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ABSTRACT

The multiple scattering and the flux attenuation of penetrating fast neutrons in a
solid cylindrical sample of single nuclei was simulated by using Monte Carlo technique.
The calculation was done through two computer codes ,i.e., SYNTHIA of Tohoku
University, Japan and MCNP of Los Alamos National Laboratory, USA.

The effect from sample-size and source related background were the aim of this
investigation. The simulation used actual dimensions and geometry of a tritium target-
sample-detector system. Results of simulation will be shown in comparison with the

“experimentat” resutts—of ~a- Double Differential-Neutron-Emission—Cross-Section-of Bismuth—————

LUy

(" "Bi) at 14 MeV neutron.
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SYNDA-ED(ED92.F} PSEUDOL (FSEUD22.F) SYNDA (SYNDA93.F) SYNDA (SYNDAY3.F)
ENERGY DIST. PSEUDO-LEVEL X-SECTION, ANG. DIST. ENERGY DIST.
‘
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PMAKE-ED | | PMSYNDA i | PMSYNDA
................. S I
PLOT FILE PLOT FILE ' PLOT FILE
E
_______________ . -
XMIX(XMIX93.F)
T
F----mm--- PMSYNDA
" PLOTFILE
INPUT DATA (03)
SYNTHIA(SYN93WS.F)
SMEARING DATA(11}, (12)
——— KALBACH,K-MSYS.
PMAKESYN PRE-EQUI. RATIO (16)€-=== EXPDATA (MSD/MSC + MPE))
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t
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(END)
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Bi-209 EN = 14.1 MEV ;for Fast Neutron Research Facility
351100

1

0.5968

1.62 3,505 18.0 1200.0 0. 0.
02 02

0.14 2.0 16.0

512

2 5.E6 1 30000

5

17

30405060 708090100110120 130140150
0.028337 208.98

7

0.0 -0.8964 -2.5645 -2.6017 -2.617 -2.822 -2.85
2 2 2 2 2 2 4

0 o0 0 0 0 0 7

¢ 01

10.0 1 20

KM
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01 1

4 0 19 0O

90.0

2 1.1

0.03

1 1 1 _ 1 1 1 1

Aadunaifisdfiu Input filewas SYNOSWS.F

--For SYNTHIA 93
Main Input Parameters for SYNTHIA [File:03] (cm, MeV unit)
No
1 TITLE title, arbitrary {A80Q)
2 ICM =3, calculation in energy domain, recommended
=4; same as 3 but consider the time difference in source- target distance, recommended
=1,2; Calculation in TOF domain, not available in this version
INS any, (not used)
IEMPH =1; weighted tracking for some reaction
=0; no weight
ISNS1  =1; start up the subroutine to read in the energy spectrum data,
SYNDA-ED output(file:01) [SUBROUTINE READAP]
ISNS2 =1, start up the subroutine for.calculation of evaporation
spectrum [SUBROUTINE EV APSP]
ISM =0} no smearing
=1; smear both the REAL and IDEAL spectra with the same resolution function
- [file: 11--REAL; IDEAL] -~ - - ATINVWN V™ -4~ — - —

=2; smear the REAL and TDEAL spectra with different resolution functions
[file: 11--REAL, file:12 IDEAL)
3 (ISNS1=1)
NNK1  number of the energy spectrum data, SYNDA-ED output
read by [SUBROUTINE READSF]
4 DAGL  half of the angle subtended by the detector (deg.)
5 RS radius of the sample
HS half height of the sample
SD sample-target center distance
FPATH sample-detector distance (flight path)
SR half-size of the beam spot, 3of Gaussian function
SL full target length
6 CWIDTH energy mesh of cutput spectra
SWIDTH energy mesh of output for incident neutrons energy spectrum

7 EO energy of incident charged—particle beam



EMIN cutoff energy of secondary neutrons
EMAX maximum energy of secondary neutrons to consider
8 NK maximum number of collisions within sample (<6)
NF =0; count all the events which collided more than NK times
=1; abandon the events which collided more than (NK+1) times,
usually recommended
INMULTI =0; no considering neutron multiplication reaction
=1, consideration of neutron multiplication reactions (parameter inputs)
=2; same as 1 but data are input by [SYNDA (sub-program)] table, see the figure
of the program system
9 IHS terminate the calculation for STR{IHS)>XLIMT
XLIMT  number of history
NCAL  =0; calculate only the neutron spectrum in the sample, incident flux attenuation and
fluence factor Fx
=1, calculate multiple-scattering
TLIMT  limit of the CPU time
Rk RRRsaer Meanings of STR(1) #7544 F ¥ ertrt kst stk ik sk kb dd kb H 4k

STR(1) total histories
STR(2) number of total incident neutrons = ,[S(d)).(R/r)a,
the spectrum of incident neutrons is SW(1,Y)
STR(8) number of neutrons which experienced collision,
= J.S(d))- (R/r)2- exp(—2utel) st
STR(4) number of neutrons which experienced no collision,
= _[S(d))- (R/r)2- exp(-2tal) » (1-2t),recommended

‘STR(5) - number of neutrons which -were not incident omsampte — - - - -

69

STR{6) mumber of neutrons absorbed

STR(8) number of neutrons lower than EMIN
STR(9) number of neutrons collided more than NK times
R R K ook o o ko o O AR o 3o ko ook o ke oo ok o e
10 NOUT  output of collision distribution in the sample
=0; no output
=1; output the history distribution
=2, output the IDEAL flux
=3, output the REAL flux
=4; output the IDEAL reaction rate
=5; output the REAL reaction rate
11 NDT1  number of detectors (scattering angles),
=0; 20 points with equal step in cos
12 (NDT=1) (THETAC(I), I=1, NDT1) scattering angles (deg)

LA LIS RS EETE S T T 13 ~ 21 Reactioﬂ Control Cards Aok A 2k o ok o e o 3k ok ok ke ok i 3k o K o ok ko o ok ok



13 D(14) sample atomic or molecular density (atoms/barn  Ecm)
ATM(0) sample mass number
14 IRMAX  number of reaction type to consider,
0 for single atom sample, +10 for compound sample
15 (Q(D), I=1,IRMAX); Q-vale of I-th reaction
. 16 (STAD(D), I=1,IRMAX); angular distribution of I-th reaction
=0; isotropic in CM system
=1; isotropic in Lab system
=2, provide data in CM system
=3; provide data in Lab system
=4; Kalbach-Mann systematics or
Kalbach systematics
17 (STED(1),I=1,IRMAX); energy distribution of I-th reaction
=0; calculate by the kinematics, used for STAD=0~3
=1-5; type of energy spectrum for STAD=1,3
1; evaporation spectru;n
2; numerical data 1 (1st data of SYNDA-ED output)
3; numerical data 2 (2nd data of SYNDA-ED output)
4; numerical data 3 (3rd data of SYNDA-ED output)
5; numerical data 4 (4th data of SYNDA-ED output)
6; pseudo-level, isotropic in CM {STAD=0)
7; Kalbach-Mann systematics (STAD=4) ; Kalbach systematics
8; Phase-space, not available in this version
18 (IRMAX>10) (ATM(I), I=1,IRMAX-10); mass number for I-th reaction channel
19 IFSI  =I; adopt phase-space for the IRMAX~th reaction chanhcl, not available

IPSU ¥i; adﬁpt pseﬁdo-levélé for the IRMAX-th reactidn_chanﬁel: 30 levels .

70

IKM  =1; adopt Kalbach-Mann systematics for the IRMAX—-th
channel, < 100 meshes |
=2; adopt Kalbach systematics for the IRMAX-th channel, 100 meshes
*NOTE: only one of IFSI, IPSU, IKM can be adopted
20 (IKM=1,2; when Kalbach-Mann or Kalbach systematic is adopted)
EKMLIM low limit of neutron energy to apply Kalbach-Mann or Kalbach systematics
STADO1 angular distribution of the IRMAX-th reaction in the energy region lower than
EKMLIM (=STAD{IR))
STEDO1 energy distribution of the IRMAX-th reaction in the energy region lower than
EKMLIM (=STED(IR))
EISO  energy of secodary neutrons to switch to isotropic angular distribution
21 (IKM=2; when kalbach-systematic is adopted)
AB mass number of the target

NB neutron number of the target



ZB

atomic number of the target

22 LACOM comment for IDEAL~-flux on the IRMAX-th reaction channel (A10)
ex.) IDEA-CONTI, IDEA-4BP.S

23 LEX

IDATA

LGD

24 11s

NS1
N9

NEMIT

NPOSI

any, not used
=0; adopt lethargy unit

=1; adopt energy unit, usually employed
=0; O (0)=exp(Z,(21+1)AP(0)) or exp(Z,AP(0)

=1; G (0)=(Z,(21+1)AP,(THETA)) or (Z,AP,(0), usually employed
=0; other source reaction, input mass and Q-value in card 28

=1; p-T reaction source

=2; d-T reaction source

=8; d-D reaction source

=4; numerical input (spectrum is independent of incident energy and emission angle)

=5; numerical input {spectrum is dependent of incident energy and emission angle)

any, not used

=0; neutron source is anisotropic

=1; neutron source is isotropic

=0; employ source neutrons to 0 degree
=90,;employ source neutrons to around 90 degree
=0; horizontal sample orientation

=1; vertical sample orientation

25 (IIS=5) NE, NA number of incident energy, angle for input source energy spectrum

26 (ICM=4) EREF reference energy to take account the flight time difference

(usually primary neutron energy is employed)

- — 27 (NEMIT=90) - - - - - IR

T ANGNM exact emission angle (ex. 97.5

28 (1IS=0) FA

71

mass of incident particle

FX mass of target
FB mass of neutron
FY mass of residual nucleus
* Q5 Q-value of the reaction
29 ITHLIM =0; score all the secondary neutrons irrespective of azimuth angie (l)

=1; score secondary neutrons only for ¢ <DAGL*PHNORM

=2; score secondary neutrons for ¢ > DAGL*PHNORM with applying weight of

{exp(-RSS*Zt)/exp(-SX* Z)]

=3; score secondary neutrons with the weight of [exp(~RSS*2t) sexp(-SX*2t)]

NOTE : ITHLIM=0,computer time is shortest but attenuation of outgoing neutronsis overemphasized
for B around 90-deg

=1,most accurate but statistical error becomes large for 8 around 90-deg
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=2&3,results are similar with FTHLIM=1, and statistical error is comparable with
ITHLIM=0, recommended, but angular resolution is inferior, then for light elements like CH2,
ITHLIM=1 should be used
PHNORM limiting value for FAI, see 29 ITHLIM
IQ =0; no consideration of energy width of incident charged particle beam
=1; consideration of energy width by Gaussian function, but no correlation with
the neutron energy and its production point (ex. metal target)
=2; consideration of energy width by uniform distribution, but no correlation with
the neutron energy and its production point
=20;consideration of energy width by uniform distribution and correlation with the
neutron energy and its production point (gas target)
30 (IQ>1) DE standard deviation or total width for energy width of incdent beam (MeV)
31 (IEMPH=1)
{MULT(1), 1=1,IRMAX); weighing factor of the I-th reaction
32 (IMULT=1)
(NMULT(I),I=1,IRMAX); multiplication factor of the I-th reaction
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3 TUsunsa Monte Carlo N-Particle Transport Code System( MCNP)

mshesunamsaidemaiiaisueudanila legldlusunsumnaniuass MCNP
4 o
FaWaNles Radiation Shielding Information Center (RSIC) Oak Ridge, USA (deuaas

P-4 P ' a o e

measunsu TUsunsuildiulusunsusundszand Emsumsdssgndeng afiietums
AnamsaeiamMe(particle transport YluTagene

Wad1 2 P

& c’ 3 1 L4 ), ar
Tagdn® MCNP azdasiildandiludemsldnunnlndagly directory 1iendu

s L ar ar &
#ausznaumalwdvan qeesaluil

MCNP : source program

XSLISTE : list of all available cross section tables
XSDiR1 : directory of all available cross section table
BMCCS1 : neutron cross section table

ENDL851 : neutron cross section table

D91 : neufron cross section table

MCPLIB1 : photon cross section table

1 A ar :l a
muwﬁmmqum'lun"rsmﬂu'zmﬂﬂ‘sLm'su MCNP @@ Input file (INP) sy
cl o ar A 3 o AJ » o g
TWanimuednvavestymiidainisasdiaes  uasnaansnaasmsaldnnmsianit
7 4 J .
Tagdldasdpadisulnbifuasmugluuuiillsunauldimualy

dutdsznauvangad INP avsuldsunsy HONE LU A

1. Cell Cards 1UHUBNBIgUTNUasIRUAN 289 cell Usenaudas

. W I - SR o o )
~cell material number \Huspsdmmivaniailovasiagiisuanagly material
é o r [y
card #Fjlasnansnfmua ledadnedass

. . o g . ' Y L o 2| o
-cell material density ém‘sumuaﬂﬂ'nwumuuﬂmaaoq TavtunuAIaananes
mi da |
& o . = . . 1 3
du + ERUEDY atomic density Tuwiig 10 atom/em

gy - 2zvaned mass density Tumie g/cm3

. . [ ar ) - | o PPN I
- A complete of specification of geometry (Uuamasd mIuaNIITHavaINUEINL
d ) . e )
Uanag"lu surface card ULAZLAIBINNIY Boolean: intersection(¥1374), union(:) Hay
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A o
complement(#) tNpaTUUSUNSIENINGABINS
1 S, A ‘ ar r 1T
~cell parameter(tfudnnadn thalvitiulatawu ahmsdsuanly Data cards)

' P P | o ' P
2. Surface Cards tuanaiinuasiVuiinfiazihanusenauliitilu cell dw qaufidasms & 2

dufa
L A 1 =2 =3 ¥ =,
~f1aney NuusNivElinuaanum?
ar A [] =2 L] O J ¥ ar L) = J’ =Y
-@UDY MNUINDIA TN 5L BNTAN JF UL LT UAUDINUHT

1 LY ' A d e oA oy ar )
3. Data Cards UNuandayasn nignusiiezasaumanadsiu aiulsdequed cell
uaz surface AANUATBIUMAITInayme wllauasdaduradidgina naumgduuy
s s 4 o 1 L]
wazanwarIaKNaawsAaaIMslenamsinn Tesszuivdespanduaiug

3.1 MODE card 1 4 Ussihn #d

Mode N FvSumsdesnuaiingsau

s t 1] = CI o
NP  @vsumsaesnuzadiinnsasy gazlvaaunnmsiwmilenting ey
wInseu
P fnsumsasenugaslnanay
E Huiunisaesihuyasdldnasau

PE dwsumsdarunaslweay uazdidnasou

ar 1} = A - ‘J -]
N PE éhwiumsdesiueastiinsey, lWeauiifemnnmsmileniueg

hmsau-warBldnnsau ¥ N> 425 - -----

v O A =, A &
winewg Mode N P limuihasauiifianinmsmiiznhyaddvinay

8.2 Cell uas Surface parameter cards UNUanenaILUSAN U cell Lae surface
=l i ar ar a’ A L
Tae9zapa 3N uFuNUSHY Cell waz Surface cards UG luthasiy

3.3 Source specification cards YUDAANYRAIEUALENTRAN QBIUMaITIHinayme
Budu o 4 wuu ds
~general source(SDEF card)
-surface source(SSR card)
—criticality source(KCODE)
—user supplied source

dududsen uasunasiiiiaaymazusu §Mw5u SDEF laud
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POS fa dnuuniiSuduussayme

CEL fa cell Aaymagnuaades

ERG A WHWIUYaIEYMA Uity MeV

WGT @8 statistical weight NDUYMA

TME fia e o adudeteyme Tuming shakes
PAR fa Usznvzaaymea

L} al s IJ b d
3.4 Tally specification cards UsuBAFULUULAZANHMLYBIHAGWENABIMS AN
s P as
msdnna Riwwunanguillsunsy MCNP Saassilv e

F1:N %38 F1:P w38 F1:E @0 Surface current

F2:N w38 F2:P 38 F2:E @8 Surface flux

F4:N ¥i58 F4:P 38 F4:E - @8 Track length estimate of cell flux

F5a:N %38 F5a:P fia Flux at a point (point detector)

F6:N Y38 F6:N,P vi38 F6:P @D Track length estimate of energy

deposition

F7:N o @8 Track length estimate of fission energy
_ deposition

F8:P a8 F8:E #8a Energy distribu_tio_n pf I_Julse_ cn?ated_ )

w38 F1:P,E ina detector

& o a2 W
LERE R B e LR normalized ﬁ"mmmuagmm‘smu

3.5 Material specification ﬁquaﬂﬁqaqﬁﬂszﬂauwaﬁa@l War cross section
o v
evaluation ngn‘l'z'f‘lu cell Usznauas

] ] ar o 2 ' o o
a. Material (Mm) Usuanidqynansenauagluusas cell asdaulugduuudsil
Mm ZAID fraction ZAID fraction

A ar o -W A ] " r lJ
lagh m ednfusiy material number #ivsuanly cell card wdIUES AT
. T o . , o . . o
identification(ZAID) AU atomic fraction (W30 weight fraction eni@3pavanmily -)

o ar T o o @ o] &
dmiuwdasgviaiilaasnndnfiagly cell 17

o
& o

N . . o) 1 e o o
i Nuclide Identification number(ZAID) fia memﬁmﬁ"lqwsau'ﬂﬂaﬁmmmi
Tugtldeuuuy ZZZAAA X
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ZZ7Z @8 atomic number ?Jaqmqﬁaﬁﬂﬂaﬁ

AAA @8 mass number o519 M3afialaad lasdalnaauuasdidnasauia

L= Qf

nn A8 fyUeE "aga cross—section evaluation

X A9 class waqﬁaga lae C : continuous energy; D ! discrete reaction; T :

Thermal; Y @ dosimetry; P : photon; E : electron; L&¢ M : Multi group

Y . = . ' & w '
ii  Nuclide fraction 94813322 normalized W%Bluﬁ‘lﬁ szq'lﬁml,ﬂuamwa‘m
o o 4 & - o ' -
nmﬂummuazmaumvmm'ﬂu 1 maL‘TJuamﬂawwmmmuawamaﬂﬁlﬁ

L3 A T ar - a

b. VOID card ningienine lagnsaulagnneilauas cross section 880 Wa?

g/ . ( v o & 4 . . L &

wWagudnonzero importance Wit 1 delwiiahmsdmung symaszgnaeriuliyiomg
1 - s 1 ¥ o cld o W o

JunssednneGifivslenfagenalumsndafiawmavaiginge dikedhldiians

gamaadayna

T = o o 1 d ¥ o ﬂl
3.6 Problem Cutoffs Usuan@adiiadna ndasmsvlusunsungamsmuin s
1 r g - o s L 1]
Amauunuliafaaeng Ussnaualg

CuT fa cutoffs

ELPT ) Cell-by cell energy cutoff
NPS fin History cutoff

CTME A Computer time cutoff

A o N 9 ) ' ‘ -
wazilamnu(@mna)edanaisliinsa output file Tuai 2 1Wa da

o . w a &
ouTP : Output file NUIFENAUMIVHAIAWDVIVNAIAMNMIAIUIN

P ar P
RUNTPE : Unreadable file #issnaushadayadmiumsduinuuy
| T
dBIBILAEMITTNATIWYEN tally 61 9



Input file SH3UlUsunsn MCNP fildlumIdnnaniinsziRaaund

Estimation of Correction Factor for DDX Measurement -~ Ideal Bi Sample -~

1 1 -9.8 -1-2 +3 impin=1 § sample

2 0 -4 #1  imp:n=1 $§ void

3 0 +4 imp:n=0 $§ outer world
1 cx 0.00001

2  px +0.00001

3 px -0.00001

4 50 2000.0

fcln-100

mode n

ml 83209.41c1

sdef erg=14.1 pos=18 00 vec=-100 dir=1 ara=1
fc135 30 degree

f135:n -1039.23 600.000 0O

fc145 40 degree

f145:n -919.253 771.345 00

fc155 50 degree

f155:m -771.345 919.253 0O

fc165 60 degree

fl165:n -600.000 1039.23 0O

" fe175 70 degree - - " UCJIN1 ¥V -
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f175:n -410.424 1127.63 0‘0
fc185 80 degree

f185:n -208.379 1181.77 00
fc195 90 degree

f195:n  0.000 1200.00 00
fc205 100 degree

f205:n 208.379 1181.77 00
fc215 110 degree

f215:n 410.4241127.63 0O
c225 120 degree

f225:n 600.000 1039.23 00
fc235 130 degree

f235:n 771.345 919.2583 00
fc245 140 degree



f245:n 919.253 771.3456 0O
fc255 150 degree

f255:n 1039.23 600.000 00
e0 1.0 691 15.0

cutin 0 1.0

nps 10000000

ctme 20

prdmp 10000000 10000000 1

print
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$ans b lUnlisudionfunannnisnanessis ¥eemsinnl Double Differential Neutron

Emission Cross Section ﬂﬂdﬁ1ﬂﬁﬁﬁﬂ-(2098i)

A Study of Multiple Scattering and Flux Attenuation of Fast Neutrons

Inside a Cylindrical Sample by Using Monte Carlo Simulation Technique

- - Udomrat Tippawan, Somsorn Singkarat, Suvicha Ratanarin and Thiraphat Vilaithong-

Fast Neutron Research Facility, Department of Physics, Faculty of Science,

Chiang Mai University, 50200
ABSTRACT

Mon.te Carlo Simulation was used to simulate the multiple scattering and the flux
attenuation of peneﬁ’ating_ fast neutrons in a solid cylindrical sample of single nuclei. The sample-
size effect and the source related background effect are the aim of this investigation. The
simulation used actual dimension and geometry of a tritium target-sample-detector. Results of
simulation will be shown in comparison with the experimental results on a Double Differential

Neutron Emission Cross Section of Bismuth (MBi) at 14 MeV neutron.
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WMATANTS SANS 1 UBIT 20T OUWAIITUFUY Time-of-Flight (TOF) 1dsumsueu
o e a 1 = i LI ¥ = Y t @
sufulasialthdrdudumatiaitanuaiuiigeqaltusnztl  Taomadiatinnuuindimie
F111915 S UUANAIY - (energy resolution) UBITIATINTOU ITWANUALITHZAITIAUN

L4
(flight path) ¥vedaynniimseulusilvesaunisde Ui

AE (E+mn)(E+2mn)\/{AX(l—Bn)}2 {g}
E m? X - t

n

4 ar 2 o v 4 o
dlo E uay m, Aowdsanuazudatiwateyninilmion =~ o v fo AW
C

wesoynniInTan, ¢ Ao anudaualuguenim, n A arsrilinmuesmsfouaefild
Wi iasedionTen, t ﬂﬂnammgmﬂmﬂsau”lsﬂuﬂmﬁumqﬁmzvxmq X il
A =) & ar o
anuAmMAIABY AX uar At feanusalamAsuusdsruumsianavesssuuglnsed
aod IS 4
BannsoUnd
2 - o AY ad e st ar oo o
My azIAumsrsseymaaseulidedni lnszuumsdaisuiamsduun
w 4 = 1 =] 1 [ a H
WitUgelu (AEE Danlesad) Lmua’fﬂLﬁffmu'ﬂ"lﬂmmuaamﬂmmuaumﬂmmauﬁ“lil
mmaﬂaﬂmmuﬂs;]svuwmwﬂmaqﬁmwﬂwu (inverse square law) Fedamalumatlfian
“114@16&“1%1@1‘114msmmagnmuﬂuu

Y ¥ ’
msuAtlaymindunldosiosfgadmiumsian1 Double Differential Cross Section

- (DDX) ﬂﬂﬂ“lmﬂmqamwmmmiﬁmw (mth 1) mar’i‘lumsmummummaumﬂmmm

2
i)‘"'m“lﬂﬂamﬂmmmsmﬂeummm (interaction) gIVU umnmmmamawmﬂmiuw
mmuﬂquﬂﬁﬂaﬂm na‘nﬂamﬁgmitu'ﬂmgﬂ1ﬂmmﬂuuaumﬂsmmaamammw
= =3 o ey = Ag st - 4 ar EREN - o ’ Py n‘:
HuadsmihniiTemanadiuiiovas HIBINIUNUIMAMINNUINTDULIUATAILINAIYAT
4 o o o Y ar a [}
Lﬁaﬂ'nwmmu“lum‘smﬂﬂsmzawﬂﬂaﬂs:‘nmﬁaainmfummmaﬂqmamwam‘f]u
»
2 hsznsdauiu el
r ot L 4‘! or s L] ] dd’
(1) #ATINVUIPUDIINOAIDY1N(Sample-size effect) 1HDINNIAYAIDUN msu'luﬂsmu
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