JAERI-M
84-154

BIANXE—fERTASNCL B
MR O FRERETE

198449 H

PEH A - RIR R

B * B F H B R MK
Japan Atomic Energy Research Institute



JAERIM L #— iz, BABREFHFEHATERCATIL Ty 28R EETT,
AF OB A R, AR R S AV SRR (T319-11 RMEAAE R AT, B
BLI LR, A, Joids it MEI AR T LA SR > ¥ — (F319—11 FR RmEE f ]

-

BB HEFRHN, THTICLAEEMWES 5 T8 18T,

JAERI-M reports are issued irregularly.
Inguiries abeut availzbility of the reports should be addressed to Information Section. Division of

Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun. Ibaraki-ken

319—11, - Japan.

@ Japan Atomic Energy Research Institule, 1984

R =l NUE A Sl D B
Fil Al RSB EAEN L e VS ae

e



JAERI-M 84-1514

Bt HENTAMICESENYEAORHTE

HA 7 B i R i B LW
P MEEE - R

(198 4F8H1OEZE]

MERLLOBLANF —HBRFDS — 4y PARIC L > THRERPES HBET %
FOEERATALIZERBOTH T A, MBEOEELKRHERENONBRLELZEOHLL
B RHBETacEnELI OIS, BHEENWTE, THET, TErihinikicks >
P al-vayea—KNMTCJAERIZHWT, ZOAfEHDOHELLED TR
T, BEARF - s MBEEI - FNMTAKEHLE, 22049 70 —F Y EER
CEBILT, §—4 v FATORKBECARMEZEOCEMAMETRTE LI I L1
4, BBFOBREEIPLOLHOMET A VF - R TES Y TN —TF Y EHERT S
E#ic, NMTC,/JAERIOERHEHAI NV » 70 —0OEBEET->7. 15Me VELED
BET, AREREELTELIONGOR, FLFERNTFOHXBRTE S BRER LKA
hARF — FBEBLUEABOBIIRKEZVARTHROEH I x4V F—ThH b, #HiPX
$o sy, BAEORD Y ~5y P B TORKRICHET 5 THAEE, ASHTOLA Y
KRR, ConEE, 5 -y VESEOYA REEATH Ko

ABETHE, HLVHEL—F v OBBEATS LHI, HEHROT LD ERHET D0



JAERI-M 84-154

Calculations of Heat Deposition in a Target System

Bombarded by High Energy Charged Particles

Takahiko NISHIDA and Yasuaki NAKAHARA

Department of Reactor Engineering, Tokai Research Establishment, JAERI

( Received August 1, 1984 )

Tn JAERI, with the use of the Monte Carlo code NMIC/JAERI and
the analysis code NMTA, studies have been performed of the
feasibility of an emerging new technology such as an accelerator
nuclear fuel producer or a radioactive waste transmuter, vhich
utilizes abundant neutrons emitted by the spallation and fission
reactions in a proton accelerator target.

In the present work. we added to the code NMTA new subroutines
calculating the total heat depositicn and the spatial distribution
of heat deposition density in a target. A new subroutine 1s
provided also for estimating the mean excitation energy in all of
recoiling residual nuclei after the particle evaporation ceased to
occur . We modified also the NMIC/JAFRI flow for a fission event.
The processes that account for the heat producing energy in the
energy range ( ~15 MeV) are mainly {(a; ionization loss by charged
particles through transport and ‘h) the kinetic energy of recoil

nuclei after intranuclear cascades and fissions. Preliminary
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calculations of the heat deposition are carried out for small bare
targets of Pb, Nat. U and molten salts for some combinations of
incident partiéle energy., beam radius, target material and size. In
the present report the new computational routines are explained in

detail and discussions are done on the calculated results.

Keywords : Spallation. Evaporation, Fission. Proion, Pion,
Neutron, Intranuclear Cascade, Internuclear Cascade,
Ionization Loss, Recoil Energy, HEét Deposition,
Heat Deposition Density, Gamma Heating., Transmutation,
Accelerator Breeding, Neutron Transport,
Charged Particle Transport, Monte Carlo Method

Code, High Energy Charged Particles
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EFIVEPREINTNS,
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EX60em) i 900 MeVIEBEFE — A (- AFEScm) #BHLALFES (207 F)Davtbo
M H = FBEUANF— s RE<FHE2, 3>KRLTEL, NMTCOFETE, £Y7
HNuHBEORBEBEIN Sy FOETBREA Y Y FF- s RSN BEL, FREDNy F
HOITEMERTL, XY » F 427 OEABETERALLLT, RONMT ALE N —
FUANOANELBTREESE 0,

(A0
Jzy - PARBL-F VG, HBRFOBEASATH20T, RESTRT, RERNDDA
HIEHDOTHIET 5,
(A} NMTA—AA4 Y« 7053 L~DANNTF=%
<HESTLEERETHT 5>
(1) Format ( I 10)
a. NHSTP=22 : NMTCTRELILAP ) -7 7 ALETF
9 Format (I 5, 65X, 2F 10.2)
a. IGOM=2 HEEBRDOY -7 v I
b. XX CHRB{LEF, BF 10
¢. BCHS :MEFT B~y FH, NMTCANOELORELEISTA SNV,
(33 Format ( 715 )
a~gDF— s HEMLLE, FEQHEAL, FEFLRAESCLEFRELAL, #
B ELRESMRIALF - 2RD EBHFROIIITTHI LV,
a. [DOW=1  BYEasHh
b. IDO@ =0 : ERABBRECEBHTH, HFR

— 8 —
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IDO@ =0  HEBEEEICLINTR, HNFHE
IDOW=10 : (K{#HEH)
IDOB =1 : Fa#@EHE
IDOBI=0 : =9 —FHESH

g 1DOMN=p :maEHE

- P O

(B] RESTRTANF- %

(4} Format (I 5)
a. 1ZMX ! ZHBEDBEAOE (L50)

(5 Format ( 8 F 10.2 ) '
a. (ZBNDID), I=1, [ZMX) : ZHAOER, Z=008r 5%, NMTC
TANLEEREZEF T AEE W0,

B Format (I 5 )
a. IRMX ! RAROERDOE (L10)

{7) Format ( 8 F 10.2 )
a. (RBNDI(I}, I=1, IRMX) ! RAMODER, R=0%251,

8 Format (16 15 )
a. (TIAMED{), I=1, I1ZMX—1) : ZBNDTEALNE ZHROEBROHE
DES, NMTCAHWELALIKT S, (RAMICDWTIE 18 )

(9) Format { 16 15 )

a. ICONTI =1:19=x%—#EFEETI,

=0 )R- FELAL,
b, ISTART =1 #EABEORND 7 ¥ DE,

=0 v OTEHLEDZ VDR,
c. IFILMX = ! ##&7ORKERREE.

(C] RERND~DODANTF—7%
RERND{Z, NMTADORNDEELMI TETENEDT, A4V« F0s 7 LTOREE
F—#iE, IDOWMI=1T&WL,
4 FORMAT(215)
a. NREG1 BEgESGHELTAHEBROK (L4 )
b. KASE=1 A 25— FABOSOEREE (EHREERY )
=2 (&BROENEE (MEBRERY, NFrREREREK, HORER
)
(5) FORMAT ( 8 F 10.2 )
(BND(I), I=1, NREG1+1) : NREG!!ofifitE®s 2EAMT (cm)
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6 FORMAT (315 ) ("ENRND”" TRAH)

a. ICONTI =125 - r#EFEETI.
=0 )RF—FrFVvRITHIEO,

b. ISTART =1  #RKABORNDOT v OF
=0 I MEHEO 2RIBLIEDO 7 ¥ DFf

c. IFILMX = #5757 v ogAMkEEK
(M FORMAT (15)
a. NREG?2 ! BEOKEOAMATET 2HBEOR (<50 )
PLFDE, 9, Wos—-FENREG2LS0NWSAHH,
® FORMAT ( 8 F 10.2 ) '
(BND2(I), I=1, NREG2+1) ! NREG2HOMERAERT HERE (cm)
@ FORMAT (I5)
a NONUC EEOH(L25)
) FORMAT ( 2F 10.2)
(RCHGI(I), RMASI(I), I=1, NONUC) ' HEBEOBRHLEBEERTTEZ
%,

NMTA®RESTRT, RERNDD JCLBLUANF—7 Of|%2<fTkd >, <ft&xb>
CENENRTY, HEARBICSATEITTACLbARTS S,

HAdaERTF-9 & LTH,

RESTAT  BoaZBIKLARHBFEEEHNAH, BEEAXEATEEMST, RBEEZRH
DT, REAKRE, AR oENBIHF(BhEzivF— By PAFT7IREK
ZEHDFE))oBEEZIFINE—, Ay b A ZUTOTEAAMF -DFHTF
LEBRT (BTER)DHE T2 vE—,

RERND 4R Ih24BEZELTORTESHH, AR IBEOR>HELT %
WE-DRFESHN, BEROREHOBEL 2 v ¥ -, HEEEOHK, 15
EEOERER BRI,

TH B,
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NO /= \ YES
\NABOV-()_/
YES NOPART %0
’NAMAX=NAMAX+NAB@V L NO
F‘“”: “““““““““““““““““““ [~ 7
| = YES YES /. =
NCOLFS 2 / > >1
: ) \NCOLFS;.i |
: NO NO !
L.______q.______]' ’ Ir_ _____ [ |
| ]
ANALYZ {2) 1L ANALYZ (0] 1 || ANALYZ (&)
| 1
. !
| L
: ) 7
UPDATE E <ﬁA86v=() YES E
) INO :
rFo f
} UPDATE {
. !
: * :
Ve |
| NO |
| —_ |
i NCOLFS=0 '
; :
| ]
|

s
<O
=
i
=
-]
(@9
O
=
I
O
=<
m
w
é
on

Fig. 2 Modification of flow chart of subroutine
OVLY12 in NMTC/JAERI
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Initigl random
number
|

|

NMTC / JAERI
run

[_.
- Final random Tempox‘rory
number output data file

T

NMTA run
(RESTRT,_ RERND)

Accumiating
data file

Yet Judge 0.K.

W ‘
QUTPUT )

i
( END )

Fig. 5 Process for accumulating more transport data
in NMTC/JAERI — NMTA Monte Carlo code system
using the restart option
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4, MHEHB L2 -7 v MNMTEIT 2 BATHEN

EENTFORBICELZEBY ~4 v F (KRY 5 v, ) NORATHEOFHEBERE, 7 —
FOF 2w 7 b5BRATNMTC/JAERI 3 —F 27 4B LU NMTA/JAERI(RESTRT,
RERND)EZHWTIT o7 B, LOHETUHRENOHBIEMEI H Vv HELLIBESS
LAEBHEIMATORVWY, REKOFHRBE AVF-2FBELTAHA S L, CTITHRE
Lz ix v F -8l (AHKNFOIAVF-—0OA vy PAT7 22 F-DI5MeVET ) TH,
LEORABEEKAKENEELSEZZBEORTERIVERESN S,

4.1 ASHBFE—L+ IXAF—HELTIEE

Fig. 713, EX60cm, ¥E10cm OMEH (Fig6 R )IDORARIZ vELUEHI - v b
iC, 300, 500, 700, 900, 1100 MeVRBFE —~& (EF—L¥R 1 5um) ZAFLILES
DEBBEAE I AFRTS Y C FFLLTHE L0 TH S, NP TH, BXUH, &, K
Bosy ey —4Fy rPORBBRBIUERIERICLZRER, Hy @85 -7y LR
BBBRAEFTNFNEDLT, ChOoORIE, TOAHI ALY —OHEEATIE, ¥—-7 0 E2HI
iz SFEBICERTEN, SxiavyF -T2 sRAFPRONZDE, K%
MO A FAMA T B0 b6THDE, TITT, Hy & Hpp & WEIRRETH 505, $8PTOD
EHEEAHNENTHHLEAEETLE, My —47 v POARBTFICHT 2EMBROMER
B BEAEELBVEHEREND, B8, Hy £ Hy OFER, XL LTERABSHICLER
HAHL THY, BERBERKLEHEGFRDEV, Table 1ic, RRABRE S LUKRRD» HX
PhBTAAVF-DAFTFILE B KT 5EE%ER LA, 300~1100MeVTHAKRE
OHIE, RRY I v T~90%h5~60%, BMTHE~T5%BD5~40B~BDT 505, KRR
S VEHDBEDER, HABKLIARBDILLEEDT, NABHTH B, FiCESr oM
NTLEIZZALF—DHEESIE, ARz LvF-oEmEicEr T, My -4y rdk
BEEUEET, BRAETOXNBLUTTES, ¢k, F-F v r DA XELEBAHI A LF
—OHTOREBLIOMBARBRL TS, Bz a2 ¥ — ks UTENED O OB
DiHhiILFEbN b,

RICE LS =7 % PED O TRAEE (MeV/ cm’) OEMAMAHEL, TORETRIL
7o Fig 6 1CRT ZRGCEMO LG, CCTRHEFAOEEL, DL (z8)»50¥ES
B~OIEEn, (=1~5)&, E—2DAHNT S FHMLZBIEA~DOMEE L, O (0, n,)
THEbhT. A (3, 4 )RBESI5OwVICHIET 5, Fig 8 8L UFig ¢ic, AFHBTO
THEAF-H 900 MeVB LS00 MeVOBEII, BB LORKRY I v -7 -7 v FATIHE
LERBBEAGLETT. BHROSHER, Poikso 2iFRBcELL, Lirdba =1~3K
BEXE-THBH, COEMRR,=1~8THELLL, ZOBE, BFE—-20¥EH5 om
THBLEAELAADELE, Lhooz ¥ -HGEHTOHERETHE, BFOAHFTRENI
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D OESICh o THEEN S, SVBRANT, FIARISPVWCEBHETE S, AR
RABEOLLEADLE, AHIFAVF-DPEOEECOFEANELLEY, »EH I
WICEDL DEFIL, BOTANF T, n,=1~3~RAELTLED, INEFRHAREy
FRES -y P IEMICALEMESIBRETH D, T, MAMSHORARMBE, AHA
Hon, =1 THAE N, =2THY, MARCEFED VTV S8, CHRREROLERT VE
BRI L ARBEA UAHEATH 5, AFERE, TArF-PEOOT, BEEOEMREIK
<, n, =1 COHEHSENUCDETVEREL Tn, =210k DERIEBRRERS A Y
vhEENB, ZDT EEAEMT ZON, Fig 10T, AT F0+F—900MeV, RATVF V¥
—Fy PP ORRBEENMAQAEHBRICLDINS COBTRE L URRBIC K SRTIEDY
HETHBN, BEORSPEAMIE FICRL LT DI LTRIB DRSS d n, = 21Tk
KIEBE LMD, £/, BHMNOESDIEDOTE, 900MeV e RERYS vOBEH 2z =0~
W emICHBEWNEFTLTLEY, TRz =0~48mic—RIAHLTEY, ThEETHE
RO OEBLIEECRTRETCLIMEBOZCLENT b0 EEONE,

Fig 116, ©iEd D 300 MeV~1100MeV O =7 V¥ -BET, AHBET M0, 7 b
ATUTFTOTRLF -2 o THRHENZ2PHFH 0, . OE/LET oy FLAERTS 5,
=Ky hRAOH AL — FICHMES LisnwhlEFoa, 7y bA 70030 F-ZF-T
EHRPLENENNHEOT, EBICIEEIDLELLLH, Ay b2 TUTOPEETRAER
B, ORMBE LI, F-Fy rOOERPDOBHLD -2 TH B, (MBHTORHMEDI
W) KR I vl o H, BOZRICENT, ARZZvE—Zhbbbd~ 15
—ETH B LREHILE L OFETH, HREHEHOEESY, BY 7 VIR L OHRMLE
CRIETEBH, KR F Tk, fertile nuclide® **U A B L THHTEEEL TV
Py, BMIALY —RBLEODNE ST VvRPLELELE, HIOBAIVENTHS LEBEA
K, 272, WEEBHOGEFELL TR, -7 v PRAOERBEIDIEHRHIIAELT
WAEEHEE LV, TENAMBOTHICTITE, MoBLB AR, BBV A I7A4TE,
Figo—2&ELON 5,

4.2 ABHKNFORREHE

My —A .y b (CER10cm, EX60cm) T, BFofttic, BRI 900 MeV DIk /¥4 difi
F OASAPMTBLOPHFEARLAZBAR, REABR, KRPOENES 22 VF -0
ARz AT —KHT2EEVER y bF TUTOREFRERE Table 2 iIKRd. RERR
T, B, ENARBFOLRSL ~UBE ~0%T, B4 BT, FHF TR ~40%,
~8B LDV, BBz AVE-RBBOEET, ThTh~1T1%, ~12%, ~22%, ~31%
?ﬁécit,wauT®Eﬁ¢ﬁ$%éﬁmOmré,%ﬂ%ﬂ%%?~%@,£w4¢
BT T ~22F, oA BB F~31E, PHTIMEELD, RKEHLIKEAR, MF LB _EHR

F 1) AR TOEASTE, MeVA —FOTHFRIEERTHTTH A, TT TR, 15MeVELEELTEEKE]
FTARHIC, BEPETERLTEKT S,
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ZNFENLBEEARSE VAL, RBBKBOBHIBELEQO YL, BFLhHTOARTHE,
NAPEFICLEZFEAVBELORH LT, FACHHTFAHTE, PHERTFRILIE5EFDH
%, ABHRF LA & spallation pion DB TEREH 24 - FEEELTWAR T L0550
A, F1, CTHAOCORMEENNORNIHEE L 0D, HEEBR~E @ AP TARDIES
R, 2 HBOEPDBEPICHTLMIE, BTAROKEIIHUTHS, THRETARHTE, »
HOEHLISHFETHEED, UL, HEFOBRE , s -7y b oEATTENICEDLRE
NI FNF-HEOOTEERPEFRAERIE, BE, BOLOEAFLGPHOELEESH Y1
MFAHBRVENZ S,

4.3 9—5 v+ AROEBBZGE

=4y b OBHEHICE - T, RBBELIEMeVUTOBEFUFRIEBYRELTEY, 2
TRIOOMeVOREF £ — s AROES, BLHEOY —4 v PELTRAY I v, BHlkiE
(LiF—BeF, ~ThF, 64—18—18) B LU % BU LB L /458 % Table 3 it ¢, HBRIES
— 7y TR, BRARBPEREMKOEHEBIRE L A v ¥ - JEL, REFESFOHLEKNFET
HEW, FORRMBIANF - SRE(BHEPETFRLDEVADURFSE I DL L0, #
->T, MBREAEELEREYNBAELAME s -4 v PRTITIBEGIKE, At biadT3
fodic, ¥ =y bAZOHBEFOBELONTDABILT BSENH B, £, Fig 12 3K
FORERNEROE Y -7 v PHKEAT 2HEEBORFESSMEZXLSDT, €0 %
NWER LNy — VR BELRB, 88Tk, Z=2, 64~8 LR LALORENEPRL TIHFET
B, CHARBABEBLUBIBBESETNCRIBETFRAREBESEFZDDTHE, RARY
VO, BONS ~VITMATESRICL > TERSNIZHEHFLCERICHA L, 260
CIHK A GEA2TER LT3, —4, BEMEOY -4 » FTid, b 740 spallation &
evaporation K X BB I/ Vv — 7 EHARC I ZFEKEDLETDZ I N-T, YT A, <
oA, BEOBOEOEDLOID I V—-TDEZD2ERPNTE, TN5DNY - OEAL
W, #—4 .y PRTOBRICRECENZEHET LI LLTARTHS, BH, ITHLE=D20
HeTitsaonb IOEOEICHZE—21E, ‘HeltiEd26DTH 5,

4.4 AHE—LOXEFEI—FVIORZOER

AHE—LO¥RIE, ChETEemZEAFLTHELTEALD, TCTRERANFAM)I v IR
TZT, RABBORAFENANOVELFE NI HERA Table 4 BLUPFig 13 1R L oo
5 =4y PIEEOMEE (£ =60cm, r =10cm ), E—4E 900 MeVDBEFTHB, o
BLAIC, E—nYEb AS—7y VEEUTTENE, RAGE, Bl rrvF—, BEM
OEEFHR T 2V —BLUBETHTFH OB EALEELR Y, FiCr= b, =10 cmn DT,
KB BC L ZRLHBDVIEIVT ER, AT - FETOFAEPLEDAHABICR->THELT
LABSHTVWE, REABESHONTIE, b,=2.5cm, 7.5cm, 10cmDFEERLIH,
ot v — At BOEBTLIARBOBESEDONS, -TH —4 v PERLUAK S E
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~ LEFEERELL L AR EF ST, PHURMEEAASEON D,

?—fvbﬁ4fw;%ﬁﬁwﬂbfm,T@hEK%Lt&ém,€=mmurzme
b, =5m® 900 MeVIEFABOBAL YUK LTe # =7y ORSE LI LRH, @,
Kk 5 vy =4y bitlc, BBz 2 v F¥-1dR3ELE5H, RERECEERPHE-T T,
HES ETFRACEDEBDE G, £/, Fig MBLUFiglbid, COBRBLIUORAKY 7V
MLy FEIY - P ORBEBEEHSGERD L OOTHEY, BHEICO>VTE, BEE
HigaHmEx LT 5,

4.5 #MEHBECXEF VY

INETOHBRTANT, 500X b —OAHKBEF (B8LF 4500 41 XY P )KD2VTD
HETHEN, EVFANOEHELELTONFHEEEEEEZRALDIC, @y -7 (4
=60cm, r =10cm ) {CDWVT, 900 MeV DARBTHAE 500255000 EMLIBEIT,
“RESTRT"#H LU “RERND” OF = v 75t EH%Z1T -7, Table 6 3, HEKRE, FH~x
FMF - BERTHIANEF-OARIALVF TG 2R EBEPEFHROREIREOR
HThb, REBE, BRI AV -BIU0BHEPHETFRIVTNE 00 2 Y ~DBRET
FEAFNELTEY, 5000 R MY —DEAKENRT, co0EOWLFEHEN—® b
DIRTH A EPEEIN. T4, Figlsla 8L UL, 21 -85 2500&£5000
DB ORBFEE DA, ()12 5000 R b —BOERKESHTH SN, Fig8laskt
Fig 12(al® 500 £ & b —DEA TN TERNL Y - Y TREFSRELDT VL, - T
500 FANOHBETHESALERIIDVTR, RABRECRATES AL EO2EOMEM P
BENEFHOBREASHEZRTIABIKBOTRFICERTELS LA 5,
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Heat deposition ratio w.r.t. the incident
proton energy

Table 1

Energy of incident
Target| proton (MeV) 1100 00 700 500 300
Total heat deposition | 0.832 0 .668 0.739 0.809 0.903
fission 0.203 0.188 0.207 0.181 0.157
Nat. ionization loss 0.422 0.474 0.524 0.615 0.745
U Escaped energy
{e. cut off, leakage)| 0.160 0.128 0.111 0.065 0.053
Total heat deposition [ 0.378 0.437 0.496 0.6822 0.766
fission 0.0042 0.0041 0.0060 0.0048 0.0024
Pb ionization loss 0.367 0.429 0.486 0.614 0.763
Escaped energy
(e, cut off, leakage); 0.188 0.16% 0.121 0.096 0.080

Variation of heat deposition ratio and neutron yield,
with the injectile of 900 MeV in the Pb target

Table 2

Positive Negative

Injected particle Proton Fion Pion Neutron
Total heat depositicn 0.437 0.493 0.333 0.179

ioni. 1. due to proton 0.429 0.111 0.016 0.169

ioni. 1. due to pion 0. 0.378 0.371 0.
Escaped energy

{e. cut off, leakage) 0.165 0.120 0.216 0.305
Number of neutrons

(below the cutoff e.) 23.fo 22.15 30.59 30.53

—20
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Table 3 Comparison of heat deposition ratio and neutron
yield, among the Pb, molten salt and Nat. U
targets for the incident proton of 900 MeV

Target Pb Molten Salt Nat. U
Total heat deposition 0.437 0.266 0.666
fission 0.0041 0.0281 0.188
ionization loss G.429 0.234 0.474
Escaped energy
{e. cut off, leakage) 0.165 0.603 0.126
Mean excitation energy
in a residual nuclide 0.014 0.0083 0.02186
Number of neutrons
(below the cutoff e.) 23.75 8.42 36.68

Table 4 Dependence of heat deposition ratic and neutron
yield, on the beam radius for 900 MeV proton
incident on Pb target

Beam Radius (cm} 2.5 5.0 7.5 10.0
Total heat deposition 0.480 0.437 0.446 0.423
fission 0.00%0 0.0041 0.0050 0.0039
ionization loss 0.451 0.429 0.437 0.416
Fscaped energy 0.142 0.165 0.180 0.198
cut off energy 0.0309 0.033 0.0321 0.0271
leakage 0.111 0.132 0.128 0.171
Mean excitation energy
in a residual nuclide 0.014 0.014 0.0136 0.0123
Number of neutrons
(below the cutoff e.) 23.79 23.75 23.07 2.2
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Tahle B Dependence of heat deposition ratic and neutron
yield, on target size for 900 MeV proton incident
on Pb and Nat. U targets

Pb : Nat. U
Length of target
80 cm 12 cm 60 cm 12 cm

Total heat deposition 0.437 0.1856 0.866 0.323
Escaped energy .

(e, cut off, leakage) 0.165 (0.598 0.126 0.431
Number of neutrons

{below the cutoff e.) 23.75 11.24 36.66 23.35

Table B Convergency of heat deposition ratio, with
the increase of history number for 900 MeV
proton incident on the Pb target

Total heat Escaped Number of slow neutrons
History number deposition enrgy below the e. cutoff

500 0.4373 0.1651 23.75
1,000 0.4387 0.1612 23.70
1,500 0.4426 0.1581 23.68
2,000 0.4445 0.1565 23.68
2,500 0.4441 0.1552 23.71
3,000 0.4441 0.1b42 23.79

. 3,500 0.4452 0.1537 23.75
4,000 0.4452 0.1541 23.82
4,500 0.4443 0.1542 23.67
5,000 0.4452 0.1531 23.70
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Fig. 7 Total heat deposition per incident proton
plotted vs, energy of injected protoms.
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target respectively.
HppT is total heat deposition in a lead one.
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