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Fabrication of Hg12 Nuclear Radiation Detectors

Hideo NAKATANI*, Eiji SAKAT and Masaki KATAGIRI
Division of Nuclear Engineering,
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( Received September 12, 1979 )

HgI, nuclear radiation detectors: were fabricated and their per-
formance was tested. Crystals of a few mm squares and about one mm
thickness were grown by vapor transport method using a two-tempera-

. ture-region electric furnace in which commercially-available Hg12
powder of 99.2 to 99.8% purity was sealed in a Pylex ampoule. Dete-
ctors were fabricated using Aquadag-paint electrodes and tested using
5.5MeV alpha-particles, 59.3keV gamma-rays and ILX-rays from 241Am.
The best detector showed a FWHM energy resolution of 4.9%keV for 59.5
keV gamma-rays while it is difficult to obtain detectors having good
‘energy resolution. The following were confirmed; charge collection of
holes was worse than that of electrons. Crystals having better trans-
parency and better cleavability resulted in better detector performa-
nce. Dark solidified residue was found after one‘vapor transport of
the commercially-available powder. Humiseal paint on the detector
.surfgce improved the applicable high voltage, the long-term stabili-
ty and also the energy resolution. The average energy per electron-
hole pair was about 4.2eV. The energy resolution improved as the tem—
perature decreased from 50°C to 0°C. The performance of the detectors
made of solvent-evaporation method was worse than that made of vacuum

transport method.

Keywords: HgI, Nuclear Radiation Detectors, Fabrication, Crystal Grow-
th, Vapor Transport Method, Solvent-Evaporation Method, Detector Per-
formance, Alpha-Particles, Gamma-Rays, LX-Rays, Energy Resolution,
Charge Collecticn, Humiseal, Average Energy Per Electron-Hole Pair,
Temperature Dependence.

* Advanced course attendant, Radioisotope and Nuclear Engineering
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Pulse height distributions of Am-241 v- and
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Preamplifier output pulse shapes and pulse

height distribution for Am-241 a's obtained

from,HgI2 detector TH-IS with negative bias
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(a) Preamplifier output pulse shapes for
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(a) Bias voltage -1200V

(b) Bias voltage +1200V.

(14D



JAERI-M 8478

Photo, B-1 HgIz detector TK-2S.
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(a) Bias voltage -300V
(b) Bias voltage +300V.

Photo. C-1 Pulse height distributions of Am-241 y-
and X-rays obtained from Hg12 detector TY-2§5,
{(a) Bias voltage -300V (nc Bumiseal coat)

{(b) Bias voltage -300V (Humiseal 1B12 coated).
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» Humiseal Division, Columbia Chase Corporation,

Woodside, New York 11377, U.8.A, Tel. (212)932-0800
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L BREEBEHEMNEEE

4,1 HAARHBSHOMELE

Hg I, BHEILOHMN S RAEMEANERBRERTF S+ 2ER LTI EHBEICL b
BANTCerFF v A ABEBAINBLCLDLO A+ ARBREL/INL, Fig. 4-1 TR
HOBMEHES, THES, <A FF v A VERMINSE~ LM EEBRUIRESZ~O 41T
2EFBEEF v 2 BERO 2y —, g ¥y AI—TEpbhi AP EEBEOBKERLE
LD THDH, BEBIER I 3QRIMERL ~»FF v+ 3 EBMTEBCEMLAF -7 2D
%ﬁ4y€~fyxt%%&&5ﬁb®ﬂ—s*—vayfééo7»%ff$WW%ﬂﬁ$
Hexr~3H08 1008 T, BEANATF—2RCRTFARTVAE, F=27 a2,
BEF— 72 EEEALCE, B, H4RMy, TH REIN . FHBEROREENRE
KhkoThk, "1 TREE-—ED$&ET, BEHLEILT A v 2EEHEHIEL, £
AHTRADT A A ¥— HEBEL SLIMERE LTS as 25N 3 4s & LA 342, R
BOLAS CHEHE 8 us CRELABEID S,

Hmzﬁmﬁfaﬁ%&%ﬁT%%%ﬁ,Hyzﬁmﬁ&aﬁﬁtéﬁ%Oﬁﬁﬁﬁﬁﬂﬁ
A RREHBEOVC - SEALENKRAEL %o oL THAN—241 01114Ci %
EELke 24, Am— 241260 7%, XBLHET A2HAEFT05mm 07 ~ I THH
AR l0sCiRUERVZFL 7 (v a THHIAZ10aCiMELTEML L. UTHEL
10 4Ci—a, BE2104Ci—be LTEHT S aMBEEEAT 5 2 RYNAKRBBL
Humisenl # &M LAWTHERL, AEEABE 10 Torr BEOAZL L. T DR,
Humiseal 2% A LAEG ba A1 25T 2L B0k, rREFEHO L ERLERKC
L aBBAENT & 2 LRAIBRICAZERE L L 2o, BEX Homiseal #3%AL, HEFA
%Kﬁ%ﬁ&ﬁkbkoFm.}3~Fg.%5K%Lk?ﬁyhéﬁﬁbk&ﬁ%ﬂﬁﬁﬁ
ENEHCHERELTEEL TRAP TAIE L %o

CBOArAREBAFEAET ACADLoTE, AA Y- OV ARBY SIREHCLS
Am— 241 a#BED 5.488MeVO A 2 EFHICAENTLH L ST~ HELE. 2¥, &
BLAS KRHSIEMALI431lon® T, ORTECHEOREEEE T H, 752150V
DAAT AEF ML A rBO P AERAIMBOUELSH A >THFig 4-2 LT LD
., BEmMESE LTJAERLI 125, Ay - & LTJAERI—-134 #®AL T~ —
HARETDT595keVrBE— 272 b 13.9keV X — 2T bk b r XBPEFAM
1024 ch KX 2BLHEC Lo Fig. 4-2 Cr BEERCETEEE Y 2 - 2D T

FLAEBREEZRL X
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4,2 UBEHRYERMORENRZE

RHESEHH S r20Xb L2 VEMORAIERFig 4-1 5wk Fig. 4-2 KARLAFEM
BEORN P X4 rye 2a—7 THATIC LI fToke Fig. 4-3 HEH40.7mm
O Hgl, #& % Fig. 3-2 KRLA I 92T rIBORIC~v > b LAiHBH2 -1 C~1
FR300VOAA{ TABEZHMLALEAM - 241 cBEOL114Ci KIZABEHIE
BOHDEHEA va 23—~ TEKTRO 485 TEBHALAFERT. HEad 0.5 25 cm, #
Bid 5mv/em, FFwv A VZ4ra 247 10TORNLEEM3s TRELAFATLEZ. ©
b aBRIABHBHD ALV RRE A2~ — a0 b L2 bEERE, *+n#h 0.5 us,
50ns TH»BCEHHESELN D,

T b OB ERET A CE Lo Ty VTOBBE a2 ROBCEHTE o TOF
BaRT &1 T2ABE2V(V), BRORES2% L (em), b LA bEEHE t,(s) &5
L, BROBMAERU vV 7TOoHEB v

v
E=E(V/cm), vzti( cem. s )

'
THsbh b ENATAEECHNT EHMECPHERBEBREEN "+ 2O0BAEEL,LEBHROBE
IEF+ V)V THELOBERAERINS. xx VTOBEE 2 12
M:%%cﬁ/ws)
ELTRkwbhs (EROFig 5-1 2) .
aBOAHTAROBRICHAMT 2 EEALOHE, AT BH L THOBHRKIET 2
t v U TREATHH0T, cOt 2BAIAA S 1RO b L2 bESHMAELOBRI & 5
3O TH Y, LABEST, CONDL LRIEBEMArLORO AV IV 2R ElOEES LU B
Bihb, 2 AMIC, cBOARTAHOBBILADEBELAMLABAE, KETLBHL
THROBRBCHETL* v JTHEFTHEH50T, COLAFRINA AL 2O L2 bHEE
MabROAZ v IV s BEFORR TSIV ESHHE 2 4. COL K, HMEROERE X
AHCZERLY, ¥+ VT EELBBVWEBFRELTERTE B, -
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5. HEBHE ORI

%@,@WLkﬂyzﬁm%@ﬁwT,&mﬁ%&ﬁT%%@momr,ﬁﬁ%t@&%ﬁ
ORIERE R RET S, BHBELZHLANREBLET 7 £ v 7 ORGVBHCT ¥ D
%%W@ﬁﬂ%bfﬁﬂ%ﬁﬁﬁﬂﬁb;$%ﬁ@ﬁﬂﬁ%%%7ﬂ%yiﬁ§§bﬁﬁbﬁ
%ﬁ%m&ofmtb,wayyﬁ%ﬂmﬁﬁbtmﬁBmﬁmnuﬂéﬁﬁbttbﬁn
B ENAEEEEELTHAESDRETHH, 2, 2-3MRLMAEC L2 BEEOREWDRA
THRNAERFBEHR O ( Fig. 2-4, Photo. 2-32M ) ROKHF 0 2(1mm* X 0.7 5mmt )
FRATRELAREBEO nTH, RESEFOBERLLBT S AH LAZERNTMAS 2
ﬁ47X%Eﬁ©ﬁﬁéﬂ%tb@ﬁﬁ&%&Lfﬁ%bkkbﬁ%#%%ﬂbkouTwﬁ
&é%@m$®ﬁﬁﬁﬁﬁwomfﬁ§Té&,%ﬁﬁ%#1~#sﬁ$ﬁ©ﬁy2$¥%ﬁ
&ﬁﬂﬂ&tf%w,ﬁﬁﬁ%&fﬂﬁuk%%féao%&nﬁ%ﬁ&@ﬂbfﬁvﬁﬁﬁ
%&ﬁsk%@ﬁ##l,##2Téb,##1&éb%$ﬁﬁ%bk@ﬁ###lféé
( 23080 ). RHBRESORWORTII <7 v 1 LABERB LEOKEESCETSAC
t&%b.X%@ﬁﬁﬁ%koﬂﬁmﬁﬁtfméo%iﬁ#l*Zﬂ#l?ﬁﬁLk%ﬁ@
hn b 2BARBAXRGREERLARBELTERL TN S,

5.1 #1-2/H%

511 #EEEEEHE
EﬁﬁthWﬁHyzﬁﬁﬁﬁl2575&&@%Lﬁ0FW®ﬁEﬁEMMg24vc

RLAERBRDI TS S,

5. 1.2 #Hiifso B
Hg I, & o4k b R 3 mm X 4 mm X 6 mm © 3K TEME 53mm?, F3 0.5mm

TééonghzK%Lﬁ7»sﬂ@ﬁm7¢yrLko&ﬁﬁeﬂﬁnmmm.yzmﬁ
L@y Th b,

5 1.3 o iRtk HAFE
mmw.&1@&&%%N472%E74%z3SOV&EWthé,Am—ﬂlaﬁﬁ

CragEEESOWNEHEE TEKTRO 485 TRE% 0.1 #5. cm, WE% 5bmV/ em (CEX
%LTENbﬁ&%%Z@T%%Lk%@T&%Gaﬁmléﬁhz&%WBEELﬁbﬁ%
502 as EFIEDRB. <4 F AEEH BAFEBCAMIN THHOT, REETE
ﬁﬁ?é@ﬂ%?fééOf,EWL%KNXH%?DﬁﬁKlD%k&énﬁ%mfééo
s-o i b B DM OREE TR AFECHAT L L, BRAREE, EFTHEM . HTAL
N E=7X10°V/em, ve=25%10%cm/s L% VBFOBBME 4, E 357 enf/ V- s EHM
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AhBb, B4 TABECRT2BEERLEAL CFig. 5-1 CRT LI ZBTHEEDO <A
T AERKGHIBONA, ChrbBEHBH1 ~ 20 2, XET 40 em®/ V-8 EH R TN Lo
Wi <4 TABEF>5=2500VEAMLALEDa " XBH%E Photo. 5-2 TinTo <1
FRDAL TABTEMOBECHL T+ 2BEEREC, L b LA DFRRREE 0.2 us KHET,
S F— A ADTH EA DM S5 0 ns BECE, ThENDEELDTEN. o RAH
BHKC 75 AEEHAAMAINTVWAEOT, BHERETZHEH T+ v U THELTH 2. IL
FOBBE s 3 XBMICEBE 4em?/ Vs EEONLTE D, COBETERWTLD Lot b B
AEMLTHDLE 1.2 ERBBRFELETEAAARBRAUHAL TN, ZF, 772 200V

CAHMLALEL TSI X500 VEEDMLAES EREABRE S+ ARHBERL, WELDW

CHEERERBBED N Aok, COCLBEAIRBEHFOBFRABLIAMBZ LORET
LIEREIh, REASGEENTACLNTEZLADEK, THRIN S LI RS2 2REHIE
HlEZhiasortEibhd, 3k, Uhb b baEAR 2y -—OIbL ERDIEES 0 ns &
BERLTHLCELL, FAOFHABOFHME S 0ns LTTH5EE80N0 2,

5.1.4 rBBHEE

MM Humiseal ® @€+, Am- 241 @ 104Ci-all kb 2ARBRHER
Zoh CHIE L& Photo. 5-3 Q@)1 TAEE-172350VEAMLALEZOERR
2= ORTEC 4500 AEKE THh, ~9IVOEBERD 1+ AR VT~ LLEID, 2V
LLF2 Am— 241060 r BXE AR Th bo (DEMBED counts channel * MEBE T
FLAAmM— 2410 r BXBO 1 ABEBRATHH. HRMOHB 24 F v A D= 7L~
- LAE— 28 RLTnb, 17.8keVNpLg ©® XL broad peak%/RL, 59.5keV
®r@KHL1mpmk&%L1m&woN47}%Ef52500VQEMLﬁ&é@AW
AP EE S A% Photo. 5-4 [ /RLA,BE© Photo. 5-3 I L TEHEESFBOR, HEL
BHENOERABH LArb EEbh b, "+ ABRBERE CE > TE T ERALTRE
OEHAFHETH L. €- 2 BERELNE S ok ELOBHREFESETOEMRES
BEHENTEAZ S EERL TV a,

52 #1-38KLE

5.2.1 #ERERE
#1 - 2HBHBLEARTS L.

5.2 2 ftHH2RoOME
Hel, #&O M LD 1mm X 1.6 mm X 0.5mmt T, Th% Fig. 3-5 KRLASHY

(J)9 %2 2% FAVARIERBNIC~Y » b Lk, Humiseal 1B 12 &ML %o

5.2 3 afEHBbRtt :
Hmﬁnﬂﬁﬁﬁ&ﬁﬁﬁ@%@momfaﬁwz@ﬁﬁﬁﬁﬁmﬁﬁﬁwbﬁéiﬁbﬁ
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MR s anTBHL Zo I s b LA DR tr#"oﬁﬁjbfc%_ﬁﬁiﬂumisealﬁﬁﬁ
MOBEELDONTHE, <ATAEE~4F21 00 VIEHLTt, =350n8% 54, =715
em?/ Vs, 792600VIEHLT t, = 12us 220 up= 348 em?/V-s &% b Humi-
swlﬁﬁﬁQﬁm%KOWTu,A{TZ%E74f220Ovmﬁbfn:35%s#6
e =735 em® V-5, 7'52.4 COVIEHRLTtLt, =4 ustrb oy =31 em?/V-s & & ok
Humiseal BMOFBET, salBBLALEE LTI N,

5.2.4 rBRUEXBOBESEHRE

Am—-241 7 BE104Ci—b 2 AFREBIACEIHTI T AP 2ABEBIHERE L %o

(1) #BHBKC Humiseal ZBAHLZVWES : ‘
505keV 7FEAI178, 139keV X#IKHTEx 40 ¥—FWaEL, <47 2D547F
A BEERY shaping time KXoT, EDQXSKELTALEHN. Fig 5-2 &
shaping time & 3 as Rl RS, XBIR T ERE L FEDOEERFIEER
LEZdDTH b, 505keV T AT A ¥~ DFBEOEERFHEAFETH 5. Fig
5-30t <4 TAEEE <4 FRA1400V—FLLTHEMNO shaping time EEMETL A
O TH5LH, shaping time 5 us AR EBTHAH EHFloks Photo. 5-5 (a), (b¥Xsha-
ping time#% 3 a#s {CLT, -4 7T REBEHAT R 1400VRU 752 1400VEMED
J\'lex&‘éﬁ'fﬁ&ﬁ?’!'o Photo. 5-5@)C L5 & 59.5keVr R 17.8, 139keV XEICH
T REEMEFNEN 635 keV RU 283, 261 keV DT A1 ¥—FHMETITL TV Do
Photo. 5-5 WD 7 7 % <4 7 ABEHMO A v 2BEGHFHMEAKRLE — 2 AR LTwAWniTh
b, FHOBHBESHL L TR, 22 IVRVWTEERL TN Do

2 #HHBicHumiseal T B LABE o

Photo. 5-6 {a), (bl{d shaping time 3 asiCEFANATAA TABEBE<1+X1300V RIK73Z
2 1200VEEMLTIO78E1 0815 CHELA S+ 2BERBFH TS Do Photo 5-6
@KL sE595keV rBRF17.8, 139keV X+ sEEDEENLEN 583 keV RU
257, 257TkeVO T A A ¥— MEEE/RL Twbo Photo. 5-6 {(a)% Photo. 5=5 {a}& H~
25, 595keVrME—7QET A AF—flOF 1) ¥ IBHEINT D LB H Lo

Photo. 5-7 {(a), (b){X shaping time 3 s lCFNT A4 TABE=4F21300VRET
5% 1300VEEMLTIOTIHESA 1 TRCHEIELA S r 2REFIMTE L. 2 & B
LC#5 » ARBLTBUERRELTVACcERLAIDOTHL., 2 F, Photo. 5-6 (b},
Photo. 5-7T (L2 AL ELOBHNESUEVEFRATLERL TV S0

LlEDZC &% b Himiseal 2 AT H L LTI 5T A FTAREEMN~A F X, 77 AHMA
FROBED A ABRBEARCHELZBDBD b L, R, 595keV rfe—70x%
¥-DBECHETOREHAbNILLTL Do

—14—
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53 #2-18KHS

531 #&EERH
E#¥ s LCKiHgl, AEFEZ 2577 22 FALA. FROBERME Fig. 2-4,
Fig. 2-5 €, bt h K LA LEOKEMRORIM Photo 2-4 CRLABD TH b,

5.3.2 tRHHB\BORF _
Hgl, &&OMA LY TR 2mm X 4om X 0.7 mmt T, Fig. 3-2 WARLALS 2T~ I M

OBIC=Y v b Lo Himiseal dBF L Th & v,

5.3.3 o WM

) Wb lnbEMoE | | ,
NATABE~4FA300VEAMLALEO a2~ xBHRHE, TE2R4-2HTDHE
5 b e OREE TR & L TET A Fig 4-2 Thdo MICLAEL S kD EMIET 0.5 us
TE=429Xx10°V/em, v, =14x10%em/s &% D, n E326em’ V-5 &LTHIZ
hic, &4 T 2ABECHTAH v, LELOBAKRILFig 5-4 DL SRR IN, O HgL, |
HEREREO 4, ABE30em? Vs £B23ND, 772D AT ABEECAMLA L E DR
EHMEBHNO A 2BEBHE2~4mV LEbLbOTEC, 2SS Ay ELEROUD EB
DO ARBERIhit, ap=4em® Vs ELTFRINBILD LA DR ~1T X
BEAL1IOOVRIFEISOVERLT, ThE¥h 12248 RV 3.5 ss & % 525 Photo. 5-8
@), MICFRT L ICFEETE A2 2BHARBRL Tz, ELOFIHE HRH2:82 ¢ B
B EEL D T AU HEP L CHEINLT LERLTWE LB DR S,

@ ~rABEHHOAE |

FRERDO A ABEROBERE—ELLT, HMTLE A TAEETELLALLE L, —
EOAAT AETEHMLCEIRESORERL2ELLALE L v ABGAMEHEL T,
BA S R EEOBERENE EREHKTYE & Bk,

(2-a) BA-rAMEOBEKGE

Am— 24 1@ 549MeV o HFELC LA 2 2EBEIHOREHEZ L OE Fig. 5-5 OH LEH
KR Ko BRAKIC poak BRLAZGOE, T4 52 7 BEWOBRKK L 5O TH 5,
Fig. 5-5 i, COBMAKS A~ ARFOSiRIHHBIC LD 5.49MeVatihio Sy~ ~ v 2L i
TAMENELERELEL, ~{ TAEEERML LT, ~“1TABECLBREHERLAS
@T@bomML%éﬁﬁ72%E®§x#i3MWT®5@ﬂ,cﬂ&ﬁﬁ?%ﬁ47z%
FrEmTas 8T 2~+x2080RT22bTd5, FHIEHORTEC 450 ORFEEIEL 0.5 us
L—FE Lk, BIEPHBR cBOAHTET Ly 7BERIC <1 F R0~ 17 REELHM
Lt 2B RECEREN A FELEBFOROI) bLEFHHEPLHEN T 2HE0HH, o

¢ B{BABESEETINT, aBO-rARRBAHCE — 2 2BHI 03T THEHE L, w® ALORE
#HidHgl, 272 H a5 FLOTHY TV Pd AEELEDN TREOT, {ALILEL T A,



JAERI-M 8478

BOAREBIL 7 72041 T7T2REHAMLAELEFOBEL D b, BRI v 2ABEGHE 1
FABECHLT2EBEXRE, FELI VI BEBFORBMREDECOR AT LHFINK. B
FHERCEABECTAOHEA L A TAEEEHA 200 VAR D LbBR- AV 2RE A
MoEmERL, TOMBEARATAZA 05 0RU025KCEEET s TND, CE, T AKX
y9%@Ki6aﬁ®%ﬂtﬁﬁ¢b%l%£ﬂ%ﬁ@kb?éb.K%&BH%¥,Eﬂ@
HEERT ACETHEHI A A5 — e OfERSi Tl 6 =366V, Hgl, Tl ey, =42V
THHDT, %jv*‘»Zﬁ‘%@*Eﬁﬂﬁ@ﬂff71’%&;&%‘“ LC® < & & F|FHN, EFLHRE
mfﬁ@%A$ —0857TICHETNELDOTH AL, L THREIFEHOBELODWT, &
%Eaﬁbﬁﬂe&%‘iﬁ%unrekﬂfﬁ(ﬁr) ERkHBE, (at)=42X10° e/ V &%),
fe =30cem®/ Vsl b 7, =14as Bxbhd, (ar) CEBHERKROBYI THB. ik
OEAEL, 4T REEEVELTERREDE 754 5 Hecht ORX

51— exp (——))
7 L2 *P utV
b
dz
ar=L° (dV)Vo

Lh B, LEBT, %ﬁﬂ%ﬁlGEW%EﬁTE®V*Oﬁbﬁéﬁﬂ( )_O&m%

'umnzﬁbac&mfé%oFg.s5@5ovtovoﬁ&ﬁﬁfﬁoom7fmoo&

%Lfgvhm 4R 7. 08570500 Hg L, BHMBOT #£» 7 BBICL 5 o B OBR
BETHDo XML LB E (2r),=10"~10"em>/ VOF - #HBEIT AT 5o

(2-b) BASrABERORERKTHE

Fig. 5-6 547 AEE+350V % AN LTERMBEBSORERY 0254 b bas bk
ofﬁmbﬁag@%kﬂ»zﬁﬁﬁﬁEOEME%Lt%@Téﬁovf%z@ﬂ47z%
A LA BT R OBACEHERER(LTRCKORTRAA»V ABBAMML TS
ok, A ABHBEAC LN TH -0 <4 T 2BEMBT048as O b LB IEEETRLRL
&#6&1&%?69,Eﬂﬁﬁ®%%n%%ﬁm%@tﬁa&f%ﬁamoﬂ,Eﬂﬂwz
Ny —Aaapyh EAYEH S50 s LERBEOTLENVEEERLTVWEZLES

4545 BeERERL TN S,

5.34 rHBERUXBOHRMBFE
ﬁmﬁmﬂmnuu&ﬁﬁﬁf,mm441rﬁﬁioam—awxéﬁ»zﬁéﬁﬁ&ﬁ
E*?m%bkoPMML%9@@&”472%574f135OV&mmbﬁtékoz
WEAHMT, MO count s/ channel HEBBEBTD Do 59.5keV TR 1 7.8keVXHR
D peak 2B b, =4 4 ¥ — DMER TN LTH OFEMEV136keV, 3.8 keVT® Bo Sy
w¥EEMLGMVTéoﬁO@dﬁ47z%E75z3oov&mMLﬁaéeﬂ»zﬁ%
44T peak XA b & o KIC Photo. 5-104 <4 7 X BE~1F =1 So0VEHNMLAL
A OFe—55100sCioXBBEHT 2 v AEB AT 59keV O peak BHELLHAE
HLT# b, TOHMEBR 33keV, COLEQOAAY —OFERE 2keV THFe 772
@ﬂ472%E@WﬁKﬂpwk&%éE#9ﬂo%%@%ﬁﬂ%%ﬁ@ﬁﬁﬁﬂ@%ﬁW%
HEHLhIHEWZIEEERLTWS. '
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5.4 #2-2WH%E

HARESBERUOBHEOIFECOVWTEHH#2 - 1 BRHBOFEFLABTLD, =2+ 3
Fm.%zK%LkiﬁﬁAfﬁfééoC@&%#%fﬁOEM%ﬁ&ﬂﬁfé@KﬁM$
{C Humiseal 1B 12 2 BALERTTAIET Bt & LA, REBIK=v >~ b LAHgl, #
EoHtbdEld 2mn X 3mm X 05 mmt T4 7 2BEE~41F=21400V, 73 x 1000V
FTEHMT R LTk, BROBIKLT(20~28)X10'V/ em THo>T <1 > 2D
I TABERCAL TSl —2HRHBOK4IE, #2 - 1BRHFONH THECREBENCHEY
T 3. Humiseal ORGP EBEM £ X BT HL L ERL T Ho Photo. 5-110@)E <17
ZEBEFE~4 72 1400VEINMEO r BAm—241BE 104Ci —a 0 r BXBor 2EBH
FirEmLAadDOTS05keVr#O peak @HS5NE2 W, 17.8keV X8O peak ¥ERIE 6.5
keVT XA AE£—3HERZBE Ao/, Humiseal ZBHLEZVWRE THEL 25 2+ ¥ —
DEHEIIOGKACANWIDERDNE, DE <A TAREEZ 2 21000VERIMLA 2 =
EEmA AT peak @A bh¥, EFLOBHNEBFEORC AN LERL TV S,

55 #2-3#H*

551 M&ERRHE
#2 - 1HBESBLFARTS 5,

5.5.2 fthidoBYE ,
Hgl, #& O kb T 1.5mm X 3mm X 0.4 mmt TH 2 — 1 RHF LAKRCT » I RO

Wit=v > r Lk, MIESEC Humiseal 1B12 &ML Ao

553 r#RUXEORKLEN

1 r#WBHEd

BHEC Himiseal Z B AT 2B 0 Am— 241 r ¥ 104Ci~alR LB A ARG
% Photo. 5-12(a), WICHEL TR “1TABEBVWTA LI FX600VEHMLEA
BAETHD, 2OBE, Humiseal ¥ B AT AR Lo TT R A F—SBHEXMEL Tn b,
Humiseal * BF L AW L EE <A TABEERX600VETLAHMTE 24 542 Humi -
seal TRATHLE1000VETCHMTEZLSC A ok TEADLHEECH EAHE LR £,
Photo. 5-13(a), W2 H2BE W Humiseal ¥ BH L <1 TXEBEE@E <1+ 21000V, 77 2
1000VEEIMLALED ALV ABESH TH Do <4 F X 1000VEIMOE & 595keV 7
BRUF178keV XBCH L TEEBEENEN 0.2keV, 25keVERL T 4 ¥— FHEER
B, 752 1000VEHIMBEED S AREF F I peak B2 bh &k n, EfLOERHPESRE
BEOBEBIBR( AN & Bbd So Photo. 5-14{k Photo. 5-13@s AL TRLA IO T,
EEHOEDIEC 264keV 78, 13.9keV NpLe, 2 0.8 keV NpL, X#® peak RIS T4
MEnebbrbETnsHl, HEPOREOCK, X escape 31L0keVAR AN Tnd,
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@ Xgmiis

HE L L CAmmersham #® Variable energy X—ray sourcer ko Am—241
rﬁﬁ%WﬁLTmTMm(m,thhLM,Ba&E@%ﬁﬁEKﬁﬁrﬁ&ﬁ%b.%
n%noﬁ%ﬁ%oﬁﬁxﬁﬁﬁbnax5K&ofw5§@?;50cnbxﬁﬁﬁ%ﬂr:9f
b ANTTT Do RHEBR A4 TABE~1F21000VEMNL, ERBEORTEC450
uca.umo,ae.woo,ummngtmm3ns&UfA»x&Eﬂﬁ&M%Lﬁ%%ﬁ
HMOS15®~mmf¢oFmss7ncheﬁwzﬁ%ﬁmmomfﬁﬁ%z$m¥—m
HTA¥EBERLASOT, TRV ¥ DENXBEEDCLAR>TT 4% — FHED
R(&éo114SMV#6&OSMVKht%ﬁﬂ¥ﬁﬁ239“V#%&$&éh%o

5,6 #2-5#KiHIF

"5.6.1 #mAEREEN

#2- IRUEBOBELAKRTS L.

5.6.2 MRHIEORYF
Hgl, #&&o 4 kb +8HE 3 2mm X 2mm X 0.5 5 mmt TH B IC Humiseal 1427 % &A

LTFQJ%3K%TF§V¢Zi¢wzmnvvybbko

5.6.3 7Rt HAETE

#ﬁﬂj%ﬁ&@i&%{fc]\ﬂﬁﬁz5°ccz><&é@Am—241rﬁﬁlOuCi—bvcx&A»zﬁ;e;
A #i % Photo. 5-16(a), MR T o r5V~'/'Zﬂ»:r—zcon—far-~yfy—wﬁs@g@f&ﬂsﬁm
ﬁbmmbﬁan471%Eﬁﬁ500vmtéioﬁ (a}id <1 7ABHE~1+25300V
EmEE D 4 4 XA T 5 9.5 keV 1 17.8 keVXBICH T A¥EBE T TN 17 1keV
&637MVT®%0ﬁUITVV7{NAT%ﬁéﬂﬁﬁﬁfééﬁb1&9mvmmJﬁ
@pukﬁ%ﬁwﬁﬁbfmaowmfﬁxsoov&mmbtasmﬁankﬂ»zﬁﬁﬁ
mTeh b, peak RRLN AT oK. coMEBERI R A ¥ - ABEOCREKFHOAEK

BRLE. BRECOWTHESETHE T %,
5.7 #3—- 1=

5. 7.1 HE&EBEE%H
Eﬁﬂ&bfW&Hyzﬁ%%ﬁSOﬁﬁA&ﬁﬁbﬁoFW@EE%%HF@.%4,

Fig. 2-5 CRLZBH TH o

5.7.2 HHASOBYE
HyzF%@ﬁibfﬁﬂlmmthX03mmTF@;SZKTTTW*&®&K7¢

v r L. MHEIC Humiseal 1A27 F®AML o
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5.7.3 rEBRHEN®

EROBAR 03 mm EEALHEMLY B4 7T 2ABEFERT450VHERETS ks L
L, EROBICLTL5X10'V. cm THumiseal BAKC I Z2MEER LOPHERI LN A,
Am—241 7 BW104Ci—a K LB~ AHEEH A Photo. 5-17(a), MIKRFTHY T, -~
4 7TABE~472450VHNDOEKREANS L H>IC595keV r B peaki@A50F, 17.8
keVX#iZ broad peak REZBLTWIHKEESHZRCL DBEFLAKRKHBCHEEL T £
nE-BBEEIEDFESTNnE, 2%, 1 72BEZEEHERL TR LANX <27 }
MEROREINIHARRIZ b ok, WX 75 =24 50 VEINEED S 2 2 E& 7 i Tpeak
Fmd ok

5,8 #3-2#HL%

581 HEHRE%H®H
# 3’*‘ lﬁ&jg;&[‘_ﬁjﬁ_cééo

582 g oBUF
Hgl, #&0M4 E b & I mm X 1.8 mm X 0.5mms T, Fig. 3-5 C/RLASHYV (J)=

27 2B OEERBRIC~ Y > b Lk, MBI Humiseal 1 B1 2% &ML %o

5 8.3 o LAY

Humiseal EHAMBL 2N TR EMWIEBRO o A+ A NEBEBA L T2 b £ hEEMER
Bope, ap TEM LA BRIEEO 22 b ERNVRBMOBEREI L AL OLLHE LAER
DB Y TH B, Humiseal BfdICH 1 TREE=1F72100VEHLTt, =270
ns 22 b pay=335em% Vs, 772800VICHLTt, =06us # b opap =188 cm: Vs
EH Do, Humiseal BAHICIHE, <4 > A 45 0VIKHLTt, =80ns b #,=25end/V-s,
7 7R OIOVVC??L’C t,=4000sH b ay=25em?*/ Vs &% oo

584 rBEUEXHoOBAFEHE

Am— 241 r E102CI — b AEREEMNECA D 7 T Humiseal BHAHIK D n T
v ABEBAHERIEL ko

(1) #BHEECHimiseal 2BAL ZWHESF

Photo. 5-18(a), (b)iX shaping time % 3 a#s K LT, AT XAFEEHR<1F 21400V
RU75321350VIAIMEED S A REHIHTH A, Photo. 5-18@)IC LB L 595 keV r RIT
HTHEMBEEIE1065keVTHY, 1 7.8keVXBIEHL T broad ROERABEEL Tnbo
2 BMHBKHumiseal ¥ B L AEH .

Photo. 5-19(a), (b)iX shaping time ¥ 3 asiCL T, <47 XEEHR <4 F2A1600VR
75X 1350VHIMEED “r ABERDP M TS 5. Photo. 5-19@)ICLH &L 595 keV r g KT
1 7.8 keV XiBICT 2EERBIEEN TN BIkeV R 6.4keV O A A ¥~ FHEE/RL T

—1 9..,,
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Bo M EDC &dbHumiseal 2BAHFT AL LT, =4 FAOSATRERETHML &
Photo. 5-18(a) & Photo. 5-19@4 KB L (A5 L BEOHAXBOE— 7 RBEFL % ok T
Lk, 75 AD<4T ABFE%HML % Photo. 5-18(b) & Photo. 5-19(M %z LWL TH B & R
NI A AREEEL TV L ERERIN B FBEREHL 2. MLAMELTY,
Humisecal # 2T A & A XEBAHHENLT 5o Humiseal AREOREZEZ LT &
FRAND Y, BERABCLTIENREMEAEL LR ELLNET DT, Humiseal &
AC LD A ABEBAGOELLORBEIER TE A\, Humisea | B & REOEMKE
AL, FRARCEDAVHEGATOERIALELLZOL D HN Z o

5,9 #4-2WHH

591 #AKRREH
EAE L LCWHHg L, RELEH25 77 22 FEAL L. FROBEAAHEFig 2-4 IO

CKRLABDITHAE,

5 9.2 tH®tHEoRUF
Hgl, #&o M4 Ly HRA 25mm X 3mm X Smm O 3K CEMAE 2835mm? , FXE 0.5
mm CTHi, Fig. 3-2 KRFT T~ HOMKC~Y »© L7 Humiseal ZEAML Z D 2k

5.0.3 aMEmHENE (b ks bR ORE )

Photo. 5-20 A& B <1 T2 BE~<4F 23 00VEZHEMLT, Am—241 « REL L
LABHEEOR HER e+ v v 22— 7 TEMH 0.24s/ cm, WiE10mV, ecm WKEREL TH
HER s B THRELALO T2, HOEMHFig. 4-3, Photo. 5-1 ALK PO ERE
D, sMOMNAr A Ay - SAaAABRCEEILTKE(EHMINADOE, # ¥ R2a—
7O A FE no termination & LT & &, ¥ — L LTBNC PB—4%H#AL
SIEREN 25He, b b hEEMS50ns & LT r 2BEHEHBR(AELACLT L b

Photo. 5-15iC L5 & D LA hEEMIE 01245 LFALHON E=6X 10"V em, v,=41
X 10%cm sec Ta (X683 em>/ Vos EBHEINA. &1 7TREBEECHRT H>BAREL L
Fig. 5-8 OBfHE Bk, LA ST, HEAZEH4FOHg ], 58O s, HRAITT0cm®
Vs b BREAND, H1R, #2ROHgL, FRHO u A 30~40em®/ V- s ICHBRL T &

EEELABBEERL

594 riBRBEFH _
BB Humiseal 2 &AL T <4 TXEE400 VEEMLAZ 8D Am—24 1 r B

102Ci —biL LD rAERMN% Photo. 5-21(), BMICTT, @it L 5 & 59.5keVIER
0 17.8keV XBURTAREREZER PN 149keV, 5.0keVTH b, EHH & LT W2k
Hg I, AFEET B\, Humiseal 2BA L2 NRHEBOZA THE IRV R 4+ ¥— FBELT
Lo '

—20—
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595 HumisealD®#45

HumisealZ 2172 & 5.6 3 THBLALI S K—KREBEEOMLFITF T dr¥— 3%
BEOHUERRLALOT, COBBBI 2V TS Huimiseal 2 BAL THIET 24BN H 5.
197843 BtAIC Humiseal 1A27 % A7 Vv LADBHAEZITo T i oke 8 A% TH
55 AMERELREL Tdok, 8 A2 TARWEET oA, 300 VTR 51728
FTHMTrE A orn, 400VEHMTALESAHNA. €0 )~ PEBOEMIFANL
DT, ¥ F CHumiseal 2BH L, T o F 7 LAad, SEROBHInE L2 b ko BHE
M AN THEET S %47k d, BBEEA{26F, v~ F THumiseal 5B+ L, = v F
FELACERED, THE y 2 BRBRRACELERDY, $#FEH LAOTHZWwe L EbR b,
LM o7, Humiseal 2 B AL AR FXAET S LH TEh ok,

5,10 #4 -3z

5101 #HRKEERHE
5 918HLMETH 5,

5.10.2 HE#EORE
Hgl, #&OH4 LY HRiE L5mmX 2mm X 0.4 mmt O HFE TEARE 3mn® TH L. Fig.
4R RLAY— A=Y ¥ P Lko

5.10.3 r Rt R

MBI Humiseal ¥ B¢ 3, <A T7TREE<4F2450V, 73245 0VHIMED
Am— 241 r#E 102Ci—bC L 22 2YEHSDM% Photo. 5-220), MR T. @IC LS
& 505keV r S ICHLT no peak, 17.8keVXE KN L Tbroad peak /3L WO 75
A4 TABEHMBE D WTZERMPERERI L LCEDL 5%

MIHEIC Humiseal 1A27T % A7 VA LALCODREZRMEELAR, CORDY T T
Humiseal # %74 L T Humiseal 1B1 2% THA LA, r BECLIE 1 ARKZHHE
LOOVEBC/ A XHBBLTWCHETE 2D ok, Y Y7 REBT 2L v 7 3 ERFE
BarcARIDEBbNL,

511 #4 — 4 KH3F

5111 #HERKEERH
#4 - Z2HBHIBLEFAKRTS 5,

5,112 HHBO/E
Hel, #E&OM4 LD FER 2om X 3mmX 0.6 mmt T, Ch % Fig. 3-5 CR L ABRMEER

it~ » F Lo M23C Humiseal 1B1 2% & /L &
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5.11.3 o M HAFE

Humiseal BHBEO DL OV T, a2+ 2OHNEBEHEAL, L b L b, 2RO
he, uy FEHLZ. BHEERL <1 TAEE~A1FR600VENLTHL, =80ns 25
;%:7muﬁ/wsf,7azgoOVKﬁquw,=amm¢6yh:&mmwvm¢&o

7o

5.11.4 7 BRUCXBOBRHHE

Am— 241 r#BE 10 2Ci— b2 AFRHEUBABRMEIFAT T2+ 2EFBIBERIZEL Zo
shaping time & 3 u#s & L#%o

(1) #HBICHumiseal 2 8FL 2 WES

Photo. 5-23(@), Wik <4 TABEMR~A4F+ 2800 VRUFZFI X800 VHMED =
WA TH Do Photo. 5-23@IC L5 E595keV r MICHLTIRE— 283060 % 0w, 17.8
keVXEICHL T broad ROBEAMEEL Tbo Photo. 5-23M)IC L & L IEA D EFK
BT A &,

(2) HHEKC Humiseal Z8F L £%H

Photo. 5-24a), Wit-<4 72 EE# <4+ A 1100VRUZ7 2 1000VENHRFD -~ v =
EBAMTS 5o

Photo. 5-24(a)iC £ B & 59.5keV 7 M ICH T HHEMWIX 221 keV T, 1 7.8 keV XHRIHL
CTidbroadROBEFHERL TWwbd,o Photo. 5-24(M)IC L 2 & FLOERMPEFEEL 2 LD
CTH¢ R v, M EDC &EDbHumiseal 5 BATHC ECL 2T, w4 FAC AT 2E L%
EMLABEE, rBRUXBECHT LI 3+ F—FREORENS LN S,

5.12 #5 — 2HiHH 3%

5121 #&EEEEH
EME L LTKHEHe ], REHEHR 2577 e EH L. FROBEAMAFig 2-4 L7

LB b TS5,

5.12.2 #ihds 0 RfF
kbt 1.5mm X 1L.5mm X 0.5 mmt © Hgl, # & C Humiseal 1 B1 2 2 &AL T,

Fig. 3-4 KRLAZ— A=Y ¥} LR

5.12.3 7 ROBHLFEFNE

AT ABFE<4FRB00V, 752800 VHMEOAn—241 rEE104Ci— biT
I %5 2B B4 A% Photo. 5-25(a), (MRt o @ICEHE595keV r#, 17.8keVXHR
KL TEhFhdouble peakidbhnd, ChRBEFRZO—HENBEwODL, s 22K
HATHED THARNDd EEbN D, D7 7 244 T ABEMNNRF CDn T BEHRERE
DRCAWZEETRL TN b,
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513 #5 -4 MHHE

5131 BERELRE
HS5—2HBHEBEFL TS S5,

5.13.2 #HH2BFOHE
Hgl, #& oA L b, 1.5mmX 5mm X 0.5mmt T#H 5 — 2 @M% LRI Fig.3-4

KmrelLieLs aHFEREBAIC=Y v F Lk

5.13.3 r BOBmMHFHEE

Humiseal 1 B1 28458, BABERCE—0 4 TREE=1F72500VEMLT, r
MBIEIC X A -5 0 2 RS 5 Ai % B L & © 2% Photo. 5-26(@), (T %o Humiseal D&M &
DT TR F— FBENEXEINSZEERLTWnA:; Humiseal Bk ~1F 2750V,
F52500VD 4T 2BEFEHMLA & &2 04 XFER DM Photo. 5-27(@), B TH 5.
Photo. 5-27@NC X 2 & 595 keV r #iX broad peakRET EL X OH¥EEIX 182keV,
17.8keV XBICHLTHEIE 3.5keV D= 2 4+ — 3HEEH R L Ko Photo. 5-27()0 7 57 X
A4 T REEHNO A+ 2BEBEARC L2 EILOBEHTREFREL L TERWE TS 5,

514 ###1 - 1RHE

5.14.1 #&EBEZRE

WitHel, RELRBCHELAREESRL, #3, #40REOEP TEMREDOD O,
B LD R EE R TEAE LT LARBABEHE] Thd. #4 1 LELSFRCE
BB T AR DD, RAOHMBSECEHTE 2ok, T TCOHF L KHEEHY
EHE L L TEE LA, FREEAHE Fig 2-6 KRLABY TH 5,

5.14.2 WMo ME
Hgl, #&o M LY FH @ 1.5mm X 1.5mm X 0.5mmt THumiseal 1A27# 84 L,

Fm.&g@iﬁKTWi&@EK??V%Lko%@ﬂ%ﬂﬂ%ﬁt&%?wiﬁ@ﬁ©—
BHr(hma, TIEALTHANEIHERREKS AL LT LA,

5.14.3 r @RBEH&E

Am— 241 rBEI02Ci— bR LB A XERFHFHEHEL 2o Fig 5-9 KRLR LS
KR TOBFHENIE <1 7T REFOBEN 77 A0 L3 Tbh bk, COBBEOL &2
BB D L v, Photo. 5-28(), Wi <1 7 X BEM 50 0 VAIMOEAKH TS S
APEAFTD Do BHTHNSB LK, H#2HELLIFoARBEBRR Az 3 ¥ ¥~ 38
fEr L, BREKELHsRCERLY, T BY 2 kokkdd, T2 ¥— HFREON
2HRBELNAOKHRLT, BEFERRELT oc## R 1 BREGIEARBBENE IRV
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HERI Lok T EE, ## 1ERBERCRE CRFMES T ¥ARdIC L, B NELAHE
BHOBAECE-TLEIsADTHELDE VI G D Y, BREEERESFEEHILIL
LLBMEER T LR TERZWEEDL, BRASHBICRIN K,

5,156 ### 1 - 21RH%

5151 #EHEEREEH
#HH 11— 1 BHBEFAKRTS 5,

5.15.2 #HZ0 ME

Hﬁf%ﬁ@&tbﬁ&ﬁL&mMmexahmtT,Fmﬁ%SK%LkSHVU)s
$;5ﬁé@ﬁﬁ$%ﬁwvoyrbkoﬁmﬁmﬂmn“n1B12&$ﬁbﬁo

5153 rHBAFXROKRHEE

An—241 rB¥E102Ci b RERHEBHHCHEEL T A+ ABERESHEHAEL %o
shaping time (X 3 #s &L%o

1) #HEBHumiseal T BHLZNWHBE

Photo. 5-29(@), (Wi 34 7T AEEHN =4 F2300VRUETFI=X200 VHImMEED A 2
BEASBTS S0

Photo. 5-29()iIC £ & 59.5keV r MICH L T broad ROBEAHEEL, 1 7.8 keV
Xﬁﬂﬁbfﬂﬁ—iﬁﬁétﬂsﬁoPMmJ%%@KlétEﬂ@%ﬁW%%ﬁdﬂ<&
g

2) I Humiseal 2 AL 2B H

Photo. 5-30(@), Wi <4 TR EE2R<AF 2700 VRETZ X700 VHIED =
ﬁ%ﬁﬁfééoHmmﬁ—%@%l%tS&SMVrﬁﬁﬁbfﬂ&mMepwk&iba
118“VX§KHLTH¥@E$&OMV®1$»¥“ﬁﬁ%%bkoPMmJ%w®MIé
&ERQ%ﬁW%%ﬁHHmﬂwuﬁﬁﬁlDﬂ&%éﬂfhécML©C&#BHMHHM
ﬁﬁﬂmﬁ&trﬁﬁ%ﬁ,m%5ﬁ74%z300V#674f180OVK&%énko
it,A47x§E#v4%z300V@ﬁ»z&%ﬁﬁ%%&bf&f%z&yb»ﬁ&%
IR Tk, LalL, REARZ P 2»RER(RZHh o

B.16 ##2—-2HKHSB
5.16.1 fEHEMEERH

KiHgl, REE MO LARRESH2, #50MBOZH TRINFRECELZW
ﬁﬁ&%%%bfﬁﬁﬂébfﬁﬁbﬁoFW@EE%%HF@.%6Kﬁbﬁﬁbfééo

_2'4i
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5.16.2 #®HBORIE
Hgl, RO L VBR2 2om X 2om X 25mm © 3AE T, BHE 1L95mm?, FIR

0.7 mm CFig. 3-4 OREHFBIK =9~ + Lk, Humiseal 1A27 2 BFL 4o

5 16.3 r B HRFE
SNATREFEL1000VEHIMULTAD— 241 r#EE 102 Ci —DbIC LB HEESF TPhoto.

5-31 {a), M HRTe ~“4 TEABE=AFR1000VHIMO@IKISE595keVrBRUILITS
keVXH K+ A¥BERIZFNEFN 49keV, 26keVTHoT, 2 % THELTE 2 HEHES

DEBTIANE—HHEOCRIANIO TS L, tk, "1 TAEBEF521000VAMO

LOBEXOWTIEHOBHREFENRMELTWNAT L ERLAL. 595keVE—2Z L4500
-7 OB AHBAL D THAIESEG 22T, ERr o sRETHE: 2 ok
I DI A AEF— DBV I BERA(C 0205 HLEWTHELAADDO Ny 277 ¥ Fi
O, bhnid, HHBO LI L THREBHBE L TWIXTOADORU AV A 2O IIHEDL D
BT EBHEKE DL ok,

R, <4 7T2ABEE<AF7R1000VEHMLTCs—137THEFE1004CikKIBALRARE
# 575 & Photo. 5-32(a), (DICRT o (), DRAMBEELAXT CAL S+ 2BREHHTH 5o
662keV r D peak RUHg L, #5& P OKMD K, X# escape peak 59 L2keV HHEEL
TwaOnRIr bbb, COLOIRrBOITIF—0E2dL rBraiRORBRATE ©
BFIZLTCETF FILROEBRAERO2ERECbA-THIbh Lok Ak, BRRESH
BERIETFEILOEr wFHEABATE A (lp=a, 7, EXL)OEBRRE(THLIOCE >
TE—% 4 ) THEBEAO "1+ 2BBABEEL, Bnzir¥—SBErfEcE 2% b,

517 ## 2-3HHE

5.17.1 #ENEZRE
FH2—2HMIHZBLFEARTD B,

517.2 Mg ORUYF
Hgl, #&&OM4ED 8@ L5mm X L.5mm X 0.2mmt T, Fig. 3-5RLASHV (J) =

37 28 ORERBARC =9 M LA, MHEKC Himiseall T EA L Thi N,

517.3 r BRUFXBOoBRHEE

Am— 241 r##E 10 2Ci —b *HAFBREBNECESBL, shaping time 3 as LHENTA
ARBEEAHEREL ko BRI IZBERASTnAADHMLES <1 7T ABEHER
20 0VHEEE TS ok, 41 FR200VIEENTS595keV r ML Tk broad © €—
2, 17.8keVXBRIEHLTRY - 2% 7RI R >k
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5.18 ## 2 — 4L H

5181 R EERHE
$H2 - 2HHBEFKTS %o

5182 FHigORUF

WE(517.2) ORGEERACS 2 H F2 - SHMAHBEHREL T, AL EDFES L5mm X
1.5mm X 0.3mmt © Hgl, Rt v vt L. BEIX 05 mm BECTHZLETFEL T
2R, KIBHEKB A >AROBTTEYT03mm OFE &% ok BHEEIC Humiseal

1Bl12%®AML%&.

5183 r#BRUXIROWHRMEENE

An—241 1 BE 10 2 Ci — b # XFRHEBMECEEL, shaping time 3 us KFWNT
AR AEBATEMEL ke ~1 T XABE~1 F 26 00 VHNECE T Photo. 5-33i
Humiseal % 24 L% WiE4, Photo. 5-34/ X Humiseal BAHEDO -+ 2APHEAATD 5. »
S 505keV FBICHLTE— 2 2RaF, 17.8keV XBICHLThroad ROBBAHE
BEL, TxAX—AHIERR 2t ok, HMEDZ ERD, Humiseal 2B F T H &¢I o
Throad ROBBIHTE DL, XBORX7 b asnl brkBEInf. L LidbLM

%EQWLH%bCDh& Z}‘chc
5,19 ## 2 -5

5191 #FEKELH
HH2—2HHEHBEARTS 4.

519.2 I O RNE
B (5182 )0H#2 —4BRHBR = AL F-AHEIRZWOT, chxlBExELTH

OREEBEANICHE DA 1.5mm X 2mm X 0.7mmt O Hgl, &z~ v~ b L. Rifl
221 Humiseal 1 B1 2% &ML %o

519.3 o BB HAEE
Humiseal BHED 3OOV Ta~ A+ 20 NERERAL, UL LB DEML RSB u,,

Ny b LA, BEREREEA{ TABE~4 72900 VICHL TRt =70ns 225 #e =
777 Tem/Vos %D, 752900 VEALTRt, =1asdbau=544en?/ Vsl

oo

5,194 rBRUFXBoOoRLEHE

Am—241 rfR® 102 Ci—b &ﬁfﬁ’fﬁﬁj%*ﬁ@mﬁ‘ﬁé—é‘cz‘Wzﬁ&ﬁiﬁfrﬁﬂibfco
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shaping time {X 3 #s& Lo

(1) BEBWHumiseal  EHLEZBE

Photo. 5-35(@), Mid-<4 TRABEHR <4+ 280 0VRYEF>=80 0 VEMEKD o=
BEAMTD 5,

Photo. 5-35@)IC L 5 & 595keV r MICHLTHE— 2702 bN AN, 17.8keVXIEITHL
Titbroad RO Y — 2 #2L Twd, Photo. 5-35bIK L 5 L EAOENNEEIE O T
B %\,

(2) HEHHE CHumiseal T B L ABSE

Photo. 5-36(@), M <17 REEN<4F2 1800VRI7 52 1200VHMEED <1 =
EEAFTH %o

Photo. 5-36@)iC L A & 595keV r BICHLTRE— 270 Bvbh b3 TRIAWASsTWE
nAt, 178, 139keVXBICHL TH¥EEELENEN 30, 28keVOLFa¥—3HiEL
BLTwh,

Photo. 5-36(MIC X 5 & FHOBEREBMHEEIR 2V, BLEOZ &5 Humiseal £ B
THZERLEI T, TAFROAATREELTHMLARBEOXKLCRT H T 0 &~ FHEGE
RREIN, BEEHERXS800VLEL 1800V~ REMNECHEL %o
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6. BHBOLAENTMH

Table 6 — 1 WATZC A~ AHREBHEEZ T LD T, ABERLAIOTH S, 26K%AE
LTHEEBRC<y > L AHgl, BEKOMAEVTERIERICLTLE6~8mm’, 02~0.7
mm k- Tnd ., FHLEERE 3um’, B3 05mm FHETH L., MLk 47 28
FittABERIBuniseal T BEHLENIBAIC0.5~45kV,/mm . Humiseal T EML
BEE0.6~53kV/mm ThR->TWh, ZETHBEELE LA & OBRKRICDWTEHH
ELTKH, WHREREZBW THAELARERBCOWTHRBEEZLREL, Dn THRIESEHRL
BDELESHELOBRICOWTHESEE 1 A% -2 L8 &, 2 ~3ERIELTH
ol BOILANF—-ABECELLEREBRIL THin,

61 KHHABIWHRBLCL IREFIWHEOUE

CLTHEASEXAT 1LETAR - ABBLDONTHENS,

(1) ¥xH LRV EMOBR»LCEHRLAX ) TORBBELCONT

BEFOBBE ., 1 25~40cem”/ Vs BHETO~TS5em”/ Vs BEDBOIA. KERRKE
HonTRELAREBIETH+ 2 - 1BRHBIKCOWT30em™/ Vs B RDLCLEEE » 7o

EALC SEE £, IWHEEL AL TRELAZBREBLCONWTLI~IE an’/ Vs k& 8om”
S Vs BN,

LiadiaoT, ChEGTTAEFBELTKH:, WHEETRANWLZ LL L HHERTHRL S
ERTE RN, -

p, . wy [BEC<7 2 *OECAREL L TE, EMREOTHY, BAREREFRLD
ELEE, F—M Ly 2AERTIREABLIDLAOICKAEORERERGLERL DY, &A%
o MO R LT TWACEBEAREEZEL LN L,

TR LB E300KEHFENT £, ®100cm”/ Vs p, ®4em’/ Vs fEHE (OREFIT
Ao b, eOBELABMEBL L, 4y, &b, BESLTHHEL D EEDL - .

(2) ﬁﬁiﬁﬂ’cﬁumiseallﬁﬁfﬁbﬁkﬂ%‘%mﬁlf\f ‘

IHFAX—AEEOBAEOIOET 178KeVX#H, 595KeVy fRICHT L ¥ERAKHEA
EICLHVDOEE2 - 1 MEBTENER 38KeV, 136KeVT, WHEKICLASOR
#1 - 3BREBTEFNEFN28KeV, 635 KeVERLA. ZORRLOLWHEESLKHR
KL YVRBETHAHLHETEARAV, BERRARGL L TOHERAR, FROBREAFRZLE %R
RCTHILTHE, _

(3) HMHEBK Humiseal T BA/LAFEAL DN T

T HAANE—DBEOEBEOLIOE 17.8KeV X#., 595KeV r#RICATH¥ERELKH
RECLAGDOE* 2 - 3HHEBTINEFN29KeV, 92KeV T, WHEERK I L3 0H
*1 sMEBTCFhFh26KeV, 5.8 KeVERLA,
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M EOHIE Humiseal 2B A LABR A 4+ ¥ - AREVLRBEINADIO TS LEWHEA
KICLD#3 -1 RF+4 -4 RHBTE =AMV F¥—FBEVRNLEBNATHEOHRLES
b, L L., —BBKEALCLEELTIE, AI—OKERBFTCON TR HEHFIC Humiseal
ARFTHIECL->TRBANELBL T, IMLEAL <41 7 ABEMEIHL 2 ~2 3 FKCHE
EFL. 2L CBEAT A ¥ - DRMELXETLEAETRLALTOCEATE S, T O Humi-
seal BAICL DABEOKBTCOVWTERL ABRXERL L,

6.2 MIENMLBRYELEABELONF
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B. HAHBHoA T X KHBEHRE
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B.1.1. #EHEOHRE
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B.1.4 TK-—3SHKHzE
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Am— 241 r R 10xCi— b *HAIERUESFBMNE K HEAE I 4 T shaping time 3 u s T
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Table 6-1 List of HJL, detectors made of crystals grown by us
and their performance

TEvStal |STATtLN  |Detectar | Size Homsaal X rise time Typical FWi resolution (Rev)  |Detector | #hoto.
mrber  fmaterial  |mxber HeleENs) [ Uhicms) 17.8 Kev X-rays) 59.5 XaVli-rays |mount | mrmber
3 Wako powder|41-2 5, ¥mex0.5m | Na, 40,0(-350V) “Brosd ) {-350v) {Fig.3-2 5-3(a}
1n-3 1x1,6x0.5mm? | No 75.5{-100V) | 3.5{+600v}" 2.8 pesk rs.:';°ak t-m% Fig.3-5 5-5{a)
- " 1812 73.5(-200V) | 3.1(+a00v) ~{ " ""2.6 5.8 {-1300V) {Fig.3-5 5-6(a}
1?2 ¥oso Powder |412-1 2x4x0. mm? No 30,0{-350V) a.B 13.6 (-350v) {Fig.3-2 { S5-%(a}
12-2 2x3x0. 53 12 6.5 - Mo peak  {-1400v) [Fig.3-2 | 5-1lfal
12-3 1.5x3x0.4m? | 1B12 2.5 9.2 (~1000v) [Fig.3-2 {5-13{a},5-14
2-5 2x2x0. 55mm3 1n27 340 21.4 (=350v,50°C) [Fig.3-4
. . " 3.7 17.1 (-500v,25°C) [Fig-2-4 ] &1
h 3.1 15.4 ' (-500v,0°C) [Fig.3-4
12 Wako Fowder {#3-1 Lxx0. I3 127 : ) Brosd peak Mo peak  (-d50v)|Fig.32 [ 5176
13-2 1x1.Bx0,3m3 | Mo 33.5(-100V) | 1.9(+800V) Broad peak 10.65 . {~1400) |Fig.3-5 5-18(a)
- " 1R12 . 25.0(-450V) | '2,5(+900) 6.4 : 8.9 {-1600v) | Fig.3-5 5~19{a}
H vakn powder |#4-2 2,B5m2x0.5m | No 20.0(~350V) 5.0 14.9 {~400v) | Pig. 3-2 5-21(a)
14-3 1.5x2x0. dnm | No To peak Broad peak{-450v) | Fig.3-4 | 5-22(a)
-4 2x3x0. 6mm3 N : No pmak Broad {-800V} | Fig.3-5 5-23(n)
- . 1812 75.0(-600V) | 8.0(+300W) Eroad peak 221 {-1100v) [ Fig. 35 5-24{a)
15 Xoso powder [15-2 1.5x1.5x0.5m | 1812 T Double peak Double peak 800V} Fig. 3-4 5-25(a)
15~4 1. 5%5x0. 1B12 3.5 . 18.2 {-750v) | Fig. 3=4 5~27(a)
H
H g’_)’?::;:: No detector was made since crystals have no clewvahility
Pk 491 crystal [PeRl-1 | 1.5x1.5x0.5mm’ | 1A27 4.8 Proad peak (~500V}| Fig.5-5 5-28(a)
+11-2 1.2x2x0.2mm® | wo Mo peak Proad peak{-300v}| Fig.3-5 §-25 (a)
" 1812 €.0 Double peaki-700v) Fig. 3-5 5-30(a)
1 2,45 . IH2-2 2. 95mmex0. o § 1A27 2.6 4.9 {-1000v)| Fig.3-4 |  5-31{a)
crystals  [112-3 1.5x1.5x0,2m3 | Mo No peak Broad peak (—200V) | Fig.3-5
ti2-4 1. 5x2x0. No Hroad peak Ko peak  {-600V)| Fig.3.5 5-13
- , |12 Eroad peak Ro paak  {~600V)| Fig.3-5 534
#2-5 1.5xx0.7m? | %o Proad peak “No peak  (-BOOV)| Fig.3-5 5-35 (a)
. 1B12 77.B =900 5.4 {(+300V) N Mo peak  {~1800v)| Fig.3-% 5-36(a)
Note: FWIM without notifying temperature was d at roan teTperature ’
Table D-1 List of H912 detectors made of crystals grown by
other laboratories and their performance
Detector | Size Humiseal | o rise time Typical FwiM resclution (KeV) Petector | Phacto.
mber : Ae (am2mvs) 17.8 keV X-rays [ 59.5 Kev ¥-rays | Bias Voltage | mount numer
TH-15 Lxlxime’ No 40({-250V) Mo peak No peak —250V Fig.3-1,A-] A-3@)
TH-25 1.3x3x0.6mmd | No Broad peak Mo pulse 700V Fig.3-5 A-7(a)
- " 1B12 50 (-3C0V) No peak No pulse ~1200V Fig.3-3 A-8(aj
TK-15 1x1x0., 3 No Fig.3-2
TK-25 2x2x0. 5mm3 No Mo peak Mo peak Fig.3~2
TR-3$ 1x2x0 ., 6mm3 No No pulse Nc pulse -100V Fig.3=5
u " 1812 No pulse No pulse 300V Fig.3-5
TR-2V 3xdx0. Smmd No Broad peak No peak ~150V Fig.3-2 B-T7{a)
TK-3V 6.7mm2x0.2tm | Mo ™ 40 (~100W) No peak No peak =300V Fig.3-5
" " 1Bl2 22(-100V) Broad peak No peak =300V Fig.3-5 B-2{a)
TY-15 1.5x2x0.5m3 | Mo No peak No peak -450V Fig.3-5
“ " 1812 No peak No peak -S0OV Fig.3-5
Ty-25 1x1x0. 4rm3 No Broad peak No pulse -300v Fig.3-5 c-1(a)
" " 1B12 No peak No pulse -300V Fig.3-5 C-1(b)
Note: TH-—The Research Insititute for Metals, Tohoku University.
TK-~-Faculty of Science, Tokyd University. - )
my--~Faculty of Engineering, Toyama University. .
S——— Crystal was grown by solvent evaporation method

V-——Crystal was grown by vacuum transport method
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Fig.1l-1 Linear attenuation coefficients for photoelectric
absorption, Compton scattering and pair production
in silicon, germanium, cadmium telluride and
mercury iodide [ Fram H.L.Malm, et al; IEEE Trans,
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Fig.l-4 Crystal structure of Hgls
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Thermocouple (C.A.)
to thermo~controller

Heater HgIz powder

/ \

Thermocouple (C.A.)
to thermo-controller
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/
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o — g
"<j NS \ s 3}
Evacuated rex ampoule
Y P Ja 7
5eeooooooeooo; o
4
<?ﬁ~———Crystal zZone Source zone ————>
60 cm :
Asbestos wall—
Fig.2=2 Sketch of horizontal furnace with controller
‘ Thermp—controller
- Q o—
Triac AC 100V

Slidac

switch o

AC 100V

Ak e

Heater

<
Thermo couple(C.A.)

Fig.2-3 Connection diagram of thermo-controller



JAERI-M B478

Distance —

] T T T i 1
Crystals Source r,ppr
-~
D
— 202\ /
‘{ et E) #1
A -
W ) we, w3
4
Air —9;::=:ﬁ;l -
% 0 #5
T T ; T T
200_ #4:#5\ =
180 n
160t -
[2)
2. 140} ]
g 120 -
o
i
100 -
sol -
60} ~
40
O 10 20 30 40 50 60
Distance (cm)
Fig.2-4 Positions of crystals grown and

Wako 12.5g

Wako 12.5g

#2 Koso 25g

#3 Wako 50g
Wako 25g
Koso 25g

corresponding temperature distributions




JAERI-M 8478

Vapor transport
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Fig.2-5 Crystal growth of #2 and #3.
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= 42§ﬁéi_r“-\
00 Q
==
% / ## 1 crystals insertion.
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Fig.2-7 Ampoule used in ###1 crystal growth.

Gold vﬂfe

Aquadag

Al plate

AN

Teflon stand

Tefion sHeer

Fig.3-1 Detector mount using Al plate and teflon
f£1lm.
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Gold wire
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Teflon stand

Fig.3-2 Detector mount using Al plate and cover-glass
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Fig.3-3 BNC(P)-type detector mount
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| Al foil  Gold wire
Aquadag |

1 _-Hgl2 crystal

o ! SN Ccover glass
Hunﬂ—seﬂ\*///a I\ 9
V
|
u-——-*SHV
JSmmq

Fig.3-5 SHV(J)-type detector mount
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Fig.4-1 Schematic diagram of electronics
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Fig.4-2 Electronics used in HyI, detector gamma-rays
performance measurement.
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Fig.4-3 Preamplifier output pulse shape from Egla
detector #2-1(-300V) and pulser.
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Fig.5-9 Detector mount for ###l1-1 HgIZ detector.
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Am-241 v-and X-rays obtained from Hgly detec-
tor and hyperpure Ge detector.
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Fig.8-1 Pulse height distributions of Am-241 T -
and X-rays obtained from HyIp detector
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temperature. decreased.
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characteristics of H I,detector TH—18
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(a) Ampoule,evacuation speed control cocks,

and liquid nitrogen trap

(b) Evacuation speed control cocks,two

licuid nitrogen traps,pirani gauge
and diffusion purp

Photo.2-1 Photo of ampoule evacuation system

,_77,7
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Photo.2-2  Photo of electric furnace and its controller

Photo.2-3 Photo of ampoule in which #0 crystals were
grown. 12.5g Wako powder was loaded in
the left end. Crystals were grown in the
middle of the ampoule.
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(a) Overall view of ampoule

(b) Solidified source residue

(¢) Grown crystals

Photo.2-4  Photo of #2 crystal growth
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(c) Source residue

Photo.2-5 Crystal growth of ##2.
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Photo.3-1 Photo of #1 crystals.

(a) Over view. Triangle shaped Hglp crystal {b) Side view.
is seen in the center on sguare cover
-glass. Teflon stand on the right.

Photo.3-2 Photo of #1-2 detector




JAERI-M 8478

Photo.5-1  Preamplifier output pulse shapes from Hglp
detector #1-2(-350V) and pulser.

Photo.5-2 Prea.mplifief output pulse shai:»é‘s from HgI?
detector #1-2(+500V) and pulser.
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{a) Ma:.n aﬂplifier 'o'utpqt shapes

(b) Pulse height distribution.

Photo.5-3 Main amplifier output shapes and pulse
height distribution of Am-241 ¥ -and X-rays
obtained from H.Ip detector #1-2(-350V) and
pulser.




