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R F-HnZFES B I S ROURL A R TR SE RO B EIE SR AR T2 R RISR i Boltzman 7778,
AR F<FIE L, X — 77 #2 H Boltzman T 1872 EHE S H.
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—@/ayt( ) +02-Vo+3,(7,E)p =
/ l/ S5, B (7, B = B, 0 — 0)p(7, B, @',1) 4’ | dF
0 (924
X(E) < - / = A =% ’ = A
+?/0 [/ﬂ S(F B (7, B, 2,t) A2 | dE’ +S(7, E, 0,t) (1)

20 224, Hilbert IEUE T Boltzman J5 R MR 7 (E M 5 ME— 1, B 1R s BHEHUECE B KL fnia 77
RN AR B S 3 DS AAE R 2 DT A R R DRERF 1 DN R R 3 7 M R — A RS
I EUETT R,

HEMLIEA S, Ulam 5 von Neumann 2 H3@3d HEA UL A 550 RIS RR RATT8E o r K B S8 T
NG FEMEE NG TRV R, 1944 4F Neumann 55 A\ KA S5 — D REAUSLLIA 5 20 R N AURE AR
SRR % (Monte Carlo) 712,

KL -Hiniz 75 A% n] AR R E P77 TR K it n] AR SR~ 22 77 TR (LR ARRA 2 1 75 78 SRR il M 77 1R SR s
BT REIN, RN 7 AR A T R B, B A N S 77 R SR (19114 B8 B AR BRI RHAE S (MOC) [1]) (BN T 2% Y
=4 LTS5 A0 SR g R SRR 2 75 TR B B R 5 1 B AE L F B R e sl i ied K ok v 9 gt it
SEEMERAL TH B JE T2 2% UM S5 AR ST MR H K g,

SCIEFI) HMC(hybrid Monte Carlo,J & 52558 B M SZbR LATHE SR S22 5 LI HMC 48 M B A& 16
UL B RS 2, (3], 50 PR TSR CL RS 27 M3 DA TR U5 4], (5], T ERS PR
BB 2R S HMC 7715 BIE SRR 2 B 5 | ATE V7T AR @ T RRCR 5K 6]

2. 3 HMC Bk
HMC 51831245 5 3 FQ € RN 5 SRR MR B B O

I(Q) = exp(=V(Q)) (2)
Hry RN — REZHBRERKEL
AT NAR GG T WU R A 1S S — RYIRAENE? A DUEE SIAGNEP ~ N (0, M) R IIRAE, H AP M2 XS R
IEE R AR,
SRAERIHE AN R [5], 7% FEA S I BIIG i &

H(Q,P) = 3(P,M™'P) +7(Q) Q
T A1 R

Q ., dP

o =MP, = -VV(Q) (4)

QISR @, RN TRITE AL A 75 T, B
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3. RN 10S(Q, P) = (Q,—P) R4S o (8,) oS =,
A DA S5 2 AN B WA IRZS (Q(0), P(0)) IRM BA R 431

(@, P) = exp(—(Q, P)) = exp( —5(P, M~ P) ) exp(-~ V(@) )

AR T IasaEE it > 0,8] BUERHQ (¢) FIAZAE R E B A R FF AN Lexp(—V(Q(t))) = exp(—=V(Q(0))).
PRI A0 SR BERS SIS 21Q (¢), Q (), .., Q(t, ) BT LIS R —RFIARMIL(Q) = exp(—V(Q))HIFER.
PA B2 HMC RYBEA AR SR B FRHY SRR N

1 SRAEP ~ N(0, M)
DAMER i ZQ HH(Q', P) = ¥ (Q, P)

: a((Q', P),(Q, P)) = min{l, exp(H(Q, P) — H(Q', P'))} (7)

ETEE ST — NN AP K S B Eh ) A U X NI B Stormer-Verlet(leapfrog) T3\ /7 1£([7] 52, Bl
MNFHERLEXIL :(Qy, B) — (Q, BN

h
Ph/2 =5K - §VV(Q0>

Qh = Qo + hM_IPh/Q
h

B, = Ph/2 - §VV(Q0) (8)
TINZIQ(T) T ALt | L | vfds) fla T = ol
{1 HMC ELERAER, ik P2ABI A B b, T, M E G Ve 5], (8], [9] /MR T IRAEIXEE S M IR 15 SRAREAK
(1) 77 7.
We S HMC LIS ALE I HE ST A SRR D HMC B8 277 55 HH R G A RE BB W00, 3 i T B 3
1L T R IS HE 53 T 02 7 R R 2 B RS R 1 B IR N A S A ST A BB 5
BRI

3. )" Y HMC Jji%
3.1. MC Bk

BIEE R I MC BIRRB AR T id A TELBY [10], [11].

1
BT WIHEIRAS AT AR NS, = (7o, By, 2o, to ) LRI FIRAII 115, AT ARAERTAARL T
Filf48 B R SRA:

2
KL R AT — R A BE B AR M FE £ 40, Blp (1) dl = S, dI T AT DURAE R — XL A R .

T fRAB LT EERR LIRS E
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3 B AERIERE 2222 U TR 08 5K 86 o T AR P e R, 3R B LSRR A 2 0 2K
T

TR T

o AR R 1 27255700 BT R AR 25 - T R 0, R 2 T RT3 ., M T AR
i A8 AT — (RO 7 DL AR,

FE[E LANL SZ50 2= 5 Aot 7 REIZ DIREZ ki T MC fiiaf2F MCNP, >R H Fortran 15 5 a5 H THEHIH T ¢
T TFEER TR A s DANRHEE R L MIT £ S4:XFFE T OpenMC 2. CERN FF& T Geant4 Fi
27 EANTFAH MCMG, RMC 127 ANEEIRZ H T R VRN SR R PR F A — 5145 [12].
FEMEF MC T = S HESHTES, T MC BHUS AR A R F AR RIS T 3417, R o AR SN B B L isfT
MC 2R 5 281, T RELEMC 77 R T R RCR UL A TRIE U SOHEE 18, KRE R R H T34 R
Teot BRI AETE BR AR [12], 0 I, B B &R0 Z IR N PRI SOR A EE & [ 7515 13).

3.2. AR HMC )51

MC FIERE R BT R AR, E R i B0V TR S T2 ME ASSER R B E TR BRIE(BIan MOC) HHRAER &L
FEZLES TYEHTEBICER R IS VIR [14].

R ESR 7 SRR & 7774, DI MC 91HE, B 52 MC JE AT ARE 7 AR AT-55.

3.2.1. MC-MOC {RH&
MOC (method of characteristics, FHIEZRIR) 2 — MO AL Tz 77 FE A T K AU E M EE N X 1 fERE= A 23 (A
Boria A

d@fn,i

9,9 09
+ 24 Pm,i = Qi

~—

1 -
an,zzﬂ(gz ‘Zzg(ng Zyaf('pz) (9
HA &S SOEU[15].
(BRI EE D IR N TR S AT RS 51, AT DR 9 IR E i FI2ah 8 1Es,,, MO 72 2li. B 22 P PR ~F- 2578 & e ] A A
FHSMEIF
¢f = 47726%,1'“}711
-9 . :i o g (< ds’ 10
Prmi(Sm) /0 POim.i(s") ds (10)

Sm

FERA WA B T 181 _ERR ) 5, BT DA 21BN T LRI R & o A B AT T S R U R (B B E AR TR
W [15].
X MC 7715 R HE B AU E i [16]

V(7. B.0) = [7(7 +7.E.9)

U/ B, Q)C(#,E' - E, - 2)dE' dQ + Q(V, E, fz)] i’ (11)
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E, ) ZRLFREFERER
"'E' 5 E, ¥ - f))%ﬁiﬁﬁ*ﬁ
" 57, E, f)) VX E2 1L

I P A S R A AR AR P R LRAE

1
MC,g = —
2 A%

collisions €1,g Zt,j <E)

= (12)

W IR R B TR & N8 L EAIREER XCR T MC 77 £ mBEXHMIRAEIX R MOC 514

Upscattering by MC

Down scattering source

MC LU#E F MOC fE R IHRE &

ARERTE

e

Thermal

D MC simulation range

MOC simulation range

FEI Al MOC BT,

K 1 MC M MOC F7iERIEEX
70 BBl A T SR AT B TR AN S A TR E R i N B >R MC T R X PR 285 SR A P SR 88T

Resonance

|1

Radius of fuel: 0.49 cm

I

Radius of cladding: 0.55 ¢cm

' 1+~ Radius of coolant 1: 0.6545 cm

1

Pitch of coolant 2: 1.47 cm

2 BT LA

Summary Table of Continuous-Energy Hybrid

sl

XA S 75 TR QT RAE TR T AnArRs AR S IR R
SERA R A HIIRIEL N 1 HMC BIRCR 58 1%
7 — N EARL A TR AR AR (& 2), 072
17 7 s BELEIRHR & 77 IR RHIEE S 28 MC

BRI (R T Lok ey B i .

Standard
Method kg Deviation Error (pcm) Time (min) FOM
MC 1.38339 0.00010 — 335 9531
MOC 1.38011 — 328 — —
Hybrid* 1.38311 0.00004 28 364 54796
Hybrid ," 1.38303 0.00004 36 33 612130

“Hybridr = hybrid method with tallied slowing-down probability.
PHybrid, = hybrid method with analytic slowing-down probability.

3 MCMOC & HMC HILL#(ESLRE &, (.8 AR MR
YEE € L T PEREFEPR FOM(Figure of Merit), F AT & [R5 TA I EF IR
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(U k! keff) 2T
HATZU R E, o), Rk FIRNEZE W 3 AR RS 77I50] DAELESEH MOC F7iAd@ st 10 fE A S HERIAE,
H H ARG MC TR B A w90 fEHIHHERCR15).
3.2.2. CADIS 55 FW-CADIS Jji%
PRI [ 22 S A = AUBTFE N A RIEE T CADIS(—Z M AR IR 5 B EERAE)FI FW-CADIS(RT A ANA — B AR
RS EEEMERAE) FT 5[ 14].
XA AR T4 MC BT BRI E 27714, EAT TR — /877 2 (variance reduction) 77 1%, SEUAESK IR
F17].
CADIS 5 FW-CADIS TER I8 [E 5 SE 55 38 i MCNP5 25 H S 2 T SEEAT A 18], shA M AT 5% & FIH
Geant4([& 4)SZ T IX PRI 14[19)].
CADIS B s b B Joy HR IR I e (R DX 380). & F1] FH 8 bR SR Al A [R) 7 B DR B 2, AT B R IR A i
SROHATIRE, 18> MC LR 5 22 BAKTT & %057 1EA BT Pisia T B9 E 1 HH (6 Denovo fUiE)13 £
AR REIE & A Rl B IR o A AR A .

[ s s s s e e s S CCCE o - - -----------—-———------- 1
I |
I Nuclear Nuclear Survival with survival weight Wi = CsW |
: logging model logging model :
| _L 1 Particle and weight split |
IT— |
: ivisi |

:l space || Energy l| ->| Mesh division | = :
'i_ I Splitting Roulette "
| g gy 1
1 Parallel W, =CyW 1
! | Mesh division geometry | - !
1 ¥ l |
| | Determinstic | | | Weight No |
| |__calculation Window \
I ! y I

Yes Geant4

I |
' | Adioint Flux || Monte Carlo -
I calculation Detector response |
I SN I I
. . S S —— 1

€ 4 (FW-)CADIS 7E Geant4 _I-fJSZIH

FW-CADIS /& CADIS A9 &, i TP 221 Bl 0 2, B FH T TeD R A il ke 61— B I, DAHSR AN A
BE M AT AR 8D 22 MR TR AT 75 2.
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Step 1: construct deterministic model  Step 2: solve deterministic cigenvalue problem Step 3: calculate FW adjoint source

Step 5: ealculate weight windows Step 4: solve deterministic fixed-source problem

K 5 FW-CADIS £ 2D PWR FJiH &
& 5 &/~ T HMC(FW-CADIS)ESERr 2-D P43 2 — PWR HESSH I EIRAE S5 51K 7, B 8 RELH T FW-CADIS 1£
e R AT RIS



RU% MCNP FW-CADIS RU% MCNP FW-CADIS
0-1 11,127 0 9-10 397 0

1-2 31,670 38,233 10-11 212 0

2-3 34,229 25,571 11-12 113 0
3-4 16,382 41,652 12-13 55 0
4-5 8,301 6,872 13-14 24 0
5-6 4,674 227 14-15 13 0
6-7 2911 21 15-16 1 0
7-8 1,651 0 16-17 1 0

8§-9 815 0

7 Number of space-energy flux tally cells by relative
uncertainty (RU) interval using MCNP5 with and
without the FW-CADIS method

A 5 Fs RHIE E R L5021 2011 4EF|F FW-
CADIS ARGHIT T 218 I B R IEA R
& FW-CADIS JB/R 7 HAE RV H#E &S RE T By
.

42,000
36,000

=MCNP5 = FW-CADIS
30,000
18,000

161&: I ||[ In

T S S N Y
PV AR o W P AP P O

Relative Uncertainty

24000 +

Number of Tally Cells

| — —
oo

%] 8 Relative uncertainty distribution for tallied fluxes

s %05 130 200 using MCNP5 with and without the FW-CADIS method

¥l 6 Relative uncertainties in energy bin 5 (0.15 to 0.275
eV) computed using MCNP5 with (bottom) and without
(top) FW-CADIS method
CADIS #l FW-CADIS R ll3& Fl TR 2532 [l R 38 R1G T+ B AIBER AR B /N[19]), A2 S WL 4 ) 5t e 7oA A2 H:
5 XA IR R OR B 22 BURL T B IR SORAE BRI 38 BRI, AT 2 o PR & 10 B O 8 16 2. T FW-CADIS FH LR
CADIS LAt 7 2 MRS A O 1E & 7 2215 21 22 Ry 3 2 DX I 1z ) ) 7.
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PR SR ME CADIS Fl FW-CADIS 77T TE T RAZ it H 1) 568 711 2 3 Js b 28 35 S B S BN 2R B 6
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