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Survey on Neutron Production by Electron beam from High Power
CW Electron Linear Accelerator

S. Tayama,

ABSTRACT

In Japan Nuclear Cycle Development Institute, the development of high current CW electron
linear accelerator is in progress. It is possible for an accelerator to produce neutrons by means
of a spallation and photo nuclear reactions. Application of neutron beam produced by
bremsstrahlung is one of ways of the utilization for high current electron accelerator. Itis actual

that many electron linear accelerators which maximum energy is higher than a few hundreds
MeV are used as neutron sources.

In this report, an estimate of neutron production is evaluated for high current CW electron
linear accelerator. The estimate is carried out by 10 MeV beam which is maximum energy
limited from the regulation and rather low for neutron production. Therefore, the estimate is also
done by 17 and 35 MeV beam which is possible to be acceierated. Beryllium is considered as

a target for lower electron energy in addition to Lead target for higher energy, because
Beryllium has low threshold energy for neutron production.

The evaluation is carried out in account of the target thickness optimized by the radiation

length and neutron cross section reducing the energy loss for both of electron and neutron, so as
to get the maximum number of neutrons.

The result of the calculations shows neutron numbers 1.9 x 1010, 6.1 x 1013 and 4.8 x 103
(n/s), respectively, for 10, 17, and 35 MeV with low duty. The thermal removal from the target
is one of critical points. The additional shielding and cooling system is necessary in order to
endure radiation. A comparison with other facilities are also carried out. The estimate of
neutron numbers suggests the possibility to be applied for neutron radiography and measurement
of nuclear data by means of Lead spectrometer, for example.

*Beam Technology Development Group, System Technology Development Division, Oarai
Engineering Center(OEC)

ii



JNC TN9400 99-039

BR
LIEE®IE s memm oo oo 1
2. HMFREXBOBRE = 0 ------------mmmmmms 2
2.1 KEHRCWEBFHEBMESOME - ---------------- 2
22 T REBHOBIR @ - - - - - - - - - - - s - 3
I3RETUFOREHM - - - - - - - - - - s 3
24 B FREZWHOEHR - - - - - - - - - ---- - 4
2.5 FESEBEOT LD - - - - - - s - - mmm - s s s 6
.M TFREEOFME @ - ------ - - -t 7
31BN OPRTREBOFME @0 - - - - - -t 7
32 R Y Y AEBRORETREROFME - - - - --- - - 7
I3 BT RAEFBDNT LY - m e - m o 8
IAMBCERENDR/M - - 8
4. FUFORIE - - - - - - - s s - s s s m e 10
IRR T 2) 14 > S 10
A2 FIEOTEEE 0 - - - - - - - - s s s s s s s s s s 10
Ty N 12
BEXE = - - - - - - - -t ----sssmmmmmm 13
1§
Al BIBIEHOIZ A NVF—ART MV - - - - - - - s - s m s 14
A2. BFORILREL wIgEsHEE 0 0--- - sttt 14
BEXEB - - - - - -t --sssmmssmmmmsmm o 16

iil



JNC TN9400 99-039

#1
K2
=3
*4
5
6
&7
8
79
#£10
#l11

wVZ b
REHCWEFREMESOEEME - - --------- - - - 17
RARE—-LBRLBFIANVF-RUBHOBE - - - - - - - - 17
KRS TOPEFRELEVE - - - - - - - - - - - - - - - - 18
BIBYEAHAR L HRBROBEDOZ AN —KEY - ---- - - - 18
NVVTLRP|OTRNVF—EE - - - - - - - - - - 19
BFIANVF-80RBRBORHDOESL - - - - - - - - - - - - - - 19
SROPODOPHTRER - - - - - - - - - - - - - - - - - - 19
XYY Ao OFMFREMEROBMT - - - - - - - - - - - 20
XYY ABHDOOFHFRER - - - - - - - - - - - - - 20
PETFREBOTLD - - - - - - - - 21
EREBOIMERIC L B FHFRER 0 - - - - - - - - - - 21

B ERWROBEE - - - - - - - - - 22

iv



JNC TN9400 99-039

1
X2
3
X4
&5

X6
X7
X8
X9
X10
11
X12
X13
X 14
X15
X16

X17
18

2

BFHREMER B P EFREC—-LF/ VOBER - - - - -
MEEFIANF—DORRE—-LBHEkFE -----------
BFY—-sihomEEmEksEE - - ---------------
Pb-208 DXBERIGIZ L BHUFIINVE—-ARI MV - - - - - - - -
y L s EFREOETFHEEE - -------------
Be-9%* b DXBEFIEIC X 50" EHED
REBEFIAINVT—DOASy ML ANV —KFE - ------ -
Be- 9% b DM RIGIC X %

REMUFIANVEF-DOMEIF - - - - -------------
S50MeVETFIA Ty o hbiiabhsd

PHRFIAVF—ART MV - - - - - - - - e -
R Y g AERHOPETFRIS2/ERO

mFIAVY Y - - - - - - - - - - - e -
BERREHOPRFRCEHEROPEF LAV F —KFE - - - - -
S LOPUFRENEOEFIANVF—EEFE - - - - - - - -
EVHEND L ORBBEH AV - ARV - - - - - - - -
Be-9 DhMEFRAEMEE - -------------------
Be-9 D HFREDEPKEBEOEAE - - - - -------- -~
Y@L 7Y — POFRICAGT2HRF IV ALY D
WEMERE --------------------------
ANRY PO RX—YARICBITEHEFD

BREKEARZ MV - - - - - - - - - s s s s s e e
SRR P OA—FOWER - - -
$RANRY P Ay OFERL) L BEMER(T) - ----- - -

KA1 BFPOOHBEHIANVEF—ARZ IV - - - - - - - - - - -
B ft2 Hgtiask e HEBLkOBEOEFESHKEE - - - - - - - - - - -



JNC TN9400 99-039

1. EU®HIC

BFHMERORAFED—2 L LT, BEFERIGICX h RET 2 PHTFOFIHED
%o FEFOFRAICIE, KFFHEORGRRRLPUHTFEIICL 2WEME. IHE
AREIFEATVELIDL LTRIPEFIVEITTI 74— %hdb, pEFITVFTT
74— IXMCTL A 2EL. EHEHIZR20cm BEDEADD 2 BHLEREADOWE
BELTETH 2, [1]

MEZBRTIX, MERTFEWREDHEMERICE ) PHFIRET 5, FOM, ASHLF
DIFANVF—HEVIRBELLRBEMICE ST, LVEBIORKEVHEN IR TFELES
TLHNTED, BEZ, PHEFELE LTI, MBEREFL S0P R FREZOBEA, L,
BFmESISSCHVWLR TR, [2]

—7., BIEBMEFHC L2 RBRICICE D, BFMEEE»S DPUFORENTERTH 5,
COBFE. KETICOBEREINE ., T, HEEFIPEF-BEFTICERLEEY
WL LTIZANTE—DHET L0, dHEFRBENRIISISV, LPLEFEL, BF
IEB BT R FAVRE L, BUMELSE X ¥ 7 F Y RICERI R A H 5. EIE. H100
MeV DBETFHIEIESRIC L ) pHTF 2 RBAE IR /RIS,

FHREDHE2ETIE, PUHTFRAEZRBEOREL, ETE - A RURBERNOFMESMA %
RET B0 FIETIR, FMMERAFCL2PHRTFOREEZREY . LELZEWEZEIT S,
FAE T, MR OPRTFROREECHE OB L TRV, BETFITERBRRTT
REFIAEZREE T 5,



JNC TN9400 99-039

2. PHFRELBOBRE

FRETRE L -BFREMER PSP URFERET IV -L51 L OBER %, HI
ICRT, SCTR, BFE-AREEPETREENICRI SN, BERTBIFIT R
Wwhrlk L, Thid, XRBEBHNORBIZLIZY—L51 Y OBEMILERIT S0
Thodo T2, I TRY—NVFRLER, $HREOHBRAIGIA TRV, T/,
C TR, XRIIHBESHTHD ., BEXREBEIEL-DICRHLLEBISLEICR
BZOTHERETIIERLTVERV,

2.1 KERCWEFRRZINESS DIERE

BAEBEFLEFRBRER CTHEIED SN TWEKEECWEFHEMESRUITARS 4

Fo 2 LENOBREREL LTVWAY - AMBERIITT. COBETIX. 251X
P YRFENOEFIE N L ) bEBET LI LIk b, BEML IS, MNHEIC
BEATHRFEHKRKTAHAZEIZEID, BAMBLANVF—2EMTEILINTEL, =
iz, MEEY Y OMBEZANF— T MEFEHIRFEHOFHRICHET 270
ThHd, I272L, BAMEZLANVF-IMBEERO —KBEMICBRLT 5, X5 4
FyZ7IERINTVSE Y T4 M YIZRKRF/YT —T4.1 MW(E — 7 )2 T
Ep L) Eitshcws, B#EBEF i v ¥—omE R L ¥ — 2R H0EFS
2. 3CART . K2, 3 I3 E L ) DRF/ST —200kW, 1000kW TOHNE L F )V
¥F—TOREERIRENRTVE, CZTOERRBE-ZEHRTHY ., MEEED
Fa—F147727513K420%. 05%TH5,

BEDPHTFEIX, BFIANVF-PEVGERI, EFE—-2HNETTLR2LEFIA
WE—ZFDLDIZKELKET 5. SHOFHMTIZ. REBORBED D, x5 4
Fv 72 OBELEGEFZT TR, BROICTRLEELGOEOFML, BIb, BF
¥— A0t LTI,

Or—R1-A: BEOHEEETERLBIBFE—L4

@4 —A1-B: MEBEATI20kWTHELNEEFE— LA

@4 — A2: IESE AT 1000kWTELNEBEFYV — A
Y+ b, BT —ADBFY—LBHELEE—AIFNEF-RUHBHOBELE2UIRT,
ST, BFVE—-ADFa—F4 7727535 —R1, 2TK420%. 05%TH 5,



JNC TN9400 99-039

2.2 PHEFRERMWOEBR

yRZAVT, RFErOPHFERESELFER, FHTFEY 77 v 7RIEED
BEZERIS L XBRIBICKNEN S,

FRFEDOKXBOPTRELRE - IEKRKE LIFITh, EFEOREHERDO—D
T, MEXIIEEORFROIOIICO—L Yy BHoORBHEY RS, BRI VF—
DE—ZEIZ. PRECEVEZED,LEVEEIZIT IZHEV18D 510 MeVIZEICH
B9 5, BIEKRUKBIBEILPEEOBEEND 555, LE. PEREOEV TS,
5500 mbarn, 2258 MeV Th 5, 4 Zh I NBOHETIE, —AZICEBILF—1X
B, FOMIIEL. /-, WEKIINE 2B, BF. PHEFREICIE, TEKD
REW, EVEOXBRICEHVS Z EAEWN,

T, BREOETFHEIZ., KBHEBEVWZIANVK—CHPEFLrEERETE S, XL,
H-2%Be9 ZENHPFREEL EVI AV F—ERIETRIALQE LA L)idsks Blic
AT LI, 222MeV, 1.67TMeVThH ), £DfEIZ, E3IZHIEEOLEV- T %
VE—IZBSTHIEN, |

54 F v 7z, BRAMEERFZRANF—HIOMeV EEVDOT, EVT RV F—
THHRTFERETIEFHOEOFMT 2, COLD, BEAVLIIEVEKICML

T, Be9 2 FRAEN L LTHFMEITR ) EVEICX 2FFMTIX. FHTFREE
CRELENEVI-OHBEPL)TRET 5,

2.3 REPETFDIFEY

BETRRA L2, PHFRECIPETF/ v 777 PRISEERKBE W) ZHE
HOBEFERIEEAVS, REPHTFEHHIT LRI, BELINVF-DHESTH
Th5b,

EREBOBEIX, —RICPHFIEFHCBBE IS, BREPRETFOIFNVF -1
H4 TRT &5 18] pb—208 DB h.LT RV F—135MeV TREE N 5,

—%. BEEF v 7 7Y P RESr L DREFIE. AREFIINVF-RPEFEOHEE

X o THEMMZRHOTEENH L, REPRFOIANVF —Enl KT RNVF—

_ Mg% - M? - M* +2E.M @.1)
- 2(M+Pncose"En)

TRbIND, ZCT,



JNC TN9400 99-039

Mg RREBRE. MBI RE. M PHETRE.
E, FRHFHENHH RN F— P, PEFORGHE, 0:PHEFOHEA

Thbd, PEFREDKERICOBEFEES ICRT, —OX»L, PHFIAINE—D

Afty MIANVF—KFURRUAESA L RO R ERe-9 2B, H6 BRUT ITR
To 7T TRENBEIIC, y MIRINVF—240MeV 2E T TIX, dREFO RV
F-RARLCKRIVEFEETIZIZ—ETHD, Lo T, PEF/ v 2 7Y PRIEIC
SHEPRFIANF—IAEIEKLT, Ay RIAINVF-—CHRHTHLITE
%o

BTHRSIC L 2PHFRER, HFHEFICE2BERIETH S, HEEHOZ RV
F—ARZ PVEEMFUIRT L) BERART PNVTHB, Lo T, BEPEF
IRV —LEHRWICL S, PHRFOIRINVF -1, EWPTIRIVF—%4%513
. P BEIRANVF—IILLBARY M VIS, 50MeVEFIATF v 2 h
LEBO N FIRANE—RARY VOB RES IFT, 6]

24 PMEFREFHOERE A

ENmEALr ST 2 S RET 01013, RALHEBEHEEISLETH S,
HEB B OREHRIT, FHRKIRT I, BFIANVF-EWwIEIL, T/, B8
DEFHFEEHVREVIILEEV, BEHEALLHERBROEEAOEFEFSKEEL K 42
WWiRT o RY YT A, . $8ICBET 2 HIBESHEL L HRERHEGERIIIRT, 2O
£Z06, HESERBEDFIEVEENEFFTH), BFIFVF—H50MeV L W E
WEBTFPR) ZFINF—D80%L LAHBEH A NVF—IZ 2B B0 5,

Kz, BHOEARIZ S 2HEBEHBERDKGEUZTMT 5, ENEADHMIZ,
F— Y OHETIRES(CmPSHC1om? Y ICHRE L EN0ER (g /om?) TED
FTIEBB NV, RY YT ALBDL glem? 7z ) OBEHAKL L HRBEEES FRT
F5 DL L X, REHAR L BHRBXOMTH S, RS 96, BEFHFZANF-0
80% % KIENDEI R IZRT, NVY TAZIEFIANF—ITLoT328%H
11.50 g/em? X ZAL T B 45, 813238025379 g/em? &, HF Y EILL v,

—h. BRELA-PHEFIEHANR T, TANVF—-2Lo -V ENICRRI DT
o REBUFOIANKE-—RNOBLTHHEHEBITREERLT, XY YT L
LSAMEMOBEARUTD LI ICRET %,



JNC TN9400 99-039

(CYRADIDR/FN - 1:5[) - X

RY )Y AOBESEIMFENE F117] 556519 glem? TH B, <V Y Y ADERK
WIER I, B9 [8] X b1 MeV RN LWIE6.5 bam TRE SN, FFE.01 HE1.84
glem3 % 50.799cm 1 & 2 ), FHHHBTRIIELRT125cm. & >T23 gem?ThHb,
LZHoT, NY Y ITLABENOEEIZ. R THIBLANT— D OBEL RNV F—
PHEFLPRTF LB L -DOEHDOEL0.035EIHEICHYST 523g/m2 e, BHEF
INEHEVOSESEICHYT 2R6gmZN "2t T2, ZOHE. BFIANF—D
BB~ OEREIIFR £3.4%, 39% LIEVWETDH 5,

) SAHEER DA

SROEETE 13637 gem? Th B SO EHRMBTER X, K108 X 920 MeV f55 D &F
F#%6.0 ban TAE S N, EFE2072 HE11.34 glom2D 5, 0.198cm 1 & 72 ) EH B H
TR IZEATS5057T cmy £ ©2T573 ghem?TH b, & oT, SBEHOBEEIT. PHTIL
BEKELT A0, BHEDIMETH 563 7gemt T 5, ZOBPE. AHEFIX
WE—DIZIZI100%A HIENESHICER E NS, SRDBE. BEDPHTIX, ZIZRERD
IANVF—-TENPORESINS, SROBE. BESTHFII, FIZRERDI R
¥F—-TCENDPLBH IS,



JNC TN9400 99-039

2.5 FHIEiZHFDNE & H

B22B 248 H 0, BF - AL TFREBEHOHELGICOVTUTICE L
Dobo ¥—A1-AlZ, BEOCHBEEGETEXLBIBFY—A, Y—R1-BIZ7 514 A
e rotihz EiITEBEAN200WTHELNEIBFE—L, ¥—R237 54 A b0
VEBHETERELMEBEANI00WTHLNLIEFV—LATH 5, EHDOEARIZA

DY ADGER, PRFIANVF-2E{TIRELBERYRESTEHENT
DDA THMET %0

BEFVEY—A
r—A1-A —A1-B r—22
¥~ AZRNVF—MeV) 10 17 35
¥ ¥ — A BHi(mA) 20 2 035
BT kW) 200 34 12.2
P EFREEN
VDA 2.3 3.4
32.6 39

¢ 63.7 ~100




JNC TN9400 99-039

3. it FRE B O

FR2ETRELASMHFICED, SBRUNY Y AREH»LOPEFIEZFFEYT 2. X
72 FOBRICLBEIC 2B MOMELI LD S,

3.1 $RIREYOD P R B OO RV

BVWEENENERVIRFREROUET— 5 L LTIZ10MeVELED b D 5%%
Vi, L7225 T, 17TMeV U LDBFIANFE—TiZ, PHTFREEEZBEFANVFY—
OMeVETHESNTVEREN Pl o FRENBOBF ANV F—KEU»L %
BfEb 2, H11 THHB X, 30MeV 2OIENSEMLIED S, ZZTik, 28
THRELZ 10BHEOHENTHFMET 2, HBEOKRERTICRT, K1TTH, B
. BURER., k4, Fa—F 1 2GALRTFHOBRRY., 1BHETOKkWHEZD
DREFUFERT, RIAONSB X HIZ, 17, 35MeV TOREFEFHIZIEZ 46.1
x1013, 48X 1083w/s)TH 2, CORERIZ. BHFEELABOPEF IV VY AIC
FI2EE Lvy, PERTEROBEEIC X 2BPICOVTIE, 35MeV DHE. B L 1mD3E
B 38X 108 cm?/s DHUFINI VAL R B,

3.2 XU Yy LAERNOREFREB O

BFIANVE—10MeV fHETIR. LEWZRAVF—DEHEF /v 277 FRIE
12 & 2 FREMENTEMT A ULENED 5, HIBIHRSHC & 2PHEFIIREY X,

Y(Eo) = N j; ™ (k) %t- dk 3.1
ZZT, Ey: BFTANVF— N: BRE P ORI,
o (k) : kT O T T4 B AR d g/dk : IBYEBE O TRV F—ZAR7 bV

Thb, LADPL. BFIERINF—10 RU1TMeV TONRY ) 7 LAFHIH» O O PEFIL
BEERD S,

HEEEO T ANV F—ARY MVIMTFEABETEDLIND &) LEKART PV T
Hb, BFIAINF—IENEEE., HBEHOTRINVEF-ZAARS PVOEHIEAL
+2, #2C, 20MeVE2ETTIX, 1200 pa~xs bVRIEED L. HEHEAE
CREND LI, BHOEAZEHET, POoPWEOERZEFESPOMIET
%, COBBANBEFIANF—TIX, HBEIRIAICEPTILL, LFATIAT
537 Ui HEAT B LIRET o Be9 O FRANERK . X@licz e

-7 —



JNC TN9400 99-039

LNTBY, BEPUTFIX, nghkUn PRF(RIEHKIZ K4 FREHBe-SOEERE, #

—BERBCBIRBET 5P EFIOZEET, TOWHERRRIBOL) 213
F—EHERERT. SCCRIOZAEOFRTFE T LHT, M CERLEhD &
IS WoDBIIHT TELMEHET 5o AHEFNERYRG.DRICLD,

4
= (49 A, (32)
Y(Eo) Ngo(k),( or), A
TEDbEIND, T, i BBEETRL, AkEBHOIRANVF—EERT,

AR COWMERRUHBEHNEEE A NVT—IBE & HITKS IIRT . FIBIESAE
B4 2SI FIVF—BOFRETREL. $72, 10MeV DEIETIRAFORET
AVE—H10MeV IZRB L) ICTRIVF—IELHAEG L 72

GHRXDP LRI YT AEHPOOHEFRERERI IIRT. RIPOLTHE L)
2, BFIANVK—, U-L2BHPENOERZLD, &V D T82 X 108E/F,
AEVHOTLI X101Vl E 2B, L72HoT, 17TMeV DEFIANVF—DFED
miEFRAERIX, I0MeVOFE LD, 20REDHEKRICE S, 7L, 35MeV Téh %
HAWBEE LD b2HFIT &SV,

33PFMFREBOT LY

IR UIHOEMTHELON ZEHOIUREELT T LOTRIOIIRT, &7 —
ADHBFRERBOLUTDO L2 5,

r—2A1-A r—A1-B r—2R2

T 54 B(n/s)

1.9 x1010 6.1x1013 4.8%1013

BEEDIEROEN TERTE 217MeV TRERIIALF 1013/ %2 Y, 35MeV T
3. BAERIIIEREEICHENT 5,

3.4 HEEXICEK & h B k(W

PR FRECLECHERBSN T2V L LT, EH, IIERFEOL 20
P L EHORHBRMTH L, RREFE—LAPREXRICLZEBANLODLT /S VR
NOX REDIELASHRLEE 25D, QTFHOBRFRKTETHIET 5 LREL 72

ST 4 COEMIC & Y BAT6IXI10B BB THE, ThEkay s -+
_ 8 o



JNC TN9400 99-039

TLe TR HOLELELY, REYREELHVCEIS2 TRRL2, B
15105k, IRV F—%20MeV LIRE L TIZIZ500cm BREDEAVLETH
. IESE L e ~NVEEOERA R E H230cmix, 1012 H/AE TO L o ~VEEDICH
% L. 10 MeV TOMESEEEE25H D7 — A1-A)TORREFREICHIET 5o KR
IZIE. SRA P —I VAR E LTAMBE L e ~NOHLEICES, Tz, FHEL
- FRAEENTIZ. BX260% DBFIANKE—HEHERICE ) TRV F—2#L
LTEBTERbNE, SO, BEOY - LAYV 7HHRL IZIZASORSBILE
i, £, BHTIR, BRHOBEHMLLBEHRIUE 2 ZRT 2 LEVDH %0



JNC TN9400 99-039

4. RiEFOFIA

FETIE, REFLTRAPHTFHELARE L, BETFTITERARERTEXL ONLFA
FEILOWTT LD S,

4.1 {bHERR & D

#HREMONES I & 2 pFRAERN 2| 4EOFMEESORINIR LI, BT
BT, ARV =Y a VERITNABBBREISICL ) PEFEERT 5, COKT,
MDY ) OREPBEFRIZ, ARLV—Y a YOBAREERE L D205 5 504
REDNENEV, —FIC. MEREHDLVIEIBRETORRBER, EFMRT
1500MeV/E. BAZHIFT200MeV/E. BEFHRTIOMeVE DIRICZD, =7 v M D
BHOED, BERARL -V a YEEHEPRFRECHVLOATW S, XTA4 Ty
yCBLNLPHFREBIIME LB L ThEWD, SRENEMEELTLIHFIXRL
T, PHFIAVE—MEL 2245, 1014EAVEEICET A2 L RTEETH 2,

F11 OIEBIZL2HHTIE, ETE—LEI By P OBt p OV AHEFT
b2, LIAoT, BIA4F v 7O E LTI, CWISEW/ O BEAREOPETFE
PRV L EEPL, BIFIVF TRV Ny 7759 Y FONS LRES
T L Thbd, /7. KEI¥ LY ¥ —EBOFLOBEPEFR IV VR
3. BEIXIOB A - cm?THY., x54F v 7 THONLZPUTFEREL Y KE
Vv, LA LEDS, IESETRAIESAREZHBNES ICHBETESHEICELRERN
TELFIRPDH 5,

Kz, I+ v 7 EBFMESOEBEIA 2FHET 5. BHRIE, 774A 1
ARSI IEEREAR 4 $50%, 10%THBI L, T, RICBRLPETRER
KORBLY ., BFMEBRDOEIEESLAF v 27 L0 14011050325, LPLR
o, AVFFVARAPMEROEM L P BT MEZOFHFBVOT, REWR
BEIZA L LTREVESZWEBDIS, BL, BRIA M, BFI7A4F v 7
DFHDBEFD— LR TH 5,

4.2 FIFDORHEME

A CHM S N AU TFREETRHARROFAA LRI T 2, 7. BRAREGHD
BWTFS TA YT T 4 — kTR DRI RMETH Y. 100 s ETHITERD
b B CRERTE D LT L Bbhd, 2, PHRTFEITIC L S2HH
RERCIIHBEIARRET 2HENE



JNC TN9400 99-039

RIATF v 7 THRONIPUFEFETIA T I ERELT, AR PO X—4
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FRITRU18ITRT . 14 82127 Fui— ¥ nf) iz, PHRBREEHOE L Chit
FIANF -2 BIRLTCUENTRELIETHE, 72 VY LA%EDMA ORFEREH
BIEL) YA/ VETHFEROREECEELETH), LV HEEOBVERILH
FlhTwd, XIAF v 7O — ABE2BFHOMNHFEDEESE T, IVHHLS
RAZOPBETHERICTEIILIZEY, DI RRAENTHETHLLELI LN,
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HEOREE. RV )T ALHEENL LTREOMESFEES TI10MeVT1.9 X 1010/
B, 17MeVT6.1X 1013M8/8). RFDEMEIT LR VT 2 —F 4 D/ E & 535MeV T48X
10B3E/MBRED T 3V F— 4305 55MeV $ THA LA ARy b b FiEIEON 2,
BHDEAIZ0.0350 510 BHETH D, SRICOVTIIENEAZ2EICT A LIZE
D, 1014 e BREDHUTFIELN D, PUHTFINES LT 2701213, BEREDL)E
WX ABHORBENBETHD, EHLIELLNWRHEHROHEBOILETH S, ¥
Pz PHEFEEEICS T H7201CE, PHFREENHE ., XRBEEN(Y I V525
BTrILhBEIONDE, FMTHELNIPRFETIE. PHFITFTI 71 DI
P SRANRZ PURXR-FFICLIMAFOET— YHIENSTREL B I NS, FIHICD
WTiX, FIBRFDOUENEETH 5,
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Al BIBEEHO I XV —I~NT ML

BETFPHARO ANV —-CHRE L HEERT IS, BEFEOEBHICL DV EFIIEH
BLENFIRFICHIEIRII L ET 5, BZANVF—DEMYPT, FIBEHFOZRIVF—-2A~
7 W Vdglde . BFOXTHRDbENS, [Al]

(AL.1)

[ 32 ho)
Z T, B=vic (BFD&EE). c: Y&
n=hln h: 7977 €

ERICE 2 HEBBEHOFEER L MF1IRT, FHEHARY FVEEICRT LS
KEBIANVTF—PLEGHICOHALTWE I EEbNb, ARY MVEHEREFE
FOZRICHIT S, T, HIESESOREFH L.

c

2 2 2
¢ |3, 14780 . d¢ (Al.2)
dodQ |2rn (1+7262) dw

TEbEIND, ST, y=Elme TH5b,

ERICED, BFIRANVE—BREVEILHIHFSAICL B, Pz, BFLANF—
5. 10MeV THEUELA 0.1 1ad = 5.7° DEEIXFR 40" D0.125, 0.02751FL 2 5,

A2. EFDRAILRE & FIBHES X
BFOREBBESHC X 2 T2V F—18R(C T TRAEMILETRI)IE,

(%)md =400 7 rezE[ln(lzs—;) +o]  Meveendgly a2
TEbEND, ZIT
o : A E R %1137, re: B BT HE =28 X10713 (cm),
Z:PEOETFES. No: 1g P OREFE,

E:BFDODILRIX—
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ThHobo TITERVTEUNT, ROKXD L ILXpt EHT 5o

1 183 -2
Xo = 1[ (g - cm™) (A22)
O " 40rZN, 127

ORI, BHELFIN, BEFORBESFI /e ICR2 BRI TIREETRTE
BERDT, ERWROBHEER 1 1TRT,

BETOMRLOBRIZEZ T AVF—HBRCHIERE. & 2 TIIREMIEE TR,

_ dE _ 41tr32mec2NOZ [ ( mecz B2 )_ 2] (M V - m2 -1) (A2.3)
(E)co.‘ APB? In 2% (1 - B?) P YoemE

TERb&h3, 2T

B=vic. v:BTFOHEE. c: tH

I AFMERT v, BRI DECHE TR, I=10Z (V) THEUTE 3)
THhb,

BILANVF—DBFORE. HEROMERDLO, BEBFHAKLERICLST A
V- BROFELRBOAZLENEETH S, QDRUERIFNLD, HRIINVF—
HEZ, ZEMEICHEIL, HISEHTIVF—EREZ2 RUEICEET 5, QDR
A1L3)XDKL LD, WHEOHEEDEE

("_E) / (@) _EZ (A2.4)
dx rad dx col 800
FiREN B, HBBHAKIHRARL S 2EI AN F— FHRZANF—
L,
800
_ (A2.5)
&= E+vi12

THEbihz, [A2]
LoRX X hEFHARIEHEEREEICED 2EEEZH A2 27T
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[A2] M.J.berger and S.M. Selter : "Tables of Energy Losses and Ranges of Electrons and
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F1 RBHRCWEFRIEME D B B4k

BRI 3 IVF—MeV) 10 #2038 L(pps) 50
BAY— ABH@mA) 100 T a—F 1 (%) 20
T ¥ — ABH(mA) 20 BRAHEIEW) 200
¥ — A%V A §E(ms) 4
F2BARE—LABREBTFIANY-RUHHDOMER
BRAKE— LB r—A1-A br— 22
(mA) V—AILRNV¥— VN Y C— AR NF— V—ah
(MeV) kW) (MeV) kW)
0 15.7 0 39.2 0
50 12.7 127 36.2 9.1
100 9.7 194 332 16.6
150 6.7 202 30.2 22.7
200 38 151 2713 273
250 0.8 40 243 304
300 — — 213 320
350 — — 184 322
400 — — 154 30.8
450 — — 124 279
500 — — 9.4 235
550 — — 6.5 179
600 — — 35 10.5
650 — — 0.5 1.6
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T3 AXBRETOREFREL 3VWE

i B SRTETE H () QfE(MeV)
H-2 0.015 2.22
Be-9 100 1.67
W-180 0.12 -
W-182 26.3 8.05
W-184 30.7 7.41
W-186 28.6 7.21
Pb-204 , 14 8.41
Pb-206 24.1 8.08
Pb-207 22.1 6.74
Pb-208 524 7.37
Bi-209 100 7.45
-- Not known

Fa FIEHRAHAKR L HREROEHEDO I F NV F —KFH

HEhERSTAK L HREKDES

10 MeV 20 MeV 30 MeV 40 MeV
Be (Z=4) 0.05 0.10 0.15 0.2-0
Cu (Z=29) 0.37 0.73 1.09 1.45
Pb (Z=82) 1.03 2.05 3.08 4.10
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SR )T ARUBDOLRIVF K

IANK— S VDL PA s
MeV
MeV)  ToatmE | mzEk | 2Rk | mhEk | ®RRk | 2EE
10 0.116 2.320 2.436 1.698 1.657 3.356
20 0.232 2.320 2.552 3.396 1.657 5.053
30 0.348 2.320 2.668 5.094 1.657 6.751
40 ¢.464 2.320 2.784 6.793 1.657 8.450
FCHIINF—IRRDOYRIE, MeV emZgThH 5o
F6BF I ANF —80%IBLEDEMNDEA
IERVF— RYYYAL s
(MeV) (g/em?) (g/em?)
10 3284 2.383
20 6.270 3.166
30 8.996 3.555
40 11.494 3.787
FTREHD S DPUFREE
BFIANE— Bk i I RAEBHTR
(MeV) (mA) kW) (n/(s * kW) (/s)
17 2 34 1.8 x1011 6.1x1013
35 035 12.3 3.9%x 1011 48%1013
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8 N VY AD L DRRTFREMERDONS T

23

I I il )\

IRV F—§iEMeV) 1.7 ~ 3.0 30 ~ 6.5 6.5 ~ 120 120 ~ 17.0

IRV —IEMeV) 1.3 35 55 5.0

HFHBEAOMeV) 0.035Xg | 45 51075 | 2.1 x10-5 33 X10°5

05%X0 | s9x104 | 30x104 | 48x10°5

HFHBEATMEV) 0035Kg | 5 w104 | 13x104 | 43x10°5 | 38X10-5

05%0 | 26x103 | 1.8x10-3 50x104 | s5.5x10¢

44 F- 56 A T T B (mb) 0.67 0.44 1.61 0.89

HFHEEINRY )Y LDEFHESTHIEL .

TN LAREHLLOPETFRER

BFIANY— Bk BEHE A PHEFRAER
MeV) (mA) (g/cm2) (n/s)
23 % 108
10 20 8.2 X10
326 1.9 X 1010
23 1.3 X109
17 2
326 1.7 X 1011
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KIOPHFREEDT LD
BFIAINVK— | =23 NVF— A0 it F- 5 A B
(MeV) (mA) (g/em?) (n/s)
3 ~YYTL 23 82 X108
XYY TL 326 1.9 X 1010
XYYH A 23 13 X10°
17 XYY L 326 17 x10'1
8 637 6.1x1013
35 0.35 s 63.7 48%1013
F11 HREHONMERC L 2 PHEFRER
S IRMK— | ASHET - B0 | PHETRAE | E-afip RERE
(MeV) /) &W) /(s - kW))
AL AALTIRF 250 e 14X 1013 7 2.0% 1012
AT %% 35 e 1 x1012 2 5 x1012
B LA 500 pru 3 %1013 3 1.0x1013
Harwell(3%) 60 e U 2 1014 90 22%1012
Los Alamos(K) 800 p-Ta 18x 1014 — -
Argonne(K) 500 p-U 3 x1015 30 1 x10l4
Rutherford(3%) 800 p-U 4 X1016 400 1 x10!4
vEPRZ: i 35 e-Pb 4.7%1013 12.3 3.8X1012

e; Bt pET
BN BDEWNIX, F—FDZEARDIZE 5,
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£ E2PROEBHE

YWE EAT R

(g - ecm2) (cm)
H, 63.05 890
D, 126.1 764
He 94.32 755
Be 65.19 35.3
Al 24.01 8.9
Fe 13.84 1.76
Cu 12.86 1.43
w 6.76 0.35
Pb 6.37 0.56
U 6.00 ~0.32
H,0 36.08 36.1

72&R (20C) 36.66 30423
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BoOME - LRAR

L YNLEd S 4 "

BRI MNER

>

RFE-L
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B iEFRER

l RERHT

Bl BFHREMESR LA PRFREE - AT 1 Y OBLEN
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o
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o

1000kW/tube
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T
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B2 IEEF T RV F—-DRRE — A EFREKFH

ILEE Y72 D ORF¥7 —200kW. 1000kWDHE I & )i ¥—TDdEt
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03} 200kW/tube
= 0.25 |
)
5 0.2
3
a 0.15

1000kW
0.05 | ftube
_—-—/—- \ S
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Beam Current (A)

X3 BF ¥ — A O mEE KT

IEE Y72 ) DRF/¥77 —200kW. 1000kW D& L : )V ¥—TDEt
BEERETTRT . HNOKEHRIZIEZRI00mA 2777,

800
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(w-+ k) (Ep=Mpc?, Pp=0)
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wy BOTFINF— EpBHIBOIR V¥~ E RBBDOIAINK— Eg BREBOIINF¥-—
k:y ROEBE Pr: BB ER R P, REHOEME Py REABOERE
My BB HE 0 : BELA

B5 y #i & 5P EFREDKFERICR

ERICHORET, EAIIRIGI L ) PEFIRET KB
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B9 XY YV 7 AEM O PETRICEERE O PHEF 3V F—KFEE
T — FIIICHRBIC & %o
10 [ 1 ‘ 1 l T I i 1 T T l 1 T 1 1 I L] 1 L) ¥ l L T ¥ ]
s 8 ] | ‘ Pb (natural) ]

“otal cross section
H

llllll:

IllllllllliV:

OIlllllllllllllllllllllll

10 20 30 40
Neutron energy (MeV)

o
(%]
o

10 $8(CRAR)ER O h T RICEREE O T = 4V F — K%
7= & 3381 & %o



JNC TN9400 99-039

2.5 l T T T
X|O|2
(c)

20 -
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Eo (MeV)

H11 85 6 OhEFREPNEDOBF AN X —IKFHE
7 — Z EICHROIC X B,

°
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13.606
*Li

19
1

10.4378]
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2100 74 s
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1.664 THRESH

X113 Be-9 T RAERER
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'g 107 g T T T T T T Y

b

€ 10-°

%' 100 ]
e Niev
ng 70
v 50
107 .
N 13.6MeV

I S NN\NY 231
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N
W

N
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9|

(d¢/dw)/Z* (Arb. unit)
=
W —

0 02 04 06 08 1
hw/E
X 1 BF» 5 ORBHESF ANV —ARY PV

B3 EFIANF—BFIANFTH-7-b DT, HEIIaE*
BEFEHEEFOHETH DD TH5H,

Ee =40MeV

N W B W
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[

Ee =10MeVR
0 20 40 60 80
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