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Japan Materials Testing Reactor (JMTR) in Oarai Research and Development Institute of
the Japan Atomic Energy Agency (JAEA) has been developing various reactor materials,
irradiation techniques and instruments for more than 30 years. Among them, the
development of self-powered neutron detectors (SPNDs) and gamma detectors (SPGDs) has
been carried out, and several research results have been reported.

In this report, we compare and verify these test results with the theoretical output results
obtained by the calculation code created in the JAEA report (JAEA-Data/Code 2021-018).
The comparison was made with the irradiation test results of SPGD, a cobalt-60 gamma
irradiation facility. As a result, it was found that the calculation results reproduced the test
results well when the emitter diameter was relatively small compared to the range of
Compton scattered electrons by the gamma rays. On the other hand, when the emitter
diameter is relatively large, the output current in the test results is only about half of the
calculated output current. The self-shielding effect of the emitter may be one of the reasons
for the difference in the emitter diameter, and a new formulation, such as incorporating the
effect of self-shielding caused by a larger emitter diameter or a non-isotropic y-ray field as
a change in the mean electron range or mean minimum energy in the calculation code, is

necessary. The new formulation is necessary.

Keywords: Self-powered Detector, SPND, SPGD, Numerical Calculation
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WML CSV 77 A4 VThHDH, ZOH RO RLF—LAEIL Orphan © OB
R 9E BT 5,
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3. W= MR IRHTERERE R & SR O g

ATECIE, QST BN 5 TEM S A7 230 b 60 12 L 5 SPGD 0 # o ~ B E3R 0
RO LAR TR FIEIC L B L OHBEIT O,

3.1 A~ RSB O
QST @D =31 |~ 60 MR o~ SIS HiER = S L b 2 38 7 g =12\ T, Fig.3.1
(R & 9 eRBRIA R 2552 L, Table 3.1 (2/~d SPGD (2xh L C SR ER & FhE L 7=,

B TIRIESTE

SPGD

MIr—2J L

B T—3INE -

10~150cm VB8R Emst HaBSHIEmPC

GPIB—7J L

Fig.3.1 R E R E Mg

Table 3.1 SPGD OM'E -« ~FiE

T v AME g (HEE 99.9%LL 1) (737 : 82)
v — AME SUS316L (7% : 26.17 (NEF¥H)))
Ha At b7 v = A (Al2Os)
Mafxb I p [g em3] 3.017 3.601 3.879
T v X EE d [mm] 2.0 3.0 5.0
TIvHEE L [mm] 100
AN dg [mml] 2.9 3.9 5.9

_11_
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3.2 FIAT —Z O & FHERE R OB
T~ R R BB SR 2 Rl 5 7 O I B 2R e &2 LA R IZRE T,
s W= RORL T 7L AZK (Table 3.2 [Z/R77,)
MEM LT 2 E 2.1 858K
s =D ART bV (Fig.83.2127 7 7 fH8ICHAT — % ODRNFERT,)

Table 3.2 > <RIBS OMESR —FI 17 Lo o AR T

IR D> B O R R Kif-7 1o AR
[cm] [kGy hour 1] x101 [f# cm2 sec']
10 4.29,4.34 2.06,2.09
20 3.00,72.93 1.44,/1.41
40 1.50,71.47 0.721,70.707
60 0.93,70.92 0.45,/0.44
80 0.67 0.32
100 0.49 0.24
150 0.29 0.14
1.2E-02

§ 1.0E-02 | nEEE

£ 80E-03 |

(&)

P'E 6.0E-03 |

Fig.3.2 =2/VL |k 60 #JRD AT o~ AT kL8
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CER O FOEITICRE L 8D 3T A =% (JF18E, BHE, KEOMaT L —5%)
(Table 3.3 IZ7=~7)

R FOETIINE L2 D87 2 —4 (d, R, EMIN,Z) K OGHHE 22— RO M5 R
(T(E,,EMIN),D(E,,EMIN)) (Table 3.4 {Z/37")

MERHITEIL 2 7 2.3 His R

Table 3.3 FHHEICRDHEMEOEEE (1)
ME fh (=3I v ¥) SUS316L (v— R /a3 L 7 &)

207.2 56.25 (= A1)

EE 3.0/ & & 100 (FHREOHE LOROBIEE)
T(E,,EMIN),D(E,, EMIN)iZ K & SITIHKAFE L7220,

R [g cm] 11.34 7.900 (IHE 1))
RT3 82 26.17 (JNE 1))
Ki%kET D

91.45 9.409 (JNE Y
f o L % — [keV] MECTEE)

T AAEIIBITS
HEAT v 7 [keV]

1.0

Table 3.4 FHRICHR 2 HIEDOHEH (2)

I v X EE d [mm] 2.0 3.0 5.0
= AN dg [mm] 2.9 3.9 5.9
RREMOALE d, [mm] 2.430 3.436 5.441
TI v HEFD

_ 0.5246 0.5669 0.6216
SEH)RFE R, [mml]
TR/ AL —

400.0 476.3 536.9

EMIN, [keV]
T(E,,EMIN,) 3.656x1018 | 2.955x10°18 2.445x10°18
D(E,,EMIN;) 3.368x1026 | 3.022x10°26 2.748%10°26
=R/ Ay XETD

_ 0.5837 0.6111 0.6515
SEHIEFE Ry [mm]
SR /N R L 3 —

430.1 502.3 556.2

EMIN;, [keV]
T(E,,EMIN) 3.372x10°18 | 2.731x10°18 2.291x10°18
D(E,,EMIN) 3.603x1026 | 3.276x10°26 3.032x10°26
&% 10 [em] & L7=KFD

» \ 5.780x1022 | 8.211x10°22 1.245x10°21
e LAY 720 o (Al

,13,
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3.3 FEROE LB

AR a— ROHIEREOERELY &b D% Table 3.5~3.7 12, FtH 2 — Rl &
FREA B L7227 7 7 % Fig.3.3~3.5 [T, 7ok, EREICOWVWTIL, fHEa—FE Dl
BRETOTD, DA NFERERD L HIITH 7'y METT,

% SPGD & b, FEREK OGHEME bREFRL M EREIZREVWRAIEG THo T2, =3Iy
ZEEN 2.0 KOV 3.0 mm DAL, FHEMIZFERIED 0.8~1.0 f5OHMPAICILE Y | FHAIXIR
ZRLSHHLE, —FH, = v 2% 5.0 mm OBAIT, HEMEIZZRHEANCERMED 2 (EFLE
LRV ERNPKRED ST, ZHUL, FHEEOIE S NEARERICHT HHDERME., 372bb
HAOEENELS AL b2 2R LTS,

ZOERE LT, HorvBEOPa 7 NOBELE T O I v X2 X5 B ORGSR L
TWAZENEZLND, Co-60 BRIEN S DN ~DEH T R X—T 1.25MeV TH Y | 4
CL5ary7 FoBELE TORRKTRALX—TEB LZE IMeV Th 5, 1MeV OE D+ TOHE
FEI3K 0.35mm TH D572 (BZELHE 1 10), 4D X 512 2.0~5.0mm & 0.35mm FRE % K
L MALHATEHRZKRKS LIZELTHLERENDS 0.35mm FZE LY HIEWVLE CTHAE L
a7 A UOHEB TR I v X AFICL Y ARl N D, REMETRELZaY T B
VHEGELE - L EIRICEH G LSRR W Licke b, £z, a7 b UEELE O BEL T i
AT D H o~ O % 0 & THIZIEIE 0~60 FIZROLND -0, SRIOH <o X
HNTHCRARIR D & D— F I KR E K F-> T2 H < AS D4 . SPGD O I HET 5 DI,
A~ BT & BN R > 72 2B D= X ZIMEE S BRI % D 2137 Th D,
ZOWE, WFERERORET NI v HXIFE, I v X EHOH EfiE RN THIIIZEHFS LD
a7 NUBELE T OBENELTLEEZ NS, ZNOLOE CERGIRIZEY, =3y
AWNIZHELT-a T P UBELETO I B, = vy XNTHBL THAOICEHE L7220 OO
ANERZRLSTHZ LN THMT 2 &0, HHRERTOEREEZ LD,

L7zl o T, HOH RS BmHGRE@ET 520 v BBRRE T TREENDS 27 b Uil
LBTOZI v HHORBLY b= v XEBKOGERHT L~ GRS T TRWEAIC,
AKitEa— REAWCTHERELZ L0 EMICHETS-010i3. AoEfRICE BB L2 ET
DIFEIFRE T /N R F— DL E L TR ANDEOH - ERRNETH D 5
ZHID,

,14,
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Table 3.5 SPGD O /1 E KO HHE

#rE=R [kGy hour 1] TIVHER/ RS | mIvAER RS | mIvXERES
SR 7 o AR 2.0[lmm],”100[mm] | 3.0lmm],”100[mm] | 5.0[mm]~100[mm]
x101 [f& cm2secl]) | HJJEHix1010 [A] H I EFix10710 [A] )& iiix1010 [A]
4.34,7(2.09) 1.21 1.71 2.60
4.29,(2.06) 1.19 1.69 2.57
3.00,7(1.44) 0.834 1.18 1.80
2.93,7(1.41) 0.814 1.16 1.75
1.50,7(0.721) 0.417 0.592 0.898
1.47,/(0.707) 0.409 0.580 0.880
0.93,7(0.45) 0.258 0.367 0.557
0.92,7(0.44) 0.256 0.363 0.551
0.67./(0.32) 0.186 0.265 0.401
0.49,7(0.24) 0.136 0.193 0.293
0.29,7(0.14) 0.0806 0.115 0.174
Table 3.6 SPGD O /) & it D FER
- TIvHERE RS TIvHERE RS TIvHERE /KX
[kGy hour 1 2.0[lmm],100[mm] 3.0[lmm],100[mm] 5.0lmm] 100[mm]
H )& fiEx1010 [A] @ piEx1010 [A] )& bEx10710 [A]
4.34 - 1.84 —
4.29 1.49 1.86 1.35
3.00 1.03 — 0.885
2.93 - 1.24 —
1.50 0.546 - 0.453
1.47 - 0.615 -
0.93 0.324 - 0.285
0.92 - 0.387 -
0.67 0.224 0.267 0.208
0.49 0.168 0.215 0.159
0.29 0.0959 0.153 0.0987

K ELORTIET I v 4 OERBOTHEE

FLLTED, ¢2:No.3,No.4(1,2). ¢3:No.9,

No.10, No.11., ¢ 5 : No.17, No.18 OFERZ W T\ 5, FEMlIE JAEA 5 E 9% S,

,15,
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Table 3.7 1FIC LD AL D EIHROFEE

TIVvHER/FES | I FER RS | I v FERES
B it D FFE 2.0lmm],100[mm] | 3.0lmm],~100[mm] | 5.0lmm],~100[mm]
H &R (Al H &R (Al H &R [Al
= AN I/?j}é‘f‘%
1.881x1021 2.280x1021 3.144x102!
(=2 w2
DIRCRIIE S
7.834x1022 1.054x1021 1.598x10-21
(= 2w 2]
= 3 v Al
o 2.664x10721 3.335%10°2! 4.742x10°2!
B EHE
a7k V&jj%
2.076x1021 2.500x10-21 3.476x1021
(v—R/2 7 %)
B RIIES
1.041x1023 1.406x1023 2.158x1023
(=237 2
=R/ a Ly Al
o 2.086x1072! 2.514x10-21 3.497x10°2!
B RHE
R HH 2R E R O BB 5.780x10-22 8.211x10-22 1.245x1021
3.0E-10
o ZEE{H(d2)
2.5E-10
mEHEE($2)
E 2.0E-10
1=
P 1.5E-10 ..
~ _ .
H 1.0E-10 O
" .
5.0E-11 s -8
il
0.0E+00
0 1 2 3 5
R EZFE[kGy hour]

Fig.3.3 =3 v ¥ E£ 2.0lmm] /" & 100[mm] O #% F o ik

,16,
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3.0E-10
o EER{E(d3)
2.5E-10
mEHE(E(3)
2.0E-10
.".
Clam
1.5€-10 }
1.0E-10 v
50E'11 .‘_‘.- ..-.'..'-'...
Sl
0.0E+00
0 1 2 3 4
#REZE[KGy hour]
Fig.3.4 T3 v ¥ E£ 3.0lmm] /X 100[mm] o #%F o bk
3.0E-10
5 SE10 o EE2{H(d5) .
o m SHE{E(65) )
= 2.0E-10 )
+'1§' .
fim 1.5E-10 .
R ST e
H 1.0E-10 . e
5.0E-11 e
3o
0.0E+00
0 1 2 3 4
= #[kGy hour]

Fig.3.5 =3 v ¥ HEZ 5.0lmm] £ = 100[mm] D fEF o bk
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4. £L 0

AR TIE, B CH BB R o ) EREICBE LT o~ BREREE NI 1T 5 aREs R
& JAEA #EE B DA s O ) EE 2 — R O/ES(JAEA-Data/Code
2021-018)J 1ZB W THERR L7=3tHE o — NI L 2 B e IS RO B K B R 51T - T2,

ZORER, o~ D207 b UBELE ORISR L THBMIZ T I v X3V
AliE, FHEARERTRBEREZBRSHERTZ ™o, — ., HEMIC= I v 2B KN
A TR AR R & i U CRIBRAS R ICB T A ERMEITE s REIC L EE o, =I v ¥
BOBENMNIIDEANALLERE LTI v XIZL D HCERIENEZ B, =3I v 2%
MERKWIGERHT o~ BN ETTTROWEFICHKT 2 B Ll K2 2%, tE=— R
BT B EA O FHRIERC R/ N RNV X =D LTERY AN S EOH -2 &R LS LB
ThdLEbRD,

SBITH T RE T ISR 23 BREE R & OB K OB L LTV, B O H A SR R
HMOHEFEOI LR HEEK D Z LT, AT 2 BRI Uiz X0 S e i s o

RETRREL T2 V15D,
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A

ARROHEITE LT, KGR LPEeT BRERINBEIME tRE R, B IR
JEAT MR R EATES A AR EEAEE A MIERIIERRE @ L CTE O EER JHY
AWIZTE L & BIT, B s - BRI Zanisit v & — BEIZ sE 7 v —7 Hiks
I I R B TSR 1T DM B O RO RIS LB L 72 2 7 — Z O YE(RICBI L T &
HRTHMERWEEE, BFHIAMERY Y #— FRFOHER RERZ RIS EET — %
NR—=2DFHFEIZEE L ZWHhE W& F Uiz, 72, REER 1 L5 BRI B %
ORI E RSO BRRIC L ZE R T B W E E L, ZOICEATHEERLE T,

%5 3R

1) H.D.Warren and N.H.Shah, “Neutron and Gamma-Ray Effects on Self-Powered In-
Core Radiation Detectors”, Nuclear Science and Engineering, vol.54, no.4, 1974,
pp-395-415.

2) LEHMAE], AR, TH CH RO B AR o O ERE R R = — ROAER
JAEA-Data/Code 2021-018, 2022, 42p.

3)  CRHTERE W, TR 25 8 iR , i pEpEEMTSELL, ISBN9T8-4-86045-108-0, 2012,
859p.

4) AKX Mahant, P.S.Rao, S.C.Misra, “Composite space charge density functions for the
calculation of gamma sensitivity of self-powered neutron detectors, using Warren’s
model”, Nuclear Instruments and Methods in Physics Research A 346, 1994, pp.279-
285.

5) HARFF WM EEEE T — 2R 7 —7, [T — 27477,
https://wwwndc.jaea.go.jp/jendl/Jendl_J.html (B : 2024 49 A 2 H).

6) TANAAN, Ak IE, TRI G D T B Ol RO, A AR 57REE,
vol.12, no.1, 1969, pp.2-6.

7)  Robert G. Nisle, “Neutron-Absorption Alignment Chart”, Nucleonics, vol.18, no.3,
1960, p.86.

8) V. J. Orphan, N. C. Rasmussen, T. L. Harper, “Line and Continuum Gamma-Ray
Yields from Thermal-Neutron Capture in 75 Elements”, Gulf Energy &
Environmental Systems, DASA2570, 1970, 680p.

9) HemR, RNMERM, Téh=I v X 2RV A Ry B HERGPGD) OB %
JAEA-Technology 2013-043, 2014, 24p.

10) L. Katz and A. S. Penfold, “Range-Energy Relation for Electrons and the
Determination of B -ray and Endpoint Energies by Absorption”, Reviews of Modern

Physics, vol.24, 1952, pp.24-28.
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(RECS

2w TR R OFHEIC LR D BEimAI MG | (ZHR DML IH

(1) BEEE AT 2 EBALO— D H
BB ESHp()ZAm (M= DERBE, A7 VU R EMREL,

1d( dV,(r) A, ) A, T2 CClnrtcC

JR— = —_— - [ —

rdr dr e il en+2)2 1 nrT s
LN OBER M2 TR ERC,, C 2 KR 5,

Anrln A r:gn+2
Vn(Tl)=—m+Clh’1Tl+C2=0, Vn(rs)=—m+Cllnrs+C2=0

BESREAE DR EBIIRD L D IZREN D,

- An 7,.ln+ .rsn+2 - An 7,:9n+2 In 7 — rln+2 In Ts

P em+2)2 Inn—Inr, 2 e(n+2)2 Inr, —Inrg

INOMNLEBMOXEZERTHEROLHITRD,

Ay ey TEIn(r/m) + 12 In(ry /1)
() = s(n+2)2{ r 2+ In(r, /1) }

Flo, k=n/tE VWA ERODEIITEZHRZH LN TE S,

_ At? r\"*2 In(r/r) + k™2 In(ry/7)
”‘f)"s(n-FZ)Z{"(_) * In(1/Kk) }

Ts
WA BB E N p(r)BA_r 2DLEDBMONXERKD S,

1d ( dv,(r) A, A
——{r (Tilr }:—TZTZ - V_z(r):—z—:(lnr)2+611nr+62

PUF OB &2 VTR EHC,, C R D,
A_, A,
V_,(n) = —2—‘€(lnn)2 +CiInr+C, =0, V_y(r) = —2—‘£(lnrs)2 +Cilnry+C, =0

BERFEN O ELITRDO L S IZERIND,

A_, A_,
C1=2—lnrlrs CZ=—2—£lnr,lnrs

INONBENOXNZEHT D LROEHITRD,

A, 1. 7%
V_Z(T') = 2—81117111’1?

LENSEED D EEMORUIKDO L ST D,
A,

xln—ln; (n=-2)
em+2)?( \r In(1/k)

,20,
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(2) BTN L 70 HALE D EH
ALK & 72 DAL, TlEdV (r,)/dr =0 725D T, (1) TEHRLZBMLOXEH
WCZOMEEZRD D, HDICEBMOREHDTLLROL RS,

A_
v, (r) —rz{ln(rS\/E) —In r} (n=-2)
p(r)=A4,"= = A N2\ 1 _ n+2
dr i () — = > -1
e(n+ 2)2 r ln(1/k) -
EROKXTH 2B LR DB TROL I ICREND,
rVk (n=-2)
p(r) = Apt" S Ty = 1 — jn+2 %
1}{(n—k2)ln(1/k)} (n=-1)

WA ONT, TRE DO FELL #5y OBRIGHED 5 ECER « WEHICE LU n 13K
AT BB D B,
C Avi(r) _
dr

i=-2

N . . N .
1 1 A-TH-Z(]. — kl+2) 1 A.rit?
—a_,1 ZS iTs A, A
cjsr{ 2 n(’”S\/E)J“'lnu/k), T (+2)7? e  (+2)
i=— i

1 N Airsi+2(1 _ ki+2) N AiT
& A, In(ryVk) + In(1/0) .Zl - =A_,Inr + Z -
i=——

(i +2)?
BARMIIN =28 LTHBRAZEHEESHT LRO L ST 5,
At Agr?  Ar3 Ayt

A_,Inr + 1 > 3 . A, ln(rS\/E)
N 1 A_rl(1—kb) N Agri(1 —k?) Alr 1=k At - kY
In(1/k) 12 22 32 42

ZOFHBRAEMITIE= 2 — D ARFOBIEHREZ AV D LRV, G Tl
IR A RO 2 DT < AR D1y \ICEAAFIT L7z b D 2 g KB OALE & LT
&OVCI/\ZDO
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BEHE ST & XIS 5 BB OM B 2 7T

T A & kN9 D B KN O E

n p(T) rp(n)
-2 A_,r2 rVk
-1 A_1T_1 1- kl
lln(l/k)
0 A 0 (— A 1-— k2
ol ( 0) Ts {2 ]n(l/k)}
1 Ayr? r{l—k3}
S131In(1/k)
2 Ayr? { 1-k° }
41In(1/k)
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(4-1) F=v 7 URAL (KEMONMEKDVETOVEER/NT RV —DHEM)

1. 1 - &
=X v AR (E#2) d;, [em] :
=R/ a7 AR (B dg [em] :
I vH 57,
V=R av g B RK T
k=djfds=______ Zy=Zs/Z)=

2. B KENLDONE

O (z,>Z,)
_ ZoTyp(-2) + ZoTp(-1) + Z3Tp(0) + Z3Tp(1)
b Z§+Zo+ 22+ 272
0 (z,<Z)

_ Z§rp) + Z5Te)
P 725+ 75

N L BALONEIZ S 2 B Ot

n —2 -1 0 1 2

e s 2 3 \% 4 Vi
Tom Vi 1—-k' )T 1-k% )2 1—-k% )3 1—k" )
P " s {lln(l/k)} Ts{zm(l/k) " B/k)) | " an(/k)
FHEAE

3. TR

dp =2n, =
d — d d d
ElZL) =  =-L|E a2 ()
dy _— 2 d,) d,
dy\ — ds dp dp| _
¢(z)- w5 [e(2)-2l-

4, P ENT RV — DR
M p [gem) .
EMIN, = EMIN, =

SCEMIN = 9442(pR)3 — 6010(pR)? + 2906.75(pR) + 53.043
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(4-2) F=v 27 U AL (BEFHROMER 1/2)

BAaFtE O R (2 — FRNDO/RT A —=ZRE)

B ) B%dT 5 _
EH EHA SHEA - HEREBIE FERRIR
RI&
FEFE [g mol] gh
IZVvADER [om] gD
IZyvADOESE [cm] gL
IZSVADEE
gP
[g om™]
R¥&ES gZ £TO
ISVADEEL RS
BEE6.5x10%[g cm? keV'I TEEOMHE(T
PRI REDFE B DTE gK
N
[g cm? keV']
ERBEIZHEET S
FrvIURAb (RREMEDOHMERUVEFD
AU BORN bEMIN
EHRPIFIILF—DER) ZRAVTEHE
IRILF— [keV]
(n-1T)
KBRDESTRILEX—
gEk (r-P)
[keV]
(h-v-P)
IZvALt+LHENES :
IZYAREAETO 2/3x (T2 Y2 DER) (h-v-0)
gAL
FEHREE [om] FHEFHERTEENAKRE LGS (n-r-P)
1/2x (L2 v 2 DERE)
IRLF—DEE
bDEg BE1.0keVI TEEODHEITEL (r-0)
ATy TH 4 X [keV]
KD RAEPER RS bETk
EROAEREE IR R bETt
BEMIKEBIC (n-1T)
EBHUIHED bEit
IxRILF— [keV]
R—AERRIZ K B
R—BED bEb (n-8)

IxLF— [keV]

,24,
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2/2)

BART RO (FUAT —& 7 7 A )LD Uefji)

[ESREA A
EH Pt € iEA - PREIE TR
R
HURBORFIILT (y-0)
- EROREEROHEICEVTRE
VRE [em? sec] (y-P)
(n-1T)
hEFHROMFIILT (n-8)
- EROREEROHEICEVTRE
VRHE [em? sec'] (n-7-0)
(h-7r-P)
+ 7274 I)L% : gamma-density. csv O
Ho<ED pex[] (r-0)
F IRIILF—DEALIE [keV] O
ARy FLT—4 pey(l (r-P)
s TR IEEBIEE FESE=T) O
* 774 I)L% : neutron—density. csv O
i FHRD pnx[] (n-1T)
CIRILF—DEALIL [keV] O
ARG RLT—4 pny[] (n-8)
- TR IEHEEIEE FESE=1) O
(n-7-0)
ffx[] - J74I)L4% : self-shielding-factor. csv O
BoERREDT—4 (n-7-P)
ffy[] - ERMTEFRENEREBAVCHESR O
FHEFHERIGICET - 774 JL% : number—-of-gamma. csv O
mmx [] (n-v-0)
BHUIBOIRILY CIRILF—DEAIL [keV] O
mmy [] (n-7-P)
—EFTDRET—4 -HEEFIELSY T2 ICBRER O
774 JL% : neutron-cross-section(l).csv O
HEMREED six[]
s IRIILF—DBEALIE [keV] (n-1T) O
WrEiET — 4 siy[]
- BRI EIE CE AL [em] O
+ 774 JL%A : neutron-cross-section(B).csv O
RN—FERED sbx[]
C IRIILF—DBEALIE [keV] (n-8) |
EET—4 sby[]
- BERMIMERE CEALE [em '] O
+ 774 L% : neutron-cross-section(G). csv O
HUTHRED sgx[] (n-7r-0)
s IRIILF—DBALIIE [keV] O
BrEiET — 4 sgyl[] (n-7r-P)
O

- BERMMTEE THAL [om']
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3 0 BIRERBRAE R LR RO (ISR on T 7 AL

TIvHe ST AN

=== program start (main) ===

| Numerical Calculation Program |
| for Self-Powered Radiation Detector |
| Version 1.0 (2021/12/01) |

=== jnitialization start (init_setting) ===

=== jnitialization completion (init_setting) ===

=== setting view start (setting_view) ===

gram atomic weight (A) 2.0720e+002 (g mol-1)
cylindrical diameter (d) 3.0000e-001 (cm)
cylindrical length (L) 1.0000e+001 (cm)

surface area of material (S) 9.4248e+000 (cm2)

density of absorber (rho) 1.1340e+001 (g cm-3)
atomic number, number of electrons per atom (2) 8. 2000e+001

number of atoms per unit volume (N) 3.2959e+022 (cm-3)

density times inverse of specific energy loss (K) : 6.5000e-004 (g cm-2 keV-1)

=== setting view completion (setting_view) ===

=== file reading start (file_reader) ===
file opening succeed [gamma—density. csv]

=== file reading completion (file_reader) ===

=== file reading start (file_reader) ===
file opening failure [neutron-density. csv]

=== file reading completion (file_reader) ===
=== file reading start (file_reader) ===
file opening failure [self-shielding-factor. csv]

=== file reading completion (file_reader) ===

=== file reading start (file_reader) ===
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file opening failure [number-of-gamma. csv]

=== file reading completion (file_reader) ===

=== file reading start (file_reader) ===
file opening failure [neutron-cross—section(l).csv]

=== file reading completion (file_reader) ===

=== file reading start (file_reader) ===
file opening failure [neutron-cross—section(B).csv]

=== file reading completion (file_reader) ===

=== file reading start (file_reader) ===
file opening failure [neutron-cross—section(G).csv]
=== file reading completion (file_reader) ===

=== calculation of neutron capture rate start (Rn_calc)
data of neutron-density is nothing

=== calculation of neutron capture rate discontinuation (Rn_calc)

=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)

minimum gamma energy (E_I| (EMIN)) © 5.7709e+002 (keV)

average minimum kinetic energy (EMIN) : 4.0000e+002 (keV)

current (I_gamma, compton) © 2.8212e-021 (A)

current (I_gamma, compton) (1cm) © 2.8212e-022 (A)

T (E_gamma, EMIN) (1cm) : 3.6557e-018

dE_gamma © 1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI_GC) ===

=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)
K-shell| electron binding energy (E_K) : 9.1450e+001 (keV)
average minimum kinetic energy (EMIN) : 4.0000e+002 (keV)

current (I_gamma, photoelectron) ©1.1751e-021 (A)
current (I _gamma, photoelectron) (1cm) : 1.1751e-022 (A)
D (E_gamma, EMIN) (1cm) © 3.3678e-026
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=== single interactions (photoelectron) completion (SI_GP) ===
=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) - 1.3575e+003 (keV)

minimum gamma energy (E_I| (EMIN)) . 6.6054e+002 (keV)

average minimum kinetic energy (EMIN) : 4.7630e+002 (keV)

current (I_gamma, compton) : 2.2803e-021 (A)

current (I_gamma, compton) (1cm) : 2.2803e-022 (A)

T (E_gamma, EMIN) (1cm) © 2.9548e-018

dE_gamma : 1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI_GC) ===

=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)
K-shell electron binding energy (E_K) : 9.1450e+001 (keV)
average minimum kinetic energy (EMIN) : 4.7630e+002 (keV)

current (I_gamma, photoelectron) : 1.0544e-021 (A)

current (I_gamma, photoelectron) (1cm) : 1.0544e-022 (A)

D (E_gamma, EMIN) (1cm) © 3.0221e-026

=== single interactions (photoelectron) completion (SI_GP) ===
=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)

minimum gamma energy (E_| (EMIN)) © 7.2588e+002 (keV)

average minimum kinetic energy (EMIN) : 5.3690e+002 (keV)

current (I_gamma, compton) © 1.8864e-021 (A)

current (I_gamma, compton) (1cm) © 1.8864e-022 (A)

T (E_gamma, EMIN) (1cm) : 2.4445e-018

dE_gamma ©1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI GC) ===

=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)

K-shell electron binding energy (E_K) : 9.1450e+001 (keV)

average minimum kinetic energy (EMIN) : 5.3690e+002 (keV)

current (I_gamma, photoelectron) © 9.5865e-022 (A)
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current (I_gamma, photoelectron) (lcm) : 9.586
D (E_gamma, EMIN) (1cm) 22,747

=== single interactions (photoelectron) compl

=== single interactions (internal conversion)
Rni error

=== calculation of internal conversion discon

=== single interactions (beta decay) start
beta decay energy error or Rnb error

=== calculation of beta decay discontinuation

=== two interactions (compton electron) start
nmm error or Rng error

=== calculation of neutron-compton electron discontinuation

=== two interactions (photoelectron) start
nmm error or Rng error

5e-023 (A)
6e-026
etion
start
tinuation

(SI_NB)

(SI_NB)

(SI_GP) ===

(SI_NI)

(SI_NI)

(TI_NC)

(TI_NP)

=== calculation of neutron-photoelectron discontinuation (TI_NP)

=== file writing start (file_writer) ===

=== file writing completion (file_writer) ===

=== program completion (main) ===

(TI_NG)

=R/ a7 Z e ST A

=== program start (main) ===

| Numerical Calculation Pr
| for Self-Powered Radiation
| Version 1.0 (2021/12/

ogram
Detector
01)

=== jnitialization start (init_setting)

=== jnitialization completion (init_setting)

,29,




JAEA-Testing 2024-007

V=R /S av Al 7T A

setting view start

(setting_view)

gram atomic weight (A) : 5.6250e+001
cylindrical diameter (d) 3. 0000e-001
cylindrical length (L) ©1.0000e+001
surface area of material (S) 9. 4248e+000
density of absorber (rho) : 7.9000e+000
atomic number, number of electrons per atom (Z2) : 2.6170e+001
number of atoms per unit volume (N) : 8.4578e+022
density times inverse of specific energy loss (K) : 6.5000e-004

setting view completion (setting_view)

file reading start (file_reader)

file opening succeed [gamma—density. csv]

file reading completion (file_reader)

file reading start (file_reader)

file opening failure [neutron-density. csv]

file reading completion (file_reader)

file reading start (file_reader)

file opening failure [self-shielding—factor. csv]

file reading completion (file_reader)

file reading start (file_reader)

file opening failure [number-of-gamma. csv]

file reading completion (file_reader)

file reading start (file_reader)

file opening failure [neutron-cross—section(l).csv]

file reading completion (file_reader)

file reading start (file_reader)

file opening failure [neutron-cross—section(B).csv]

=== file reading completion (file_reader) ===

(g mol-1)
(cm)
(cm)
(cm2)
(g cm-3)

(cm-3)
(g om-2 keV-1)
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=== file reading start (file_reader) ===
file opening failure [neutron-cross—section(G).csv]

=== file reading completion (file_reader) ===

=== calculation of neutron capture rate start (Rn_calc)
data of neutron-density is nothing

=== calculation of neutron capture rate discontinuation (Rn_calc)

=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)

minimum gamma energy (E_I (EMIN)) © 6.1019e+002 (keV)

average minimum kinetic energy (EMIN) : 4.3010e+002 (keV)

current (I_gamma, compton) : 3.0587e-021 (A)

current (I_gamma, compton) (1cm) : 3.0587e-022 (A)

T (E_gamma, EMIN) (1cm) © 3.3715e-018

dE_gamma © 1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI_GC) ===

=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)
K-shell electron binding energy (E_K) : 9.4090e+000 (keV)
average minimum kinetic energy (EMIN) : 4.3010e+002 (keV)

current (I_gamma, photoelectron) ©1.5332e-023 (A)

current (I_gamma, photoelectron) (lcm) : 1.5332e-024 (A)

D (E_gamma, EMIN) (1cm) © 3.6031e-026

=== single interactions (photoelectron) completion (SI_GP) ===
=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) ©1.3575e+003 (keV)

minimum gamma energy (E_I| (EMIN)) © 6.8866e+002 (keV)

average minimum kinetic energy (EMIN) : 5.0230e+002 (keV)

current (I_gamma, compton) : 2.4775e-021 (A)

current (I_gamma, compton) (1cm) : 2.4775e-022 (A)

T (E_gamma, EMIN) (1cm) : 2.7308e-018

dE_gamma > 1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI_GC) ===
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=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) : 1.3575e+003 (keV)
K-shell electron binding energy (E_K) : 9.4090e+000 (keV)
average minimum kinetic energy (EMIN) : 5.0230e+002 (keV)

current (I_gamma, photoelectron) ©1.3940e-023 (A)

current (I_gamma, photoelectron) (1cm) : 1.3940e-024 (A)

D (E_gamma, EMIN) (1cm) : 3.2760e-026

=== single interactions (photoelectron) completion (SI_GP) ===
=== single interactions (compton electron) start (SI_GC) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)

minimum gamma energy (E_I (EMIN)) © 7.4655e+002 (keV)

average minimum kinetic energy (EMIN) : 5.5620e+002 (keV)

current (I_gamma, compton) : 2.0781e-021 (A)

current (I_gamma, compton) (1cm) : 2.0781e-022 (A)

T (E_gamma, EMIN) (1cm) : 2.2906e-018

dE_gamma > 1.0000e+000 (keV)

=== single interactions (compton electron) completion (SI_GC) ===

=== single interactions (photoelectron) start (SI_GP) ===
maximum energy of gamma-ray (E_max) © 1.3575e+003 (keV)
K-shell electron binding energy (E_K) : 9.4090e+000 (keV)
average minimum kinetic energy (EMIN) : 5.5620e+002 (keV)

current (I_gamma, photoelectron) ©1.2901e-023 (A)

current (I_gamma, photoelectron) (1cm) : 1.2901e-024 (A)

D (E_gamma, EMIN) (1cm) © 3.0318e-026

=== single interactions (photoelectron) completion (SI_GP) ===
=== single interactions (internal conversion) start (SI_NI) ===
Rni error

=== calculation of internal conversion discontinuation (SI_NI) ===

=== single interactions (beta decay) start (SI_NB) ===
beta decay energy error or Rnb error

=== calculation of beta decay discontinuation (SI_NB) ===
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two interactions (compton electron) start

error or Rng error

calculation of neutron-compton electron discontinuation (TI_NC)

two interactions (photoelectron) start

error or Rng error

calculation of neutron—-photoelectron discontinuation (TI_NP)

file writing start (file_writer) ===

file writing completion (file_writer) ===

program completion (main) ===
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