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MCNP S(a,3) DETECTOR SCHEME

by
John S. Hendricks and Richard E. Prael

ABSTRACT

An approximate method to allow S(a,3) thermal col-
lision contributions to point detectors and DXTRAN by
Pracl has been implemented in MCNP4. The method is
described and test results are presented, including some re-
sulis that indicate inadequacies in the NJOY processing of
the nuclear data.

I. INTRODUCTION

A new approximate method to allow S(a, ) thermal collision contributions to point
detectors and DXTRAN by Richard E. Prael has been implemented in MCNP!? version 4.

The S(a, 8) scattering model**® is a complete ENDF/B® representatiou of therma. 1eu-
tron scatteriug by molecules and crystalline solids which is important in the energv range «
eV down to 105 eV. A point detector!7 is a deterministic estimate of the lux  a point
in space that is made from source and collision events throughout a Monte Carlc = dom
walk. DXTRAN!7 is an MCNP variance reduction option that uses point estimates similar
to point detectors to put particles in small regions of space (DXTRAN spheres vhere .heir
random walk can be cortinued.

Until now it has been impossible to use point detectors and DXTRAN in coniunction
with S(a, B) scattering because the calculation of a neces:ary point detec or/DXTRAN
quantity, p(u), is impossible. The quantity p(u) is the value of the probability density
function for scattering from the incident random walk particle direction at a polar angle
p = cosf exactly toward the point detector or sampled point on the DXTRAN sphere. The
reason this calculation is not possible is that the S(a, 8) scattering data is 1 :presented as
discrete polar angles, u, at each collision, an< the probability of any of these angjes pointing
toward a pnint detector or DXTRAN poir* is infinitesimally small. An exact S(a, 3) - point
detector/DXTRAN scheme may be possible in which at each collision the particle is hacked

up along its random walk trajectory to a point where scattering exactly in the direction
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of the detector/DXTRAN point is possible. Ther. particle weights could be approgriately
adjusted, bt this would be horrendously complicated, particularly if the trajectory crossed
any geometric boundaries in between. Prael’s approximate method uses another approach
in which the discrete angles are represented approximately by histogram functions following
certain rules to preserve selected properties. Calculation of the p(u) values from a histogram
distribut on rather t an from a discrete distribution is then relatively straightforward.

Forty-nine calculations requiring over 40 hours of Cray XMP-48 computer time have
been run to test P-ael’s approximate scheme. These indicate that the method is working as
intended but that the approximation is sometimes quite poor. Additionally, these calcula-
tions indicate that 1he discrepancies between detector tallies using the approximate scheme
and tallies using the “exact” random walk are often caused by inadequacies of the data
representation ‘ised in the random walk! In particular, the representation of the scatter-
ing distributions by the NJOY®® code as a few discrete lines (typically seven) is poor for
distributions which are continuous, particularly isotropic distributions.

First, P.~cl's approximate method will be described, including its implementation into
MCNP4. Then the test problems and results will be described and interpreted.

II. PRAEL'S METHOD

The approxiinate method of Richard E. Prael for estimating the contributions to de-
tectors or DXTRAN from discrete angle scattering will now be described. First we review
Sfa. 3) thermal scattering. borrowed largely from the MCNP manual' Chapter 2; then we
examine the pertinent aspects of point detectors and DXTRAN. Prael’s method is pictorially
illustrated, and finally his FORTRAN algorithm and its MCNP4 counterpart are presented.

A. S(a,B) Theoretical Background

The S(a,3) thermal scattering model is a complete representation of thermal neutron
scattering by molecules and crystalline solids including Bragg scattering. Two processes are
allowed: (1) inelastic scattering with cross section o, and a coupled energy-angle repre-
sentation derived from an ENDF/B S(a, ) scattering law, and (2) elastic scattering with
no change in the outgoing neutron energy for solids with cross section o, and an angular
treatment derived from lattice parameters. The elastic scattering treatment is chosen with
probability o.;/(0e + 7in). This thermal scattering treatment also allows the representation
of scattering by multiatomic molecules (for example, BeO).

For the inelastic treatment, the distribution of secondary energies is represented by a set
of equally probable final energies (typically 16 or 32) for each member of a grid of initial
energies from an upper limit of typically 4 eV down to 107> eV along with a set of angular
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data for each initial and final energy. The selection of a final energy E’, given an initial

energy E, may be characterized by sampling from the distribution

1 X,
PIE'| Ei< E< Ein) = Y [E" = pEi; — (1 - p)Eisrs]

i=1

where E; and F;;, are adjacent elements on the initial energy grid,

_Egn—FE
" En-E
N is the number of equally probable final energies, and E;; is the j** discrete final energy
for incident energy E;.
There are three allowed schemes for the selection of a scattering cosine following selection
)th

of a final energy and final energy index j. In each case, the (z,7)"" set of angular data is

associated with the energy transition £ = E; = F' = E; ;.

1. The data consist of equiprobable histogram cosine bins. For k = 1,...,v cosine bin
boundaries and a random number {, index k is selected by k = £v and g is obtained

by the relation

#=pr+ (€ — k/v)(#rer — pe)

In practice, no data for this scattering representation is processed by the NJOY code
and therefore it is unused in MCNP.

2. The data consist of sets of equally probable discrete cosines u; ;i for k =1,...,v with
v typically 4 or 8. An index k is selected with probability 1/v, and g is obtained by

the relation

B=ppige+ (1 — p)Bisr ik

3. The data consist of bin boundaries of equally probable cosine bins. In this case,
random linear interpolation is used to select one set or the other, with p being the
probability of selecting the set corresponding to incident energy E;. The subsequent
procedure consists of sampling for one of the equally probable bins and then choosing

¢ uniformly in the bin.

For elastic scattering, the above second and third angular representations are allowed for

data derived by an incoherent approximation. In this case, one ret of angular data appears
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for each incident energy and is used with the interpolation procedures on incident energy

described above.

For elastic scattering, when the data have been derived in the coherent approximation, a
completely different representation occurs. In this case, the data actually stored are the set

of parameters Dy, where

0uq = Di/E for Egy < E < Epiy
oq =10 for E < Epy

and Epg; are Bragg energies derived from the lattice parameters. For incident energy E such
that Egy < E < Epiya,

P.=D;/Dyfori=1,... .k

represents a discrete cumulative probability distribution that is sampled to obtain index ¢,
representing scattering from the :** Bragg edge. The scattering cosine is then obtained from

the relationship

H = 1- ZEB,/E
B. Detector/DXTRAN Theoretical Background

The contribution or tally, T, to a point detector, or ring detector, or the sampled point

on a DXTRAN sphere from each source or collision event is:

T = (Wp(u)e™*)/(2nR?) |

where
W = particle weight of random walk particle from source or entering collisisn;
A= / " o¢(s)ds = total number of mean free paths integrated over the trajectory
fx?om the source or collision point to the detector or DXTRAN point;
e”* = attenuation term; for transmission from source or collision
point tn detector or DXTRAN point;
R = distance from source or collision point to detector or DXTRAN point;

p(p) = value of probability density function aty,the cosine of the polar angle

between the particle trajectory and the direction to the detector.

The probability density function, p(u), is such that




where F(u) is the probability of scattering between -1 and u. Note that p(x) must be

prormalized such that

/11 p(p)dp =1

Whereas p(u) is not a probability it can have any values greater than zero, including

values greater than one. P(u) is a probability and therefore,

0<P(p)<l1

As an example, consider the cosine distribution p(g) = p illustrated in Fig. 1. Actually,
p(p) = .5(u+1). I ug is the cosine of the polar angle between a collision point and a detector

point, then p(u) in the point detector expression is simply

p(#) = p(po) = 5(po + 1)

In this case with a cosine distribution scattering law, the detector contributions are
straightfcrward. However, consider the case encountered with S(a,) thermal scattering
data, where the angular distributions are discrete as in Fig. 2. This is a cosine distribution
approximated by eight discrete lines. If uo is again the cosine of the polar angle between
the collision point and the \tetector point, then p{ug) = 0 unless y; is one of the discrete
scattering angles, in which ¢ase p(uo) = 0. The probability of the scattering angle between
the collision and detector being exactly the same as one of the discrete scattering angles is
zero. Thus, contributions to ¢wiectors and DXTRAN from S(e, 8) thermal collisions have
hitherto been impossible.

C. Prael’s Hisiagram Mechod

Richard % ®:ael ha devised an approximate method lor getting contributions from
S(a. 3) thernial wwllisions to detectors or DXTRAN points by representing the discrete scat-
tering A“gles as histograms rather than lines. The histograms are chosen by the following

rules:

e The midpoint of the histogram must be centered at the location of the line to preserve
the mean;

e Histograms may not overlap;
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|

n

Fig. 1. Cosine scattering distribution.

p(n)

n

Fig. 2. Discrete representation of cosine scattering distribution.



o Histograms may not exceed the cosine boundaries -1 and +1;

e For coherent elastic scattering, the width of the histogram cannot exceed éu < .1.

For incoherent elastic scattering and inelastic scattering, the histogram width is governed
only by the ficst three criteria because line spectra are sometimes a poor representation of
the true physical situation. In particular, the NJOY processed S(a, §) angular distribution
data frequently represents isotropic or near-isotropic scattering as seven equiprobable lines.
By letting the histogram width expand without the fourth constraint, the histogram ap-
proximation is a more accurate representation of the physics than is the discrete data used
in the random walk as illustrated in Fig. 3. This figure shows hcw Prael’s approximate
histogram method would represent the discrete distribution of Fig. 2. Clearly this approxi-
mation, Fig. 3, is a better approximation to the cosine distribution of Fig. 1 than is the line
distribution of Fig. 2.

For a line cosiue distribution of p, s2,...,#, and a polar angle cosine, pg, between the
random walk particle trajectory and the detector or DXTRAN point, there are five cases

for deciding whether or not yo is within a histogram and contributes to a detector tally or
DXTRAN sphere or not.

1. Case 1: B2 < po < fy

This case is illustrated in Fig. 4a. The half-width of the histograms at 4 = ag and p = by
are:
1

A, = Emin(bo — ag,ap — ay)

1 .
Ay = Emm(bx — bo, bo — ao)
If ag < po < ag + A,, then yp is in the histogram at u = ay and

p(po) = 1/(v24,)
If bo — Ay < po < bo, then po is in the histogram at u = by and

p(po) = 1/(v24)
If ap + A, < po < by — Ay, then yp is in neither histogram and

Pluo) =10
— that is, there is no contribution to the detector or DXTRAN.




p(n)

Fig. 3. Histogram approximation of cosine scattering distribution.




2. Case 2: -1 < g <

This case is illustrated in Fig. 4b. The half-width of the histograms at u = bc = y, is:

By = Smin(by = bo, by = (1)

If Bp — Ay < po < by, then yo is in the histogram at u = by and

p(po) = 1/(v24)
If =1 < po < by — Ay, then g is not in histogram and

P(po) =0

3. Case 3: y; < po < g2

This case is illustrated in Fig. 4c. The half-width of the histograms at y = ap and u = b,
are:

A, = -;-min(bo —ag,a0—(-1)) , and

1 .
A4 = 5min(by — bo,bo — o)
If ag < po < ag + A,, then yp is in the histogram at u = a¢ and

Ppo) = 1/(v24,)
If b — Ay < po < by, then g is in the histogram at u = by and

P(po) = 1/(v24)
If ap + As < po < by — As, then yo is in neither histogram and
Ppo) =0

4. Case 4: u,.1 < po < po

This case is-illustrated in Fig. 4d. The half-width of the histograms at 4 = ap and y = b
are:

Aa = min(bo_aOsaO —al) )

N -




Fig. 4a. Case 1, p3 < po < pt,—1

p(u)

bg by

1 Hg 1

Fig. 4b. Case 2, ~1 < g < 4
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Fig. 4c. Case 3, uy < po < g2
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Fig. 4d. Case 4, p,_1 < po < pto
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and

Ab = %7".2'71(1 - bo, bo - ao)

If a9 < po < ap + A,, then py is in the histogram at z = ag and

p(po) = 1/(v24,)

If bp — Ay < po < bg, then yo is in the histogram at u = by and

P(po) = 1/(v24,)

If ag + Lo < po < by — A, then g is in neither histogram and

P(po) =0

5. Case 5: p, < pg<1

This case is illustrated in Fig. 4e. The half-width of the hisiogram at u = ay is:

Aa = mm(l - (g, G — Gl)

N —

If ap < po < ap + A,, then po is in the histogram at y = ag and

p(l‘O) = 1/(V2Aa)
If ap + As < po £ 1, then yug is outside the histogram and

P(po) =0

a. Coherent Elastic Scattering: In the case of coherent elastic scattering the treat-
ment is similar, but the x4 values are obtained frori the Brazg energies, Ep;, and incident
(precollision) neutron energy, E,

p=1-2Ep/E

Whereas the tabulated Bragg energies are increasing,

Ep; < Egiy
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Hy-1 By Hg 1

Fig. 4e. Case 5, u, < po <1
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the scattering angles are decreasing,

pis1 =1— Epgip/[E <1 — Ep;[E = y;

Also, since the scattering angles are sampled from a cumulative probability distribution
with cumulative probabilities Dy, D3,..., Dg,... D, the values of p(us) are either zero, or

p(uo) = (Di — Di-1)/(2D,4,)

or

P(#o) = (Disr — Di)/(2D,Ay)
D. Prael’s Algorithm

Prael’s algorithm to implement the above approximate method is shown in Table I, which
is a listing of his patch to MCNP3B. The five separate cases described abcve are consolidated
by setting default values of a,,aq,bq, 8. Table II shows the MCNP4 version of the same
patch, converted to compatibility with the pre-public (LANL floor version) of MCNP4 and
also converted to Tom Godfrey’s MCNP programming style. Further modifications include
reducing the number of divides by multiplying by energy, ERG. Both versions of the patch
can be made to give identical answers even though they apply to radically different versions
of MCNP. All the testine reported herein was done with the MCNP4 version.

III. Test Problems and Results

Forty-nine calculations requiring over 40 hours of Cray XMP-48 computer time have
been run to test Prael’s approximate scheme. These indicate that the method is working as
intended. Additionally, these calculations indicate that the discrepancies between detector
tallies using the approximate scheme and tallies using the “exact” random walk are often
caused by inadequacies of the data representation used in the random walk. In particu-
lar, the representation of the scattering distributions by the NJOY code as a few discrete
lines (typically seven) is poor for distributions which are continuous, particularly isotropic
distributions.

The test calculations can be divided into two families: thick sphere problems and single
collision problems. These two families of problems will now be described along with a
discussion of the associated results.
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TABLE |

S(a, 8) PATCH FOR MCNP 3B

«10 2138
o/ START PATCH TO PEAMIT S(A.B) WITH DETECTORS AND DXATRAN
T038.8.9

0
C

L3
L}
-1
(31
ol
L
0

b
¢

RETURN IF XCODE PROBLEM IS NOT SETTLED.
IF(XIKF .NE.O)RETURN

s8.
S8.
s8.
s8.
s8.

1XC0S=0
24
NTVYNe Y
41
NTYN®2
82
IXCOS=-KX
87

1XCOS =K
)
1ce1C- 1

Crie.2

Go TO(SO 40,30.130, 160,210,410,260,390,399)1P8C-2

CT3IA.249
C >>>>»> ]PSCe® -- NEUTRON FROM S(A.B) COLLISION

410

CONTINIE
CS*UOLO*UUU+VOLD=VVV+WOLD s WY
IF _(NTYN.EQ.1) THEN

IF (IXCOS) 420,400,800
ILSEIF (NTYN.EQ.2) THEN
- g; (IxC0S) 320,880,800

GO0 TO 4CO
ENDIP

>>33> EQUALLY-PROBABLE ANGLE BINS.

420

430
440

CONTINUR

Je-1XCOS

LLoNXS(3, xl7)

00 430 Is1t,

1F (CS. Ll.vss(x IXCO08)) G0 YO 440
CONTINU

CIRR

CONTINUE

Jel-12C0%

PRe1.0/LL

ONOMe 1.,0/(YSS(J-1)-v3S(J))
a0 TO €00

»>>>> EQUALLY-PROBASLE DISCRETE ANGLES.

300

8510

820
830

CONTINUE

IF (NTYN.EQ.1) THEN
RI=RTCR(1,IET)
LLeNXS(3,IET)
N:-Nl!(‘.llf)‘(LLOS)

148 }
RIeTCR(4,IET)
Lie XS(G,I1T)
Nie_iLe1
ENDIF
LLO=IXCOS
LHIeLLOOLL
AQ=-10.
Al9-10.
81=10.
80+10.
1CoLLD-1
18eLHLe Y
1F(18-1C.£0.1)G0 TO 830
INe(1Ce18)/2
{Etga.ur.(vss(xn)onx-(vsstxnonl)-v::(xn))))oo T0 820
r J
20 T0 510
]
G0 10 510
CONTINUE
1# (1C.GT.LLO) A1=YSS(1C-1)eRIe(YSS(IC-1oNI)-YSS(1C-1))
ofF tre.obinhw) nusr 3SSIL)enIe 198 sLoNa ;-v38(1C))
IF (IB.LE.LMI) B0eYSS(IB)*RI=(VSS(IBONI)-YSS(IB))
IF (IB.LT.LHE) S1ovSS(IBe1)*RIe(YSS(IBe1oNE )~V$S(2Be1))
AoAC*MIN(O.8+(80-A0),0.8+(A0-A4), 1, -A0,A0+1.)
8°80-MIN(O.8¢(80-40),0.5+(21-80).1.-80,80+1.)
IF (CS.LE.A) TMEN
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TABLE I (cont)

Sfa..3) PATCH FOR MCNP 3B

21 ONOM«0 . 8/(A-A0)

82 ELSEIF (CS.GE.B) THEN
83 ONOMe=Q . 5/(80-8)

84 €1 SE

1) 0 70 400

86 ENCT

a8 PRe' O "LLe1)

.31 %0 T 8.0

89 C

90 C >>>>> EXACT TREATMENT OF COWHELENT ELASTIC SCATTERING
9N SSO CONTINUE

92 LLO®UXS(S, IET)

3 LeleUxS(S, 1ET)euTCR(2, 1ET) -1

4 AQ*-10.0

L A18-10.0

96 80°10.0

97 81%10.0

9 1CaLLT -

9 TBALM e

150 960 'T/IB-IC.€0.1) GO TU 980

101 1ra(]CeIB}/2

102 1F(CS . AT, (1.-2.0vSS(IM-INT(YSS(UXS(4,IET))))/ERG))AO TO 370
103 1CaIM

‘04 GO TO 80

108 870 1BsIM

108 GO TO 860

107 980 CONTIMUE

108 1f {1C 3T.LLO) B1w1.-2.¢YSS(IC-1-INT(YSS(UXS(4, X!T)))l/!ld
109 1F (1C.GE.LLO) BO=1.-2.evSS(IC-INT(YSS(JXS(4,IET))))/ERG
110 1F (IB.LE.LMI) AO®1.-2.vSS(IB-INT(YSS(uUXS(e, IET))))/ERG
v IF (IB.LT.LMI) A199,-2.0Y3S(IBe1-INT(YSS(JUXS(4.TET))))/ERG
112 TMPLIN0O. 08

113 8=80-MIN(O.82(B0-A0),0.8¢(B1-80), 1. -80.80¢1. , THPLIN)
114 ASAO*MIN().8(80-A0),0.5=(A0-A1),1.-A0,A0¢1. , THPL M)
118 IF (CS.LT.A) TMEN

116 ONOM=0.3/(A-4A0)
117 DPAevSS(18)

118 1F (18.GT.LLO) DPASDPA-YSS(IB-1)

119 PR=DIA/YSS(LMI)

'30 (191344 (“S ?;ol‘)mu

121 L 7

122 9?- Yg%(:¢)

123 1F (1C.GT.LLO! DPR=DPR-YSS(IC-9)

124 PReOPE/YES(LNHI)

128 ({81

12 @0, Ya 400

12 ENDLIP

120 @00 PSCsPReDNON

129 RETURN

130 *D DX3A.Y

131 «0 STIA.24

132 +0 §T7.150

133 ¢/ END PATCHM TO PERMIT S(A.8) WITHM DETECTORS AND DXTRAN




O -dRAWVE W -

TABLE II

S{a, 8) PATCH FOR MCNP 4

*I0DENT SABFIX <<<<< S(ALPHA BETA) DXTRAN AND DETECTORS >>3>>> 6/12/90
o/

R R R e STUFF
=0.ST.187 '.INE 9822
*D.ST.190 LINE 9828 ELIMINATE CALL SABERR

)/ e eee e eeeneieccoceccascsescceeecenaecanaoaaan SABERR

®/ z--ccm-oecce-ccsccececsceenssossccsccccntoccc oo ronnaas DXTRAN
«0.DX.6 LINE 18338 IF(IPSC.EQ.9)
«0.DX.69,0X.'4 LINES 1840¢ - 18408
110 LeICLoMXA=(NOX(1)e(IPT-1)-1)
DO 140 IXe1 NOX(1PT)
IF(IDX.NE.IXINZIYTC(1,IX, IPT)aNZIYTC(1,IX,IPT)e1

8/ seeieecsceteeiceeceissccsniseacsianecen sececmecmeneon senecnae- SABCOL

+1.S8.7 LINE 20739 AFTER LINE 20739
NTYNsQ
1XC0S=0

+1.58.32 LINE 20764 BEFORE GO TO(
NTYNe

1.58.39 LINE 2077 BEFORE 30 TO(
NTYNe2

*1.58.48 LINE 20778 BEFORE GO TO 130
1XCOSe-KX

+1.38.51 LINE 20783 BEFORE GO TO 130
[2COSekX

8/ ccceeccovmcea ecsacccesccccsccavnaca ceccnss cececceccevascsnacans TALLYD
*D.Y0.7 LINE 22208

c RETURN IF KCODE PROSLEM IS NOT SETTLED.

*D.TD.9 LINE 22298 IP(IPSC.£Q0.9)

=0.7D.332,.70.387 LINES 2364t - 23648 IPSCe9 CaSE

8/ ecececcccccnccaa Pumecencccnns vessseccsccccscancanas cescccccvacce CALCPS
*D.CT.9 LINE 22738
GO T0(10,20.30, 12¢. 150,200,251, 260, 400,440,480)1PSC-2
e1,CT.180 LINE 23879 BEFORE IPSC=10 BLOCK
[~

C >»>»>> [PSCe=9 -- NEUTRON FROM S(A.8) COLLISION.
231 CS=UOLDsUUU+VOLD*VVVWOLD = W
IF(IXCOS.EQ.O.AND.NTYN.£Q.2)GO0 TO 330
IF(IXCO0S.QT.0)G0 TO 2%v
I1F(IXCO0S.EQ.0)G0 TO 4680

c EQUALLY-PROBABLE ANGLE BINS. IXCOS < O
LLoNXS(LNXS*JeNTYN, IET)
IF(CS.LT . XSS(~-IXC0S).0R.CS.GT.XSS(LL-IXCOS))GO TO 460
OC 283 =t LL
253 1°%(CS.1E.XSS(I-IXCOS$))@0 TO 234
%4 ::$';“ ALe(XSS(I-IXCOS-1)-XSS(1-IXCOS)))
(7]

c EQUALLY-PROBASLE DISCRETES ANGLES. IXCODS > O

253 IF(NTYN.NE.1)GO TO 490
RISRTC(XRTCe1?, 1ET)
LLaNXS(LNXS+3,IET)
NIeNXS{LNXS*4, IET)e(LL*2)
GO TO %00

490 RI=RTC(XRTC+4,IET)
LLaNXS(LNXS+8,IET)
NIaLLet

800 PSCe=0.
Ate-10,
AQ=-10.
80=10.
8110,
ICeIXCUS-1
iBeIXCOSeoLLS Y

510 IF(18-1C.EQ.1)A0 TO 330
Ine(1CoIB)/2
gﬂ(ia.Lr.(XSS(xn)0lx-(xss(xno~!)-xss(xn))))cﬁ T0 3520
"Ce
GO T Z15

520 IB=IM
GO 70 S10

$30 I1P(1C.QT.IXCOS)A1=XSS(1C-1)+ATe(XSS(2IC-14NI)-XSS(ZC~1))
IF(1C.GL.IXCOS)AO=XSS(IC)*RIe(XSS(ICHNI)-XSS(IC))
IF(IB.LE.IXCOS*LL)BO=XSS(IB)*RI*(XSS(IB*NI)-XSS(IB))
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118
118
117
118
119
120

530

560

570
580

TABLE II (cont)

S(a, 8) PATCH FOR MCNP 4

[FIIB. LY. IXCOS+LL)B1oXSS(IB*1)+RIe(XSS(IB+1oNI)-XSS(IBe1))
DAeMIN( .S (BQO-AQ). .5=(A0-41),1.-A0,AQ+1.)
OB=MIN(.8=(80-A0), .5=(B1-8C),1.-80,80+1.)
IF(CS.LT.AQ*DAIPSCs.8/((LL*1)s04A)
IF(C5.GT.BO-0B)PSCs.8/((LL*1)=DB)

RETURN

EXACT TREATMENT OF COMERENT ELASTIC SCATTERING. IXCOSeQ, NTYNeQ
NCaINT(XSS(UXS({LUXS+4, IET)))
LO®UXS{LUXS*5,IET) -NC
1CeL0-1
IBeLOeXTC(KKTC+2,3ET)

LH=I8-1

A1=-10.«ERQ

AO=-10.*ERG

809 10.ERG

81=10.=ERG

IF(IB-1C.EG.1)GO TO 380

INe(IC+1B)/2
1F(CS*ERG.GT.ERG-2.*XSS(IM))G0 TO 570
IC=IN

GO TO 360

18vIN

GO TO %60
IP(IB.LT.LH)A1ERG-2. o XSS(IBe1)
IF(IB.LE.LM)AO®ERG-2.+XSS(I8)
IF(1C.GE.LO)BO=ERG-2. «XSS(IC)
IF(IC.GT.LO)B1°ERG-2.+XSS(IC-1)
DA=MIN( .5+ (BO-A0), .5+(A0-A1),ERG-A0,AQ+ERG, .08°ERA)
D8 =MIN(.3+(80-40), .59+(81-80).ERG-CO,B0+ERG, .0B5*¥RA)
IF(CS*ERG.LT.AO*DA)GC TO 890
1F(CS*ERG.LT.B0-DB)G0 TO 460
DX=xSS(ICHNC)

1F(I1C.GT.LO)DX=DX-XSS( ICHNC-1)
PSCe.3eERA*0OX/ (XSS(LHENC)*DB)

RETURN

DXeXSS(IBoNC)

IF(I8.GT.LO)DOX=DX-XSS({ IB#NC~1)

PSCe. SeERGDX/ (XSS(LM*NC)sDA)

RETURN

121 =/ RECRDER LABELS IN RCUTINE DXTRAN.
122 =/ REORDER LABELS IN ROUTINE TALLYD.
123 =/ RECRDCR LABELS IN ROUTINE CALCPS.




A. Thick Sphere Problems

The thick sphere test problem is simply a 12 cm sphere composed of the following mate-

rials:
Material MCNP S(e, B) Isotopic
designator composition

Light water LWTR H,0
Polyethylene POLY CH,
Hin ZrH, H/ZR ZrH
Benzene BENZ CH;
Heavy Water HWTR D,0
Beryllium metal BE Be
Beryllium oxide BEO BeO
Graphite GRPH C

Zr in ZtH; ZR/H ZrH

Nine problems were run in this family of problems, each for 100,000 histories or 30
minutes Cray XMP48 time, whichever was less. The only difference between the problems
was the substitution of different materials. In each case there was a monoenergetic 10 keV
point source at the center of the sphere and there were surface, point, and ring detector flux
tallies on the outside of the sphere to tally escaping neutrons in a fine energy group structure
from .0001 eV to 20 keV. Room temperature (300°K) S(a, 8) thermal data sets were used
everywhere, and a free gas thermal treatment was used for non-S(a, 8) collisions, also at
room temperature (.02584 eV). An unambiguous description of this family of test problems
is the MCNP input file which is presented in Table III for the BeO case.

The purpose of the thick sphere problem vas to compare surface tallies of the random
walk thermalization to both point and ring detector tallies of the same problem. Results are
presented in Figs. 5-13. Agreement between the random walk surface tally (solid lines), and

the point and ring detector estimates (dashed lines) is excellent.

B. Single Collision Problems

The single collision family of problems consists of 40 problems using the following mate-

rials:
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1-
2-
3-
4-
5-
6-
7-
8-
9-
t0-
11-
12-
13-
14-
15-
16-
17-
18-
19-
20-
21-
22-
23-
24-
as-
26~

TABLE III

LARGE THICK SPHERE PROBLEM INPUT FILE

LARGE BEQ SPMERE

1 1 0.1 -1

2 o1 -2

3 0o 2

1 SO 12.

2 SO 16.

Mt 4009 1 8016 1
MT ¢ BEOQ.Of
PHYS:N 100

TMP! 2.584-8 0 O
THTME 1.0Q0E+»123
SDEF ERG=.00001
IMP:N 110

F2:N 2
FC2 LARGE BEO SPHERE
SD2 3217.

F5:N 00 16. O
FISZ:N O. 16. O
€0 1.-10 3.16-10 1.-9 3.16-9 1.-8 J3.16-8 1.-7 3.16-7 1.-8
2.-6 3.-6 4.-6 5.-6 6.-6 7.-6 8.-6 9.-6 9.999-6 1.0001-5 2.-8
NPS 100000
PROMP 2y 1
PRINT



LARGE LWTR SPHERE
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TALLY/PARTICLE
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LARGE H/ZR SPHERE
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LARGE BENZ SPHERE
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LARGE HWTR SPHERE
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LARGE BE SPHERE
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TALLY/PARTICLE
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LARGE GRPH SPHERE
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LARGE ZR/H SPHERE
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Materiai MCNP S(a,B)  Isotopic

designator composition

Light water LWTR H,0
Polyethylene POLY CH,
Hin Z2rH, H/ZR ZrtH
Benzene BEN?Z, CH,
Heavy Water HWTR D,0
Beryllium metal BE Be

Beryllium oxide BEO BeO
Graphite GRPH C

Zr in ZrH; ZR/H ZrH
Zr in ZrH, ZR/H ZrH,

For each of these materials problems were run at the source energies of 1 eV, .1 eV, .01
eV, and .001 eV. The neutron sources were all monodirectional line sources aimed at a tiny
sphere where exactly one collision was forced. Scattering from this collision was then tallied
in 20 equispaced angular cosine bins relative to the incident particle direction in a current
tally on a spherical surface far away from the collision. The current tally was converted to a
flux tally by dividing by surface areas and is plotted in the histogram plots in Figs. 14a - 53a.
These are compared to point detector tallies plotted in Figs. 14b - 53b. An unambiguous
descriptior. of the problem is the MCNP input file for one of this family of problems which
is presented in Table IV.

In many cases, the results indicate excellent agreement between the approximate detector
scheme and the random walk. The low values for the detectors at y = —1 and p = 1
(detectors - and 20) come from placing the detectors inadvertently on histogram edges and
are to be ignored.

As an example of good agreement between the approximate detector method and the
random walk, consider the case of BeO at .01 eV (Figs. 40a and 40b). The Bragg edges are
all predicted quite well. Another example of good agreement is the forward-pealed angular
distribution of light water at 1 eV (Figs. 14a and 14b).

In some cases, however, the detector-calculated fluxes differ greatly from those of the
random walk. Consider the case of hydrogen in zirconium hydride (H/Zr) with a .001 eV
source. The random walk results (Fig. 25a) look like a picket fence ranging over two orders
of magnitude of flux; the detector approximation (Fig. 25b), on the other hand, is flat. This
1s an isotropic distribution, and the flux at each angle should therefore be uniform as in the
detector result. The picket fence result of the random walk is caused by the representation of
this isotropic distribution a3 a set of a few discrete lines by the NJOY nuclear data process-
ing code. This representaiion of the data is clearly inadequate for these problems with a high
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TABLE IV

SINGLE COLLISION FROBLEMS INPUT FILE

t- ZRH2 .1t EV

2- t t 0.0001 -1

3- 2 o1 -2

4°- 3 0 2

5-

8- 1 SO .t

7- 2 SO 1000. 1

a-

9- M1 1001 2 8016 1

10- M ZR/H.01

11- PHYS:N 100

12- TMPY 2.%84-8 0O

13- THTME 1.0€E+123

14- SDEF POS=0 -1 O VEC=0 1 O DIR={1 ARA=t ERG=t.E-7
195- FCL:N -100

18- FC1H ZRH2 .1 EV

17- FCS ZRH2 .1 EV

18- WWP:N $1.E30 1.E20 1.0001 -1
19- WWNI:N t.E-20 O -1
20- FI:N 2
21~ Ct -.93 181 .98 .999 1 V¥
22- FT1 FRV O 1 O
23- Cc OIVIDE 8Y 2.vPleRes2:DU
24- CM1 3.183099E-6 1.591549€E-8 18R 3. 119437€-6 O.
25- C 7.959949€-8
26- C EC 1.-10 3.16-10 1.-9 3.16-9 ¢.-8 3.16-8 1.-7 3.18-7 1.-6
27- C 2.-6 3.-64.-65.-66.-67.-68.-8 9.-6 9.999-6 1.0001-9 2.-9
28- NPS 100000
29- PROMP 2J 1
30- PRINT
31- FQ1 C E
32- FQS F £
33- FS5:N O -1000 O O ND
34- -43%.8899 -900 0 O
38- [+ 800 -800 O O
36- -714.1428 -700 0 O
37- 0 -600 800 O
38- 866.025%4 -500 0 O
39- 916.5t%1 -400 0 O
40- -953.9392 -300 0 O
41- 0O -200 979.79%9 O ND
42- O -100 993.9874 O
43- 0 O 1000 O
44 - 994.9874 100 0 O
49 - 979¢.79%9 200 0 O
46- 0 30 953.9392 ©
47- 916.5151 400 0 O
48- 0 S00 -88€.02%4 O
49- 0 600 800 O

50- -714,.1428 700 0 O
51- 600 800 0 O
52- 0 900 435:8899 0
53- 0 1000 0 O

54- (o]0} (o]



degree of angular scattering resolution. But the detector approximation, which represents
the disciete lines as histograms that are spread out until they touch each other smooths out
the data and provides a better representation of continuous angular distribution functions
than the discrete angle treatment used in the random walk.

We recommend that the representation of continuous distribution by discrete angles by the
NJOY nuclear data processing code be reconsidered. There is already a mechanism in MCNP
for utilizing equiprobable bin data that is continuous. Where the data is truly continuous,

that representation should be used.

IV. Summary

Prael’s histogram method has been incorporated into MCNP4 to allow detector and
DXTRAN estimates from S(a, ) thermal collisions. The method has been extensively
tested and appears to be working. For calculations where there are many collisions and
angular effects are washed out, both the new approximation and the random walk physics
are adequate. However, for some problems that are sensitive to the scattering distribution
the approximation is actually better than the “exact” random walk because the NJOY
processing of the data into discrete lines is a poor representation of the physics.
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