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Simulation for Developing New Pulse Neutron Spectrometers L.
-Creation of New McStas Components of Moderators of JSNS-
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Moderators components of the McStas code have been created for the design of JSNS instru-
ments. Three cryogenic moderators are adopted in JSNS, One is coupled Hy moderators for
high intensity experiments and other two are decoupled Hs with poisoned or unpoisoned for
high resolution moderators.

Since the characteristics of neutron beams generated from moderators make influence on the
performance of pulse neutron spectrometers, it is important to perform the Monte Carlo simula-
tion with neutron source component written precisely. The neutron spectrum and time structure
were calculated using NMTC/JAERI97 and MCNP4a codes. The simulation parameters, which
describe the pulse shape over entire spectrum as a function of time, are optimized.

In this paper, the creation of neutron source components for port No.16 viewed to coupled Hy

moderator and for port No.11 viewed to decoupled Hy moderator of JSNS are reported.

Keywords : Monte Carlo Simulation, Pulse Neutron Source, McStas, Coupled Moderator,
Decoupled Moderator, Neutron Source Component, Neutron Spectrometer,
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EFL—Y—bRERKEOHEREZEATVS, (1) HBEEARETL—F—] BUVAT =1
FTEDHREABELETTL—F—Tdd. (2) FEEAMARETFL—¥—1 BT Ay T I—
TEFL—F—EREHEEES 2 LK VBRI RN F—OPHEF2RNL THNWSIV AT 21T
BHEELTVS, (3) [FREAMRAYV Y RARETL—¥—) BEFL—F AR/ &L
NBZEREORAV U IFNF—UTORETF/OVAOREREEMEEE, 518N
PIWVAY x4 TaHES,
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1.2 McStas B#1R

RENZIal—2a DY T I T ELTERDHSD (McStas) Y Z2#IRL . McStas id
Riso. ILLZDE OHHEFARBOETFHND - I al—2a Y7 hELTERAESNT
W5, ILL ®IN14, D20. IN16. IN10, IN6, D16. D11. IN5. Riso ® TAS-1. ISIS @ Prisma.
FRM ® PANDA %L T HFBR @ H8 % 3 70 BN S/ APHTFRHBET, K%<
DOHKBOIIalL—a iKERENTNWS,

ZOVI MY T ORBIZFO IO S AORAEIRSH D, 2R —R PEWD B THE
FHERTF, WHPLEEDE /) /7OA—F—HE2EZLXL. IR FOBEAGHETH
WEENKZEELT, #EE2BILD, J0R—FbEH, ELBaCR—F 2 bOHEAED
HEIERTBDICIENAROEBERCLOTWRHIREFEEZR VS, HRTTTHS Riso. ILL
TN E—F FOBDRE L AHEINTED., HENASHEBTH S5 T <ITER

_1_



JAERI—Research 2003-008

TEBHRENDH B,

FLEHEERIEELTY I MY TIREBALLARZATIVDBEETE I ENETLNS, X
HIZ%< D OS THBHT 2., #RT 5 0S 13 linux TH BN, gec DI /NNA T—NEH BHETH
< DT Windows THFATIRELR> T3, S, linux NHFHBETA A b= TEBLIIC
72> TNBHDT McStas BfEICA A M=)V TE 3, X THESNZI L R—F O MR TE
NITBBIZHABDS I 2L —2 a3 >N TES,

LA« bL—ADETHNDO - Ial—alDYy T b7 McStas ZV 3 Tidiz. ftlicd
GUI(Graphical user interface) ZHWTWSY 7 b 7 T#H% VITESS. IDEAS % ® Windows
LETETOYS LTSS, 2EL, PRHTHAEETFRIEICHDASHABINTLAEBDOUNMER
TERWV, FHLVAZFEFEZHMADHEEIT. B THETHAREETZ CEEL2AVTERTY
LOHEEEBL TRV EEL WY,

VI b7 DBRNTHEERLSDIZETANO - Ial—al 7oy s ABICENEE
KHNDZNTDH D, Seegeret al iLBETIal—a> 7Oy S5LoDERFIEAEEND X
NTND, Seegeret al ICK BT Ial—2a P ORBIILUTOL bz, Ty o~NT
ESLBFZEFT HFBR O H8 E— AR — MIFRBEINTW 3T TR EZENENDI I
L=2a V7 b THELTEORE L HERBICEVY I NI 2T OEERIETEDOTH 5.,
BHINF OO LEER L. BIEZfT>72Y 7 b2 73 RESTRAX, McStas. NISP. VITESS
L IDEAS TH%. &V I NIz 7ORBIRDL ST/ 3,

RESTRAX [3&<H 5 3#FHFAABRERADOI I 2L -3 7Oy S5L0THD, £5T
SEMPMTOABOI I aL—2a VIERATEZH, /OVAHRHETFAHRITITAMZN, NISP
X MCLIB 0¥ 7 )V—F > D51 75U —Th b, BT 405 (BETOBAbEY) O
BT HERTEELTVS, 207075 L08MIT. BEILTBDIZ web site ZRNTNS T
L TH%. VITESS 330 DFHTHAERTZH> TS, LELOT OIS ILTH I IIVEEKDN
DB E TFIAT—RREBELEBEOAY L NROUBEDTO Y 5 L TH 3.7%LANITIY
Eof, INEEDTOTILABRALLIDICHRAZ I EER®RL TS,

McStas 2DV 7 b 2 7T U TEN TN S RIX. McStas D3 > R—* > btk O S3E
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LZ2RTHD, WH - EOBRFERBRICRESINS )OI AFETROKEZ 4232l — 1
CIEATZESORICA—F 2 FERMBMEOEFAND - 32l —aldy Ty
O THEMMHEL McStas WRVWEEZ S5ND., Lo THFHTFRBRRICAWSY 7 kLY &
U T McStas ZFRTHEELE,

1.3 YZalb->3rynEBY

JOVAGIHZBRITBNWTITRBEORE O T BROREICRNVEEE 525, 3D0EFL—9—%
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ETL—FOEMER— b 18~F— b 20 BIEBARR AV 2 RAZEETFL—YOEMERBZ &
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OBBED I R—3 2 bEERLE, EoFhHA - 23aL—32a 0V 7 by 7ELTH
McStas!) Z2#fT5 L& LT, EAMAERETL—¥) 2BEETHE— LI HELOE—F
16 ICBTHPHEFHROI R —F 2 bE THFEEAGRHARETL—¥) 2REETIHIE-LARDE
LAOR—M 11 ZBIBPHEETFEDOI D R—F 2 hOFNFNDI L R—F > MEREHET S,

2 YH AGHERBRERICREINSIDHEFE
21 BEFVL—9—0OHHEICONT

HEERAKFEETL—F—1. BEREARARETL—F—) & TEHEERA1Y D RAFEET
L—4—] DhHHONBEOREIE. NMTC/JAERI97/& MCNP4A O a— Rizk->THES N
w5, |

B 213 ISNSDEETL—F —IZBITZTRINF—IZT 5RMEEREL2 Oy M LEDOD
THd. TNENDOR— MIBETFL—Y—DERERTWAE—ASA > THD, T Tl
GRAKEETL—F—OEEIER—F 15 THD, FEBESHAKEETFTL—F—DIEEIIR— b 22
TH2, EEERA YV D RARETL—Y—DERIIRRA Y L OMBENRETL —F —OHNHIC
ENDOTEHEUEBAUOETNENERTHS, d—F 19 ER— b 8 EBINLA, K 213 M#AEIK
RETV—F—) OBEN—HNESIHEERIORENILEZRLTNS, IEBARARET
FL—F—TbRAVEANTHDIETL —F—IZREN1/2 05 1/4BREE K5, KA
COMENETL—F —OHRTRNZD, EFL—F—ORTNWHEMNEN X HEG X/ T
ERRLS, TXRNF—ICHTIRESMTHEMIEE—7 2 E S 5meV FHEDHBENRET
L= —IZXDENM—BRELRDN, 1eVEBADZITXNF—EETRIFIEAEZIZIRONR
<72%. UL, EBRCERICFHINTOWAHEFOI I F—HBICHL TS 0.1meV~1eV
TOREZIHSNTH S,

B 31 ISNS DB ETL—F—IZBITBTFINF—IZHTRE—rRELZ27O0yv FLEBDT
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DY ARBERT, BB FOR S MREORE 217D HLEND L RE T EMIBO/NS WhtET
HERIRTILENRD D,

RAVZ T INEMEERAFRET L —F—IZBNT 2 DORERVEET SEBIER 1Y
y@&ﬁﬁ%fb~9—®¢bft“kbf%%&%26&60

22 EFV-S-DOORVELAEDE

S5EUK 6 RECETL—F—05o0ROHLAEDEEZ 7Oy FLERTH S, X 5134
BEAKRET L —F—EHHEREAKBET L —F—OROH LA 2BESFHDENETOY b
L7=HTH 5, #ABKFETL—F— OB REIARBE (EE 14cmx10cm) TH O, FHETFE—A
WROHUARMUMNMTIEIHO DT VEFL—F -5, 5 TREAEAKFEETL—F—DIEM
EHNWTVWSER— b3 ER—F 15 ORMEERELSL. K 1IZBWTHR—F3NSREEIDIC 18 E
Bl LT E—LAROH L OICHY TSR — b 1 & RRETEIDIC 27 B L 2T E— A
CBOHLOICHYT SR— b 6 ORMEEMEEZ Oy ML, £ER—HF 15MSRERID, K
BRI DICFN TN 25.6 EHER L ZPHTFE—LBOHLOICHSYTER—b 15 ER—F1TD
KEEREE 70y L TH 5, FRICHERESEAKEET L —F—DOE—LROHLAEDEN
KEPBEMMOENS Oy FLTH D, FEARAEET L —F—OBIKRIT 12x13%x6.2cm?
DEFEIENHREL TWS, EAEZRARET L —Y—OEROFHEFE—LBROBL ORI
R—h11 ER—F 2 THY, R—H 10 ER— b 12BENENR— b 11ITH L THEHEID I
7.5 8., KEEHEIDIZ 10.3 EEERL AZAMOROELOTH D, R— k21 &F— b 23 idehEh
AR—b 22zt UTHaHEI D, KEEEHEIDIC 12.2 ERERLZHROBOHL OTH 5,

M5MEETL—F—D50WMDHLUARICKERETIE SR, EEBMKEET L —F—
ZBWTIE, PETFE—LABRDHLUAENKEZES B> TSN, HERMAKRETL—F—OERK
NABKETH D I ETLDRERENHBNEEZ NS, ELIEEEARARETL—F—DOF
RIBIEHEOERENSH TS, PHFE—LBROHELAEOENNIVWEZDEDL D RE
NeneEEZ SN,

X 6 I3IERERBIRA Y 2 RARETL—F—ORA V=2 T 2RI E2HE & KO/ OB D H
LAIZXZBEMADENE IOy FLERTH S, h— b 19BRI/Z 2 TOFWET L —
Y —DEMOFHFE—LBROHLOTH, TNENRFED & KFFERDIC 6.8 EREL &
WMOHLONAR—F18ER—F20TH5, KMUOAOERADOHETE—LARD L OAR—
8 THD., ZTNTNHEED ERKFFEHEIDIZ 6.7 EREELAZWROHLAONR—F7ER—K9 T
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2.3 fhOPHFREDOLLE

B 73O P IR & JSNS ICRRE I NSV AP HEFIE & ORFEEEME O TR F—n7h
KOWTHEZITH>ZHDTH S, JISNSOEETF L —F—DiREIL 100x100mm? OEEDY 1
ATERHBREINTHY, ERICHABOERTI2PHTFEROY A XLizoTnd, HERREL TR
DIV APETFIREGT TR, IEARTREOEEBT> TS, AUV AHEFRED
e & U T KENS, ISIS. SNS ORffFE58E O L3IV F—0h & EHPETFIETH 5 JRR-3M
L ILL OFMEEREO LXNF—HbEMtE 5, JSNS DHEKZFETL—F—n5E850%
HHEFOREIX KENS © 200 fEOMEEFFDOZ ENbN 5, /- ISIS EHEEL TH 50 (EOHE
ERHDOIENOND, BEBROED SN TS SNS ERIBRLBEZFED. —HEEFEEHT
% & JRR-3M D@ HFIROD 2 fEOREZHFF D,

B 8 idH IR & J-PARC OME - EMBFICRE I NSV AT TR (JSNS) DIV A
BEOIXNF—FHAICONTHRET OO TH S, K FIEMRE & FRIC JISNS DFET
L—%— DO EI 100x 100mm? OBEEDOH 1 X TFHEINTNS, /NIVAREZE A D EHERHR
ERROPHEFE TH S ILL O 200 f50EZEZHD, £/ JRR-3M LT 5 & 300 TH 5.

3 McStas [CHFHHEFEIAR—R > MERK
3.1 McStas [CHIFTHIPRHEFROI > R—F > MERFEMG

ETANOIab—a > TRPHEFRHLHEMOEBENS T AMIRETEHEEX
%, NMTC/JAERI97 & MCNP4A O d— RAS5/6N/T— 413100 x 100mm? DEFEMN S H
HTFNREEL TVWIREBICHEZELTNWS, ZOEDIRBEMOI S R—%2 F2ERT3ICH
720, 100 x 100mm? OEHRDET L —F —RE TR —RKITHFEFRREEL TWBELTWS,
FELEPHEFIIBEICHT 2RI F -0/ TR NF—2H5. Tx)F—ho
FONNAL A TakD B, EFL—F —ORADEBEDOIMEN SEBEDH B Z NPT
EREIED,

3.2 HABKERETLV—4—%2R3KR—bF16DFHFRIAR—F 2 FDNT
3.2.1 BEFLHBEOIRNF—9FWICDONT

AR INPHEFHEICB T DEHARY PV ERTHEEIIW< D252 39, ZZTiEEoF
T Ikeda-Carpenter DBI% 3) ZICicBAKZE A, JOVATHTFEASTD TN S P HEETH
B TOREFRBLO, BEM THCEES NPT (BEEHE) SR HakpEo it
(BEE) D& L THRBEEI NS, Tkeda-Carpenter CRENTWVB I RN F—IZBITBBELHD
BRI T oL D iIC>TWwa,

i(E) = ITh%exp<—E£T)+IemAAé%%<EEO)Q (1)
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ROE-ENATEFETH DE_HNREHTH S, 20D 2 DDBEE X/ joining function A(E)
EEHLT2DO0RBAEEEDRIT TS, CZTAE)K

A(E) = (1+exp(ak—b)™" (2)

TH5, FRIRLELD CHSRAZEREM T I 2l —Ya AT K- b2
R LEE—ATA1 3R —b 16 TH D, Ikeda-Carpenter DBIEEMH L T fitting 217> 7.
fitting DEER., XTA—F—ZUTFTOLIICTNTHARKRETL —F—%H5R— b 16 Ok
[1SE 1938 E 13 Tkeda-Carpenter DB ZF DX EHATES Z &b o7z, FEBRIC fitting 16
ALZEKIIR 3) TH 5, F fiiting DRI 9 AVRT, BREZ DA NMTC/JAERII7 &
MCNP4A O O— REFRALULGFBETH D, dHENK 3) ZAH W fitting TH 5.

. _ . E E (1+ exp(agho — bo)) 1 ( E \™
i(E) = ITh‘Ig eXP( ) + Lepi (1 + exp(agA — bo)) E(Ea) @)

ZIZT
M = 9.04429/,/E0 (4)

ThHd, BRBFEOMEIETER 1I1TRL.

3.2.2 BRI MILOBKIZDOWT

Bt XN 72 HORET — ¥ 1B W T Tkeda-Carpenter DK TIIREOKHDMNBHETE
B, TZTRINY DESEFEZRANT. K EZE X Ikeda-Carpenter DB O TERET
5Z&ELE. BIFNF—HEETLISEIBAREBEIRNF—RTIKEIHEKOREHEST
BRI 707 7 A IVERZERTEDIC Uz, BIRNF—EHE TS —HT 588 % Dpign(t). K
IFRNF—EHETELS BT EHEE Opu(t) £T 5, KL F—HFIRTII Ikeda-Carpenter O
B ¥ TE<E Y, BIFNF—FERTIE/IORRLALEK Y TRSAES.

oult) = [ dtoe [ R)O(t — 1)) + RBO(t — ) exp(~ ﬁt—t’)] (5)
ENON
doult) = 3 (at) exp(-at) (6)

THB, EEHEIXNF—ERTRLS S WL

Bnign(t) / dt' (¢ [ (1— R)S(t — t') + RBO(t — t') exp(—Bt — t’)] 7

= (at)® exp(—at) (8)

Phign(t) = 3
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L%, ENTHOBRKOHENZIETSH L

B(thow = 9—[(1—R>(at>2exp(—at>

2
+ R% (exp(—ﬁt) — exp(—at) (1 + (a— Bt + %(a - ﬁ)QtQ))} (9)
B(t)high = % [(1 — R)(at)® exp(—at) + R @ 35) (exp( At)
- exp(—at)(l + (o= B)t+ gla— AP+ o ﬁ)3t3))] (10)
NS5O DOREL R THUDITS L
®t) = (1—R)®(t)nigh + R'P(t)iow (11)

LheB, BERICHEOTOT 7 AV E fitting THE RE RGFEAERACEEED, 22T
(I)(t) = (1 - R)q)(t)high + R‘I’(t)low (12)

ELUT fitting 27> 72, BEHERNARRIILUTORER S, fitting DFERIIN 10 &2 5, KEHKEE
EFL—F—%2BTNBER—M 16 DE—LTA IZBITDD/NINVAT A T % OB (13) i
FIEERICRLTWEEEZI SN S,

o 6c30
ot) = (1- R)§ l(l — R)(at)® exp(—at) + R( o (exp( Bt)

~exp(=at) (1+ (o= Bt + (o= AP + glo —ﬂ)"’t""))]

a

+ RE [(1 — R)(at)? exp(—at)

2

+ R_(;i 5)3 (exp(—ﬁt) — exp(—at) (1 +(a—p)t+ %(a - ﬁ):'tz))] (13)
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Table 1: Optimized coefficients of equation(3)

Coefficient Calculated value
Iy 3.3484 x 1015
Er 4.1784
Ipi 3.0786 x 1014
agp 58.18
bo 181.11
EO0 4259.2
m7 0.014587

Table 2: Optimized coefficients of equation(14)

Coefficient Calculated value

cl 0.014961
c2 0.31175
c3 0.94053
c4 0.012601
c5 2.5217
al 42.958
bl 60.008
lal 1.15

a2 19.318
b2 60.008
la2 3.3

cb 0.0027095
c7 1.0829
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Table 3: Optimized coefficients of equation(15)

Coeflicient Calculated value
rl 0.0030307
r2 0.0014123
73 5.9934
r4 1.5794
pl 0.034385
p2 —0.247405
p3 0.097206
ql 0.2731
q2 —0.69796
el 2.8823
q3 1.4629
q4 —2.1792
e2 0.023654
75 0.0011232
r6 7.9716
r7 5.033
r8 0.0012735
r9 9.4254

r10 5.3142

Table 4: Optimized coefficients of equation(16)

Coeflicient Calculated value
rl —0.36979
72 0.59554
r3 0.66519
T4 1.8293
pl —0.25967
p2 —0.20872
p3 —0.14341
ql 1.1284
q2 1.4911
e0 3.9293
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Table 5: Optimized coefficients of equation(17)

Coefficient Calculated value
EO 595.31
E2 200.0
Irn 7.0905 x 104
Er 5.8066
Tepi 1.895 x 10
ao 41.527
bo 33.716
m7 0.11017
m8 0.84903
c4 1.3694 x 103
c5 0.50493
ai 41.5
b 106.03

Table 6: Optimized coeflicients of equation(29)

Coeflicient Calculated value
cl 0.065151
c2 0.69673
c3 0.85867
c4 0.86764
ch 1.89
al 50.667
bl 60.008
lal 1.1506
a2 21.653
b2 60.008
la2 2.1
cb 0.60327
c7 1.4169
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Table 7: Optimized coefficients of equation(30)

Coeflicient Calculated value
cl 0.006481
c2 0.1842
c3 0.64507
cd 0.18345
ch 0.97089
al 50.664
bl 60.01
lal 1.1506
a2 19.497
b2 49.721
la2 2.1
cb 0.47412
c7 1.6586

Table 8: Optimized coefficients of equation(31)

Coefficient Calculated value
rl 0.22251
r2 0.22984
r3 0.4137
r4 1.2614
pl 0.0046896
p2 —0.40462
p3 —0.03741
ql 0.58773
q2 0.87373
el 6.0484
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Table 9: Optimized coefficients of equation(32)

Coefficient Calculated value
rl 0.0089573
r2 —0.18902
r3 1.2541
r4 0.79551
pl —0.26063
p2 ~0.10413
p3 —0.56164
ql 0.43435
q2 1.39
el 13.302
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Fig. 1: The layout of instrument suits.

There are 23 ports and possibly additional ports.
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Fig. 2: Energy dependence of of time-averaged intensities emerging from the viewed each mod-
erators surface
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Fig. 3: Energy dependence of pulsed intensities of neutrons emerging from the viewed each
moderators surface



JAERI—Research 2003-008

FWHM( u sec)
>
1
.P
’D
»
Ly

Coupled H, (Port15) L
Decoupled H, (Port22)

Decoupled H, (Poisoned)(Port19)

Decoupled H, (Poisoned)(Port8) -

4> e n

107 107 107 10° 10
Energy(eV)

Fig. 4: Energy dependence of pulse widths in FWHM(full width of half maximum) as a function

of the viewed each moderator surface
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Fig. 5: Comparison of time-averaged intensities each port from the viewed Coupled H; moderator
and decoupled unpoisoned Hs moderator surface
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Hy moderator surface
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Fig. 7. Comparison of energy dependence of the time-averaged intensities of other neutron source
including the steady reactor. The time-averaged intensity of emerging from the viewed Coupled
H> moderator of JSNS is higher 10 times than that of ISIS CH4 moderator. The time-averaged
intensity coupled moderator higher 1/4 than that of ILLs cold source.
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Fig. 10: Pulse shapes of 1.00, 10.0, 50.0, 100, 501 and 2000meV at port 16.
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