keV]
=

0.0 0.2 0.4 0.6 0.8 1.0
r/a

Fig 5.3: ECH 77 XA~ OBFHE () 3 L O'ETFIRE ST (FR), AUE Thomson #ELE
WICEDERRTRIITZ 49T 4 7 #ifR, (a) EBEEFEIRA.7 x 108m—3, (b) MHER
1£:9.5 x 10'8m—3,
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Fig 5.4: ECH 75 X~ 04857,
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T RS o1 0 12 CUE, AR )
T F'S
£ s A
= 15[ §
= ne=95x10%m? & !
5 #
< 10} l e
g O .

Ple,, latld |

- 5E i‘

3 o i{} Ne=4.7x10"® m?3
s Nbiéé'L'é\}éi”'_"_”',"_'”_"_"
00 02 o4 0.6 0.8 1.0

r/a

Fig 5.5: ECH 77 X~ OfBR /i, HB L OFRRIZTNZHEEEEK (4.7x10%m—3)
BLUBEBEHEK (9.5 x 10®m™3)

R CIHBERBO 2 SMOMBE L. (0, p) & A p BET p; CBI 5 RETHR
FABR 2 (p) BL TR (p;) AVTRRO L 5 ICEET 5.
1 ]: 1
Lo (i, p5) =B0) By

L ZAT, CHSITIZ b aA B MICH 90 ElEN 7-LEIZ 2 B HIBP AR E
ShTna, BBHALADZ T A7t BV CBLRIRAE CIRE—ERDT, &
LB/ SV TiZ 2 B 0 HIBP % AV T 05 17 0> & BRI O MBI 2 #8135 =
ENRTED, —FH., BEIMIE TETIERWD, BERBICOVWTIX, 24
O HIBP % f\ Nz 387 18 00 5 BERE R 00 4 B 0 BEAM 128 LV,

(5.3)

5.2 RFTEEERBOHEESH

AIEIE TIZBWT, AT 23, 77 X< o THARL L 7= /RBTHI 7248
B lc Z HERICFF STV ABEETH D, LREL., BN 2 ROMBEROWEK
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BREREFNORORFOARHBEOHIROFICL - THobbT LEREL, T &
D, R (4.6) i1,

&)= 7*(p)

*2/15mH£pﬂxp S1(p1)wi(p1)dps

2L ¢(pe, 1)

- 2/ [€(oa)1€(p2)] xp( 22;([:‘22 )32(P2)w2(p2 dpe

(m p1)?
(

(m p1)?
/h O = e

/ 1€(02)]€(0)| exp ("2 7Y )52(Pz)Sz(P'z)wz(Pz)W(P’z)dmdplz
cl(p2, P5)

81(p1)S1(p))wi(pr)ws(ph)dprdp}

=3 fl £ € (o2)] exp (—%) 51(01)Sa(pa)n (o1 wa(pa)dprden

(5.4)
LELEBTED,

Fig. 5812, Fig. 5.3 IR L BHER L UORBEFKD ECH 77 XA~k 5
BRHE—AEBREEN S, R(54) ZAVTRATBERBOMELHE L-FIEZTT,
FRIIBRHE—L2BREBOERA, FRIIEZERREVVABEHTT7 4y FLED
DTHD, MRIIFRELVEBRR L -RABERSHTHS, I T, RETRIRAE
B&iX Fig. 5.5 Z AV %,

Fig. 5.6(a) £ ¥, EFE CIHABRZOREATLIORFABRERBNE/LLTY
2, ThE b, BBEEST X< (n, <5 x 108m™3) TIHRH £ — A EHEHIT
R ESSICHAREOBE KT 52 LARBTE S, —F, Fig 56(b)
FVBEETST A (ne ~ 1 x 10¥m™3) ICBWT, BT CIHEBERRL
RICRH ©— ABRHES & RTE KRS HARERE T8 58, .08
THAAREUL LICRE E— 2 EREE L AR EEREICERBH D 2 L B HER
TED,
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Fluctuation Level [%]

Fluctuation Level [%]

76

Fig 5.6: A1 7 ABSGEE L=35/4 O RTEERB N, (a) EBEFER (n. <5x108m=3),

(b) BB EEIR (ne ~ 1 x 10°m—3),

~Y
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5.3 HEEREDFM

R DD b RETE ERBOHERZEICOVT 2 2O FETHET 5, #
ZOFHmIZIE., BEBADRERPKREVWEEERIRO ECH 77 X~} 5 RFT#H
ERBOBMERE A5,

—2BDOFEL LT, U ABEKL Y ROTMERDO#AZE (Fig. 5.5) 2> b D
EREZTMT 5, AIETIIAHBEROTEHEL Y BHEERBZHELZ, 22
TiX, HEREZ=7——DRETERBLVEE, 2V EhTh T —1—
O _ERfER X O TIRED BT 2EER M Z AW T, RTE ERES % sk
% (Fig. 5.7). Fig. 5.7 FOHF#IL Fig. 5.6(b) DMRHE— LA BHIZEBIO 7 49T 4

T

-
.
o

T

- Shorter | ]

Fluctuation Level[%]
o
o

\Average I
Longer I,
o_o Rt s, " " 1 " " " 1 i " " 1

0.0 0.2 0.4 0.6 0.8 1.0

Fig 5.7: AR RICH T 2FRIREN LA L2 RFTEERBOHERZE. FHi (b) ©
RHE—LABHRBFEIO7 47 1 7k, R, s LOHESRIZ T ENHEBERSRER,
FH B L UCREEEZ AWEHE ORTE ERS,
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Y THBRTH D, K, KBLUCEGRIZLTNHBESREER, FHBLORE
EEHWHEORNEERB THS. RRBLICREOHBELZAVEHED
RPTEEREL, FHEOHBR % AV B A ST LR TR 20% 8
2%, LIehoT, MBRFHAIOKHBEEL Y, RITEEZBIHIIPMETH
0% DREVD D,

A (5.1) BT, RETHRMBET 1, 75 X~ o THEL L = RETH2 /80
R lc BHERICHEOV Y AEKTHD, LEEL THERERD, 22T,
' o CERORMK o ZRETHORXTHLDIND LREL, o 2RO B,

e S - B - [3(2)] o
Eio, AMPMEEBE L AEBER Lo ik

1 _ 1,1
Lo(pinps)  18(e) * 18(05)

(5.6)

Lokws,

=0 R ORFERERBOREREATRES LT, o RBLEE5 2 & CERMIE
EXTRDIIc 2AWT, RABERBZEHRRT S, Fig. 5812, a=1.5, 2, 20
ERELELBED, RREERBOBERERE TN IR, BB L OFR TR
. EHIIFig. 5.6(b) DR L~ LA BRIZEBO 7 4> T 4 > JHBTH 5, PFig.
58L 0, a=15CBVTIIBHBESAICR-TLE > Y, RFIBEEEIL
CEoTRELEDLS>TLES, LEB-T, HERIIRFBERBOHTIZL »
TEERERTHY, $MELBREERMO-T 3 ERLEDICRY, ERE

- MBERZHATILERD D,
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A

(=)

-
-

PRI R RS

T :exp [ -0.5x(Ax / L¢)?] ;
T :exp[-0.5x(Ax /L))

Fluctuation Level [%]
E=N

r/a

Fig 5.8: fARIR Z R ZFRCAV 2 BT X 5 BB ERB O ERZE, HFHX (b) DR
E—ABHRIBBHO T 1y T 4 v iR, 8. &P L UFHITR (5.5) OFfa =15, 2, 20
& L5880 R e ERED,
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E6E RBERHRARY FLOK
Tk ISR

6.1 BRBEISFEIDARY MLHE

Fig. 3.3 CRLEL S, 79 X Bcidil e R mssn 2~ oo,
GAM L #E SN 5B, NBL YT XIciTik Alfvén BHE— i Sx 72
BERBEROED S 55, BEITLT - AECERCEELTRY . POBFT
PORBEETEDS BVDKE S 2o TVSPEEEICHNTE D2 Lid, 7
5 XvDRHBWOEERT S5 L CEECH B, LT, H5ETER LIRS
ESBRESTOBRRELRESY, RIBEEHAY M OBRRETS,

BB Bbic, R (46) &7 — ) TEHT 5, X (46) FHORT L.

Me)e = (E(p.)E
-2 [ (€S o (o)de
-2 [ (€ )e(eaeSa(pr)un(pr)pn
+ /l1 [1 {€(P1)€(P1))eS1(p1)S1(p1)wr (p1)wr () )dprdp) oD
+ [ j (€(pa)& (o)) m502)Salh a2l dpadly

+2 / / (£(p1)E(p2)) 251 (1) Sa(p2) s (o1 wa(po) dprdlps -
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n(p) BECE(p) 17— TEREERT 5.
w0t = [ mlpwedo (62)
€0.t) = [ atowietas (63)

ZZT, ne(p,w) BE P& (p,w) RENEN (p, t) BE T E(p,t) DERT—V =
FThHD, ET, R6)ELBLICHRIE—HE 7 — V2 EMT 5L,

(Hoe = 7 [ Qo) Psdo (6.4
€ee = 7 [ 1&Gnuleds (65)

LB, WICK (6.1) BT (6.3) #RATS &,

2 [ (e e)eS: (o )us o)
=7 [ [@ooktonesioimoini  ©6)
EIRUBOERICLT7—) 2 ERTE S, T3 LR (6.1)13,

[ oz
= [ laton oot
-2 [~ [ (G onwtilor S o un(on) s
-2 [~ [ (6o w)elon ) pSiounloa)macs 6.7)
[ / (& (1, )&x(h, )51 (p1) 51 (0 s (1 )3 (0 s o
+ /_ Z /l Jz (&F (P2, w)&t (P2, w))BS2(p2) S2( 0y ywa (o2 )wa(ph )dpad phdw

2 / : / / (&1 (p1,0)& (02, )51 (01) Sa 2w (01w (p3)dprdpacdes



BOE REEERBAT M OHEREL A 82
&b, MAEHBL, 7— Y ZABRERS T LicgETs L

(100, ) e
= (Igf(phw)lQ)E
=2 [ (610 )6x(p1,)}55: o2 Js (1)

-2 /l1 (& (s, W)€t (p2, W))ES2(p1)wa(p2)dp2 68)
+ /11 [1 (€8 (o1, )& (0, w))ES1 (p1)S1.(, Ywr (p1)wr (6, )dprdp,

+ [ j (63 (o2, )& ()2 (92) Sa )i (922 lpadl g

+2 [ [ €00 on e 0 Sxpahos r)usom)ondn

BRI B, ZIT,

(G‘(pa’ w)ﬁf(ﬂb; w))E |£f(Pa, w)”&(phw)l

x7(£(Pa), ‘E(Pb), w) cos ‘10(5(100)’ §(Pb), w) (69)
a = 1,2,b=1,2

Z T, (), €(ps), w) B L TR cos p(€(ps), E(ps), w) X ABE w IZI81T % BETE
ﬁ%ﬁﬁwﬂt—VVXBiU&ﬁﬁﬁbéo%Eﬁ&&ﬁ@ﬁﬁﬁummmﬂ
Zab— VLU RIVUTOIIICEET S,

Aperm) \ _ _ 146 (e )0, )}l
exp ("lz(pa, 5, w)) = 7(§(pa), &(ms),w) = (0 )€, ) (6.10)

L7edoT, R(6.1) 37—V TARERPC/HRTE, AEET L ICRFTBERS
BOWET D ENTES, Table 6.1 IC2EBIRS & 7— VU = BEERLT & Oxt
WETY, ThIZEY, RETEERBIRY M E2EBRTAIZLNTE S,
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B SRERy | 7— VU T AEERS
RUE—LEHREE | n(p) (o, w)
T 2B ¢(p) ¢:(p, w)
FEBA Rt INCS Y(0a, P5, w)
BB FRBER | le(0a, pb) Le(a, 1y w)

Table 6.1: 2By & 7— ) = BE RS DX,

6.2 WoEDHE~NOEBRHESHE

B RBER S DFBEE (00, oo, w) ERD B IdiTiE, K (6.10) 2 LER S
B, RERCHASh D BRIIFRTHERS T, RHY—LAERE8cH 5, *
IT, 2B TITo 7o L RIS, BB Z & ORBEE L(pa, pr,w) B
HE—ABRBBMOE— L 22 AVTRADL S ITEL L TRD B,

GRS oy = L0 (pa )&, ) |
em(lmh%w) ﬂmmmmm)*lmemMmM”. (6.11)

ZORPRE Y ROABREAVCRABESHOBRREIT) &, SEEHE
BIZBW TEBBESACER L TCLEVERICKT LEVESRH S,
BERBEFRETHEREPEEKRT L2VWERE LT, R (6.11) DiFLE X U4
BFREZBCAN T2V EBET b5, K (6.11) ik, HERICHT 32K
BMAPREERT DI LTI ZELTH S, £2C, HBEEICKHT2EBHESD
REZOVWTERXD, 3RTA A LT B E— A1 Fig. 5.1IC7TE o0, —RE—
LA A AMERAEE CRICHE, ZRE—2A% 38041 3 ALEMEZE LT
POTEERCHELED, TORHEM2ATA A ULT 3BEORHE—A
BIFZET, BREODRICL VIIER CREBERE 2. RHEE— A BREHR
Da—VARRAEERBRL Y bRELFMENS, £0d, BEfHAL
HERPR REbONZTRRER S S,

22 2 & (a,b) TAAUMET 2 RHE— LA BHEBOBER 7 — U 2RS4 EN
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£,

(6.12)
(oo, w) = &e(ow,w) — [, &olo1,w)S1(p1)dpr — [, &(pa, w)S2(p2)dps

EHobENnD, ThEYVRHE—ABRESHOEEMABEEROT VY7
ERO7—Y 2oy,

{ M(pa,w) = &(pa,w) = [, &(p1)Si(p1)dpr — [, &(p1,w)S2(p1)dpn

(0% (Pas W)t (Pv, w))E = (£ (Pas )&t (b, w))E + B*(€c(pa, w), &(pp, w))  (6.13)
LETB, 22T, BE(paw), Erl(on, w)) IBBEAETHY |

;32 (&(Pa, ""’)1 §f(Pb, w)) =
- / (6 (0ar )€ (P10 ) )65 (015)wrs(P16)dprs

- / (€1 (06, 0)Er (10> ) ES1 (P10)w10(P12)dp1c

- / (& (Pa> w)&i(p2b, w))ES2(p2) was (P26 )d p2s

2

- (gg(pb’ w)gf(p%’ w))ES2(p2a)w2a(p2a)dp2a 6.14
2o ( )

+ / [ 1 (5; (Pla,w)ff(,olb, w))ES1(Pla)51(P1b)w1a(pm)wlb(Pm)dpmdpw

+ / [ 1 (&F (P20, W)t P21, W) ES2(P20) S1(P2b) Waa (P20 )wan(P2s)dp2ad oz

+ / [ z (&F (P10, w)€e(p2s, w))ES1(010)S2(P25) W14 (010 ) W2s(026)dp1ad s

+ / [ l (&F (P16, w)&t (P20, w))ES1(P15) S2 (P20 ) W15 (P15)W3a (P20) P16 2

LhbbEns, £oT, R(6.10) BLTR(6.13) £ 9. 202 & (a,b) DRFH
ESSMOEEED Y — U T AEKRAE

exp | -1 (Aab(pa:pb)>2 _ (18 (Pa, W)t(P5, ))& — B (€4 (pas ), &5 (06, w))
lc(paa Pb,w) !gf(ﬂmw)nff(f’b»w)l

2
LFUVRDDZZENTEZ, R(6.15) KR EBEFENTEY., ERSHBEEELRD
57-DITiX, FIROBEREA—F U BRT T8, HEBEEIZHOWT HERIT

(6.15)
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PREIC LY REL 2 FEREZOND, 2%V BRELD 0EEOMEBEEE

1 Aw(papn) \*| L (me(Pa @) (pn, )5 — B2(e(Par ), M (01, )
GXP{ 2(lc,o(pa,pb,w))] B [7¢(0a, )l It (0, )|

(6.16)

£, kEIEDHEERE

exp 1 ( Aab(pas Pb) )2 —  {me(pa, W) (o0, w))E = B2 (€t 2—1(Pa, w), & p-1(pv, W)
2 lc,k-—l(pa:pbzw) - ’5f,k-1(pa,w)”ff,k—1(ﬂb,w)|

(6.17)

ERBU. Jlog — lepl/lop < 1 L72DBE, BRELAKRTERHZ LWV HDOTH
Do T I TIHFERERFOMBRA HHEEREEX (6.17) TEB LBET 3, 7L,
X (6.17) DEDN 1 B2 BEE, K (6.11) CROMEEREAVWS, Z0H
EREERZZRORTEEZBHHOMBBER LY VAL AEL A HRERDHS =
LITERE L THL, Fig. 6.1(a) BL T (b) ICHER L MEROHBEDRF S
fik, EME ECH 77 X< (n. ~ 4.5 x 10®¥m~3) i 2\ T4T72 > 726l % Fig. 6.1
R, WIEROHBRIMEARIZIVTr/a ~ 0.85 CRAME (B EER &
TO2BE) 2LV, I X<NBE TRVHEREER>TWV5 (Fig. 6.1(a)), —
7. MEROHBRIVERAKIIBVWTEERUMABTRAELRS N, £KtE
<V HICBRBRBEIDRERPBBET I IS ANECHENLVELFMmIN S
(Fig. 6.1(b)).

6.3 BFRARY MILOEH

A OWMEELENLHBERE RS, RFBERHA7 M OBEREITZ 5,
Fig. 6.3 ZFig. 56 IR L BFEBIUREE ECH 7J X<z W TR e —
LEBIES & RO AR M E2ENFNEFRB IR TR, . B
LA TER L RFTE RSN ORI C— ABFHIEEB~DERR Dy, #RABRT
Y. Fig. 6.3(a) KVEEET T X< n, ~ 4.7 x 108m3 BED ECH 75 X<
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Fig 6.1: B LIAEE OB F M, (a) RHE—ABROIE—L U XDHH
ERDEMMEE, (b) EERMHDRELERL, BEXTR- - HBE,
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BHMENE p= 023128\ T, EHE Dy, 8 10%LL T CRAEERS L RHEe —
LBHEBEBAGELITE 2 LIKET L, 15kHz PE TR E— A ERREI 2 =2
M % RETEERBIA R M LEEITE 3, —FF, 15kHz AT Gl — o &
AR BB L TRk S0%BEA & < FMH SN T3, Fig. 6.3(b) L V&
FAALE p = 0.73 TIX2ABEEH TREBC—LABRIBBIR 27 M % Bk ER
DA MVERET DI LB TED, —FH, BEBET T X7 e ~ 9.5 x 10¥m 3
(28T, Fig. 6.3(d) & VEHHNLE p = 0.73 TITHRH ©— LA EHIERH R 27 p L
ZRATVEEEB AR M EZELAREH TR TE 28, BFAMEp =0.23
KBOWTIIRFBERE AR bICH L TREBE—AERBEIR L7 bz k
ESELTWS, EFAKE TIIRHE— ABHEEIIRFIEERBORKX 55%E
BEEMLTWS, E-ARESEL 2D oNT, RHFEEES L /RHEY—AE
HEBDOEITNEL R o TWD, THIIHBERABARICRBIZohTELL 25
~»Ths,
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Fig 6.2: [EFEFEIK:4.7 x 10'® m3 2B T 2RHE— LA BRES L RFTEERZH A
kv, (a)p=0.23. (b)p=0.73.
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Fig 6.3: M®EEEIK:9.5 x 10'® m—3 ERICKIT 5, RHE—LEHES - BTEERSD
AT bv, (a)p=0.23. (b)p=0.73,
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FTE RELFLYD

7.1 BRNEBOEE

—RENICEB R EA T 2 RE LTHRE, 3 — U —27 MBLITHED
R BB D, o, EH2AME YV EBOEMEE AT RE L
TIZ BRNRY—RAR7 M, HEAHERE, HAlRBL Rt —L R BIUNHE
EREBDHD, SOITIEHFE, BEFERER &RV RHRFEC X S8IT
HITbRL T3, 77 X< hORBICR W TIL, BESE L BAEHOBEELH
BOLTARNVY 2 VEROREL BB OHE 2 MM 2BOVESTHS, 22
T, AVY<wVBREaE— LU AN ORDAAEROIMEHICL V. HIBP
AN TRERODREZE LRI OVWTRT,

i) Ry < > BAR OO ERA

K (3.5) IR LAY = VBROBRE o IHEFBBIOME 2R T, Fig. 7.1(a)
i, EBET S X< (ne ~ 5 x 108¥m™3) DIEBIDF £~ L= Fig. 3.9 LR~
RNVY < BRETY, BRI EBAIEE) edo/T.. HEBRIZTBEHEEI On/ne =€ & L
TRHE— AEFRES 01s/1a = n ZREL TS, Zhik, HIBP #HAIKBNT
REHEIDREERLZVBEEORLY < VBRERLTVS, 7T XA~ 2&S
MIZHFL0<r/a<03, FHI03 <r/a < 0.6 BLTEEp > 0.6 D 3 DDHERIC
ST, ALY CERERAND,

Fig. 7.1(a) FO#K, KB LTFRIETLELH L, PEB I CRZOERICBIT
DRTHD. RREETNENDORERSEROBEEBRALY <V EROKREK o &
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Fig7.1: RV < BiR. R, KB IOFRLMITLZN0<r/a <03, 0.3<r/a<0.6
BEVp > 0.6 I8 2 HUBLEMEBICHT 2RI EBEERZBOEREL 7 19T/
T TH D, (a) Py, PRBEWMIOT 4T 4 > ZHROLFUEEKITZNZhH 4.9, 3.2
BLU12TH5, (b)EEH#IZIT. 28BLU1.3 THS,
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25, TI—N—%kERBIIANTER/N_REIZL Y FEBROEINR a ZRDT=,
b, S L CRLERICEOTER T a ~49, 32BL T2 Lot
B P LR CHBICRERIELRY, FEEDIELNSL REEARD T,

THETRRTERLL I, ERIZE nIIEBREIPDIROBEBERZIT D, fio~
5 x 10¥m= @ ECH 75 X< iz i1} 5 WHNRERMODROHE L LT, Fig
5.6(a) DRHE— LEBRES n L BB EER ON%EE XD, Fig 5.6(a) Dy
DT 49T 4 THBIB L E N DERE Dy DAFEERD B, D En LY. K
RDEDITEERDDZENTE S,

o

RO Dy D EZHANIC L VKL, Fig. 7.1(a) OFEBRAICREE—A
ERBHOEERACK (7)) 2EATE L TR e KERT S, ThiIZXVR
DIFE LR Y < BfR%E Fig. 7.1(b) ITRY, HlliLedp/T.. HeBIZE TH
B, HFROBDEWIFig. 7.1(a) L FRICT 7 A<= DBEFREBOENTH D,
ol PEB L CELERICBNTEN TN o ~3.7, 28BLUL13 Lot &
BRODERKENHLERT o RKREL<EDLD, 207, HIBP O KRB
HZBNT, BREIDREERTIZLHEETH S,

ii) RO 2RRT 57

Fig. 6.1 TR L7MHBARDOA A—Y <y 7%, Fig. T2 AWK LITRT,
B LOFRRITEN R C— A BRISEH O IEE L AEBRE R L URERS
PRELZELAELHERTH S, 2EARKICSV CHERMORERILED
LHHLEBIZAP> TEL 2D b0, FLHTHLHEROEZIEZFHF TS, £h
X LT, ME#OMBEZTLETED TE REYL bk, %icZ ofmix
BERARFERCTEETHS, kv, PLERTIIEKH AT ORBNIIMH EHEEY
. ¥ 10kHz Pl EOEBR KRN TH S ABER DS, ERARELT DI
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I OHRF L OMERE LI, BRESPREERTIZLREETH S,

7.2 BEBSDROEREDGH

E—A7e—THEIEIREL DI T2o00F5RBH S, 02k, I X<dic
E—bLEAHL, 77X HTCELEDL, 77 Av0MIHTEE—2 %K
H9 2 HIBPEROAFARNTHD, HIBPEIIZNE THRATERL ST, BERSHB
FUCEMNEBEFEFHATIZENTED, bIVED2E—LTa—THiE, A
HE—b &7 XvOMEEAN LA LS BREEZHAT 2 BESE (E— 4K
$43YE (BES) RV F 7 A - ¥—A « Fu—7 %k (LiBP) 2 ¥) TH 5, BESET
IEAEEIHRAITE T, BEEBHOLOHAE 25, L L, HIBPR L FEARIC
BESHIZBNTYH, E—LORFEICLIBBHMNDRVPFET D, FHETIT-
TR DROEEEIIHIBP RUICIRS T, BESRIZULRATH LN TE S,

RV E—b% AV BES HOBEERBIERIC>VW THEICR <%, BESE
CBITB E— MERRE Lu(r.) 13, AKEO E— AORFBE nyo. ¥ 7E
BB B E— AOBE ny(r,). 7T X7 DBE n(r.) B L ERH R FIERE
PRE (Cemtr)ert £ T B &,

Iem(7s) = kne(7.) (OemVe YetTin (T4) (7.2)
nb(T) = Nbo €XP (—— '/; n,(r)ﬁgw—v?mdl) (7.3)

LET D, kIERRTH D, R (T2 DEXELD L,
Slm(re) =  kbne(Ts)(Gembs)efiTb0 €XD (_ / na(r) (oiz;:l)m dl)
i

- he() (Ceme ) eiTin 0 €XD (- [ ne(r)i‘-’-%’ﬂdz) (— [ 6ne(r)mdl)

Up
(7.4)
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725, N(74) 2K (72) TEIB L,
0lem(re) _ Ome(rs) / 0ne(r) ne(r){oiven)m

Im(r)  me(r)  Ji ne(r) Vo
= g - ety &
L5, R(7.5) K0, HIBP ORilC— ABHSE S 5 b bI -k (3.2) ADicH
FTEZRE—LADBREEBRWEICR> TS, E—AMERABERZEZRD 572
DIz, R (T5) R 2RL. T IATHERS &

(=)' e

Tem(7+)
-2 [tetrer)e ”e—(’")(;"’—t%z e
//(E ne("' Ul”th> (ne(r’)aivth>Mdldl,

Ub

&&6oiamﬁﬂm\_&taAk%ﬁf6ﬁﬁ&wEH?KM@kﬁ%m
ERRLBERICEI-THobENS, BESHEIZBW TS X< AR HER
REWEITH Z & T, N(4.6) 2L RAEBEREBE ZRDIEIT, R(T6) % LI
DNWTHES ZENTED, LEB-sTHAIE—LAZAWEZBEAICBWT, &
B TIT o7, AR (REE— 2AERORHEBAE) OR8% H o by R
KEfE, EWVWIFHRILE->T, BELREBEERBLHETI N TES, &b
2, E—AaFu—7HRICRL T, FHHARHELHAIZBWTYL, L—F—LF
5 X L DRERRIC L HHME. BHRICLDHAT 570, ZOFRILSHT S
ZLRTEB,

LiZLiZ, BiR7 7 A=NEOBMBENIC LR TEL OHAFESERZENT
WHBERB, O REREOKN X SERMICTET 2580852, 75 X<HD
BB LSRR EH DR FE (REBE)Dau 1. Tawe = (ndE)g/B =
I k(w)|0ne(w)||6¢(w)| sin p(w)/B dw LB} B, RAY < BHUER (35) kv, B
ﬁﬁ%@%kﬁrmmwu\nmmn_(fﬁﬂﬁﬁggﬂwaﬁﬁ%é ERT
5, bL, ERBOVDERBHIHPEZAVT, BEBBHOLNLREREL
FHET 5 BE. BIRORO B LR BRREZAVILEND S,

dl
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73 FEH

AR TIE, HIBPIZL D brA X7 5 Xvod i atestflle CHS £8
TV, EFEERE L ENENOSXBRILEIHACRI LE, £, &
BRI RERBMADRERE LRI EESh L HET 2L T, &V
ERREERBAMETMT 22 LRI Lz, ZORIZ, HIBP OBREREH%
KIEL, FROT 7 X~ DMk L BEIOHEOEB L 2RI 1B 23 A
2R LT, T, AEORREED B,

i) BESNCEMBMORIHER (%3 X)

HIBP TiZz—#RIZ, ETHERBICLEMESZHAITS20IE, Lok
RE—LBRBLEL 2D, 6RO CHS - HIBP I3HHROA A EEBWTEY
IHIC L DR E— AERA 1000A BETH Y, CHS 7F X~ DBArE8HHIIC
BRA+GTHoT, FFRTIE, A FVBREEEKEL, RHE—ABRAEX
2uABE L BURBHAIC AR - LA BREBD Z LRI L, Zhizky,
EROEERBIOZOHANLBEB L CEMNESHORRHAICRBEIYE, £
DFER, EXRRPTOZFRFHACRIIL, BERS I OCEMEBOMHE2E-,

i) BRWAVDE —ERHEERANE— (B4E)

B L7 E RS (R E— 2 EFiES) 20 RTEERBOEE FM+ 3740
(. BEE L RETESHOBMKERTELYTER2E N, ZOFBREY RN
BRL, BRESDREY. BRESN BB ER L0 LiR/NTE S ¥ D EREIR
&, B EORBRRFEECNE S h, BAFESE5HESDED 2BH I
L7,

TNTNODR» LREFHACB T 5BRBHEI DR OMBE L 1 5B RESRE
(ZEHEL, BETRELETREKRFEE LR L, CHS OEERMICBONTET
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BEEN 1keV DR, Z3 7 ABIUNE DT AL — A% AVWEBA IR R
(=1, TRbLBAIAEICTEINIRAFFERIZO0NRBEL FHRENIOETEE
i, TRLEN 1L X 10 m 2 BL 1.7 x 10%m—3 Th o7,

iii) RAEERMSESAORE (B5 X)

BREL RFEBOBRE R TR TR, HESERE 2 b, #<
ZERTE D, FHFRTILEEE 3 KAORKFHY OEE OS2 M5 -
LT, RFTNAZEERBOMETM L, TORKBE, FIERCIERDR. —
7. PO TREEDESXENTH I B TFENE, FiZPLBLOHH
PR TOBRBEIDROEBIIRNEL, ECH 7 I X< ZB VTRV T AE—L %
AWk, BEFEEN 47 x 10¥m~3 OBATHLEBED 4 5IBE., EFHEN
4.7 x 108m B3 DR A TR TERELH BN RENE,

iV) BREEEMRXY FLOKE (%6 )

iti) DFERBERB AT MACHKE L, RFMRBERR Y MO
Z1Tolc, ZORBIZEBVWT, AEERIT L oEBRHHE (2t — LX) It L TR
EAPDROBERTTo T, BEMODRVERR TAE L, BEAE TS hot,

V) EERREBUBHOIHFICETITIHR

STFBIOFRER. ECH 7 X<, 5x 10¥m® B £ — LA EBHiiE8i L EAIE
BIOKRE 1L, ENENFOMET1 ~ ARBEB L 2% TF. BRMETHE
EHRBITHML, LCFSMHETIL20%BREdH -7, o, BERIDRLERNT
b, BER L BAIRBION, (0n/7)/(edp/T.) DENELITED > TRAT 58
MBHDZLIRENT, ARICHPIZLER THREENRL 23 EHARH
27RE, 7R DOEBORBN I T 3 0SREREE T,
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T &A FITERIRILTF—2HTH

BER R TR RN F -G RE2E S ETREE— A XL F— W, 12K
AL Sbbband (Fig. 2.12).

A;
Wa=qVa {G(GI, o) + F(fy, @ -L’i—d} . (A1)

IT 6 BEITalRENENTRILF—SIBR~OREBLITKE (bag ¥
MW HEDAFA, AigidZA 7Y v b FL— b LOBHE—ABRO L TDET,

Az.d = iupper — tdown (Az)

EHOLEN, Vi T EHERICEINNT 2EBETH D, iz,

XD tan@l - YD

G(0 =
(01, 2) 4d sin? 6; cos? o

(A.3)

RABEET, 2RE—LBRFY b« ZL—bOFLIEL LED, 1 RYE—
LADIEEE & T RNV X —GTBICEMTZEBEV, DhE 2B, TRbL,

W, = quAG(HI,a) (A.4)

DEFERH D, 22T, XpikRY v Fe RV v b« FL— MNEDOKFEBERE. Yo
IRV v b TR THREERN & T ERTHEREA Yy b - FL—
Wiﬁfiﬁﬂﬁ (YDI & YD2) @ﬁl Yo=Yp1 + Yo ’C‘&)éo 357"2\

w(sin 84 + cos f4 tan 6y)
F(o =
(0, @) 8dsin? 6; cos? o

IREFLICBT A2 —L0 LT HFMOTREBELZD ObTHEETHS, = 2T,
00 XFATEROKFECH T HAY v FORBATH S, BKG(6,0) X Xp =

(A.5)
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3v3Yp H32 8 = 30° DFE, 8G(61,0)/06; = °G(61,0)/00?2 = 0 =L, &—
LADONSA 6 IR LT 2ROBAEER RO LBMOA TS, ZOZLhD
CHS Tix 6, =30°, ¥£7265=60°, a=0° L 2B LT INF—HRERE
LT3, ¥/, XY v FOBE w =3mm, FTERMEDIEd = 75mm TH 3,
Z Dk, B¥ F(61,a) i,
F(30°,0°) = —= ~ 2.3 x 102 (A.6)
V3d

&i2%, LirL, ZEEOFTERZRINVEF -SRI —L2OHARAONH S
DIZ, FUT b+ AR—=ZA~OBHEORZENH Y, BEAREL F(61, o) DEPE
20, Bx DRV —GITBICONTRENRLETH S (67,68, CHS DT FNL
X—nEDHE. BIE® F(30°,0°) ~ 21 x 1072 & 2o T3,

CHS DIEYER (REXEH:92.1cm, FEIBERIRE 0.88T) KBV T, B U AL —
LZRWIER, Vi = 147kV 2D T, =XAF - BoHAIGE T, X248
LUR (2.5) & V.

¢ = Wa e‘ Wi _ 2VAF(30°,0°) ~ 630[V] (A7)

D2fE. PEVHL3KV RSB,

o, BVUVAORFREIRILICHLT, METT ADORFRIL5.4T Th B,
NWEDTAE—LERNSES, R(2.1) &Y, ARE—AT I —TH &S,
M156 fELEL 2D, ZHITHEST, TRXAVF—SBRICEHIMTIEBEV, b 1.56
BLird, Liedo>T, CHS DEERMICBW IV EY VAL —LAZ NS L,
(A7) LV, AEMAR LYY A2 AV BBEITHT 1.56 fE0% 2kV
iZIERB, LnL, ADC ORI (Vy M) 2B 22 VIRY . T XX —5EE
U ALY BB,
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ff 8B M#T— TZH

B.1 MEI—) ITE#

Bt 7 — Y =& # (Discrete Fourier Transform, DFT) {Z-2W\ T, %3k [66]
ZESWTHEHT D,
BRFIF— 5 o(t) D7 — ) TERE X(f) LT B L.
X(f) = /00 z(t)e~ " dy (B.1)

-0

?%D‘%wﬁﬁﬁﬁ\

2(f) = [_ " X(F)eritds (B2)

ThD, ERTELNIERFIT—F 1k, NBEOMET—4 2(7) (j =0,1,2,--- , N—
1) THY, ZOMBT—F %27 — Y = E#s 512i%, X (B.1) 2 ARECEERLT

DUERDHD, 7T FEIDHLEHE (BER) 2T LT5L, REUIREAIBE

CRBEIHERAS X,

At =T/N (B.3)
Af =1/N (B.4)

L0, BRIt X ABMK f i3,
t=jAt=jT/N (j=0,1,2,--+,N —1) (B.5)

f=kAf=k/N (k=0,1,2,---,N/2) (B.6)
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LB, £2CR(B1)BLUR (B2) BT, dt - AtB LTI — Af LF
3 LEEST — U TR L ORI,

N-1

o k jT| T

X(k) JZﬂ:a:(g)exp[ z27r-§,--ﬁ]-7v—
1

- Z:c(])exp[ z21r—] ‘% (B.7)
j=

(k=0,1,2,--- ,N/2)

) = Y x@ e for £ L)L

T N| N
k=0
N-1
S ik L
= 2 X (k) exp [2211' N] ¥ (B.8)

(j=071’2"" aN_l)

L72%, BRGSO —) = E#I. AULAHHTHY. HAERD
ﬁmoogngmmmmoﬁ&#z&abw‘&@Nﬂ+1gng—1tﬂ
ADFERARZ bABHLLND, —RICHRFIT—F BT, ADFAEK
AR PRBHEBZ2VOT, FEEK f OBXEIEZ N - 1 Tide< N/2 & T 5,
ZZT, k=N/2, T2bb, fx = N/@2T) = 1/(2At) i3 71 %X MEAKEK
(Nyquist Frequency) & FFEN D, —F, BRTF—FIZBiT57—) = ZH]iT, £
DEBIFREZRKE>TNEIOT, ADEARBRZ O LEL D, blAic, AD
BRI RIT 57— T EHi o(t) BEEEKTH B L LR (B1) &Y.

X(-9)= [ sien = x(1 (B.9)

&%, L, xIERKEH LD,

B2 UvhdURE

DFT (1RO MBI o(t) 2 AR T HE 0, BER T NORE S EHNIC
WIUR DB SN TVDZ LR EELTNS, LER-T, ZROEESEAST
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TH VRS2 E, DFT ORRIEIMEEE SAT, OBERY Lo ( Uit
(Linkage Error) & FE3%, Fig. B.11C sin ¥ z(t) % DFT ©T&# L=l R+, RE
DR Y SR L0, BT CRHE LEK AR L. DFT - ORJFER
WY IRT Z EEZBEL TS, Fig. B.1l(a) X z(t) OAH L RFMABT A —FHKL T
W57, DFT THEL TV L EEOEFENR Y v A4 PRREZA LR,
Lo T, HITR LEAERA Y FITE— AR fo OBORIEE S, —
%. Fig. B.1(b) TiE. AU sin W THBR, EEOFLTRERAL L, DFT
THE LT & EROWER B LR e, kxRl oA SBERAEL B,
JERB AT STABEE fo DRV ICENT EOW O 0RI#EEEE -7 L5

ICRZ2 %,

(@E
¥
P

(©

(d)

RIE

DY oA VBEZSTEDITIE, B o(t) 2B LRI, FERBOM
Ui TR 2(t) D3R D CELT D L S ICEBERET S5, 20, BIELET—

REEE BRINTER AT bV
AARAANNANANN] =
VVVYV VYV VVVV K
Gl £, AEK
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VUV VVVIVVVVUVV| K m
23] fo, FABEK
1
0
ARy
AAAA AL AANNAA] =
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=35] fo ABEK
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£\ 2 B % B T, DFT B %175, Fig. B.1(c) \C#A L= B
z(t) \C#A L7261 % Fig. B.1(d) IR T, T2 &, U oA VMENREEE A
RUWGE LY b/hEL 2%, AR TIE, Fig. B21TR L-RREZDR N 1/10 A3
cosine % L7 BB Z AV e, ZORR, Vo rA VREINEL B0, B
BARZ PABHAONTLE S, TO®, BREEICEBEEKOEREO Y #
7 CTDFTIZEA LT,
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Fig B.2: ARFZE TR = Cos BRI, Wifi 1/10 28 cos BA¥TH 3,

B.3 HCHBEEA#HEA—FRT—ZRJ L

FB z(t) ORAMEZRARD I, APOBEE TREE#E T LT —2 %
ToOF—%LEBITIEIV, 2 TrBEEEZ -7 2 20X BOROEHET
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EESIN5MEHER. BCHBEEEEAV3, B CHABEEKC(r) i,
C(r) = z@®)z(t+71)
= Jim ~ f 2(8)z(t + 7)dt (B.10)
fbéo:®Eaﬁ@%§%7—vizﬁ?6:kﬁﬁﬂﬁ%wx&ﬂbw\?
BRbbA— T —2F M EES,
P(f) = /oo C(r)e ®ftdr (B.11)

IDF—IRU—RZART M, BRIITF—F D7 — ) =F#m LY,

P(f) = lim <X—“)TX@> (B.12)

T—o00

LEBENS,

B.4 fMHEMAEBREA#EIOR/INT—IARY ML

H OB E A — P T — Y NI 1 SOERET E L TWE, =
T, ZhOZRIEL, 2 50F50MEE. ThbbAEHEEEL 7 o x
U —=AXRT MVIZOWTRT, EHEBEEKIROLIICEREBEIND,

Czy(T) = x(t)y(t+7')

= Jim - / 2()y(t +7)dt (B.13)

Z ARG —= AT "L, A— PR T— 27 b v FRRIC,

| P(f) = / i Coy(T)e 2t dr (B.14)
=fg&<(ﬂXWﬁ> (B.15)

LERBEIND,
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B.5 atE—LYR&ETA X

7 BRANRT —=RART MVE—RICERE TH D DT, TORVWBFRETH B, £
ZT, A=l RET oA X% WAT D, Fig. B3, BRFEHLICRT B2
BANT—=ZAXRZ bOBIETRYT, £F, 70T =27 MUOER LB
T THLbT L,

LR Koy(f) BT AT M, Quy(f) BT A RTF ¥ RS P LIRS, 2k —
L > & coh®(f) iX.

2 Se(Hl K () +QL(f)
et € KoM ¢ R £ Y ) (B.17)

LEBEBIND, TITSu(f) BLUS,(f) ZENENR 2(t) BE T y(t) DA — |
NRY—=AXRT MVTHD, 7 =A Xvarphiz(f) iL.

¢oy(f) = tan7! (%ZE_JB)

= @a(f) —pu(f) ' (B.18)

EHbbIn. X(f) LY(f) DIAEADEERLTNS,

Kay(f) -

FigB.3: 7 B XA MV Sy (f)s TARY MKy fs 73 RS F2ART M Quy(f)
BEUT 24 X gy (f)
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+ 8% C #ER/DMERHEBZERHW =B
4D

RFFERE > BFERT 513X (4.6) OELS FRREZ RFBERE 1oV T
B VERD D, TOTDITIIREE—LBHESE 7. 2 ABOHER X UhiEZE,
BFEERBLVETFREOCRFANHBLEL 25, Rt —AERES) n 3R
HE— AEFROHRICE Y AT L RoTHRY, £ 2 AMOMER L OHE
ZROWTHATEE Y AL LN TES, BEFEEBIUVEFREIZIOVNT
tX Thomson #HAELHBAIZIZ L > THALND, R (46) I _EMTEZFOHEATH
7. BREESDROBREOBEAL LTET I BEEERAVER (4.9) & Lizon
THE<,

B TR EFEICHE L 2DICBKEREE Avie, PIfiG&Ht L LTRETE
ERREZREC—2ERESHHEL Lz, T72bb kEIBORZHENIIL,

&)= n*(p)
&o) = 1*(ps) +25c(pa)&i_1(ps) (C.1)

- / €200 Lo(p)SHe)dr — | €E-4(p2)Lclo2) S o2)dpn
Li%, WICkEE L k1EEOBBREDCRFANHOELHET 5,
%=/ﬁ@®
b= [[(€6) - (e

B L., & D361 X V/AETIE, k+1 BB OBKELITELe, b L, 6 230y £

(C.2)
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DREVEIX, kEE & k-1 BB OBBREOCELHET S,

Bo(p) = n*(p)

(C.3)
Ap_1(p) = 513—1(19) - f/f(P)
LT, kHEDEEBREZS LD TERADLHIICEEXHZ B,
&i(p) = &1 + a1 (p). (C.4)

T alla< 126V 5TH IV, FESMELRWEDIC, 0
HTila=1&L7, R (C4A KR (C1IKARAT S, 8 288 i THIT/
SRR EZRRELUDKRTREL TS, ELI—EORKELDEM 2/ &
92571, UELOBRKELEZHEREZ 10001 Fo2k&E< L, HRAOICTOHE
BERICRSETITI, ULEZF¥— M LEZbD% Fig. C.1ITRT,

ZDREKEREERZAWT, Fig. 44Ty Ialb— b LERHE—LBREEZR
PEERBICRD Z L 2R Lz, 2B, BRECIOKRT R 6,1/6 <1078 &
ToE, RELETORFTEERDBE L BERBORTEERMBEOERIT
25 x 10 %UTTHY, BWRETCRAEERSZROEZZLBTE B,
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&)= 7°(ps)

2 / €e1(02)] [€-1(p1)] exp [ — S1(p1)dpy
15

C*l

~2 [ |ek-1(p*)||§k_1(p2)lexp( (”* ""’)2> Sa(p2)dps

2LC* 2

* /zlfzg |€e—1(01)[€k—1(p1)| exP

+ j |sk_1<p2>||sk_1(p;)|exp( (b2 — ph)"
P

02 2/

LCl 1

91)2
S1(p1)S1(p1)dprdp}
) S2(p2)S2(p5)dp2dps

2
+2 / |§k_1<p1>||«sk_1(pz>|exp( (pr— po)” )sl(pl)sz(p»dpldpz
15042 2L

C1,2
(C5)
C ORI, SEEREAEIC VT, ABKEAVER(CL) XY b, X (C.5)
DFB— OB E W=D, FHERHIEK (C.1) DZREBEL 2D,

BT 5 1C Fig, 44 LA UETEE, BTRE, RIEESDH L
BEOHTEBIEL. B E— AEFBBSAE S 2 L— b L (Fig. 45). %
ORE. r/a> 0.6 TR E— ABRESMRESRIEEERRELY b/ S <
125 BNEIE— B (BAEERI10%) L. r/a < 0.6 TR &' — ARSI SR A
125% K% < Ao, T ORI 6 BICR FIVV-HRA (Fig. 4.4) L FETH 5, Fig.
45T T aL— kLR E— ARSI, = ORMBIECE B\ o EAR
Bk VN TIRE LI R0 BT BB AIC e 5 - b 2B Lz, 7285, BWGE
PO T Sl 641/8 < 1076 45 & | R LTe R0 BB EEBIAIE & TR
BORFEEBHREOERILS x 100U T ThY . BV HECRIEESHE
KB LRTE S,
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Density and potential fluctuations are simultaneously measured, using a heavy ion beam probe, in
electron cyclotron resonance heated plasmas of the Compact Helical System. The spectra of density
and potential fluctuations are presented with radial profiles of these fluctuation amplitudes. Local
density fluctuations are evaluated by removing the path integral effect under the simplest
assumption that the correlation length of the fluctvations is infinitesimally short. © 2004 American

Institute of Physics. [DOI: 10.1063/1.1784513]

I. INTRODUCTION

A heavy ion beam probe (I-«IIBP)1 is a powerful tool to
investigate the plasma fluctuations and fluctuation-driven
transport since the diagnostic can measure simultaneously
density and potential fluctuations, cven in the plasma core of
high temperature. Measurements of density fluctuations us-
ing a HIBP have been reported in many devices, e.g., Impu-
rity Study Experiment Tokamak-B (ISX-B),” Torus Experi-
ment for Technology (TEXT),3 Advanced Toroidal Facility
(A'l"l'-'),4 Compact Helical System (CHS),5 Japanese Institute
of Plasma Physics Torus-II Upgrade (JIPP-TIIU),® and
JAERI Fusion Torus-2 Modified (JFI‘-ZM),7 while potential
fluctuation measurements have not been successfully
achieved in so many cases; the experiments of ISX-B and
TEXT tokamaks> are cxamples of simultancous measure-
‘ments of density and potential fluctuations.

In CHS, the HIBP has been used to measure mainly the
potential profile and its dynamics and density fluctuations
with a high temporal (~us) and spatial resolution (~mm).
These observations contribute to understanding the bifurca-
tion physics including transport barrier formation in toroidal
plasmas. In order to obtain further understanding of plasma
transport, we have developed an intense ion source to fully
utilize the capabilities of the HIBP, that is, simultaneous
measurements of density and potential fluctuations. In this
articles, we present the initial results of simultaneous mea-
surements of density and potential fluctuations in CHS
plasma with electron cyclotron resonance (ECR) heating,
and discuss the path integral effect on density fluctuations,

Il. EXPERIMENTAL SETUP

CHS® is a helical device whose major radius is
R=10m and averaged minor radius is (a)=0.2 m. The

¥ Author to whom correspondence should be addressed; electronic mail:
nakano @nifs.ac.jp

0034-6748/2004/75(10)/3505/3/$22.00

3505

HIBP of CHS consists of a 200 keV accelerator and a 30°
parallel plate energy analyzer. A feature of this system is that
the beam trajectories are controlled using a secondary beam
sweep system, in addition to the standard primary beam sys-
tem. This method gives a wider observation range covering
almost the whole plasma.

The secondary beam is detected with a split plate detec-
tor in an energy analyzer. The detected beam current I, is
expressed as the product of local birth rate of the secondary
beam and attenuation of beam orbits, explicitly written as®

{ow,)

(0']209) \
Iy=1Iy\ n, weexpl— | n,
Uy Uy

- f nf'j—"e)dfz), 1)

where 14, v,, vy, W;, n,, 012, 07 and o represent injected
beam current, electron thermal velocity, beam velocity,
sample volume length, electron density, ionization rate at the
sample volume, the ionization cross section from the first to
the other ionized states and that from the second to the oth-
ers, respectively. The detected beam current fluctuations can
reflect the local density fluctuations if the fluctuations on the
beam orbits (or attenuation contribution) are negligible.

The energy difference between the primary and second-
ary beam current corresponds to the potential at the ioniza-
tion point.' Hence, the detected beam energy fluctuations
reflect the potential fluctuations. The beam energy is mea-
sured from the beam displacement on the split plate detector
in the energy analyzer. The potential change (or beam energy
change) 8¢ is related to the current difference between the
upper and bottom plates in the detector, /;. The minimum
potential fluctuation is expressed as 8¢~ D 4(8l; in/I) With
Dy and 81, being the dynamic range of measured poten-
tial and the minimum of the detectable current difference,
respectively.

e,

© 2004 American Institute of Physics
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FIG. 1. Time evolutions of a typical ECRH plasma. The dotted and solid
lines represent the line average density measured with a interferometer, and
the detected beam current of the HIBP. The closed circles show central
electron temperature measured with Thomson scattering.

By employing the Boltzmann relation, e8¢/T,~ én,/n,,
the condition for the necessary beam current is written as
15> 614 mineD 3/ T )(n,/ 6n,). The dynamic range and the
minimum detectable current in CHS HIBP are D ;=630 V
and [; i~ 1 nA, respectively. By assuming that density
fluctuations are ~1% with T,~ 100 eV (i.e., potential fluc-
tuation of ~1 V), the formula gives the necessary beam cur-
rent of 7;,~630 nA. On the other hand, the necessary beam
current for ~1% density fluctuation is only ~100 nA.
Therefore, larger current should be necessary for potential
fluctuations. Recent modification of the ion source increases
the beam current from a few dozens uA to ~mA. The in-
crease in the beam current enables us to obtain potential
fluctuations in addition to density fluctuation.

Iil. EXPERIMENTAL RESULTS

The measurements of density and potential fluctuations
with HIBP were performed in the magnetic configuration
with field strength of 0.88 T at the center of the vacuum
chamber. In the present experiments, a 53 GHz gyrotron was
used to sustain the hydrogen plasma. Figure 1(a) shows a set
of typical wave forms of discharges; central electron tem-
perature 7, measured with Thomson scattering. line average
density n, measured with an interferometer, and detected
beam current ;. The fluctuations are measured under steady
state conditions, e.g., 90 m—100 ms in Fig. 1(a).

Figure 2 shows examples of fluctuation power spectra of
density and potential at p~0.68. The potential fluctuation is
normalized with the electron temperature (T,~ 170 eV)
measured with the Thomson scattering measurement. The
HIBP data are acquired with a sampling time of 2 us; hence,
the corresponding Nyquist frequency is 250 kHz. Here, a
fluctuation spectrum is calculated using the fast Fourier
transform method for data of ~1 ms (that is 512 data points).
The spectra shown in the figures are the average of the ones
obtained from ten sequential periods. The gain of the
current-voltage converter used for our HIBP is 107 V/A,
and the voltage of the noise corresponds to 1, i ~ 1 nA. The
noise levels (gray lines) are estimated from the noise of the
current—voltage converter.

Both spectra show broadband (or turbulence) character-
istics. The power density decreases monotonically in the
higher frequency range from ~70 kHz, and becomes close to
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FIG. 2. Examples of density and potential spectra at p=0.68. (a) The density
fluctuation spectrum (black line) and the noise spectra (gray line). (b) The
normalized potential fluctuation spectrum (black line) and the noise spec-
trum (gray line).

the noise level above ~200 kHz. The power of density fluc-
tuation appears larger than that of the normalized potential.
The fluctuation levels of these examples are 4.1% and 2.7%
for density and normalized potential, respectively. The level
of fluctuation amplitude is evaluated by taking the square
root of the power density integrated from 10 to 250 kHz
without noise.

Fluctuation spectra for the density and the normalized
potential have been obtained for quite a wide range of
plasma radius with spatial resolution of 2.5 mm in the ECR-
heated plasma that has a line-averaged density ranging from
4X 10" to 6% 10'® m. Figure 3 shows the radial profiles
of fluctuation level for density and potential in the region of
p<~0.95. The fluctuation signals outside p~ 0.95 are be-
low the noise level in our measurements. The solid line in
Fig. 3 is the fitting curve with the assumed form a+exp[(p
- po)/ B]. The plot includes experimental data for five differ-
ent campaigns. Both fluctuation levels show a rapid increase
in the plasma periphery of p> ~0.85.

For comparison, the normalized potential fluctuation
level is shown in Fig. 3(c), where the electron temperature
profile is assumed as T,=54+18x 10
exp[~(p/0.1.417)?] eV. The level of the normalized potential
fluctuation suffers from uncertainty due to rather large error
bars of the Thomson scattering measurements owing to the
poor photon scattering in the low density discharges. This
suggests that the fluctuation level is stationarily ~0.8% in
the region of p< ~0.85 with a drastic rise in the periphery
of p>0.85, and that the Boltzmann relationship should be
satisfied in this region; the levels of density fluctuation are
~2.2%. Note that the fluctuation level outside p>>0.9 is not
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FIG. 3. (a) The radial profile of density fluctuation amplitudes (precisely the
detected beam fluctuation amplitude). (b) The radial profile of potential
fluctuations normalized by electron temperature. The solid line is a fitting
curve 10 the data. Different symbols correspond to data taken from the
different experimental sets performed on different days.

evaluated since both error bars of the potential fluctuation
level and electron temperature are large. It is one of our
future plans to investigate the validity of the Boltzinann re-
lationship in the periphery.

IV. CONSIDERATION OF PATH INTEGRAL EFFECT

The density (or detected beam ) fluctuation, which is
contarmnated with the density fluctuation along the beam
orbits,” cannot reflect purely local density fluctuations. From
Eq. (1), the detected beam fluctuation is described as

ii=%+J. &lgﬂv—ezdel"'[ &emdel’ (2)
Iy n Up Up

if the electron temperature fluctuation, which may have a
large contribution in the plasma edge, is neglected. The term
on the left hand side corresponds to the measured detected
beam fluctuation. The second and third terms on the right
hand side represent the path integrated fluctuation along the
primary and secondary beam orbits, respectively. By taking
the square of the above equation, the fluctuation power is
reduced into the following formula:
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FIG. 4. The solid and dashed lines show the radial profiles of the estimated
amplitude of local density fluctuation and measured amplitude of density (or
detected beamn) fluctuation (dashed line), respectively. The amplitude of de-
tected beam fluctuation is the same as the fitting function in Fig. 3(a).

5 el R Al Gl
d e e b

él_q 2( <0'va>

+J-< ne ) Up

under the simplest assumption that the correlation of density
fluctuations is infinitesimally short. The power of local den-
sity fluctuations can be obtained by solving Eq. (3) as an
integral equation, when the ionization cross sections on the
orbits are known. The ionization cross-sections can be esti-
mated using the Lotz’s empirical formula.' The solution can
be found after iterations with the profile of detected beam
intensity as the initial solution.

Figure 4 shows an estimated profile of density fluctua-
tion levels together with the fitting curve of the beam fluc-
tuation profile in Fig. 3. Here, we assumed that ionization
rates are oy ~ 032 and o, ~ 037, and that density profile
is n,=5.0Xx 10'3[(1- p*?] m~3. The same electron tempera-
ture profile used for the normalized potential fluctuation is
assumed. The real beam trajectory of the CHS HIBP is used
for this calculation. The result indicates that the profile can
be significantly modified in the inner region of plasma, and
that the level can be ~0.5%.

) dt,, (3)

'T. P. Crowley, IEEE Trans. Plasma Sci. 22, 310 (1994).
G. A. Hallock, A. J. Wootton, and R. L. Hickok, Phys. Rev. Lett. 59, 1301
(1987).
3V, J. Simic, T. P. Crowley, P. M. Schoch, A. Y. Aydemir, X. Z. Yang, K. A.
Connor, R. L. Hickok, A. J. Wootton, and S. C. McCool, Phys. Fluids B
5, 1576 (1993).

J B. Wilgen et al., Phys. Fluids B §, 2513 (1993).

A Fujisawa et al., Phys. Plasmas 7, 4152 (2000).

°Y. Hamada, A. Nishizawa., Y. Kawasumi, A. Fujisawa, and H. Iguchi,
Fusion Eng. Des. 34-3§, 663 (1997).
"T. Ido, Y. Hamada, A. Nishizawa, Y. Kawasumi, Y. Miura, and K. Ka-
miya, Rev. Sci. Instrum. 78, 955 (1999).
®K. Marsuoka ez al, in Plasma Phys. Controlled Nucl. Fus. Res. 1988
(Proceedings of the 12th International Conference. Nice, France, 1988)
[AEA Vienna Austria, 1989,) Vol. 2, p. 411.

°A. Fujisawa, H. Iguchi, S. Lee, and Y. Hamada, Rev. Sci. Instrum. 68,
3393 (1997).

W. Lotz, Astrophys. J.. Suppl. 14, 207 (1967).



122

FREREBF

ENFRFER[6H)]

FIR7  HEEES B2 0EES A

ZA M. CHSIZBIHEAM A E—AFu—TF I L 328

EH: TEIBA, R B, K B, KB A BE BN, B F—.
CHSZN—F

BAYEF= 85 9EERRS

A b CHSIZBITDEA A v — A u—T o L 383

8 TEIGA, BHE B, HK BE, KB B, BE Y, BN F—,
CHS 7 h—7

BAHIES 2 0 0 4 FRFRE

#A4 bv: CHS 2812 HIBP BB L 2 RB L RBEHEAVREOER
EETE IR, BB B3, EK BE, KB EMN Ho R, R RBR,
K B—. B &W. M JF—. @ ER, CHS A —7

TTRIREL RV Y L2005/ 2 E S5 XY uksy SHES

ZA hv: CHSICBIF B EA v E—A 7 r—7c k 2128310 & REHES
BRDOELE

A PE IBA BB B, K B, KB EA. Ho F, R Rk,
KM B—. B &=, M F—. @ &N CHSZA—7



123

o ARPEELE6 0BEFERRS
B A M BEA AV E—LFHAIC X D CHS O RFTHREEE: DM

EE: PE A, BRE B, K Bl KB B, 0 B, B RR
A BE—. B &7, BN F—. @ Ef. CHSZA—7

o 77 ATKMEFRE REFR
# A ’v: HIBP % v /= CHS @ BT R EREI 2 =27 PO

EE: TE BA. BRE B3, EAK BE, KRB B BE ES, FN
ﬁ__

EfRFESRE (1 E)]

e The 15th Topical Conference on High-Temperature Plasma Diagnostics
Title: Recent Results of Fluctuation Measurements with Heavy Ion Beam
Probe in CHS
Authors: H. Nakano, A. Fujisawa, A. Shimizu, S. Ohshima, T. Minami, Y.
Yoshimura, S. Okamura and K. Matsuoka

HEE (28]
° Apri12004-March2005 NIFS annual report

e April2003-March2004 NIFS annual report



124

HEE

FRFGRDOFATE L KR L OVERIC o 7e 0 AREE 2 ZHl L S5 Ry &
U7 REEFFIRSE IR IR A B AR SRS A BT (U R, Ree
RHERIZAT) Bisis SRR L, AT HABEELICEA CREV: LET,
¥7-FE L CHS - HIBP 7 /\—>7& LT HIBP D& H « iz /1 L CHW-EIZ X
$HEALEBRRE (UT, £HERE) THHER KB KICE BRHELET,
BRMANZHEF 2L 37 b« ~Y VR (CHS) KBWTEREBZRITT ST
By, ARERSE MHE—Et, AR EE, BHacEt, ERECH
+, A%E #nEMEL, AT BELEEL, HATREL. BHEEL,
HILBEEL, ERRAEL, AME—EL, BRTEL, SHSHEL, AXE
BRTSK, FERTRK, 200 NBLEER EREFRIEBHRLET,
AMXEELDBCHEY, RELENR. HYE L EO - HRAREHER
BR R, MSATEOE A TR R R SR ML — i, 72
N EN R AR AR H0E AN TELICIL & D BB LET,
AEFHEE THIFEC R Y F LLETAFEARATFERERAE (LT, BE
BIRAEBAS) WELHRAMA N EERE YT RERARK, MREYE &
WEATE, BRMAREHAFAIAY 4 AR TR T 5 X< ERHEE
B B2IBTR, FFEFRRLEERERFELR EIBERICRBELET,
A BAFE AR ST, AOMRAEOEME L < f¥ L TE
oo UNKERABITETAR HhREHE, RMARERER SHEKRHE,
Rtk AT, BRSHTF v 7 B ARCERHELET,
EEIVEENT-HICBNT, HEOAFRZOERE LR L L IR Lk



125

MO P EOTRETATE TR 7T EOFERBERORK, BRBERFRAET COE i
ZR THA—BEL, RAHDHEL, BEMAERERREDEREHAR BTE
TR, BHERK, BYRKFEARIRZEZTFZHER B/BREK, EXRKZEEA
AHERE BERARILK, WN#YR, ZEXEZKR, BXRFEARRTKETEH
R KASGKBEICRH N LET,

MAEFED) 7 vy aDDIBRTHE Yy —% L IS L—LTHEN
oo F7I3RRUVBEVBUZZOF — LD R o RA—ZEHFHNZLET,

HERFRETHY, HEEZEL L THDIVERBRTHEEAEZ LTHEEEL
TS B PEHRITE L, R & PEIRE=#TCEH =L ET,

RBIZRDE LA, AEREHE, BENCXATTEY, BEEREE TR
L REF-TEVWER ¥, B HETF, &k BOTF. % %W 48 EF. B ¥
DN BHELET,

TR 18E 3 A

T B A



