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Calibration of the Helium Atoms Measurement System
for Neutron Dosimetry System

Yoshiyuki TAKAO*, Toshihiro FUJIMOTO**, Shuji OZAKI[**,
and Yukinori KANDA***

A helium gas measurement method as the neutron dosimetry has excellent features that the number of
helium atoms produced in a dosimeter by neutron irradiation is in proportion to the neutron fluence.  The

produced helium is stable and is not itself burnt up by neutron irradiation.
helium atoms measurement system and the system is adequate to the neutron dosimetry system.

We have already developed the
One of im-

portant points to be considered in achieving the reliable dosimetry by the helium gas measurement method is

the absolute calibration of the helium atoms measurement system.
neutron dosimetry extending over a long period of time.
is the standard-helium method and the other is the helium-ion-implanted sample method.

The reliable calibration is need for the
We use two kinds of calibration methods. One
The exact in-

formation on the system calibration will be obtained by comparing the calibration results of these methods.
The apparatuses and the manners used in the methods have been reported.
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Fig. 2  Block diagram of the standard helium supply.
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BREO-0 M E He R TFIELEB OB K FHIE
FMEIZDOWCHBEICE T, EEBEOMIER % Fig. 1 12
R, M= He RFHIEEE I, HTAKME (Gas
releaser), BEEOHE (Mass spectrometer), fZ#He
2 %3 (Standard He supply) £ Qg h, Fh
FRWNL L7287 —RGFRY 7RSI TS, B
ZEREIL A A ER, R He EEE T 1 X107Pa,
HENSMETT X107Pa UL TH 5.

BWEDOFIELRDOBY . k% 7 A BB O BRI
(Furnace) WDZEFER - b LICEET L. BREF—
FEBEMRTAEICLY, HHEERHERIEHY
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Tolz. ENFNOHREI & HIEHE He 7 ADIEHR
FEB L UBEHBEICOWTHRET 5.
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MEHe He VERLEB OMBEX % Fig. 2 [IRT. (@&
i3, o AE#RE (Glass standard volume vessel:
V1), HEEEF (Sub-standard vessel: V2), AR L
(Inlet vessel: V3), M MMZE % (Dilution vessel:V4) &
C3ARDOMMENETHER SN, V5 EERAF
(Furnace) THb. KEF He DFeHN~NDERE Z
BLT, ToRAERRREFOI Y OS{Ly s X
HTAE) %BNT, BEBEAINY ULV T L
AT vV ARBRTEREN TS, V2~V5 DFEFE
i, VIOERE®EEL LT, ENBEICL > THRE
T4, BIZiE, V2OBERIROFIETHRET 5. V1
A HERL, V2 LU0 BEL /28R, V22 He
A% BEAL, ENEHFTEHZBHET S, V20
He A% VI IZIEBL, FHIC2LD52ED (12
), FOB VI E V220 EEL, V2 DI HEE
HETA., DEOERERBONIENELY, FALD
FEHZ BT VI 0FE»L V2 ORER /S, @F,
S5HOBERAEZ TV, TROOFHEL FiROBHE
ETh. IRHED V2~V5 ZAWT, BT V2~
BAL He #FML, 1E# He TAZ/EHT S, 3
BOMIENETORMEL » Vid, &4 ~1330Pa, —
13.3Pa B L 171.33X10™4~1.33Pa T, BEFHEAME
IR L T&40.3%, 0.1%, 2% THb. ZHbDHL
ENED ) bRRD 281, Fv/8V 8 AT A=
5THY, MEBEFRWMVFOIEETH L. &
BO1EE, A=y u—y—45—UT, RPLE
I ENR, 1 EMOMEBEOEENL, 1%UATHS.
KEEIL, FA8V I VAT A— 5 OREEEOH
RUIFRT LM, AERELIBNOT, MoK
He 7 A (<1X10" He atoms) {ESLICMERHT 5.
FRREE LTI, RICEET 2EEIH 5.



Tk 9 4F

#19% 15 — 21 —

W1

@DQV2~He ¥A%EAL, EHELBEFHEL,
WMEHEA He BHIRET 5.
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hE1IHOFERE L, V3ND He B HIEL T 5
B % F CHRE LEBEHRR Y ET.
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@ V3D He H#A% VA IZEAL, £5 V3+V4 I&
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FHRAEL V3 2HER 5. B VA D He A %
V3+ V4 [ZHB S, V3OFTAZHEL VADFT A
PHER TS, RIZV3 D He HA% V3+V4 IS
¥, IhEZ 1EOFRET S, V3 AD He 2 HIE
ETAMICE B FTHREMEYIET.
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HEIEMBR T Fig. 3 [T ¥, MEIEfh# o ERHS
OIEEE, 1212 110% L CEIEMBROBIIEEIR V.
FRE 11E, BEOHE BV THIITHRIES N7z
FHETH 575, Fig. 3 DRI 1 X 10" He atoms LLF
TIIBRIEMEA M T 5. iz, V3 BEEEER
ENRNTEDNS V3HIZT Y M HAPEREIND T
WEEZLND, FRE2E, TOHEFYLRLELO
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Fig. 3  The results of the standard He measurements.
T, 1X10° He atoms ¥ CRWEREIRBON TV .
MEIERE O D&, WERRICBIT2EES
HEED 2 REFHEEEOHEEROELICLE DTS
D, BEROEAIIN T AIMEZITH L HRE 1
(10**~10" He atoms) & FMRIE 2 OEIEMARIZ—3
L7z $Eo T, MME 210X HIEH He M AIFHRE
LiIZEhBRES N2 E 2 b0, HFE2 2 EHT 5
Z &I2& h 1 X10° He atoms F TOERBEEIEATFET
HhH. ZORRIC, E#E He /A, 10°~10" 0 74
IZES THERAETHY, FHFFIA P -2 AT
LADOBEY LEIEAEL L THLTHE LEILND.
Fig. 3 (TR L7=®MIE 2 12 & B12% He ¥ A DHIE
BRICEINBEER, EHWNZICBITABRENE
0.1% (Fx8v 5 v A</ A—FEH), REREC
BT BRENL0.4%, HEE He FREBOEHHENE
FRICE BERED, BEROBEDEMIC L o T 7 HFR
(1 X10° He atoms #fE) T=+1.5%, %= He Tl
EEREOWERDNNY 7757 FRUBERNEDLE
HZLbDN+4%THA. EoT, EFREITL
4.3%LUTTH 5.

He EHGZESMEICI SRIE

He &ABESNBE LI, 1+ VEAZETHNVT
BEMIZD He 4 4 v 2 GRHERFICFT HAA, 20K
BrflET 22 L0k ) IME He EFHIEEE*BWIE
T2HETHD. BEANAELELHEORLE
BRI, BE e FHEBD FOME He BHF
HEEBOREMLTHERTEL LV HICH L. ME
He BFHEEBAHRHEF FI A M) —IC# S L7
&, BBIERINCE 2 HZEDOREEIRIES Nk <
TE%L v, FERIELHE He FTADATITH &,
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B He FREBOANEAIC L2 MERREOBRER,
BHEPEETH S, £2T, He BHERESH % FH
FICBIET L, BEBEEEROBEMOERNFTEETSH
5. $72, 20O He HABEFAL* EBO MY
A—=FERMBICTAEIEICEY, FIA-FHIED
B2 D FR G T O 7 2 DRSS D /85 2 — %
T RELERLQFINETHTH D55, REOM
& He RTHEEBOMEM I EOMEICFIETE 5,
EOFHEETS.

ABFFETIL, Al, Cu OB T He EHERRE*
ERL, Tho0RBE2ME He BT HIEERETHE
THILILEoT, He EAEDHEERFEML 7. DL
T2, He EHEERBOGEFECDVTHEN, #
B He BFHFEEBICL 2BEREEZTRT.

4.1 He EFFREFBDIEH

4.1.1 & #

AN, Al (AR LSEMEEE99.6%, /ES0.5m),
Cu (AMLZEHES.96%, /£ X0.5m) ZFH L7
AL, BRODET RV A= 5 DE/BMETH S,
Cul LB BERS B CRELAELY LT WnWI &h
b, BEOREMHRFOBERMME L CGERLE.
HERME, 1500F 0T A ) —#B L CEBERT
FE (M4 VEAEOA) FIEL, 4X20mn2lHIHF L
72, ML 723E R 7 R b Bl TS RIS RS

EXTRACTION
ELECTRODE
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He GASI SOURCE
(N |

SLITS and SHUTTER

SAMPLE
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MAGNET

L, 6 X107*Pa LT OEZEH T 1 B OB H X
AT 7. BRI, Al BET530T, Cu HET
800CTH o7 0%, ABO—EME He BT
HlEEECHEL, MPOEE He B2HRALL. Al
EfEiX, 1 X10° He atoms L FTH o 7.

41.2 He¥ A & &

FIFFECHEA LA 4 VEAEBOMAR % Fig. 4
IZ/RY. He EAEBEAF Y F v v N—, HEDH
WA, =%y b FyvrynN—RUEZEHIRZTERS
N5 AFrFyrn—id, 14 7F, 7l LER,
HEDORL Y XL YYD, A4 RICIIBERER T —
AV — FEIAF FEEFERAL TS, A4 VIRTHER
SNh7-Het i, 5lHLEBEAF VIEOBMNET
28.5keV IZE S, BENEL Y ATHRYAEN
b. ZO%K, BESNHAIL L - THI RIS,
WDy o2 759 KA F 0 Lauk, ¥4y b F
Y UN-PUCERB EN A F EALZ Y PAORE
NBHENS, A FF X N—RY =y FFx
YN—E, KA -FETRYTTHIRENTED,
PIZEEERE, 14+ F v /3—T6X10Pa, ¥ —
Ty MF X N—=T9 X10%Pa THo72. He 1+~
FEARL He FADWHAIL LY, &4 3 X107%Pa, 4
X107*Pa BEETHh o 7-.
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AF EALZ Y bEATED S RABEOERK %
Fig. 5 |Z/RY. A4 VEAL=y M, Vv v ¥y —,
A v M2, BIEK, 775 F—Av S, AFa
Loy, 8 vy —LhgREns., K1=y T
DA+ v E—LnARy POER, @ He EAEDHIH,
@He & He 1 & v D58, @A F VEHIZL - TR
BREZA) v FMEOEDHE P, ORE SN S 2 RETFH
1 - L BEEOREMEICS 2 2EEORE, ©
HEXVHREENS 2 kA F L OHE, BT, Uy
v —iE, BEDOV LV /A4 PR SE5 L BEEE

Fig. 4 Schematiq diagr‘arrll of the ion chamber and the ion ABIERAG I EFFALEZDOT, BEE2EVT
implantation unit in a target chamber ?&E L7 2 ’ﬂﬁl@ AP ]\L:EE‘IE{$0)*§%J§ L, &E
ION
COLLECTOR
HELIUM +) BEAM —i—— 00
UM (He ) BEAN T
C=S
e .
Cco
ELECTROMAGNETIC DE{ISJ&%TOR to VAC LI“NF"y ¢ NT
A INTEGRATOR
S TER MANIPULATOR < >x <7
v

Fig. 5

Schematic diagram of the ion implantation unit.
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THOE—LAARy MIEEH IlmTHo7. 775
F—A v 7id, FEFLS—-0IFIFEFE LY FEL
EIHCEREL, FORNEICIIAF oLy RREL
Foo AFAVEREICEL D HEB IO MBS NE2RET B

LTR2KRAFT VI, ALy ICEDEESRS,

AF VBRI, 77570y TI2—300V DE
ik 52, AUy MEORBER,OREB SN 2K
BFNT 777 —Hy TRICAST H0%B 17 5.
F/2, Ry b 2OBFIERE LA, AY v b
2HHRBANAET % 2 RETORET B L LTw
. BERNVY—IE, X, Y, Z BB X RETE
TEREE=_Yal -y ®IVBEEX Y, Z:
0.05mm, [EI#Z 0.58F) EICERBEINTRBY, ZhEF
AtaZlicky, A+ VEAEBD T 7T T—H v
T THRERB OISR TH 5.

ARV 5 — OB % Fig. 6 (O, BRIV
F—IZd 5 OB Z I 75 Z EHRETH D,
ZF D% LEROREIE I He 1 F ¥ DIREHLE % #EFD
THDOYI—FABEREL. FI-FE LT
FAETIVAREEL, AAVRFICLBTITIAL
FIVADERTBELTE -1 ARy FOBRE &
U EHEE L. B4 IR EHREL,
Fig. 6 OFRIC Cu I N—-%TE L. Cu #1313,
1FvaLzy LA, BErOREEINS 2KE
F, 2R/RA AU RTEET L.

4.1.4 HHEAD He TA

4G VEAEBT AT, 8 1pA O F VEBRE
THEF28.5keV D He 1 & VG 2 1To72. Al &
T 9 X10%~1.1X10% He atoms, Cu #AFT1 X

GLASS CERAMIC

Cu TARGET

Fig. 6  Schematic diagram of the sample holder.

10" ~1.1X 10% He atoms D #iF D He &K EH#EF}
ZEH L7z, He BAREERBOMEHIIB W TRICE
BEXELDIE, He 4 4~ OERBE & IEARMO
HHTHo72. He 4 4 VBIROERLRBZEDHIZIT,
A4 VEREOBIZAEL S 2RETL2RAFVI2LY
BETL2EMrHETILENFH Y, BB Cu b
N, AF L2 IRTT7 755 =%y P THE%
By, ZOMERHERLE. Thbb, RERLVY—
bAF ALy FIHENEREME L /-fE% He A
FUERELTHELR. He 4 4 VEBEEWE, &
He 4 4 Y OEMEIZL YIRE SN, Fig. 5 DFRIZY
X102~1.1X10% He ions DEFD He 1 + ~ BET
AV MM UYFTL—4TAF Y EBREES L.
1 X 10"~ 2 X10* He jons O 4 F ¥ HBEHIBWTIZ,
A4 VERHEREVEMOI 7T HICERL,
VTV OMBBEERMET 5 LIL D He 1 4
CORFEERRE L.

4 F IEABROGEIE, 1 X10"~ 2 X102 He
ions DA F VESICBWTEHIZEETH-7-. Hlz
i, 1 X10" He ions O A & Y BBEHZBVTI, 16ms
DB vy ¥ —%BT ALENHY, =V FLa
Y- 5 TERY ¥ v &= %ML

4.1.5 He ERIFEEHMOATE H L U8E=E

He & ATZERE * ME He HTHIEEE CHIEL
7. WE He HT-HIEEE I, AHBEOH% CER
He " A% FIWTEIE L7, HIEEEOELERER,
He & A BERBOIEHIC BT HEEL He AN
FIIBITABRETHS. BEERNBLUEELUTIC
R, 22T, ARHARIEFO He MUHERIZ100% & L
7z.

He S AEHREFBMERIZ BT HER2 (9X10%~1.1X
10" He atoms S F##) - OV Py F7 7L —%
DRIEEZEL 1%, @Q2KRETF, 2RAF OHEI
BUFHEBEL 1%, O VIREEHOBRKN /1 X2
L2544 VEROPERE<L2%. toT, HEME
BB AEEOBRETL2.4%THA.

He &AEERAEEICZB I 5582 (1 X101~ 2 X
10" He atoms& A #f) | OBEFDEE+0.3%, @
2REBT, 2KAFVOWEIIBIHBEEL1%, O
4 F VRBHSHEFEOBR ) A 2L AL+ Y EROBE
MELE2%, @arFrIyOREBREICB HEE
+2%, @I FrHo) - BRICLLEE<+
0.3%. #-oT, ABERIZB T2 EHoEE R+
3%TH5.

He &4 EHEABHNEIC BT 2582 | OME He J&
FHIEHEBRIEICB T 28R2E (REHKEOEE) +
2.4%, @QMS DRIEFELEIC L HFRELL.5%,
N 77Ty FOEEILABRE<E1%. fE-o
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The results of the helium-ion-implanted sample
measurements.

Fig. 7

T, ME He EFHMEEEIZ L 5 He GHZERS LN
EDEAEEE, +3.0%Th5.

PEED He 8FBRERABOUTEHROBLREN,
9X102~1.1X 10" He atoms? He &G EH#ESHE T+
3.8%, 1 X10"~2X10* He atoms? He & AIEH#H
BTH4.2%ThHA.

4.2 He SEREAMAEHRS LUER

Fig. 7 | He &6 FERB OREMHERZTT. Fig.
7 X0ERBD He B EZ, BY He B& BB
BhdH B LAhirb. Fig. 8 12 He EFEY He R
SETRLAME (He INERE) 2737, HITIE Al
R E Cu HAETO He INEREE HE T 572018,
10%~10% He atoms D #FEDEE R LTV5. He L
EREOFHMED L ERREEE, ZhEh Al 58
T1.01£0.02, Cu BH¥T0.95+10.01TdH o7 £&illl
FEHEOELREE, £3.8%THholhb, ThHD
fEIIEREDHPE TR L2 EIlh b, L, K
D3OI RREE E REREIISTTE LB L
EZHH L. He BHEERBOUEHRORKRED,
Vesl, MEFENECELTHL T DS Al Cu i
BEbizELweEzoNb, KEEAEE, HBXED
5, BEGWEIBLCHILV VY M v F 7L -5 DillE
WROEE L He Ny 7 757 v FOEEID S FHE &
N, £2.1%TH-o72.- #>T, Al & Cu ® He Il
WMEDE6 %121%, METHEBDSNCERELREVE S
NTWBEIZ RIS,

Z D He WEERDZEIZ, He £ F VIEAWLBIT A
EREREZZR LGS, K4t He KBRT A EE R
bIE. FFETHEH LA F ViEALZ Yy M, &
BHoBE I A Y EBROETRHET S L) ik

1.1

1.0 _: SIIIIIIIIIIX :Z’::I:Z:ZZZZ ::::::::::;};81

T
1

0.9

The number of measured He atoms /
The number of impinging He ions

Al At paaal L sl R T STy
Cu L():3‘ o 1014 1015

1013 1014 1015

The number of impinging He ions (He ions)

Fig. 8 The collecting efficiency.
FFEnTwb. —7, He £ 4 VAT RAT S LD
&, M5 He O —EUIFR RIS O JF T & ik oe
LTREHENESDEHD (K4 He) DT, R
ICHe BFENVEIT He BEL D /NS EL 2 5.

gt He ®fIEMEIE, Filleux 5% X U'Mashkova ®
ICL o TRENTEY, Filleux HiE, Al @ He 1
MEAE52TBY, 30keV O He 1 & VHBEIIBIT 5
He WHEKEIL, 1 IKBOTHEVELLZ>TWn5.
Mashkova &, MO EZIC L LB EERDLFTOH T
He INEMEOLE 4 1T-> T\nh. ZOKE, e
HEE T OB F ¥ O RHFRPABOBHETEOR
FHEBSOWD L EBINEL DB ERRTBY, A
FOBMEER L FE L. 72, FEC Cu REO
He RHFFEARLTBY, TOEPLHEBENS Cu
7 He WM, APEHL B —B L%,

DEX Y, KREFFEDOHET He AT ERT L,
FIEfREE LT He REREZF LA LIZLD, He
EAEDVRRAO He EFRESRKEH/LZ EHVHAES
EZEZxoND. LeLAEMNS, He INEREIL, HE
DRERERLHSREOEEL I TLLEZLNLD
T, ABORMIEICIIEENLETH 5.

5. #& T

1) Al XU Cu @ He EHEHRFR* He BFE Y
X102~1.1X 10" He atoms D#FH TIHRE+3.8% TIE
g7

2) Cu ® He BHFBEFE%* He EHEIX1I0M~2
X 102 He atoms D#IFH TFRZE+4.2% TIEE L /-,

3) 28.5keV ® He 4 # Y BRENZHB 1T 2B D He
EHEIE, Al RETI1.01, Cu 3B TI120.95% He
BEEICELLZ LI DREL.
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