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Japan Materials Testing Reactor (JMTR) in Oarai Research and Development Institute of
the Japan Atomic Energy Agency 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.

However, most of the results are based on the design study of the detector development
and the results of in-core irradiation tests and gamma irradiation tests using Cobalt-60.

In this report, a numerical code is developed based on the paper "Neutron and Gamma-
Ray Effects on Self-Powered In-Core Radiation Detectors" written by H.D. Warren and N.H.

Shah in 1974, in order to theoretically evaluate the self-powered radiation detectors.
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"shx (1" 10— () . "sby ("3 M el 2 W i A Gt i)

10

sgxll, sgyll
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= BROEL
"mmx[]"lZ T R F—, "mmyl"IE T~ RO

_10_

T5 7 u— N VEO—E % Table 3.1 (277, EFFR S 1,2
DEENIE W AT B 72 B B H 3~b OEBIT=I v X IZBT 5 /3F A —% CT'"main"B
BOPCHERET DD THS, FE 6,7 OEINIASFNTLEH v BERFETFOZ R LX

— L AT PVBK S, TET AR E T O EEROFREZT O B, WE, 5 8~12




JAEA-Data/Code 2021-018

Table 3.2 77— "\NWAEK—EGEH LTI 77 A EXERE D)
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CSV 7 7 A VDA IR 7 v — " VEL O, @ TR 2S4BT BB TH D,
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_11_



JAEA-Data/Code 2021-018

Table 3.3 [H%—"&

CENEy BA% A &
1 main 7wu 7T Ao ESIET D,
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18 | I_func Bk D NENFNC L 2 RAEBWROFHE THW 2 B,

_12_




JAEA-Data/Code 2021-018

3.3 WAIATEER T — & O L BRI
AR CRL LR E 21T 912X, H o<k, FETO AT MV R OH W mfE s o 7
— X EHAAOCMERND D, AETEIINLOT —XOFA R E SR FEICO N TRT,
FT. MAT —FIIRT XX —2BH W) & L7 7 712250 T, EREITE R
EE70 AT FOLROHPE TR R O X 5 I R L B — ST B AL D (it ©
AWicErll bEes, 2FE0 Figd2 ICRT LHIRT—H L7775 BEL TitiA &L MO
HWREEZZHOMLEND D,

30
% & o—e :
000] 3] =t | 0—7 I
015] 9| x|} : . :
0.30 | 11 l >—e || Fesm
050 | 28 | ® ™ | ! ; ™ gasLTEs,
0.60 | 25 10 k : |
|

veol 5] ° s—e |
. |
100 2| o L | | |os ) g

0.0 0.2 04 0.6 0.8 1.0 1.2 14 1.6
150 0O ol

Fig.3.2 7 —% &7 7 7 OxtiiBERH

2T, MHEORITIFER E ZNITHICT AENTLINTEY . REZOEHIT T D
X, ZTOEENPEENDXKE O BhEDOEEITHIST HEICFELVb D E T 5, BAERfIE LTE
KM OEE. ZHA"0.01"72 HIEEIE"9", ZHA3"0.49" 72 5 IXEIL"28", A "2.0" 7 51X fE X
"O"E D, Fo, BEPAOHEII A EFEE S FRICEE""E LTS,

BiAIATe T — 2 O RIL CSV T, X2 — KX ASCII X° SHIFT_JIS %0 1 /31 kX =
— K& L, Windows fZE#DT ¥ A b7 ¢ # T & Fig3.3 DX H il b, RiFHa— KT
X, BEREREZDOLHRIED CSV 7 7 A A biirird, KatBEICFIAT 5,

| data.csv - AFIE — O x

IR BEE S0 =RV ALTH)
J.00E+00, 3. DDE+00D

1.50E-07,49.00E+00

3. 00E-071,1. TOEH)T
HLODE-01, 2. 80E+01
B.O0OE-01,2 . 50E+01
FUROE-01,1.70E+HT
9.00E-01,5.00E+00
1. 00E+00, 2. 00E+00
1.00E+00,0.00E+00

17,15 100%  Windows (CRLF) UTF-8
Fig.3.3 FiiAT—HX 77 AV

_13_



JAEA-Data/Code 2021-018
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2T, F(E,E)DERS BT 20T, & bICARERD (B EREN) 2179 LU TO X
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P E{(EMIN) j=m+1 Ey[j-1]

ZZC . AHOFH R LFOERIILL FIZRTED T, 26 0MEEXrRT % & Fig.3.6 D
Kok d, £, BofEEE SE Lzl ¢(E) DS REEZ S LARMIZFHEZT S
72O Th D,

E [m] : B ~#ANT MV DT RILF —D 550 % B L= F 5,
m : E(EMIN) < E,[m]% i 7= 3 /N O FE (BB 5)
By B RN LT EE A O B 1% R EL SR 5, Table 3.2 (Z5C L 72 "npg "I %9 % ZHL,

30

<«— E,[m]
25 | / <+ £, [m+1]
tEMINH / ! E, [m+2]

20 I /?Ib_? _____

/ 7': E,[Npmaxl
. / (=Ermax)
't 5 //?—g% T

0.0 0.2 4 0.6 0.8 1.0 1.2 14 1.6

HORTRDIRIF—E,
Fig.3.6 Mo #iHOEI OA A=

Nmax

10 k

HURBRDARIMLG(E,)

_16_



JAEA-Data/Code 2021-018

ZOMREOT B —F ¥ — & Fig.3.7I\n 7, 2B, KH0G),@) TIHEKFEHZT-> T 5
W, LY 7Y AR E W ER S BT 5 B4C"SIMPSON" (Table 3.3 ) & FEO
LT, ki - Tk OE, O RIEAE, 28 7E L CRHARBREZ T MO BELT-o T D, &
7=, DOEIFIFE S DEEIZIZ"DV_funcs" (K 3.3 fizMR) 2 VT 5,

B4  OfiliR E
i BRNCHUTEORRIMNIZET AT 20 HEmAAEN TS, I
Vo AE, DT RRITEBMBETIBEDLHE '
' 2 1/2 '
(1) AE,, EMIND & . °E‘(EMIN):EI(EM'N)=H;m+{(ﬂ:m) +m‘52£¥£ﬂ}
(QEEMINOEE | 000 T J-':::::::::::::::::::::::::::::::::'
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= eV 4Vp{ ; 37t } Z ®(E,) f dE, E,”""*(E, — Ex — EMIN)
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SK {40\/Enrg1v25(mc2)7/2
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PRI K 2 R A B O FRUIATE 2.3 3 H CEHE LZNAENORAD L H ek En b,
hic = ' 711 Ry (B = B
PEBERHRIC & 0 A4 U 2 B O FH R ClERyun D FF R UIMTIIMRABRIETZ T TR AR AR D
HD 0, (Eit —Ex —EMIN) < 0055 ICFH R R A B n & T 5B AERT 5L ERD 5,
F7o. HIE 2.3.4 HOEM LIN—F BRI L 2 BAEBROFHAEXI EERMY N E 1
TWDHR, ORI KD HENARETH Y | RMEAITIZLL T O X 5 (28T 5 F
T& %, ZOHBE bRy PR EICHE L TEIWEIRRO LA L R T, RITMABRIELZT TRHHE
HRPRDOEND, o, XR—HREOEEIL. (Eg — EMIN) < 0OFHIFHRFFRE LR &5
WP AR T D LEND D,

— EMIN)

Eg Eg
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Ing- = V4Vp 16 EB Ry f dEf dE'(Ep —ENE
EMIN E
=eV SK R E (EMIN) + (EMIN)S/Z 21-18 (EMIN) +5 (EMIN)®
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EMIN
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Lyce = eVmNZl_Rn(y)ZM( )H( vir EMIN)
i=1

Fro. PPEFHIE SO — EENRIC L D RAEBROGFENXIKADO LS IT£KIhDDT, &
FEAICHE & B HEMIZE L BT TOWSETHERIRDHND,
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SK 4mfﬁ@Nz%m&Yﬂ £
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4. BEHE 2 — FOEITHER

ABETIHAIETRLET VT Y XAEZHWTER LR 2 — RO %S
= ORI, WXICRSNTOEERS T 7 LAk

THERIZOWTET,
FE R e LR B,

4.1 FOAT —H O
AE TR BRI LLEE R DT~ BRD AR ST — 2 G(E) DI ITIEIZ W TRLT,

BARM 7B & LTl
XTI ERT T T7EILRLT 121 MEZHAED
BWEITo7-%. CSV 7 7 A MzEX H T,

Ey max

T ENTWAS F— URE TR PWR L. 20 |+ 60 EIED %
WADHIKI G 2w 723 & DD

WoT, B LT=T —2NOHEIND AT MO T T 7R

IT—E L2V, Frlo, 77— A BIRFE E PWR IFLO AT RUIZOWTIE Y T 7R E M4
ThY, ARV EENHERBRICGEIERT LI EEZEXOND,

—J7, 290 b 60 BRFIZ DWW TIE 1173.2[keV] & 1332.5[keV]D —
TNENnZHOI
XDTTTNE TFTABKEYILOI |
ZHIZE Y =L R 60 B D AR Y R LT — ZIXSEA

2 x AE,[MeV] x 10 [cm™ sec

DD T,

f ¢(E,)dE, =1 [ sec™ cm™?]

0

I—HLTWS

“2MeV~1]=1[cm™?

LEbND,

sec™?]

Fig.4.1 \ZAXT MVT—H &2k LT CSV 7 7 A VD F & % | Fig.4.2~Fig.4.4 |Z

777 LT=bDEIRT,
774 REE 2 BT IP{MF) REE) BHO) =R RE(E B|HO) =EF
ANT(H ALT(H) 7
0.0000E+00, 0. 0000E+00 0. 0000E+00,0.0000E+00 o 00005+00 0.0000E+00
2.3100E+02,1.7158E-04 8.4507E+01,0.0000E+00 1.1482E+03,0.0000E+00
3.8500E+02,3.8129E-04 1.7840E+02,2.2752E-05 1.1982E+03, 1. 0000E-02
6.3250E+02, 4. 3575E-04 2.8638E+02,8.6365E-05 1.3075E+03, 0. 0000E+00
7.5350E+02,4.1124E-04 4.0845E+02,1.4023E-04 1.3575E+03, 1.0000E-02
8.5250E+02, 3. 8946E-04 6.1033E+02,4. 7269E-04
9.5150E+02, 3.5405E-04 8.2160E+02,3.5010E-04
1.0450E+03,3.3335E-04 1.0000E+03,3.2039E-04
1.2870E+03, 3. 4588E-04 1.3568E+03, 4. 4308E-04
1.5840E+03, 3. 3335E-04 1.6620E+03,2. 7860E-04
1.7765E+03, 2. 9686E-04 2.0000E+03,2.6699E-04
2.0680E+03, 2. 7507E-04 2.4930E+03,3.4314E-04
2.5850E+03, 2. 2224E-04 2.9812E+03,1.4812E-04
2.9700E+03,1.4108E-04 3.9718E+03, 1. 1603E-04
3.4650E+03,9.8045E-05 4.9484E+03,4. 1325E-05
4.0150E+03, 7.0810E-05 6.3330E+03,9. 2866E-06
4.5045E+03,5.6103E-05
4.9940E+03,2.3967E-05
6.0060E+03, 1.8520E-05
6.2700E+03, 1. 7430E-05
100% ‘Windows (CRLF) UTF-8 100% Windows (CRLF) UTF-8 100% Windows (CRLF) UTF-8
Fig4.1 Ho~#BAX7 1 ® CSV 7 7 A )b

(F2 « 7—=AHFF4F,
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4.2 FHAEREROLE L B
AREICIEIAER L2 BB R 2 — FHWT, @SR ENTWLERK DY 7 7 LAk fE 5
DGO D DFHl LIZAEICOWTRET, £7. XTI I v 2 OMERRRITIKEL v
BN ER S, ZOBEE AW THEMROEABM IO THAEND, AR TH 2T
S THEROBEIEAT S, 227 b URIC K D FAEBRICH L CET(E, EMIN), JtBEHRIC X
D FAEBIRNIK L TIED(E, EMIN) E WO BB ED bR THEY . LFO XS IKRIND,
gz D(EEMIN) = (5 ) e
T, BAHUOFEIMNFOLFOERITILLTO@Y TH D,
A R Z: R & D: =3 v ¥DEAlcm] L: v #¥DOEX[cm]
K: = v XOBKELHBEILEOHEEZH T -6 D(6.5X104[g cm2 keV-1])
U EOBAE WD EMBESCHEROENE ZET 2 0LEILES 22508, AR TIER LA
a— NG B BEICZI v ZOFRMFEEZUTOLIICEX TR ZITo72, B, a7 |
VRARIC X ARAEBIROHREICBNT, 7Y o AROBUNXEEIL 1.0keV]IE LTV 5,

T(E,,EMIN) =

ME . A4 vTILE T L 1% 5(Z) : 70 &) ;171
HE£D) : 1.27[cm] £ XM : 1.00[cm] B 6.90[g cm3]

Fig.4.5 \ZT(E,, EMIN)?» 77 7 Fig.4.6 \ZD(E,,EMIN)? 27 7 % 7= L, Table 4.1 }¢ U} Table
4.2 120D DEE R,

3D AN ikt LT, T(E, EMIN)IZOW T, @it Sz & B < — B Lo
EREENTHY  D(E, EMIN)IZ D\ THEMINA 300[keVILL EOHPAIZH N TITRE S —H L
T RDFF B LT,

ZIT, AEMRANERCELRVEB L L TR FTOBERNE 2 b5,

(D) HE LAY FLT — X2 DiRE,
(2) FHAEFBREEOE Y, (F] « HAHE - R, 1910 %)
(3 TATY XLDiE, (] B, B D )5 iE)

K OBEPRENDIFQ)T, F=ARFEFFE PWRFLD AT MT =237 7 7 D
HIMOIZEVER L7Z b DO T, ERICBEZMV RS 2R TE R0, RIZQ)DEENE
DA, FEVNUTTEE O AT OB N E N R R RIGEZ AL SETL BB
Do mBEIZ@)TH DM, FsiZT ATV ZLOFEM OV TELHMI N THRND T, AH
TR L7CR R =2 — N EREIR e 2 T 2 R TE 20,

F72. T(E,, EMIN)DFERO L TILFR L L OFETIFE—ETH LM, D(E, EMIN)IZOWNT
(ZEMIN7S 250[keVILL F OB E TENPRE 2o TS,

ZOERK E LTI T(E, EMIN) & D(E,, EMIN) CIZEMINH3[F CEDOHE T b HUVITE, 12D
TOMDFEN R L8, T, AT AT —ZAERIEDE, DFEZ Y SO B E A VR
RRDEREBEZLND,
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Fig.4.5 T(E,, EMIN)®D i

600
EMIN [keV]

800

1200

Table 4.1 T(E,, EMIN)[X 1017 A-keV/{y /cm2-sec}] D R

EMIN T—ILBRFR PWR Rl /3L 60 #RIR
[keV] WX ¥ WX PN X PN

50 0.868 0.884 0.996 0.973 0.797 0.772
100 0.810 0.826 0.937 0.914 0.731 0.705
150 0.757 0.773 0.883 0.859 0.668 0.641
200 0.710 0.726 0.832 0.809 0.608 0.581
250 0.666 0.682 0.784 0.761 0.550 0.522
300 0.626 0.642 0.739 0.717 0.495 0.467
350 0.589 0.605 0.698 0.677 0.443 0.415
400 0.555 0.570 0.659 0.639 0.394 0.366
450 0.522 0.538 0.622 0.603 0.347 0.319
500 0.492 0.507 0.588 0.569 0.302 0.275
550 0.464 0.479 0.556 0.537 0.261 0.234
600 0.438 0.452 0.525 0.507 0.221 0.196
650 0.412 0.427 0.496 0.479 0.185 0.160
700 0.389 0.403 0.469 0.452 0.151 0.128
750 0.367 0.381 0.443 0.427 0.120 0.098
800 0.346 0.360 0.418 0.403 0.092 0.072
850 0.326 0.340 0.395 0.380 0.068 0.050
900 0.307 0.321 0.373 0.359 0.046 0.031
950 0.289 0.303 0.352 0.339 0.029 0.018
1000 0.273 0.287 0.333 0.320 0.016 0.010
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D(Ey,EMIN) [ X 10-25 A-keV/{y/cm2-sec}]
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25

20 %
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1.0 |
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Table 4.2 D(E,, EMIN)[X 1025 A-keV/ vy lem2-sec}] D5

EMIN T—ILBRFR PWR Rl /3L 60 #RIR
[keV] WX ¥ WX PN X PN

50 2.241 2.035 0.951 1.167 0.464 0.509
100 1.442 1.363 0.801 0.933 0.444 0.486
150 0.980 0.972 0.676 0.747 0.424 0.464
200 0.695 0.697 0.566 0.609 0.404 0.441
250 0.516 0.520 0.472 0.497 0.385 0.418
300 0.394 0.400 0.392 0.403 0.365 0.396
350 0.305 0.314 0.323 0.322 0.345 0.373
400 0.246 0.251 0.262 0.258 0.325 0.350
450 0.200 0.204 0.213 0.210 0.306 0.328
500 0.166 0.169 0.177 0.175 0.286 0.305
550 0.139 0.141 0.150 0.149 0.266 0.282
600 0.118 0.119 0.129 0.128 0.246 0.260
650 0.101 0.102 0.112 0.111 0.227 0.237
700 0.087 0.088 0.098 0.097 0.207 0.215
750 0.076 0.076 0.086 0.085 0.187 0.192
800 0.066 0.066 0.076 0.075 0.167 0.169
850 0.058 0.058 0.067 0.066 0.148 0.147
900 0.051 0.051 0.059 0.058 0.128 0.124
950 0.045 0.045 0.052 0.051 0.108 0.101
1000 0.040 0.040 0.046 0.045 0.088 0.079
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AR TIE, ZHE TREREBRDT O T E 72 B OB 25 o0 H ) BRI AR 0D 2 24 1
RIS D 720, BT 2 b BYES D B &R O i S fE O )R E A T IS D 2 0K
fEFtE = — FaAERk L7z,

AR OFHHE 2 — FOERICE L THEEZR ZERZTHS £ Lg% &l Lyl Rt Jem
# HTTR Bffrifz. LAMEM BB RE, £, Jr O a ko h f LRz ek
IR AT 2 L EBIZHED ORI ERICEA THEELE X LET,

e E PN

1) H.D.Warren, 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) 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.
3) LRHTEIE MW, HORPMERR B 8 IR, W pHPE M SR, ISBN978-4-86045-108-0, (2012), 859p.
4) EEARHR, C FEEIC X DR A, o = 2%k, ISBN4-7819-1114-5, (2005), 232p.
5) APRHE—, TAREHE BT & € DIGH, B T4, ISBN978-4-901683-57-9, (2010),
218p.
6) LM, B Bifig C SWAME, Y7 v 7 7 VAT 47, ISBN4-7973-2792-8,
(2004), 340p.
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gk vV —2a—F

Jua—R VR s B - BB OES

#include<stdio. h>
#include<math. h>

#tdefine NN (int)200

#tdefine MM (int) 3*NN

#define M_PI (double)3.14159265358979323846e0

#define ec (double)1.6021766208e-19 //electronic charge (C)

#tdefine mc2 (double)5.109989461e2 //electron rest energy (keV)
#tdefine NO (double)6.022140857¢23 //Avogadro constant
#tdefine r02 (double)7.94e-26 //r0°2(cm"2)

#tdefine pr2 (double)M_PIxr02

FILE *fp;
int npg, npn, nff, nmm, nsi, nsb, nsg, nni, nnb, nng;
double gA, gD, gL, S, gP, g7, gN, gK, gEk, gAL, gCP, Rni, Rnb, Rng;//basic parameters and Rn

double pgx[NNI, pgy [NNI, pnx [NNI, pny [NN] ; //density of gamma and neutron

double ffx[NN], ffy[NNI, mmx [NN], mmy [NN]; //self-shielding factor, number of gamma-rays
double six[NNI, siy[NN], sbx[NNI, sby[NN], sgx [NNI, sgy[NN];//cross section

double sfp_i[MM], sfp_b[MM], sfp_g[MM]; //Internal Conversion, beta, Gamma

void introduction(void)

void init_setting(void);

void setting_view(void);

int file_reader (char bfn[100], double bx[], double by[]1);

void file_writer(void);

int DV_funcs (int bn, double bx[], double by[], double bxr, double *byr);
int sort_func(int bna, int bnb, int bnc, double ba[], double bb[], double bc[])
void Rn_calc(void);

void SI_GC(double bDEg, double bEMIN) ;

void SI_GP (double bEMIN) ;

void SI_NI (double bETk, double bETt, double bEit, double bEMIN) ;

void SI_NB(double bEb, double bEMIN) ;

void TI_NC(double bEMIN) ;

void TI_NP (double bEMIN) ;

double SIMPSON (double bDEg, double bLV, double bUV, double bEMIN) ;
double H_func(double bEg, double bEMIN) ;

double I_func(double bLV, double bUV, double bEMIN) ;

,28,




JAEA-Data/Code 2021-018

main %
int main(void)
{
int i
double bEMIN, bDEg, bETk, bETt, bEit, bEb;
double buf0, bufl;
FILE *bf;
//#%kx+ user setting area start xxxx+
//basic parameters
gh=1.71e2; //gram atomic weight
gD=1.27e-1; //cylindrical diameter
gl=1. 0e0; //cylindrical length
gS=M_PIxgD*gl ; //surface area of material
gP=6. 90e0; //density of absorber
gZ=7. Oel; //atomic number
gN=NO*gP/gA; //number of atoms per unit volume
gK=6. be-4; //density times inverse of specific energy loss
gEk=6. 1332e1; //K-shell electron binding energy
gAL=2. 0e0*gD/3. 0e0; //average track length
bEMIN=5. Oe1; //average minimum kinetic energy (EMIN)
bDEg=1. 0e0; //step size for integral, simpson’s rule
bETk=1. 0e0; //1T coefficient for K-shell (eta_K)
bETt=1. 0e0; //1T coefficient for all shell (eta_T)
bEit=1.0e0; //energy of isomeric transition (E_it)
bEb=5. Oe2; //maximum beta-particle energy
//*+ user setting area completion *+
gCP=4. 0e1xsqrt (2. 0e0) *pow (1. 372, -4. 0e0) /3. 0e0;
gCP*=pr2xgN*pow (gZ, 5. 0e0) *pow (mc2, 3. 5e0) ;
fp=fopen (" log-data. txt”, “w”) ;
printf (=== program start (main) ===¥n");
fprintf (fp, “=== program start (main) ===¥n");
introduction() ;
init_setting(;
setting_view();
//input data file setting
npg=file_reader (“gamma-density. csv”, pgx, pgy) ;
npn=file_reader ("neutron-density. csv”, pnx, pny) ;
nff=file_reader (“self-shielding—factor. csv”, ffx, ffy);
nmm=f i |e_reader (“number—-of-gamma. csv”, mmx, mmy) ;
nsi=file_reader ("neutron-cross-section(l).csv”, six, siy);
nsbh=file_reader (“neutron-cross—section(B). csv”, shx, shy) :
nsg=file_reader ("neutron-cross—section(G).csv”, sgx, sgy) :
Rn_calc();
SI_GC (bDEg, bEMIN) ;
SI_GP (bEMIN) ;
SI_NI (bETk, bETt, bEit, bEMIN) ;
SI_NB (bEb, bEMIN) ;
TI_NC (bEMIN) ;
TI_NP (bEMIN) ;
file_writer();
printf (“¥n=== program completion (main) ===¥n");
fprintf (fp, “¥n=== program completion (main) ===¥n");
fclose (fp) ;
return 0;
]
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introduction B%% & init_setting B4k

void introduction(void)

{

}

printf "+
printf (”|
printf ("]
printf(”|
printf (+

fprintf (fp,
fprintf (fp, ”
fprintf (fp, ”
fprintf (fp, ”
fprintf (fp, ”

return;

void init_setting(void)

{

int i

printf (“¥n=== initialization start

fprintf (fp, “¥n=== initialization start

npg=-1:; npn=-1; nff=-1; nmm=-1;
nsi=-1; nsb=-1; nsg=-1; nni=-1; nnb=-1; nng=-1;
Rni=-1.0e0; Rnb=-1.0e0; Rng=-1.0e0;
for (i=0; i<MM;i++) {sfp_i[i]1=0.0e0; sfp_b[i]=0.0e0; sfp_gl[il=0.0e0;}
for (i=0; i<NN; i++) {

(init_setting) ===¥n");

pgx[i]1=0.0e0; pgy[i]=0.0e0; pnx[i]=0.0e0; pny[i]=0.0e0;
ffx[i1=0.0e0; ffy[i]=0.0e0; mmx[i]=0.0e0; mmy[i]=0.0e0;
six[i]=0.0e0; siy[i]=0.0e0; sbx[i]=0.0e0; sby[i]=0.0e0;
sgx[i]=0. 0e0; sgy[il=0.0e0;
]
printf (=== initialization completion (init_setting) ===¥n"),
fprintf (fp, === initialization completion (init_setting) ===¥n");
return;

(init_setting) ===¥n");

+ + t : : + : +¥n") ;

Numerical Calculation Program |¥n");

for Self-Powered Radiation Detector [¥n") ;

Version 1.0 (2021/12/01) |¥n”) ;

+ + + + + + +¥n”) ;
. . - . - | - - +¥n")
| Numerical Calculation Program [¥n™)
| for Self-Powered Radiation Detector [¥n™)
| Version 1.0 (2021/12/01) [¥n")
+ t + t t t +¥n")
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setting_view B84k & file_reader PH4X

void setting_view(void)

{
printf (“¥n=== setting view start (setting_view) ===¥n"),
fprintf (fp, “¥n=== setting view start (setting_view) ===¥n").
printf(“gram atomic weight (A) 1%12.4e (g mol-1)¥n", gA);
printf(“cylindrical diameter (d) 1%12.4e (cm)¥n”, gD) ;
printf (“cylindrical length (L) 1%12.4e (cm)¥n”, gl)
printf (“surface area of material (S) 1%12. 4e (cm2) ¥n”, gS) ;
printf(“density of absorber (rho) 1%12.4e (g cm-3)¥n”, gP) ;
printf (“atomic number, number of electrons per atom (Z) 1%12. 4e¥n”, g7) ;
printf (“number of atoms per unit volume (N) 1%12. 4e (cm-3)¥n”, gN) ;
printf(“density times inverse of specific energy loss (K) :%12.4e (g cm-2 keV-1)¥n", gK) .
fprintf (fp, “gram atomic weight (A) 1%12.4e (g mol-1)¥n", gA)
fprintf (fp, “cylindrical diameter (d) :%12.4e (cm)¥n”, gD) ;
fprintf (fp, “cylindrical length (L) 1%12.4e (cm)¥n”,gl) .
fprintf (fp, “surface area of material (S) 1%12. 4e (cm2)¥n”, gS) ;
fprintf (fp, “density of absorber (rho) ‘%12.4e (g cm-3)¥n”, gP);
fprintf (fp, “atomic number, number of electrons per atom (Z) %12, 4e¥n”, g7) ;
fprintf (fp, “number of atoms per unit volume (N) 1%12.4e (cm-3)¥n”, gN) ;
fprintf (fp, “density times inverse of specific energy loss (K) :%12.4e (g cm-2 keV-1)¥n", gK);
printf("=== setting view completion (setting_view) ===¥n");
fprintf (fp, === setting view completion (setting_view) ===¥n");
return;
}
int file_reader (char bfn[100], double bx[], double by[])
{
int i
double buf0, bufl;
FILE *bf;
printf (“¥n=== file reading start (file_reader) ===¥n");
fprintf (fp, “¥n=== file reading start (file_reader) ===¥n");
i=-1;
bf=fopen (bfn, “r");
i f (bf==NULL) {
printf (“file opening failure [%s]¥n”, bfn);
forintf (fp, “file opening failure [%s]¥n”, bfn);
lelse{
printf (“file opening succeed [%s]¥n”, bfn);
forintf (fp, “file opening succeed [%s]¥n”, bfn);
i=0;
while (fscanf (bf, “%If, %If", &buf0, &buf1) I=EOF) {
bx[il=buf0; by[il=bufl; i++;
if(i>(NN-1)) {
printf (“array over¥n”).
fprintf (fp, “array over¥n”);
i=0;
break;
]
}
fclose (bf) ;
-
}
printf(“=== file reading completion (file_reader) ===¥n");
fprintf (fp, “=== file reading completion (file_reader) ===¥n");
return i
]

,31,




JAEA-Data/Code 2021-018
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void file_writer (void)

{

int i

double buf0, buf1, buf2;

FILE #*bf;

printf (“¥n=== file writing start (file_writer) ===¥n"),
fprintf (fp, “¥n=== file writing start (file_writer) ===¥n");

bf=fopen (“confirmation_parameter.csv”, “w”);
fprintf (bf, “No, pgx, pgy, pnx, pny, ffx, ffy, mmx, mmy¥n”) ;
for (i=0; i<NN;i++) {
fprintf (bf, “%d, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e¥n”
, i, pgx[il, pgylil, pnx[il, pny[i1, ffx[i], Ffy[il, mmx[i], mmy[i]);
]
fclose (bf) ;

bf=fopen (“confirmation_cross—-section. csv”, “w");
fprintf (bf, “No, six, siy, sbx, sby, sgx, sgy¥n”) ;
for (i=0; i<NN;i++) {
fprintf (bf, “%d, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e, %12. 4e¥n”
ci,six[il,siy[il, sbx[i], sby[il, sgx[i], sgylil):
}
fclose (bf) ;

bf=fopen (“confirmation_IT.csv”, “w”);
fprintf (bf, “No, sfp_i, sigma, f, phi¥n”)
for (i=0; i<MM; i++) {
DV_funcs (nsi, six, siy, sfp_i[i], &uf0) ;
DV_funcs (nff, ffx, ffy, sfp_i[i], &uf1);
DV_funcs (npn, pnx, pny, sfp_i [i], &uf2);
fprintf (bf, “%d, %12. 4e, %12. 4e, %12. 4e, %12. 4e¥n”, i, sfp_i [i], buf0, buf1, buf2) ;
]
fclose (bf) ;

bf=fopen (“confirmation_beta.csv”, “w”):
fprintf (bf, “No, sfp_b, sigma, f, phi¥n”);
for (i=0; i<MM; i++) {
DV_funcs (nsb, sbx, sby, sfp_b[i], &uf0) ;
DV_funcs (nff, ffx, ffy, sfp_b[i], &uf1)
DV_funcs (npn, pnx, pny, sfp_b[i], &uf2) ;
fprintf (bf, “%d, %12. 4e, %12. 4e, %12. 4e, %12. 4e¥n”, i, sfp_b[i], buf0, buf1, buf2) ;
}
fclose (bf) ;

bf=fopen (“confirmation_gamma. csv”, “w”) ;
fprintf (bf, “No, sfp_g, sigma, f, phi¥n”);
for (i=0; i<MM;i++) {
DV_funcs (nsg, sgx, sgy, sfp_glil, &uf0) ;
DV_funcs (nff, ffx, ffy, sfp_g[i], &bufl);
DV_funcs (npn, pnx, pny, sfp_glil, &uf2) ;
fprintf (bf, “%d, %12. 4e, %12. 4e, %12. 4e, %12. 4e¥n”, i, sfp_g[i], buf0, bufl, buf2) ;
}
fclose (bf) ;

printf(“=== file writing completion (file_writer) ===¥n");
fprintf (fp, “=== file writing completion (file_writer) ===¥n");
return;
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int DV_funcs (int bn, double bx[], double by[], double bxr, double *byr)
{

int i

i f ((bn<0) | | (bxr<0. 0e0)) {*byr=0.0e0; return -1;}

i f (bxr>bx[bn]) {*byr=0.0e0; return -1;}

for (i=0; i<=bn; i++) {if (bxr<=bx[il) {*byr=by[il; return i;}}

*byr=0. 0e0;

return -1;

}

int sort_func(int bna, int bnb, int bnc, double ba[], double bb[], double bc[])
{

int i, ]k, I, bEF;

double bufa, bufb;

if ((bna<o) || (bnb<0) || (bnc<0)) {return -1;}

i=0; j=0; k=0: bEF=0;

whi le (bEF==0) {
bufa=bali]: bufb=bb[j];
i f (bufa==bufb) {
i f (k<=bnc) {bc[k]=bufa;}
i++; j++; k++;
}else if (bufa<bufb) {
i f (k<=bnc) {bc[k]=bufa;}
i++; k++;
}else{// (bufa>bufb)
i f (k<=bnc) {bc[k]=bufb;}
jr+ ks
}
if ((i>bna)8&& (j<=bnb)) {bEF=1;}
i f ((i<=bna)&&(j>bnb)) {bEF=2;}
i f ((i>bna) && (j>bnb)) {bEF=3;}
i f (k>bne) {bEF=4;}
]

switch (bEF)
{
case 1://exist surplus of bb[]
for (I=j; 1<=bnb; |++) {
i T (k<=bne) {
bolkl=bb[l]; k++;
lelse{
return -1;//lack of bcl]
}
}
break;
case 2://exist surplus of bal]
for (I1=i; I<=bna; |++) {
i T (k<=bne) {
belkl=ball]; k++;

lelse{
return -1;//lack of bcl]
]
}
break;
case 4://lack of bc[]
return -1;
break;
default:
break;
}
k—;
return k;
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void Rn_calc(void)

{

int i,bn0, bnt, bn2;
double bufO0, bufl, buf2, buf3;
double bFP[2xNN];

printf (“¥n=== calculation of neutron capture rate start (Rn_calc) ===¥n").
fprintf (fp, “¥n=== calculation of neutron capture rate start (Rn_calc) ===¥n"),
i f (npn<0) {
printf (“data of neutron-density is nothing¥n”);
printf (=== calculation of neutron capture rate discontinuation (Rn_calc) ===¥n");
fprintf (fp, “data of neutron-density is nothing¥n”);
fprintf (fp, === calculation of neutron capture rate discontinuation (Rn_calc) ===¥n").
return;
]
if (nff<0) {
printf(“data of self-shielding-factor is nothing¥n”);
printf (“=== calculation of neutron capture rate discontinuation (Rn_calc) ===¥n");
fprintf (fp, “data of self-shielding-factor is nothing¥n”);
fprintf (fp, “=== calculation of neutron capture rate discontinuation (Rn_calc) ===¥n");
return;
]

bn0=2*NN-1; bn1=MM-1;
for (i=0; i<=bn0; i++) {bFP[i]1=0. 0e0;}
bn2=sort_func (npn, nff, bn0, pnx, ffx, bFP) ;
//Rn of IT
if(nsi>=0) {
nni=sort_func (bn2, nsi, bn1, bFP, six, sfp_i);
Rni=0. 0e0;
for (i=1;i<=nni; i++) {
bufO=sfp_i[il-sfp_i[i-1];//dE=E(i)-E(i-1)
DV_funcs (nsi, six, siy, sfp_i[i], &buf1); DV_funcs (nff, ffx, ffy, sfp_i[i], &uf2) ;
DV_funcs (npn, pnx, pny, sfp_i[i], &uf3) ;
Rni+=bufO*buf1xbuf2xbuf3;
}
]
//Rn of beta decay
i f (nsh>=0) {
nnb=sort_func (bn2, nsb, bn1, bFP, sbx, sfp_b) ;
Rnb=0. 0e0;
for (i=1;i<=nnb; i++) {
bufO=sfp_b[il-sfp_bl[i-11;//dE=E(i)-E(i-1)
DV_funcs (nsb, sbx, sby, sfp_b[i], &buf1) ; DV_funcs (nff, ffx, ffy, sfp_b[il, &uf2) ;
DV_funcs (npn, pnx, pny, sfp_b[i], &buf3) :
Rnb+=bufO*buf1*buf2*xbuf3;
}
]
//Rn of gamma
i (nsg>=0) {
nng=sort_func (bn2, nsg, bn1, bFP, sgx, sfp_g) ;
Rng=0. 0e0;
for (i=1;i<=nng; i++) {
bufO=sfp_glil-sfp_gli-1]1;//dE=E (i)-E(i-1)
DV_funcs (nsg, sgx, sgy, sfp_glil, &bufl); DV_funcs (nff, ffx, ffy, sfp_g[il, &buf2) ;
DV_funcs (npn, pnx, pny, sfp_gli], &buf3) ;
Rng+=bufOxbuf1xbuf2*buf3;
}
]
printf ("Rn(1T)=%12. 4e, Rn(beta)=%12.4e, Rn(gamma)=%12.4e¥n”,Rni, Rnb, Rng) ;
fprintf (fp, “"Rn(IT)=%12. 4e, Rn(beta)=%12.4e, Rn(gamma)=%12.4e¥n”, Rni, Rnb, Rng) ;

printf(“=== calculation of neutron capture rate completion (Rn_calc) ===¥n");
fprintf (fp, “=== calculation of neutron capture rate completion (Rn_calc) ===¥n");
return;
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void SI_GC(double bDEg, double bEMIN)

{

int i,bm;

double Igc, bEmax, bEI, buf0, bufl;
printf (“¥n=== single interactions (compton electron) start (SI_GC) ===¥n");

fprintf (fp, ”

¥n=== single interactions (compton electron) start (SI_GC) ===¥n");

i f ((npg<0) | | (bDEg<=0. 0e0)) {
printf (“npg error or bDEg error¥n”);
printf (=== calculation of gamma-compton discontinuation (SI_GC) ===¥n");
fprintf (fp, “npg error or bDEg error¥n”);
fprintf (fp, === calculation of gamma-compton discontinuation (SI_GC) ===¥n").
return;

]

bEmax=0. 0e0;

for (i=npg;i>=0;i—) {
i T (pgy[i1>0.0e0) {bEmax=pgx[i]; break;}//maximum energy of gamma-ray

}

buf0=5. 0e—1*bEMIN; //EMIN/2

bE |=bufO+sqr

t (buf0%buf0+mc2xbuf0) ;//calculation of E_I (EMIN)

bm=DV_funcs (npg, pgx, pgy, bEl, &uf0) ;//gamma density

if (bm!=-1) {

Igc=bufO*SIMPSON (bDEg, bE I, pgx [bm], bEMIN) ;

if (bm<npg)

{

for (i=bm+1; i<=npg; i++) {
DV_funcs (npg, pgx, pgy, pegx[il, &buf0) ;
[gc+=buf0*xSIMPSON (bDEg, pgx [i-1], pgx[i], bEMIN) ;

]
}

[gox=(2. be—1*xecxgSxgK+xgN*gZ/gP) ;

lelse(
Igc=0. 0e0;
]

buf1=Igc*gA/ (gLxgDxgKxgZ) ;

printf ("maxi
printf (“mini
printf (“aver
printf (“curr
printf (“curr

mum energy of gamma-ray (E_max) 1%12. 4e (keV)¥n”, bEmax) ;
mum gamma energy (E_I (EMIN)) %12. 4e (keV)¥n”, bEI);
age minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
ent (I_gamma, compton) 1%12. 4e (A)¥n”, Igc) ;

ent (I_gamma, compton) (1cm) %12.4e (A)¥n”, lgc/gl);

printf (“T(E_gamma, EMIN) (1cm) 1%12. 4e¥n”, bufl) ;

printf ("dE_gamma 1%12. 4e (keV)¥n”, bDEg) ;
fprintf (fp, “maximum energy of gamma-ray (E_max) %12 4e (keV)¥n”, bEmax) ;
fprintf (fp, “minimum gamma energy (E_I (EMIN)) :%12. 4e (keV)¥n”, bEI);
fprintf (fp, “average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
fprintf (fp, “current (I_gamma, compton) %12.4e (A)¥n”, lgc);
fprintf (fp, “current (I_gamma, compton) (1cm) 1%12.4e (A)¥n”, Igc/gl);
fprintf (fp, “T (E_gamma, EMIN) (1cm) 1%12. 4e¥n”, buf1) ;

fprintf (fp, “dE_gamma %12. 4e (keV)¥n”, bDEg) ;
printf(“=== single interactions (compton electron) completion (SI_GC) ===¥n");

fprintf (fp, ”
return;

=== single interactions (compton electron) completion (SI_GC) ===¥n");
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void SI_GP (double bEMIN)
{
int i,bm;
double Igp, bEmax, buf0, buf1;
printf ("¥n=== single interactions (photoelectron) start (SI_GP) ===¥n");
fprintf (fp, “¥n=== single interactions (photoelectron) start (SI_GP) ===¥n");
i (npe<0) {
printf (“npg error¥n”) .
printf (“=== calculation of gamma-photoelectron discontinuation (SI_GP) ===¥n");
fprintf (fp, “npg error¥n”);
fprintf (fp, “=== calculation of gamma—-photoelectron discontinuation (SI_GP) ===¥n");
return;
]
bEmax=0. 0e0;
for (i=npg;i>=0;i—-) {
if(pgyl[i]>0.0e0) {bEmax=pgx[i]: break:}//maximum energy of gamma-ray
}
buf0=gEk+bEMIN;
bm=DV_funcs (npg, pgx, pgy, buf0, &buf1) ;
if(om!=-1) {
[gp=buf1*I_func (buf0, pgx [bm], bEMIN) ;
i f (bm<npg) {
for (i=bm+1; i<=npg;i++) {
DV_funcs (npg, pgx, pgy, pex[i], &bufl) ;
Igp+=buf1*I_func (pgx[i-1], pgx[i], bEMIN) ;
}
}
[gp*=(2. be-1*ecxgSxgK/gP) *gCP;
lelse{
[gp=0. 0e0;
}
buf1=1gp*gA/ (gLxgD*gK*pow (gZ, 5. 0e0)) ;
printf (“maximum energy of gamma-ray (E_max) %12. 4e (keV)¥n”, bEmax) ;
printf (“K-shel |l electron binding energy (E_K) :%12.4e (keV)¥n”, gEk) ;
printf (“average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
printf (“current (I_gamma, photoelectron) “%12.4e (A)¥n”, Igp);
printf (“current (I_gamma, photoelectron) (lcm) :%12.4e (A)¥n”, Igp/gl);
printf ("D (E_gamma, EMIN) (1cm) %12, 4e¥n”, bufl) ;
fprintf (fp, “maximum energy of gamma-ray (E_max) %12. 4e (keV)¥n”, bEmax) ;
fprintf (fp, “K-shel | electron binding energy (E_K) :%12.4e (keV)¥n”, gEk) ;
fprintf (fp, “average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN);
fprintf (fp, “current (I_gamma, photoelectron) %12.4e (A)¥n”, Igp);
fprintf (fp, “current (I_gamma, photoelectron) (lcm) :%12.4e (A)¥n”, Igp/gl);
fprintf (fp, "D (E_gamma, EMIN) (1cm) (%12, 4e¥n”, bufl) ;
printf (“=== single interactions (photoelectron) completion (SI_GP) ===¥n");
fprintf (fp, === single interactions (photoelectron) completion (SI_GP) ===¥n");
return;
}
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void SI_NI(double bETk, double bETt, double bEit, double bEMIN)

{
double Ini, buf0, bufi;

printf (“¥n=== single interactions (internal conversion) start (SI_NI) ===¥n");
fprintf (fp, “¥n=== single interactions (internal conversion) start (SI_NI) ===

if (Rni<0. 0e0) {
printf (“Rni error¥n”);

printf (“=== calculation of internal conversion discontinuation (SI_NI) ===¥n")

fprintf (fp, “Rni error¥n”);

fprintf (fp, "=== calculation of internal conversion discontinuation (SI_NI) ===
return;
}
buf0=(2. 5e-1*xecxgSxgK/gP) * (bETk/ (1. 0e0+bETt) ) *Rni ;
buf1=(bEit-gEk-bEMIN) ;
i f (buf1>=0.0e0) {
Ini=buf0*bufl;
lelse{
Ini=0. 0e0;
]
printf (“neutron capture rate (Rn_IT) 1%12. 4e (cm-3 sec—1)¥n”,Rni);
printf (“IT coefficient for K-shell (eta_K) %12, 4e¥n”, bETK) ;
printf (“IT coefficient for all shell (eta_T) :%12.4e¥n”, bETt);
printf (“energy of isomeric transition (E_it) :%12.4e (keV)¥n”, bEit);
printf (“K-shel | electron binding energy (E_K) :%12.4e (keV)¥n”, gEk);
printf (“average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
printf (“current (I_IT) 1%12.4e (A)¥n”, Ini);
printf (“current (I_IT) (1cm) %12.4e (A)¥n”, Ini/gl);
fprintf (fp, “neutron capture rate (Rn_IT) %12. 4e (cm-3 sec—1)e¥n”, Rni) ;
fprintf (fp, “IT coefficient for K-shell (eta_K) “%12. 4e¥n”, bETk) ;
fprintf (fp, “IT coefficient for all shell (eta_T) :%12.4e¥n" bETt):
fprintf (fp, “energy of isomeric transition (E_it) :%12.4e (keV)¥n”, bEit);
fprintf (fp, “K-shel |l electron binding energy (E_K) :%12.4e (keV)¥n”, gEk) ;
fprintf (fp, “average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
fprintf (fp, “current (I_IT) %12.4e (A)¥n”, Ini);
fprintf (fp, “current (I_IT) (1cm) 1%12.4e (A)¥n”, Ini/gl);
printf(“=== single interactions (internal conversion) completion (SI_NI) ===¥n");
fprintf (fp, “=== single interactions (internal conversion) completion (SI_NI) ===¥n
return;

¥n”);

¥n”);

)
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void SI_NB(double bEb, double bEMIN)
{
double Inb, buf0, buf1;
printf ("¥n=== single interactions (beta decay) start (SI_NB) ===¥n");
fprintf (fp, “¥n=== single interactions (beta decay) start (SI_NB) ===¥n"),
i f ((bEb<=0. 0€0) | | (Rnb<0. 0€0)) {
printf (“beta decay energy error or Rnb error¥n”);
printf (“=== calculation of beta decay discontinuation  (SI_NB) ===¥n");
fprintf (fp, “beta decay energy error or Rnb error¥n”);
fprintf (fp, “=== calculation of beta decay discontinuation (SI_NB) ===¥n");
return;
]
buf0=pow (bEMIN, 2. 5e0) / (1. 2e1*pow (bEb, 1. 5€0)) ;
buf1=2. 1e1-1. 8e1*xbEMIN/bEb+5. 0e0*xbEMIN*bEMIN/ (bEb*bEb) ;
bufOx=buf1;
buf1=bEb/3. 0e0-bEMIN;
buf0+=buft;
buf1=(2. 5e-1*xecxgSxgK/gP) *Rnb;
Inb=buf0*xbufl;
printf (“neutron capture rate (Rn_beta) :%12. 4e (cm-3 sec—1)¥n", Rnb) ;
printf (“maximum beta-particle energy (E_beta) :%12.4e (keV)¥n”, bEb);
printf (“average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
printf (“current (I_n, beta) %12.4e (A)¥n”, Inb) ;
printf (“current (I_n, beta) (lcm) 1%12.4e (A)¥n”, Inb/gl) ;
fprintf (fp, “neutron capture rate (Rn_beta) 1%12. 4e (cm-3 sec—1)¥n”, Rnb) ;
fprintf (fp, “maximum beta-particle energy (E_beta) :%12.4e (keV)¥n”, bEb);
fprintf (fp, “average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
fprintf (fp, “current (I_n, beta) 1%12.4e (A)¥n”, Inb);
fprintf (fp, “current (I_n, beta) (1cm) %12.4e (A)¥n”, Inb/gl) ;
printf(“=== single interactions (beta decay) completion (SI_NB) ===¥n");
fprintf (fp, === single interactions (beta decay) completion (SI_NB) ===¥n");
return;
}
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void TI_NC (double bEMIN)
{
int i
double Inc, buf0;
printf (“¥n=== two interactions (compton electron) start (TI_NC) ===¥n");
fprintf (fp, “¥n=== two interactions (compton electron) start (TI_NC) ===¥n");
i f ((hmm<0) | | (Rng<0. 0e0)) {
printf (“nmm error or Rng error¥n”);
printf (=== calculation of neutron-compton electron discontinuation (TI_NC) ===¥n");
fprintf (fp, “nmm error or Rng error¥n”);
fprintf (fp, “=== calculation of neutron-compton electron discontinuation (TI_NC) ===¥n");
return;
]
Inc=0. 0e0;
for (i=0; i<=nmm; i++) {
bufO=mmy [i]*H_func (mmx [i], bEMIN) ;
Inc+=buf0;
]
Inc*=(2. be-1xecxgS+gK/gP) *gN*gZxgAL*Rng;
printf (“neutron capture rate (Rn_gamma) :%12. 4e (cm-3 sec—1)¥n", Rng) ;
printf(“average track length (overline 1) 2%12.4e (cm)¥n”, gAL) ;
printf (“average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
printf (“current (I_n, gamma, compton) %12.4e (A)¥n”, Inc) ;
printf (“current (I_n, gamma, compton) (1cm) 1%12.4e (A)¥n”, Inc/gl);
fprintf (fp, “neutron capture rate (Rn_gamma) 1%12. 4e (cm-3 sec—1)¥n", Rng) ;
fprintf (fp, “average track length (overline 1) 2%12.4e (cm)¥n”, gAL) ;
fprintf (fp, “average minimum kinetic energy (EMIN) :%12.4e (keV)¥n”, bEMIN) ;
fprintf (fp, “current (I_n, gamma, compton) ‘%12.4e (A)¥n”, Inc) ;
fprintf (fp, “current (I_n, gamma, compton) (1cm) ‘%12.4e (A)¥n”, Inc/gl);
printf (“=== two interactions (compton electron) completion (TI_NC) ===¥n").
fprintf (fp, “=== two interactions (compton electron) completion (TI_NC) ===¥n"),
return;
}
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void TI_NP(double bEMIN)

{

int i

double Inp,b
printf ("¥n==
fprintf (fp, ”

i f ((hmm<0) | |
printf (“nm
printf ("==
fprintf (fp
fprintf (fp
return;

}

Inp=0. 0e0;

for (i=0;i<=n
if (mmx[i]<
bufO=mmx [i
if (buf0<=0
buf1=pow (m
Inp+=mmy [i

}

Inp*=(2. 5e-1

printf (“neut
printf (“aver
printf (“K-sh
printf (“aver
printf (“curr
printf (“curr
forintf (fp, ”
fprintf (fp
fprintf (fp, ”
fprintf (fp, ”
fprintf (fp
fprintf (fp, ”

printf ("===
fprintf (fp,
return;

ufo, bufi;
= two interactions (photoelectron) start (TI_NP) ===¥n");
¥n=== two interactions (photoelectron) start (TI_NP) ===¥n").

(Rng<0. 0e0)) {

m error or Rng error¥n”);

= calculation of neutron-photoelectron discontinuation (TI_NP) ===¥n");
,“nmm error or Rng error¥n”);

=== calculation of neutron-photoelectron discontinuation (TI_NP) ===¥n");

”
’

mm; i++) {

=0. 0e0) {continue;}
1-gEk-bEMIN;

. 0e0) {continue;}
mx[i],-3.5e0) ;
1xbufO*bufi;

*eckgS*gK/gP) *gCP*gAL*Rng ;

ron capture rate (Rn_gamma) 1%12.4e (cm-3 sec—-1)¥n”, Rng) ;

age track length (overline I) 1%12.4e (cm)¥n”, gAL) ;

ell electron binding energy (E_K) 1%12.4e (keV)¥n”, gEk) ;

age minimum kinetic energy (EMIN) 1%12. 4e (keV)¥n”, bEMIN) ;

ent (I_n, gamma, photoelectron) ‘%12.4e (A)¥n”, Inp) ;

ent (I_n, gamma, photoelectron) (lcm) :%12.4e (A)¥n”, Inp/gl);

neutron capture rate (Rn_gamma) :%12. 4e (cm-3 sec—1)e¥n”, Rng) ;

“average track length (overline |) 1%12.4e (cm)¥n”, gAL) ;

K-shell electron binding energy (E_K) 1%12. 4e (keV)¥n”, gEk) ;
average minimum kinetic energy (EMIN) 2%12. 4e (keV) ¥n”, bEMIN) ;

“current (I_n, gamma, photoelectron) :%12.4e (A)¥n”, Inp);

current (I_n, gamma, photoelectron) (1cm) :%12.4e (A)¥n”, Inp/gl);

two interactions (photoelectron) completion (TI_NP) ===¥n"),
=== two interactions (photoelectron) completion (TI_NP) ===¥n"),
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SIMPSON B% & I_func B8%K

double SIMPSON (double bDEg, double bLV, double bUV, double bEMIN)
{

int i,bn;

double ANS, buf0, buf1, buf2, buf3;

i T ((bDEg<=0.0e0) | | (bUV<=bLV)) {return 0.0e0;}
bn=(int) ((bUV-bLV) /bDEg) ;

i f (bn==0) {
buf0=5. 0e-1% (bLV+bUV) ;
ANS=H_func (bLV, bEMIN) +4. 0e0xH_func (buf0, bEMIN) +H_func (bUV, bEMIN) ;
ANS*= (bUV-bLV) /6. 0e0;
lelsel
ANS=0. 0e0;
buf0=5. 0e-1*bDEg.
for (i=1;i<=bn; i++) {
buf1=bLV+ (double) (i-1)*bDEg;
buf2=buf1+buf0;
buf3=buf1+bDEg;

ANS+=H_func (buf1, bEMIN) +4. 0e0*H_func (buf2, bEMIN) +H_func (buf3, bEMIN) ;

}
ANS*=bDEg/6. 0e0;
buf1=buf3;
buf2=5. 0e-1* (buf1+bUV) ;
buf3=bUV;
bufO=H_func (buf1, bEMIN) +4. 0e0*H_func (buf2, bEMIN) +H_func (buf3, bEMIN) ;
buf0*=(bUV-buf1) /6. 0e0;
ANS+=buf0;
}

return ANS;
}

double I_func(double bLV, double bUV, double bEMIN)
{
double bCO, bC1, ANS;

i f ((bLV<=0. 0e0) | | (bUV<=bLV)) {return 0.0e0;}
bC0=-2. 0e0/3. 0e0;
bC1=4. 0e—1* (gEK+bEMIN) ;

ANS= (bCO/bUV+bC1/ (bUVxbUV) ) /sqrt (bUV) ;
ANS-=(bCO/bLV+bC1/ (bLV*bLV)) /sart (bLV) ;

return ANS;
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H_func B8%%

double H_func(double bEg, double bEMIN)

{

double bCO, bC1, bC2, bEMEG;
double bEd, bDE, bDL, bDEDL, bVF, bVGu, bVGI, ANS;

it ((bEg<=0.0e0) | | (bEg<=bEMIN)) {return 0.0e0;}
bEMEG=2. 0eOxbEg*bEg/ (mc2+2. 0e0xbEg) ; //E_M(E_gamma) or E_t (E_gamma i)
i f (bEMEG<=bEMIN) {return 0.0e0;}

bCO=pr2+mc2/ (bEg*xbEg) ;
bC1=bC0*mc2+mc2;
bC2=-2. 0e0*bCO*mc2;

//F function (E_gamma, E_M (E_gamma))

bEd=bEMEG;

bDE=bEg-bEd;

bDL=10g (bDE) ;

bVF=bC0* (-bEg*bDL+bEd- (5. 0e—1%bEd*bEd/bEg) ) ;

bVF+=bGC1x ((1. 0e0/bDE) + (2. 0e0*bDL/bEg) + (bEd/ (bEg*bEg))) ;
bVF+=bG2* (-bDL- (bEd/bEg) ) ;

//G function (E_gamma, E_M(E_gamma))

bEd=bEMEG;

bDE=bEg-bEd;

bDL=10g (bDE) ;

bDEDL=bDEx*bDL ;

bVGu=bCO0* (bEg*bDEDL+bEg*bEd+ (5. 0e—1*bEd*bEd) - (bEd*bEd*bEd/ (6. 0e0xbEg)) ) ;
bVGu+=bC1%* (-bDL- (2. 0e0*bDEDL /bEg) — (2. 0e0%bEd/bEg) + (5. 0Oe-1%bEd*bEd/ (bEg*bEg))) ;
bVGu+=bGC2* (bDEDL+bEd- (5. 0Oe-1*bEd*bEd/ (bEg))) ;

//G function (E_gamma, EMIN)

bEd=bEMIN;

bDE=bEg-bEd;

bDL=log (bDE) ;

bDEDL=bDEx*bDL ;

bVG1=bCO* (bEg*bDEDL+bEg*bEd+ (5. 0e—1*bEd*bEd) - (bEd*bEd*bEd/ (6. 0e0xbEg)) ) ;
bVG|+=bC1%* (-bDL- (2. 0e0*bDEDL /bEg) — (2. 0e0%bEd/bEg) + (5. 0Oe-1%bEd*bEd/ (bEg*bEg))) ;
bVG | +=bC2+ (bDEDL+bEd- (5. Oe—1%bEd*bEd/ (bEg))) :

//H function (E_gamma, EMIN)
ANS=bVFx* (bEMEG-bEMIN) — (bVGu-bVG1) ;

return ANS;
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