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JAERI-M 6694
Characteristics of an Intrinsic Germanium Detector for Meaaurement

of Soft X-rays from High-Temperature Plasmas.

+
Katsuski KUMAGAI, Tobru MATOBA, Akimesa FUNAHASHI

and Tomohide KAWAKAMI

Division of Thermenuclear Fusion Remsearch, Tokai, JAERI

(Received August 6, 1976)

An intrinsic germanium {Ge{I)) detector has been prepared for
measurement of soft X-ray spectra from high-temperature tokamak
plesmes. Its characteristics of photo-peak efficiency, escape-peak
and Compton scattering were calibrated with standard radioisotopes
and soft X-rays from the JFf-2a plasma, and compared with those of
a lithium-drifted silicon (Si{Li)) detector. Features of the Ge(I)
detector are as followa:

(1) high detection efficiency in the high energy range, (ii) wide
energy range for méasurement of soft X-ray spectrs, and (iii) 1low
Compton scattering effect in measurement of continuous spectra.

Its dead-layer depth is sbout 0.06/1m, and the minimum detectable
energies in the Ge{I) detector are similar %o those in the Si(Li)
detector. The Ge(I) detector is effective for measuring soft X-ray

apectra from high-temperature tokamak plasmas.

* Division of Large Tokamak Development, Tokai, JAERI
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HESOBBRIEMNTE0. BIMTI FT-2akBMiT o Ge(l) KXBREE 8) gy g R
ERS
(2) BkeVHis 60 keV E TOMHEK
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BRILHEE 207 Y EREICLEEER Y PVETORTETH S,
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(Li) % CKECANBERRA#M®, #STH6mm X 3mmt) 20 Th Ge (1) ke
&Eﬁ[ﬁmﬁb‘fﬁﬂﬁ%ﬁof:o ti43 Variable energy X — ray source | 0 X$REH 8B O
ElAERDZ20IZ0Si (Li) BHBICLAREMEEL - TS,

BEERICEELAEFOBRRRIUTOED TH S, DADAETE L 2RET v FICHIEER
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2% [ Variable energy X—ray source] D48
Si(Li)HBTRELAERIMEELD 4H~20%5D
THbH, EREOEEBAHTHD, Bz rrF-DXRIE L
~5 v PHREORECEELZFT R LB cnEOFRLE

HbiLb,
£, b zxax—{ kev ) ¥F 5t E { photons, sec steradian )
K, Kg HEEFroHE Si(‘Li)ﬁﬂj%#Cc‘;éﬁiﬂlf@
Cu 804 891 2500 2,607
Rb 1337 1497 "~ 8800 10,880
Ma 17.44 1963 24000 25619
Ag 2210 2499 | 38000 44090
Ba 3206 3655 46000 . 56483
Th 4423 5065 76000 80,271
* I RF—
FIx EErHEFEs bOHR
% M@ | mEosmspci)| B 2(%) ¥ | B
41 m 11.44 1.7 433 vy
138 p 5 10.25 1.6 108 v
1o 1132 1.3 - 301 ¥
000 1237 0.7 527y
88y 11.04 117 1066 d
22N a 1074 1.3 260y
34Mn 1131 1.3 3125 4
03 g 2232 10 466 d
TG o 1053 15 2705 d

* 1975 6A1BCETL2HEHE
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Lead Collimator

Ge (1),Si{Li) Detector

Variable energy X-ray source
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Dimensions mm
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8 keVH o 60 keV 2 TOHEBMICE T B Variable energy X~ ray source] % 7B
TofERIEXER s PR, BTN, BIMIURT. HERBLIURTHRHAO KRE
Ge (1) BB LS (Li)BRESTHELLEDTE S, BICHEIHIZHOKEE Ge (1)i&
HETHE LD TH b BERKBOTRENK,y, KgBRONXEE -7 O, THEKRD
Ii»#—@%GemKQﬁ(QBHwV)ﬁi@Kﬁﬁ(lLMmV)@1#»¥~%%ﬂ%n§
Bl TR X~ DIEICHNST 2EC A, TRy -7 -7 BB T0E, CRICHLTHT
@mSiMA)ﬁ&%ﬁﬂﬁbt%@fﬂ:z&—fe_auﬁmoitﬁmKﬁuGemﬁ%@%
GRS L D T 70 E—pEORY, ESHITRTLIICGe (1) RBBTRAELTE L2y -7
E— 7 BTN TOIED, WA B EABKBIE DN TORBEY -7 BL0L 2y -7 -7 DMK
(2 — 7 GDFHYE) OWELETT, BRPTCLEERKBOBHMBETEETRLTH S, 2 -
7:803%(*}('9, Ka&aﬁéa)ﬂi%n@j’{:%t:°~7%ﬁ<b, Kg g Kg-g ERHINTLELDIBKY
ﬁ@iz#—fﬁ—ﬁfge@Kaﬁithﬁﬁmﬁﬁmﬁm?%6@%ﬁbfwéoihkaﬁ
LHNTERLTH D, ROTHES BICRBBE~O AT T 2BNFREOLERT, CITR
BEHMEREIREE— 7 LI 25— T E— 2 ORHOETHE, CORROT A V¥ -FH (8 keV
~E0keV) T, 5mmEZGGe ZAHLAXED 92 BLEFHIETEZLZOT, ChFEOH
BN EASBTOXEDBARFERT A, BROAEELRY 2 DICHEN Variable energy
X_fﬂsmmmijﬁﬁ%ﬁﬁMSiUA)@m%fﬂﬁbtﬁ,CQWEE@%SEM@%Z
Fhicd TR LTH bo
Wiz Ge (1) BIERAFGRATEBCMAAS, JFT-2a0EERT 7 X7 b DR E B X
@ﬂ@éﬁﬁt%%mﬁmfﬁNaoﬂﬁﬁﬁ@ﬁw,%9@wmﬁbtﬁ§%ﬁ%Xﬁz&¢b»
DA ET, COARRS VT L3 keVELADOMBICE Ulc Alignitid Ge oL (L @ L2117
keV, Ly L247keV, Ly 1413keV) TEDELRENTHS, BERCKMMETHOL
&ﬂ%ﬁ&mﬁﬁ%z&7%WL@&%mm%%¢nCmﬁ#—zwiﬁ%%ﬁg,E%®m®$5
BASL 31010 THBT EDND S

RNT, 60 KeVEILEO T %A ¥ —BEIC>0T, By §EEE- THELBRICOVTERT,
F10M, $11H #12XCRENLRRI brERT, BLOHR "ConriR (122 1keV,
1364keV) #Ge (1) REBTRE LIRS P THB, ChdbGe (D BESTRIOR
HOTALE=TiRI V7 b/ HEICL B BER < P VEOEEND RO DI L5305, g+
11M, El12izshth 2oz 2 F-—n50 Wy (279.2keVE "TCs(68 1.6 keV)
DRI FNETT, COLIUETFAF —FEBTIRERT V7 b BEUC L D EFER <7 P
BEETAEG, BTEICEELD) A~ 41y YHOEESS 1 mms 1 3mm D 2 2OMERHIC
BT ARERRBEOAEEREATT. 60 keVELEOT 7 0+ — R TIBHBEAFBTONF
(78) ORERIZEIASBETEIOT, T TREHBAOXFDAFE (photonsec) KX
TAREE -7 OFEE (counts sec) ODEENEBERIHERLEL T A, YFOAHFIRED
WHEEBEBLORE 2 ) 4 -4z VHOE#SL ) £ -2 NIRTHREATEAICLOEL L,
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fBL, Cs BLY *MniZ2o0TiR, XFIzAF-8F0EHIY A —F Iy VBOERSBEHR
T%TC@%%%%@LLOiﬂﬂimd%¥K%$CﬁT5%@t 7 Eofhicz v 7 b o EES

SLHEEE (BL, %ﬁﬁ#b,Xﬁﬁbwimﬁbﬂfw5/—wh$ﬁﬁ@%aﬁmiib
éxﬁwﬁﬁﬁ@%imw)m%é%mbf%%o%ﬁﬁ%&ﬁ%k%%mm%CCTMﬁﬁﬁﬁ&
BE3:Z & ICF By & OFHEESRII IV ADIFAAF —MEEEMHOLROFRICASN A,
BRiZT 2 v ¥ - SREOHEHBRIC >V THR~NE, BESRTHMETHLYEL2E (FWHM %
Tte COBIEBEIRZILVY b=y RFRDO /A XERDET LI, SN ZAREORKTEERE 6 £ sec
L, FHNRANT v 7H ST EDITHAFE 1 keps UTFRUTRHRIETS 5o

%4% Ge (I) BEBOA—KBICEF 2 — 7 BEDRKEDORIER
£hoTEERKBORMBEOLES, ©- 7 ZDMTKg b5
G’)l-:tKﬂﬁG)ﬁﬁ':%t — 7 &L, Kﬁ—a' KB-Hﬁéﬁbénfu\
56@@Kﬁﬁ®1x&—feqaﬁ,Ge@KaﬁituKﬁﬁ-
ORFICERTE26DERT, CHRFLK BCONTHELET

55,
g || eesomE | FE-KBESESosBE | FEKBICETEE—20
F—(keV) (eps ) o0&zt (ceps) EEok®E (%)
Cu 895 | Kg 02529 02529 100
803 | K, 1360 1360 ' 100
Rb | 150 Kg 1202 13652 8805
10 [Kg g 00282 2.0 7
513 |Kg , 0135 9.89
133 K g 51173 5978 ' 865
23 |K,_ 0118 L97
343 Ky o 0687 1149
Mo | 198 Kg 3414 3703 922
88 |[Kg g 00487 132
993 |Kg , | 02401 648
17.4 K, 13288 14711 902
6.4, | K, 0224 152
753 | Ky o 11987 815
-
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BARRS

g | | L [e-romE | Aokcxse—smE | FKBIKETEE—0
2 keV) (cps ) oait  (eops) mEok® (%)

Ag | 250 K g 6001 6.326 948
14.0 Kg g 0.0509 0.80
1513 |Kg g 0.275 435
220 K, 22987 24636 933
110 Ka—p 0267 109
1213 | Ka-a 13811 5.6 1

Ba | 372 K 1667 17063 97.7
262 K gp g 0.0087 0.51
2733 | Kgo_ g 00306 .79
3 6.4 Kg1.3 6.584 67441 97.6
254 | Kgyg_g| 00326 0.48
2 6.5 Kglu3—q| 01275 190
320 K, 3039 31275 9 7.5
210 Kap 0.1446 0.462
2218 | Ky o 0.741 2317

Tb| 517 K go 2475 2.50 989
40.7 K go_g — -

c | 418 Kgg-a 0.0277 11
504 Kg1.3 9615 9.704 992
39.4 Kglg—gl — -
4053 | Kgia_g| 00730 0.75
445 Kqi 2887 29.22 988
335 Kayi—g 0.047 0.16
346 Kyi-a | 03034 1.0 4
437 Ko 1583 15984 990
327 | Kgp_g | 00389 0.2 4
338 Kpo-o | 0115 0.72




JAERI—M 6694

EBHE Ge(DRESZSOXB|AHBTHOEZEROHEHR

wa] xee | G | | i [
Cu K g 895 0.25209 0.2583 0979
o 8.0 3 1.360 1.372 0951
Rb Kg 150 13652 1389 0983
K, 133 5978 6.070 0.985
Mo Kg 198 3703 3707 0.999
K, 17.4 14711 14800 0.99 4
Ag Kg 250 6326 6.390 0.990
K, 220 24636 24985 0.986
Ba K g4 37.2 1.7063 L670 1022
Kg 3637 67441 6.7 2 4 1.003
Kai,2 320 31275 31.623 0.989
Tb Kgy 517 250 2490 1.003
K g, 5 0.4 97044 9.8 60 0.984
Kai,o 440 45204 4520 1.00.0
* XBEAHBIXQROKHEEEL ) A —22BRTIVEBILLYD, 2TOELICLEIBARD
- ERLT, BHLI,
CHEE Ge (DEMBIKHI L 1L3keV (LEIUE) AMKT
OIFT—2a735 X2 HXHBRRY b O B .
HEA | AEREses 5 5 19 68 ;%ﬁ% ;%fﬁ B ®(asb)
5./20 14(m5?F) g(msec) { g (Counts g goumts) 1 5 3
610 5 5 188 14 134
" 10 5 39 29 1.345
" 15 5 35 28 125
6./11 5 5 127 30 L1411
” 10 5 185 150 1233
¥ - 1312010

— 13—
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FT1E Ge(DBRHUBORERNHER L FFBRDRONZE

HE— I FE#R

B o) | (omineer | "%ﬁgﬁiﬁiﬁﬁ’) Nris
FE1 BE.a)2-2x, Jl=5]1mm
Mlam| 5953 36.7 3582 9 7.6 37.9 100
Ga | 1221 687 3007 438
1364 8.95 2940 3286 °20 o7
B3iga | 810 3115 27.1 87.0
160.5 0645 0144 223
2764 6.5 4 0.425 6.5 1
3028 17.2 0.902 5.2 5
3560 57.0 2153 377
3838 820 0.27 330
28g | 2792 6028 3.822 6.34 19.3 32.0
705 | 6616 13438 116 0.8 6 272 20.2
“Mn | §34.8 151 0.830 0.55 2 6.4 175
EH2 BlEe=VA-F5, JM=130mm
#am | 5953 5.658 5488 97.0 5.60 99.0
0o | 1221 10.3 1481 435
7.57 6 5.0
1364 134 0.4529 338
Wigg [ 2792 8107 0.495 610 2.43 3 0.0
19705 | 661.6 0.150 0.135 0.90 0.0280 18.6

H8E Ge(DBMEBCT I VT -DREOCHEE

5 i T Hx - (keV) FWHM ( eV )
tpe 59 229
Cu—*1Am 803 255
Ag—*lAm 220 282
Tbh— %lAm 445 353
#1am 596 393
"Coa 122 518
g 279 750
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10’ . —3 .
Si (Li) Detector o
4] Ag
XU =
’ 2
o
<<
ol
4 -
10' - -93 .
\“'.
Te)
ol
"
Q
X
10°F b 2
X
102 — .5. .j“ *i' -
i i1
? * L k. .;"
0:’.2....-. o ‘% - [ .
RIS L X T A o $Peat t
. ;"- -o:::: '. bl ., ..s'&u .
< '.-.* - °..:'-.. o
[ ’ .f..:: .'.-:. .,
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IOO | 1 .
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] i
L >
Ge (1) Detector 2
&)
9 Cu
[}
X
4
o' |
QO
p e
o
©
Q
X
3 ﬂ
E 10 | - [l .
()
i
U |
~ .
o
[
3 :
O i
O i
10° —-. - m\4 _
R A .
10' | | |
50 100 150 200

0

Channel  number

BB Ge(l)BmEBETAELIFAOKEDZ~<S b
HOKBRERLD, t2x5-E—-7idHi, 98ch & 110
chfEME—-2i1tGe DT A -7~ 2 T3, EHE
BEON 0K 5, K g8TH 5.
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3
107 = Tor T 7~ 1 T T VT T T "1 "1 "1
- o ]
C by JFT — 2a _
B d DATE JUNE 10, 1976 :
o 2 |
' l x 5 msec-- t{Omsec B
- s L e 10 msec-—15msec -
Kf:‘ —
L -
101:' -
0
HON o -
e I -
0 10

Energy ( KeV)

o Ge(l)BEBTHELIARENRIFT-2a77A7hod
BXBARS b '
GedL Ty VH (183 keV) KRESROILEERAERBICILS
BEETRELAEL LTS
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5 &/ &

5.1 REBAHBTO X BOKE -

XS BOREYEERIGET 22T, REBOAKE, XREMER, FEEKARET, X
BRULPT YT b BE BRkeVETTRIREASBERATS D) KLVBET S, COBEK
BUTFOLSKENTE 2. 2AKOBBE (T) BRBEOAHZOBER (1, ) & ROREEOE
BEAT ) IYBERBETOEBRE (T,) OF, Tiibb

T=T, *T, T, 5—-1)

Thi, £HENOFEBE (T,) IRERNET Y7 EEARKLGRERE—EHIASNIEFD
56, EMFARKEATEZ2H0HMALOEH IS, 2%

— (e tp )" — (gt )ty _He (52
T,=¢ MoTHd La(1—e e ) T )

Thbe CCTH,, t, BEBEELTOAHEORBHRE LT3 ¥ 7+ YHROBRROFEE, tid
HEXThd, aldd V7 HERCEMERICETACLOT2AEATNERERE (B2ENE?2
REH) & LKA FOFMIE B2 s 13 P RER) ThEsMTH5, RAWLaOEE
LCRAMETHO 3, REMEEE, LHARRET05TH S, NEHEBOHETHE, BBROE
TFTMEEICKEZ I ~2keVTiRaY 7 DRI SHRLEBEL TEHTNIC (R T T ARKD
WTEAELBUT ), COBREEELTOHEERIREIO,

1407 1300 1207 1100 108 900 8O0 10“ §° 50 40°
~ NN 7 N
NN N

\
d=0(bL LR [
S

1 _ e Ns;// TR0 Y ET)
157 x\ g‘.“‘l fi}f;‘ 2
e 0' / ,.L_;‘-r < 30°

- I~/ | < \ /

/ \
140° 130° 1207 1160100 907 ept ¢ 60" 50 40°

¥13N HILTFoORESG ™
aidmoc’ (=51 1keV) ZBAE LIASHEFDT FAF -

_22ﬁ
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B14AMKIC8 keVL 060 keVETIKODVTHRIEBAHBTOXBROBRAROERE (B5E0
AGEBHEBR) & FERERER T, BRMBIROBOLE (B1R) KRINTOERY )9 4E
(254 ) E=o A VRERRER (0.067 1) OB TLEKKBRBOES B%E & (RE LB OEE
RRAPICERTRT s FRT A= 0 AOVBERRREORE 502 # TH L E LAKOELREET
AT CORRBELHERBBROLEDL SRDC EMHNE, .

) =vTFVOREFEBEEOEZD, =y 5 VOKBISRTOREZOBTH S, EBRIEEFERA
DR BoTOT, HBHIRENTOARE (006 74) BSRIETYUESDTHEC EHTHEEN
y A

@ 20keVETIKEY 2RBALHHEDOLED P BERNRBEOFEIIL0~02 DM TH S
CEMPote 1270 20 ke VEILETHERBOE S SXENAE OB, CHIRXBECHO
MiAmp B0 T EOBEE ~ 7 O LICANETEXBOE -7 SEELTHAC &L, XEBO®
BEAEHELASI (Li) BRILECRNSEOEAN DI F ¥ — R TIRIE L 2D TH D,
@ <Y Ny AFEOEILHONTR I OERERZ G TRFELER TR TR,

rae=v AGJKEEJ%'(})E%§ Ko TRI FT-2anBrivyF-HXBoflEgesns, LK
IR T OBBEOEAL (B2 2ERBEIRLD, DTFORSLLOMRBICHEC &HBTE D,

a
- (5-3)
= e (p'g — lu']_) t (5_4)
T T T 1] T T T T T T T
[ ® ]
10 L a .
[ ® ]
Eoso: $ 3§ ]
> f 2 & ;
v = [:2] = i
o | s 3 ]
\; -
E he S -§‘ -§l ‘-\
2 ™ h'd x S
" Z 040 F < . ]
g - s & (D Be 25.4u+Ni0.067u ]
— o _ i
- @ Be254u+Ni0.067u+Ge0.2u
. -
0 0 ' 1 ! L [ B
5 10 100

ENERGY (KeV)
W1AK 8keVH D60 keVEZTBY ARMUBAHETOHRAE

OERIE & PRI E O K
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CZTa, biZLBIUAEA, HEOEARILIRRs MV EOHEMETHD, #,, 2, BLK
IS ET, EEOCTHEOBRINGEE, FLTtRESTHE. £, #, 3TLTNE6X10°
em ™, 50Xx10%cm | THADT, L2:E»5
N L - (5~5)
© 434x10°

15 he JFT—2a TOEBRBRLIORDONLMER=1311£010 (B6X) ZHRATOE
t=(0063F 0002 ) pilld, COFX V=0 LOREEOEIRISETICH N TR
B NAEE o) CRBLTHLDNERETS B
PLEOERBEOEIFAZ LY THI5E, B16MLIORHNBOXBARETOBBRL £
DEEEFT. B15FICIR~<Y ) T AE, =vr A OREEERE, w0 a0 LREREE
HOBBREFNLLEKICLAEBEMNRENTO S, LLTRADEAEETOREICL T
WRLDHNY U LAETHETENDD, BRI Y v 4B, REESEE, FHELRE
@Eém%ﬁwﬁﬁizﬁﬁxmﬁﬁﬁ%&%Lt%mfﬁéoEm;@7mmvu?fm§@$
DEEH1 0 0BICHETAE N, TOBEQREAENRY Y ILABICLEIDOTH ST EBH
B, HBEABHEAORY ) T ABZRTELIIN (W8 u) ObORTRINLTNEDT, 4%
BERBEPEOBENENS, TOBLOLOERBTAHBERNTH 5,

1.0 T TTTY T 1 71T
= o1k Be Window 254 u| |
> N : -
; - Ni Surface ' .
g - TS | Barrier Layer 00670 1
8 i T Td |Ge Deod Layer 006147 |
o 5 g
=T T 1T |Twx TexTd -

. : T : |
0.01 I |||1' ] b b1 eayaal S R B R
0.1 10 100

‘ Energy (KeV)
WI15@ Gell) MABROANBTORATERE (T) £~ U7 A,
=y FVEBE, Ge ARBICZZENFNOBHE (T,
T., Ty4) o
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ERROR FACTOR

P ] I [ N B
0.5 1 5 10
ENERGY (KeV)

HLIE6B Ge(I) BASOAHBHERAOE S ONRE W & 2 BBEO
\EDEH ‘
RER L0 L0 E0O B0 EEBBE (T) ICH 13 7 &
PHEBEOLRERL, 10 £00 FoO@BE FRERT,
ARINY ) 9 A%, =97 VEER, Go REMMMTHE
BRICKITTEBELHRSA T L 2155 5574
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5.2 RBWNHE

Y EERGRIIBRRBOEE JHEERIARIRTFOASREBICIOAE(RNS, 2CTH,
c@@&ﬁ@ﬁXﬁﬂﬁ%ﬁf@ﬁmﬁﬁrTubB,%%ﬁﬂwE*AﬁT@&$¢bKA%T
ZEADADRDEOET . RELBRTORFORERNEFLCHET 21012, SERIARO
KERIE T v 7 44D L DROEFHZIE S0, LisLatss, co TRty v
2= ADBEEREMSELEMONSOC E L ORTFOAHFE (28) K- TREFEEDET 2
FCORBRIE, BLOCORTORE (1 REILEFES) XD FEBEIOET oA~
ZETICEI ARERRCOVWTEETHEZLOERDNEDT, ChEiEL, CoOHEKERE
EEEE BT 5, .

%1 7TEICGe #REFFICAOEERERT, Ge BRRMEDEE g, Bzt 2L
7, AEEED: BAERORLHMIC—RIFTE S, BT RZBHCR-TAHTEELT, K&
ANDOAH AR BEOEEET B, AFBLERTORILAE0 ET2, TABRDO B ENESS
SEE I L BT O~ ) AL BERSELER, HEL  HONTAEL(2),0,(2) &5,
ABDETASER D 2 81 E% BB T 2 BB TORBRNDOLSE (Npyorp) 2B

: K (o tro )t
N e pl 1— pl cl .
PHOT ———‘#p1+#d( e ) _ (5—~6)
CRENB. CTTR,,, by RABEFOREHRELT 7 V7 b HROBRIVFH TS B
- E
r dfl
(mT L ia
( /
= N . |8
% eaz\
Eq—= —L—z

Y

t
B17H0 BREBOXBERRDEOHEET TV

* #16HoRaoEERK (error bactor ) i,
(TwtaTy) (TS+ATS)(Td+ATd)
Tw T, T 4

error hactor =

chAnmATVcﬂdﬁ%n%noﬁéoaémxéﬁﬁxamﬁfééoﬁarcwﬁéﬁﬁw_
BA505 552 THHREERECRENI005K 22,
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ROT, | REEHBRITERAANL L ETRBREINIBEERD 2. 1 YOHHBEFICLEH
FHADIEKA RS- O DOREAMIFERIS 54 v + CHORXLSKRATRINE,

) 2 B} E, E,

49, _ 1y By B, B

— sin®f) 5-7)

CTTE,, B, RAMEE L LOBKEARTFOIAVvE—, 6 RBER, r, IELPOHMELEETSH D,
(6—7) RO LH (df) ¥DLoEKABIWMERIZIL=27sind df LD
Ef , E, | E,

do_(8) , ‘
—deﬁ—-—=7fr20 sin 0 oE (‘E1 +To — sin?8) (5—-8)

EW A, ERBEAXFOIAAF-BAMETFOIFLF—, HAALLUTOEEELEE D,

E
E, = : : : (5--9)

E
1+—— (1 —-cosf)
m, ¢ .

CCTmoH%?wﬁiﬁﬁ,cﬁ%ﬁf&5odzﬁkbmaf@«@ﬁﬁ%?m%ﬂﬂéé?i)
z

dsS do_ (8
n:F C()
dz dd

n, *+ d#t . (5—10)

€

THahe CLTFRAHLEFOESEEES, n BBFHETH S, FIKER: FROMBIC LT
Ebhn, FofMid ’
F:e_(p'pl +p’cl) Z (5_11)
THbo TNWMANTFIERANRENLETILERTERIETLETNE, COMTHERRICLD
wmEsnIEA (C) i
0,=8, 22 (1" Weztre) L (5—12)
#P2+#c2

THbo TI Ty, # oy BEEFOREHRE LT 7+ VHROBRIVERTH S, Lidk
FRNOBENE (z2) SEILA () KE-TEDLD, AEI, (2), 0, (2) TLOBTTER
BHnEE L. 0, (2), 6, (z) BEEOES (1) E¥EE (ry) KLY

6,(z) = tan™" (;:Z) (5—13)

8, (z) =7 —tan" :d (5—14)
EROENE, LRIDOKEZITLY

86, oEx, L=;£;;; | (5~15)
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f,60=10, weE, L= ~d

(5—16)
sin @
z
= (5—17)
a0 PER LEE

Ch B 1 OKEs | REEAICOCERIEN B8 (Nggp) B (5-10) & (6-11) &,
(5—12) R&D

' 7‘;“(!-‘p1+ﬂc1) doe(ﬂ) Koz

Newe = no L[ ; Kot i

(1 ddzd b

(5—18)
EEDHENS,

PRI E D C OB BONBRRIXSRIERED B ETORERN (Npaoy) & B ELE D E RN
(Ngap) DFIELTHEALEMNTEE, B 8 RICHERINEOHANE (FTHR £RMTRLU,GF
BHAEWETRT. EHIE&HEME (Npgor + Noap ) RES—HLTIN 5,

B BYERRGEOLCORTFE LTRUEED SOBRXBORTOHREE B, TNLDONT
RREHTHRNEDTZ C TSI,

LN B A T Il[lll{rl- T T 1 1] T 1737

T TTTY

[ I A Y

10

]
b1t

4 IfélFT"

>_ 4
[ @]

Z -
2 "

o

& o'k .
u [ ]
¥ - i
T B .
w

n - . _ ]
e —e— MEASURED |
o [~ .

T -—==-=-~ CALCULATED '\

“ 2 .

2
LT 1Ll

T LIS M O I

Lo beaaad L Lot L [ DR A
10 10° ' 0
ENERGY {KeV) .

18 XBRUHEOEMHELAREL DK
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5.3 TRATF—7SE—%

TR =T - BRELBNEBERDNBREZOHEOTEOSRGER MK SO, (MEFDZ 20
K HBOILEEHL DD URENE S, (DREBOBBICHT AR EOARBINSVBATS
Zo GedSiI EEB LTI 2y~ - RARBKE2CRIORIDBERTH B, T TiRTR
b —F = BEDEEEAxel DOREAOTERT 2. CRBBRHBESERICE, LOERS
BokERTHEEREL, XESMOE— AR TRINBICEECASH LEEO, BRBERICREL
1B XBBRT2EOP252 566D THb, BEMICIZ

1 1+

PﬂTKp W, (1~rlog ) (5—-19)

r

LEMIN D, CCTK,) BEAHTABRRARTHE, w, IZUROBLXBOEXDE, i
BHXHREAFEFOXRERRFEROLTH L, 60 ke VEUTOAHETIHNL TRELETHRL
kAR EmMmEENGe TEDENRTEAINT, SHBEICLTHARHBITO>NTHE, cos7N
WESBATED, BIRKGe LSi OKEHRBLETOEXXROK , wi &EFERILOHBH A
FEART. Bl IRRKBEIULBICONT, TRy ~7E—7 OREZNSOHERE (EH) &4
HOEBRTHONAEHE (F4RBR, KROSH) ZEBELTRT. ARLD Ge DK,, Kg &
ORFTOBSRHBEEEERENEDDH TR &KL, COFERPOXBRRI FVORAIEIKEBNT,
LRE-FE=-2DOFEBIT (5-19) REFLSTHETEEC L0007, TARKITRERX B
DORS L BXERRHFEOE FOBE (1 - (Pyy + Pxpg) DORLTES, ZOHEDE
FRBERETIRLIEL1 6 BITAEIIL,
BOE GelsSionK, LEOKREBERNFAGK, 5LT, X
XRoEpEw, & EERIOBRREHEK

x| T grxms | K, w, " (RERES

111048k K, 0.863 510107 202
Kg 7.25%x107 156.5

1217~1.248 Lay, g 0825 207%107 7180

L, : 1236%107 9950

1248~1413 La1, 2 0.581 207x107 7180

L, L236x107" 9950

ae L, 0293 207%30° 9380
Lg 199%107° | 37240

1413~11104 Lai, 2 0.541 20710 7180

L, L236X107 9950

L, 0198 207%10"" 33890

Lg, 1L99x107 3724

o1 18394k K, 091 46x107 840
¥ Kg - - 740
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I LA B | L) ¥ I']lll'l

T ( P{Ka)|+ P{Kg))

I|I|!l|

1

||llll|

ESCAPE RATIO

T T TTTTT]

T

LI B NI

1

Lsa
L2y Ls L

TR ANt Ll L1l [

1 10 100 1000
'ENERGY (KeV)

w108 TIAY -7 E— 7 ORERIEEXBORSICSLNE
WA EOET (1 —-(P(K )+P (Kg)) )
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5.4 VT PHELRRS MLOFER

FlHATHENRI LS, LOEBEEHET T 7 e ool XBEHIZIE, =207 vy #EIC
L HTDCHERARY PVOFEBEEIRE S, COFSELIDDNTALYIRRBL TOAICEST S
VERH D, .

1 REUFETFESORBBLEAT 2,

3T P rHROBRNFESRFES ZICHFIL, CEHRORERSZ T RAT IS, Z
MARECIAZ EILLY, WEBROLESEL, HHEMCI v 7 v BROEERSDIE{ME, C
DEINERTCe INGFIEIS I R E LB L TEBICTINTNE,

(2) REHOBRHEEEMNT 2,

AREBOBBREHEC, XBREU - RICLTREEBDLBICARHT ZLYICTAE, 27y
SRTEA LA T BRI EANRS LA B a7 BB L2827 P VBIIETT 5,

B0 EF 21K Ge (DD BHE (BESJELImm e X5mmt, 2=32) BLUSi (Li)
M GEETHEEmm @ X 3mmt, Z=14) TEHILZ “"Con A~y tadtrd, CALAE
R¥1dGe (D BUBICEIFLRBY -7 IKHT 2307 Y HRICEBHEFER X7 P A HOEES
B, Si(Li)MH&SLEENTHAEDONE O (A LF - SBENIIERILTHAOT, 122 keV
DE—7&, HEZE3I0keVOIY Py MBICLABEEZ < P VEOE IO TE O EGe (1)
Bthagnil 1 00038 THD, Si (Li)#itedsdl I 014 THa) TOERT T A~EHBIBELL
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