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ENDF/B-6 Thermal Neutron Scattering Law Library

The ENDF/B-6 Thermal Neutron Scattering Law Library is the same as
the ENDF/B-3 Scattering Law Library, except that it was converted to
ENDF-6 format at the Los Alamos National Laboratory, and except that any
cross-section data included were adjusted to agree with the ENDF/B-6
Library.

The ENDF/B-3 resp. ENDF/B-6 Scattering Law Libraries contain data
S(x,B) for the following materials:

MAT-Nr MAT-Nr
in in
ENDF/B-3 ENDF/B-6 material
1002 1 H in Hy0
1004 11 D in D0
1064 26 Be in Be metal
1099 27 Be and O in BeO
1065 31 C in graphite
1095 40 H and C in CgHg benzene
1114 37 H in CH; polyethylene
1097 7 H in ZrHy
1096 58 Zr in ZrHy
1167 - U and O in U0y

The ENDF/B-6 version of this Library was distributed by the US
National Nuclear Data Genter on 31 May 1990 on the ENDF/B-5 tapes 118 and
119. This version does not include the U0, data that were contained in

the ENDF/B-3 version.

Table 1 presents information on temperatures given in the library and
methods used for S(a,B) calculatiomns.

This library is still in use for thermal reactor and shielding
calculations. The ENDF-3 version is processed by the module THERMR of
the NJOY code up to version of 1987. Later versions of NJOY process this
data file in the ENDF~6 version.

The library has a size of 101.483 records (ENDF/B-3 version) resp.
77247 records (ENDF/B-6 version). Both are available costfree from the
TAEA Nuclear Data Section upon request.




Material

D20

Be

BeO

CgHg

CHa

ZrHy

U0,

Temperatures °K

Table 1

Methods of calculation of S(«,B)

296,
500,
1000

350, 400, 450,
600, 700, 800,

same as above

296,
700,

400, 500, 600,
800, 1000, 1200

Same

296, 400, 500, 600,
700, 900, 1000, 1200,
1600, 2000

296, 350, 400, 450,
500, 600, 800, 1000

296, 350

296, 400, 500, 600,
700, 800, 1000, 1200

296, 400, 500, 600,
700, 800, 1000, 1200

Calculated with GASKET code using
incoherent approximation using Haywood
frequency spectrum (two discrete
vibrational modes and experimental
rotational band).

same

Calculated with GASKET code using
incoherent approximation with phonon
distribution from lattice dynamics of Be
(J.A. Young, Nucl. Sci. Eng. 19, 367,
1964).

Calculated using GASKET code in
incoherent approximation with weighted
frequency spectrum for Be and 0 atoms.
Spectra obtained from lattice dynamical
shell model after fitting the
frequencies to elastic Rahman and
neutron scattering measurements.
Coherent lattice component of scattering
calculated using HEXSCAT code.

Calculated with GASKET code using
incoherent approximating with phonon
distribution from lattice dynamics of
carbon (J.A. Young, J. Chem. Physics 42,
357, 1965). Coherent component of
scattering computed using code HEXSCAT.

Calculated using code GASKET in
incoherent approximation, frequency
spectrum used from normal mode
calculations of CgHg molecule
(GA8185).

Calculated for hydrogen component in
incoherent approximation with GASKET
code (Nucleonic 12, 87, 1969). Carbon
is treated as free gas with mass 12.011
AMU.

Calculated using code GASKET in
incoherent approximation. Generalized
phoiion spectrum obtained from a central
force dynamical model (Slaggie, GA8132).

Calculated using code GASKET with
frequency spectrum weighted for U and O
atoms obtained from a lattice dynamical
shell model (GA8760).
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Introduction to Revised Edition

At the suggestion of Don Mathews (GA). the Referemce Manual for
ENDF Thermal Neutron Scattering Data has been reissued by the National

Nuclear Data Center.

This edition (ENDF-269) contains additional and revised moderator
information, an expanded discussion of the GASKET Code; and other up-
dates provided by Don Mathews.

Philip F. Rose
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A. GENERALITIES AND COMPUTER CODES
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A.1 INTRODUCTION

This document is intended to serve as a general reference of in-
formation concerning the thermal neutron scattering law data submitted
by Gulf General Atomic to the Evaluated Nuclear Data File (ENDF)(”
set up by the Neutron Cross Section Center at the Brookhaven National
laboratory. The data submitted to ENDF refers both to inelastic and
elastic scattering. The inelastic scattering data, generally calculated
in the incoherent approximation, is stored in the form of the scattering

law S(a, §) related to the double differential cross section by the expres-

sion
2 2
do _a _|E _-8/2
dEde ~ T VEO e Sla. B)
where
2 E-E
K [
@=3MT ™ PCT

and where Eo' E denote the initial and final neutron energies, K is the
momentum exchange, a the bound scattering length of the scatterer and

T its temperature.

The elastic scattering data, either coherent or incoherent is

stored in the form of the Legendre moments Po through PS'
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The report is divided into two parts. Part A includes informa-
tion on the ENDF system {Section A. 2) and a concise description of the
computer codes used to generate the scattering data (Section A. 3). 'I'hié
description is nct intended to replace the more complete discussion given
in the corresponding references, which are listed in Section A. 4, but it
permits an understanding'of the source data as tabulated on the input
cards to each code. These codes have all been written in FORTRAN and
are available through the Argonne Code Center.

Part B contains the data corresponding to the different moderators.
These data are included in a loose leaf format similar to the Gulf General
Atomic Spectrum Book(z) to facilitate revisions and updating. The in-
formation corresponding to each moderator is given in six sections as
follows: (1) A description of the model underlying the calculation, with
enough physical content to satisfy the casual user plus all pertinent ref-
erences; (2) following the description of those models which include a
continuum of vibrational modes, is a graphical illustration of the corres-
ponding frequency spectra; (3. 1) through (3.n) listings of the card input
to all the codes used to generate the ENDF data for the moderator under
consideration; (4) plots of the scatte.ring law for several temperatures;
(5) tabulated values of various integral quantities of the scattering law;
and (6) miscellaneous information concerning the data and some quantities
directly derived from the model such as the Debye-Waller integrals and
effective temperatures. Comments as to the adequacy of the model and
comparison with available measurements will also be included. For the
convenience of easy updating pagination is by section in Part A and by

moderator (alphabetically) in Part B. An index of the moderators curreatly

included precedes the material of Part B.
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A.2 THE ENDF SYSTEM

A.c.1 EVALUATED NUCLEAR DATA FILE (ENDF)

The Evaluated Nuclear Data File, developed by H. Honeck, is
divided into two parts, ENDF/A and ENDF/B.

Specifications for ENDF/A are described in Ref. 1. The File pres-
ently contains UKAEA, KAPL, and GA data. Additions are made whenever
significant data are received in the ENDF/A format.

Specifications for ENDF/B are contained in Ref. 3. ENDF/Bis a
cooperative effort among U.S. Laboratories organized by the USAEC Div-
ision of Reactor Development and Technology and coordinated by the Cross
Section Evaluation Center at BNL. It is the objective of the participants
(the Cross Section Evaluation Working Group) to assemble a library of
recent evaluations for materials of interest to reactor designers. The
materials presently included in the system are listed in Table 1 together
with the Laboratory responsible for the selection of data. New materials
will be added in the future.

Table 2 summarizes the characteristics of the Evaluated Nuclear

Data Files A and B.

A.2.2 AVAILABILITY OF ENDF DATA

ENDF material is available to U.S. users from the National Neutron

Cross Section Center (NNCSC) at BNL and to ENEA countries from the
Neutron Data Compilation Centre at Saclay. Others can receive data from
BNL provided bilaterial agreements exist for the exchange of neutron data

or USAEC approval can be obtained.

A.2.3 TESTING OF ENDF/B DATA

The ENDF/B Library was assembled to increase the amount of
2.1




cross section data in a single format available to the reactor designer.

Due to the tight schedule for completing the File, the data may contain
errors and may not include the most recent evaluations. An iterative
philosophy is used concerning ENDF/B. Periodically (perhaps annually)
the File will be revised as errors become known and new data becomes
availab}e, For seme materials, several revisions, or several years, may
be necessary before ENDF/B will constitute a good set of data. In the
meantime, the completeness of the File suggests that it can be used as a

reference set of data for reactor calculations.
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Materist

H-1

H00
D-2

D,0¢
Li-&

Li-7

Be
Be-metsal®
BeOe
B-l0

c
Graphite®
CHiy®
N-14
0-16

Na

Ni
Zr-90
Zr-91

1008
1009
1010
1068
oLk
1012
1013
1059
1014
1018
1016
1017

1018
1019
1020

1021
1077
1070

Laboratory

BN
GA
BN
GA
LASL
LASL

GA
JA
ORNL
KAPL
GA
GA
ORNML
KAPL
APDA
ANL
ORNL
ANL
ANL
WAPD

BNL
WAPD

WAFPD

BAPL-KAPL

*Thermal data only

Table 1

ENDF/B DATA

Material

Zr-92
Zr-9
Zr-9
ZrHe
b

Xe-138
Sm-149
Eu-151
Eu-1%)
Gé
Dy-164
Le-378
Lu-176
HI-174
HI-176
H-177
H-11
1-179
HI-180
Ta-181
wple2
w-18)
w-184
w-186

MAT

1079
toso
1041
‘1023
1024
1028
1026
1027
1628
1029
1030
fon
1032
1033
1082
1072

1073.

1074
1078
1076
1638
160
1061

1062
1083

Laborstory '

BAPL-KAPL

GA
GA
ANL
BN
BN
BN
BN
ANL
BN
BN
BN

BAPL-KAPL

GE

GE

Materisl

Aw-197
Th-232
Pa-233
U-233
U-213 F P
U-233 F.P.
U-233 F.P.
U-234
U-238
U-238 F.P.
U-238 F.P.
U-23% F.P.
U-236
U-238
Np-237
Pu-238
Pu-239
Pu-239 E.P.
Pu-239 F.P.
Pu-239 F.P.
Pu-240
Pu-241
Pu-242
Am-241
Am-243
Cm-244

MAT

10%?
1038
1040
loat
1042
1064

1043
1044
1048
1068
1069
1046
1047
1048
1030
1081
los2
1070
1071
1083
1054
1088

1086
1087
1058

Laboratory
BN
Bw
BAPL
GA-ORNL

GA
KAPL

GA
Bw

At
GE-

APDA
GA

882

Al



Basic Storage
Unit

Type of Data
Included

Ordering of
Data

Selection and
Revision of
Data

Main Usag:

Table 2

ENDF/A

Evaluated point cross sec-
tion data covering a parti-
cular energy range for one
reaction type and one mat-
erial. Highly flexible
format.

All reaction types for all
incident and final particle

types.

Data stored in the order
recejved by the ENDF
center.

No selection is made. All
data is accepted and added
to the master files. Hence
many alternate evaluations
occur.

Storage of partial evalua-
tions and alternate or
older evaluations used as
building blvcks to generate
complete evaluations.

CHARACTERISTICS OF THE DATA FILES

ENDF/B

All evaluated point data
for one material needed
for a reactor calculation.
Simple format.

Data for neutron-induced
reactions required for
reactor calculations.

Ordered by material
number, data type, and
reaction type.

One complete set of data
for a material will be
selected and stored.
These data will be up-
dated at regular intervals.

Complete sets of evalu-
ated point data used as
direct input to reactor
codes or codes to com-
pute multi-group sets.




a.3 CODES

4.3.1 GASKET

GASKET is a uvnified code which calculateg the inelastic scattering law
for any material—-solid, liquid, or gas. The calculation is performed in
the incoherent approximation. This is generally a good approximation, since

even for coherent scattering most of the interference scattering is elastic.
The scattering law S(c, 8), as is well known, is defined by

O(Eo + E,8) = op

[E e/ 5,8 (1)
kxi Eo

where S(c, 8) is an explicit function of only two variables o and 8 defined

as

a=k , g =g (2)

2T T
« and ¢ being the neutron momentum and energy exchanges, M the atomic mass

of the main scatterer, T the temperature, and % the bound atom scattering

cross section.*

One of the drawbacks of most of the previous codes (excepting the English
program LEAP) was that they ignored this explicit dependence of S on only two

variables and calculated o(Eo -+ E,8) for each set of values of Eo, E and 6 of

*We shall use a system of units in which Boltzmann's eonstant kB and

the peutron mass are umity.
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a given energy and angular mesh. Instead, GASKET calculates S at points of
a two-dimensional a, 8 mesh. From this two-dimensiomal array of S-values
it is then easy to obtain the double differential cross section and the Pn
scattering kernels by interpolation and integration in a- B space. This

last step 1s actually performed by an auxiliary code called FLANGE.

The advantage of this two-step scheme is twofold: First, the number
of S-values to be calculated is comsiderably redpced. Typieally, for
320 a mesh of 80 x 80 ( o,8 ) points gives very satisfactory results in the
energy range 0-2 eV. The minimum number of points in Eo, E, 6 space re~
quired for an equivalent accuracy would be of the order of 80 x 80 x 15.

For moderators with a lower cutoff frequenecy the savings would be even more

impressive.

The second important advantage is that it takes very little time to .
recalculate a(Eo - E,8) for different angular and energy meshes, sicce most
of the computing time is spent in obtaining S( o, 8 ), which has to be com-
puted only once. Furthermore, the scattering law shows most of its
structure at low B values, while it is rather smooth for large 8's (i.e.,
for B8>w max where ©oax is the cutoff frequency of the material in
question). This permits one to use a very fine R-mesh near the origin and
a gradually coarser mesh as B increases. Clearly, such a fine mesh for
small energy exchange at all initial energies between, say 0 and 2 eV,
would require a hopelessly large total number of points if a(Eo - E,8)

were calculated at each angle-energy mesh point as in previous codes.
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The keystone of GASKET is the use of numerical methods for evaluatinmg
Fourier transforms. For most scattering systems occurring in practice the
Fourier transform x( a, t) of the scattering law can be expressed in a
relatively simple analytical form. GASKET evaluates this so—-called inter-
mediate scattering function and does the Fourier inversion numerically.
Using conventional numerical integration schemes, ome rumns into the dif-
ficulty of rapidly oscillating integrands at large values of g. This
problem, however, is avoided by approximating X by a piecewise linear
function and integrating snalytically over each linear segment. Due to
detailed balance, the scattering law S(c, 8) is an even functiom of g

hence its Fourier transform

Xsym (o,t) = fe-igt S(c,B8) de (3

- &
is an even function of t. Although it would seem comvenient to take ad-

vantage of this symmetry, it turns out that due to numerical problems

arising for large values of B it is necessary to work with the nonsym- -

metric form defined by

x (a,t) = fe“m,&a,m de )

where;g( c,B) = enB,2 S(e, B).

A relatively small number of dynamical modes are sufficient for

characterizing the scattering from practically any material. The different
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dynamical modes which can be handled by GASKET are the following:

1. TFree translation (low density monoatomic gas)
2, Diffusive or Brownlan moticn
3. Harmonic isotropic vibrations with continuous

4. Harmonic anisotropic vibrétions with continuous
frequency spectrum

5. Harmonic isotropic vibrations with discrete frequency
spectrum comprising up to 2 oscillators.
Any one or all of these modes may be present simultaneously, the only
exception being that Modes 1 and 2 are mutually exclusive. At present the

code is operational for all modes except Mode 4 (anisotropic vibratioms).

| A common feature of all the listed modes, excepting anisotropic

vibrations, is that their intermediate scattering furmction is expomential

in a:

X - %% (t) (5)

When more than one mode contributes to the scattering, the resulting x -
function is the product of the partial yx-fuimctions which are then com-

bined in the simple form
x=exp[cl ) G1 )] (6)
1

wvhere the vi's are weight factors normalized to one.

i =1 @)
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In order to use the code properly, it is convenient to have an idea
of how it works. The simplest way of explaining this is by means of an
example. A convenient example is azo because it is one of the most general
cases. Three dynamical modes contribute to the scattering law of 820 computed

for the ENDF:

l. Free translation of 520 molecule: vy -i%

2. Bindered rotations characterized by & cortinucus
frequency spectrum: vy --%

3. 1Internal vibrations with two discrete frequencies: we = %u

Hence, the intermediste scattering fumction has the form

X "X3 X3 Xg ®
The code splits Xy 5 into two parts )
X3(t) = % (®) [ x5()=x5(=) ] + x; (&) (=) ®

vhere x3(-) = D is the so-called Debye-Waller factor. Thus the second
tern of the preceding expression describes the zero-phonon or quasi-elastice
scattering. Its Fourler transform Sig)is dope analytically. This
separation of the asymptotic value of x3 considerably improves the con-

vergence of the Fourier transform of the first term, vwhich is dome
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aumerically by evaluating the integral

s

13
T

0 o fdt [ Q(t) cos At + R(t) sin it ] (10)
(<]

with

Finally, the Fourier transform of the complete intermediate scattering

function X3 X is obtained by convolution with the two discrete oscillators

of Mode 5

S(a,B) -fsn (z,w—8) Ss(w) dw (12)

and

This convolution is done recursively and by interpolatiom for Sg)

analytically as a double sum for 5(2). The printed output of GASKET gives
13

the total S( a ,.ﬁ) as well as the components Su) and 5(2). The punched

output is optional.

When the code 1s used for the first time for a mew material, it is
necessary to establish a convenient time mesh and time cutoff for the
Fourier integrals. For this purpose, it is possible to print out the

functions Q(t) and R(t). & rule of thumb for a first trial is

‘m’m"/‘“m

and ' as

At< 2T
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where w is the lowest peak frequency and - is the cutoff of the

min

freguency spectrnum.

In addition, the ¢ and B meshes must be carefully chosen. A fine B mesh
is especially important for B<wmaxlT since in this region end for low o, the
scattering law shows mcst of its structure. A fine a mesh for small a's is
important in the case of non-solid moderatcﬁs because of the singular be-
havior of the scattering law at ¢ = 0, The code allows for either an
artitrary input o,8 mesh or else a regular mesh which 1is spaced arithmetically
for small ¢,B values and logarithmically beyond limiting values specified by

input.

Other important input numbers are the maximum number of phonons to

be retained in the convolution with the discrete oscillators. A good

estimate is

Finally, it is worth mentioning that the code has the cption of
evaluating x3 in the short time collision approximation for a or £ larger

and Bew (o_ = Bew ™ 100 1f left blank). This

than two input numbers o e

W
considerably speeds up the calculation, since in this case no time integrals

have to be performed. Of course it is clear that when Wy Wy = 0, the

scattering law is calculated anaiyticaliy over the whole & ,B interval.

The following pages give the input instructioms for GASKET.
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INPUT FOk GASKET

IS T

Code Report
ftem Columns Format Symbol Symbol
1 1-72 12A6 HOL
2 15 15 NT
6-10 15 NP
11-15 15 NE
i6-20 15 NDAM
21-25 15 NGPRT
26-30 15 NCP
31.35 15 NMESH
36-40 15 NREST
41-45 15 NCVP
46-50 15 NSEP
51.56 15 1PG

3 1-5 15 JS53

Description
Title Cu"d

Number of time points, If NT> 0, NT values of T will be read.
If NT<O, |[NT| sets of AT and Tmax will be read. (Note 1)

Number of a values (NP S 80)

Number of # values (NE £ 150)

Damping option {(Note 2)

G function print option. NGPRT = 0 to omit, = 1 to print.

Q and R function print option. NCP = 0 to omit, = | to print.
Mesh choice option. NMESH =2 0 to read a and § meshes, = |
to calculate meshes using subroutine MESH, = -1 to read the

a mesh and calculate the § mesh,

Restart indicator. NREST = 0 for 2 new probiem = the numbher
of the @ value at which to begin for a restart problem. (Note 3)

Convolution print option. NCVP = 0 to omit, = ] to print.

Separate S, S;, output option, NSEP = 0 to punch combined
Sl + sz. = 1 to punch S‘ + SZ' Sl. and Sz.

Precalculated H and F option, IPG = 0 to calculate Hand F
functions (GC and GS in the code) from an input frequency |
spctrum, = |l to read already calculated values.

Number of polnta in distributed frequency spectrum, If J53>0,
values of the frequencies will be read. If 3J53<0, the maximum
frequency is read and |J53| evenly spaced values are calculated.
(JS3 5 100)
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Code Report
Item Columns Format Symbol Symbol
6-10 15 JS4
14-15 15 S5
4 1-50 SE10 wWil-W5
5 1-50 SE10 T1-TS
51-60 El0 TEMP T
6 1-10 E10 AM M
11-20 E10 DC d
21-30 E10 BETSW @
sw
31-40 El10 ALPSW a
sw
41-50 E10 CRIT 1
51-60 El10 CRIT 2
61-70 ElO CRIT 3

Dercription

Number of points in anisotropic part of the frequency spectrum.
JS4< 0 as for JS3., (JS4 £ 100)

Number of discrete oscillators, {(JS5 5 2 if Wl #0, JSS £ 20
otherwise)

Weight of Mode 1-5. (not necessarily normalized)
Temperature of Mode 1.5, (eV)

Over-all temperature for alt modes. If left blank or O,
TEMP = max(Tl, ..., TS)

Mass of scatterer., (amu) (The code divides this value by the
neutron mass, )

Diffusion constant,

B value above which short collision times (SCT) approximation
is used, ifaz ALPSW. BETSW = 100 if left blank.

a value above which SCT approximation is used for all g.
(ALPSW = 100 if left blank)

Criterion used in recursive convolution of Sl with & delta lirz,
{CRITI = 0.001 if left blank)

Criterion used in analytical convolution of Sz with delta 'ines,
(CRITZ = 0.001 if left blank)

Criterion for truncating time integrals. (CRIT3 = 0, 00001
if leit blank) (Note 4)




Ss°t°f

T S .

Description

If JS3> 0, JS3 values of the frequency are read {eV),

1£ JS3< 0, X3(]3S3|) is read, and X3(I) = (I-1)X3(|IS3|)/|IS3],
I=1,...,|JS3). :

Distributed frequency spectrum, Mode 3. (Unnormalized)

As in Cards 7 and 8 for Mode 3. |

Frequencies of delta lines, Mode 5. (aV) (wl< w

Z<...

<“pss!
Weights of delta lines, Mode 5.

Maximum number of phonon terms calculated for the correspond-

ing delta lines, NPHON < 20 for each line,

Maximum energy of mesh choaen, (eV)

a interval, (l!l = DALPHA,,(!Z = 2. DALPHA, ..., a = ALPHAC)

Code Report
item Columns Format Symbol Symbol
1£ JS3 = 0, Skip Cards 7 and 8
If IPG # 0, Skip Cards 7 and 8
? 1-70 7E10 X3 w
If JS3< 0 and X3(]JS3|)< 0, Skip Card 8 (Note 5)
8 1-70 1E10 Q3 flw)
If JS4 = 0, Skip Cards 9 and 10
9 1-70 7E10 X4 w
10 1-70 1E19 Q4 f(‘w)
1£ JS5 = 0, Skip Cards 11-13
1 1-70 7E10 Xs wk
12 1-70 7E10 Q5 a
13 1-70 7110 NPHON
If NMESH = 0, Skip Card 14
14 1-10 ElO0 EMAX Emax
11-20 El0 DALPHA Ax
21-30

El0 ALPHAC a,

@ value at which mesh spacing begins Increasing geometrically.
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Cade Report ‘ ¢

item Columns Format Symbol Symbol Description
31-40 El10 DBETA AP B interval, (ﬂ' =@, ﬂz = DBETA, BJ 2 2 DBETA,...,f 3 BETAC)
41-50 El10 BETAC ﬁc B value at which mesh spacing begins increasing geomaetrically,

1t NMESH > 0, Skip Cards 15 and 16
15 1-70 7E10 ALPHA a a mesh
1f NMESH < 0, Skip Card 16
1.3 1-70 7E10 BETA B B mesh (82 0)

If IPG = 0, Skip Cards 17-19

17 1-10 El0 TBAR T Effective temperature for Mode 3 {(eV),
18 1-80 8EIO T t Integration time values (sec).
19 1-80 8EILO GS, GC H,F Values of the pre-calculated GS and GC functlons, in the order

{Gs(1), GC(l), I=1, NT).
If NT < 0, Skip Card 20

20 1-70 TE10 T t Integration time points (eV-l)

If NT > 0, Skip Card 21

21 1-10 El0 DT at At (ev™!) for time mesh.
11-20 El0 TMAX t max (eV-l) {(|NT| sets, see Note 1)
22 i1-10 110 1D Numeric identification for S{a, B) deck,




‘T

Code Report

Item Columns Format Symbol Symbol Description
11-20 110 NPT Sla, B) output option. NPT = 0 to punch on cards, NPT = 1 to
write a binary output tape, NPT = 2 to do both,
21-30 El0 SIGF 0‘ Free atom cross section, (barns)
31-40 E10 EPS - Significance Criterion for S(a, f) output. (Note 6, Note 7) |
If NREST 2 0, Skip Card 23
23 S(a, f) deck in ENDF/A format. (Note8) |
Note 1, If |NTl| < 0, t starts at 0 and lncreases by At  until t ¥t max,, then by At , up to TMAX,, and so on
1 1 2 2
up to TMAX
INT}
Note 2. If NDAM = 0, Parts 1 and 2 of S will be calculated if W1 #Z 0. 1f NDAM = | only §] will be calculated,
and the Mode | contribution (iree gas) is only used to damp the Q and R functions.
Note 3. A tape containing S(a, B) for & = a(l),...,a (NREST-1) must have been saved.
i+19 i+19
Note 4. Time integrals are cut off at t 1 if max( Q. Z RJ)IQ $ CRIT3.
J=t J=t
Note 5. 1If J53 < 0 and X3(]JS3)) < 0, a Debye spectrum, I(w )= §. will be calculated.
Note 6. 1f Sla, 3) x eB,z < EPS- Max (Slo, 8) » eB )s this {a, §) point is not punched. EPS = !0-6 is an adequate
cholce,
Note 7. 1f Card 22 is blank, punching and error map printout are skipped and code returns to Card 23 for next input. |
Note 8.

I{ NREST < 0, a previously calculated S{a, fi) deck is read ani all @ points from |NREST| on are re-

calculated, '




A.3.2 GAKER(S )

The original version of GAKER was coded to compute the double
differential scattering cross section for Nelkin's discrete cscillator
model. (6) This model allows fc'ar free translations, a hindered rotational
oscillator and several vibrational oscillators. The treatment of each
oscillator depends on the initial neutron energy E and some input switch-
ing criteria Ec' In general, for Ecn < E < L*'-"..‘:n_’_1 oscillater n is treated
exactly, oscillator n + 1 is treated with a two-term phonon expansion,
oscillators 1, 2...n ~ 1 are treated in the short collision approximation
and oscillators n + 2, n + 3... are treated in the elastic limit. * Each
oscillator has a frequency w with weight 1/M. The sum of the reciprocal
masses must be normalized to 1.

The double differential cross section is related to the scattering

law by:

o
B .o [E 82
O(EOE. n) - 4” Eo e S(al ﬂ) .

The original GAKER was coded to read in a set of energies and scatter-
ing angles and to compute the double differential cross section and its
first three Legendre moments., A modified version computes a set of

a and 8 values and calculates S{a, 8). In this modified version the switch-
ing depends on f rather than on the initial energy E. This is also an

option in the original code. The input for the modified version of

GCGAKER follows.

&x
In its present version GAKER allows for a maximum of four oscillators.

3. 2.1




INPUT FOR GAKER

Card Col Format Code Symbol
1 1-72 12A6 HOLREC
2 1-5 15 D
6-10 I5 NR
11-15 IS IBX
16-20 I5 zX

3 1-10 El0.5 T
11-20 E10.5 EC1

3 21-30 E0,5 EC2
31-40 EI0.5 SIGF
41-50 E10.5 EPS
51-60 EI10.5 EMAX
61-70 EI10.5 AMASS

4 1-10 El10.5 RT
11-20 E10.5 MT
21-30 EI10.5 MR
31-40 E10.5 WR

5 1-10 El1C.5 MV1
11-20 E10.5 wl

De scrigtion
Comments
An identification
number (negative)

Number of vibrational
OSC-

Number of 8 mesh
points

Number of & mesh
points

Temperature (To
ev/.0253)

First Switching Criterion
(ev/.0253)

Second Switching
Criterion (ev/.0253)

Free atom scattering
cross section (barns)

Punching Criterion
~10-6)

Max. Energy Con- ,
sidered (ev)

Scatterer mass (AMU)
Temperature (ev)
Translational Mass
Rotational Mass

Rotational Frequency

{ev)

Mass of First
Vibrator

Frequency First
Vibrator (ev)

3.2.2




Card Col Format Code Symbol Description

21-30 EIl0.5 MV2 Mass of 2nd Vibrator
) 31-40 E10.5 W2 Frequency of 2nd
Vibrator (ev)
41-50 E0.5 MV3 Mass of 3rd Vibrator
51-60 EI10.5 w3 Frequency of 3rd

Vibrator (ev)

6 1-10 E10.5 EMAX This card same as for
GASKET Card 14

11-20 EI10.5 DALPHA
21-30 E10.5 ALPHAC
31-40 EI0.5 DBETA
41-50 EI10.5 BETAC

3.2.3




A.3.3 HEXSCAT!"

The HEXSCAT code calculates the Legendre moments Po through
P5 of the coherent elastic neutron scattering cross section for a polycrystal-
line scatterer with hexagonal structure. These moments rather than the -
angle dependent elastic cross section are put on the ENDF/B tape., In order
to recover the angular dependence of the elastic scattering one must use
FLANGE @I which gives the corresponding expansion in spherical harmonics.
The version of HEXSCAT used for computing the tabulated ENDF/B
data is slightly different from the one described in the reference. While
the original version computes group averages, the modified code gives
point values of the elastic cross section. The energy points are calculated
for E < EXACT and read in for E > EXACT (EXACT being an input quantity).
The calculated energy points are evenly spaced between Bragp peaks with
two points in the immediate vicinity of each peak, one just below and the
other just above the peak energy. The small energy difference between
the points adjacent to a peak and the actual Bragg energy is an input number

called ESEP in the code (see input instructions following below).

INPUT FOR MODIFIED HEXSCAT

Card Col Format Code Symbol Description
1 1-80 1346,A2 HOL Comments
2 1.10 ElO0.5 SCOH Coherent Scattering Cross Sec-
tion (barns)
11.20 E10.5 A Magnitude of base plane lattice
vector {(cm)
21-30 EI10.5 C Magnitude of lattice vector out
of base plane (cm)
31-40 E0.5 AMASC Scatterer mass (AMU)
41-50 EI10.5 EXACT For ENDF data code computes

energy mesh for E < EXACT
and reads in higher E (Ev),
see EIN

3.3.1




Card Col Format Code Symbol
2  51-60 110 D
(comt) (170 E10.5 ZA
71-80 E10.5 AWR
3 1.5 15 NES
6-10 I5 NTS
11-15 15 NAV
" 16-20 IS NXAV
21-25 15 P
26-30 IS5 NCOS
31-35 I5 NPCH
36-40 I5 NFORM
41-50 EI10.5 ESEP
4 1-70 7TE10.5 EIN
5 1.70 7E10.5 WaL 2
6 1-70 7E10.5 T™MP

Description

ENDF/B ID number

ENDF/B mass number identifi-
cation ’

ENDF/B mass value (neutron
mas8 units)

Total number of energy points
read in - see EIN

Number of Temperatures
Ignored for ENDF version

Number of energy points com-
puted between peaks

Must be nonzero for this version
Ignored for ENDF version
# 0 to punch cards for ENDF /B

Code contains an expression
which is unique for each mate-
rial 1 = Be,2 = Be0,3=C

Absolute value of smallest
energy difference (eV), between
calculated mesh points and
Bragg peaks

Energies: E, = E . E
EXACT; Ej, E, .7

are input energzes (QVVFOI‘
E > EXACT

Debye-Waller Integral/AMSC;
NTS values

Temperatures, NTS values,

3.3.2




A.3.4 ZREND

This code calculates Legendre moments of the incoherent elastic
€ross section and was written explicitly to compute the cross section of

hydrogen as bound in Zer for ENDF/B. The Legendre moments are:

1
o (E} = ;‘3 f P (1) exp [-3'%-" (1-ul)a,n=01,...5,
-1
where W is the Debye-Waller integral and A the atomic mass.
For high energies the moments are calculated recursively. For
low energies the recursive calculation of the integrals blows up numerically
and it is necessary to expand the exponential. Although the expansion is

good for all energies the code has incorporated the feature of switching
ZEW

to the recursive method for . .
switch

INPUT FOR ZREND

Card Col Format Code Symbol Description
1 1-80 13A6,A2 COM Comments
2 1-5 15 NT Number of temperatures
6-10 15 NE Number of energies
11.20 EI10.5 SB Bound atom cross section
21-30 El0.5 SWITCH E
switch
31-40 EI10.5 EPS Criterion for expansion termin-
ation .
41-45 15 NPCH NPCH ¥ 0 for punching of on(E)
1-70 7E10.5 T Temperature oK; NT values
4 1-70 7E10.5 WP W/A eVl
. NT values
5 1-70 7E10.5 E Energies; NE values (eV)
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MODERATOR INDEX (12/16/68)
Date Distinguishing
Submitted Characteristic
Moderator Page to ENDF of Data
Be Be - 1.1 4/66 Central force model
BeO BeO - 1.1 9/66 Debye freguency spectrum
BeO BeO - 1.1 9/68 Shell model
(Rev. -12/31/69)
c c-11 4/66 Central force model
(CH2)n (CH2)n - 1.1 9/66 Discrete oscillators model
(CHz)n {(CHy)py - 1.1 6/69 Model of noninteracting
(Rev.~12/31/69) infinite chains of CHy
radicals
C.H, C Hy - 1.1 3/68 Normal mode calculation
of frequency spectra
DO D,O-1.1 8/66 Torsional frequency band
2 2 - -
plus discrete oscillators
H,0 H,0- 1.1 4/66 Torsional frequency band
plus discrete oscillators
UcC UucC-1.1 6/69 Central force model
uo, Uo, - 1.1 9/68 Shell model
ZH ZH -11 8/66 Debye acoustical band plus
I''n r'’n . .
Gaussian optical band
about 0.13705
Zan Z,Hp-1.1 3/68 Central force model
(Rev.-12/31/69)

M-2
(Rev.-12/31/69)




BERYLLIUM

1. Physics

Using the incoherent and isotropic approximations, one finds
that the scattering cross section for thermal neutrons depends solely
upon the phonon spectrum of the lattice vibrations. Thus the inelastic
scattering or the scattering kernel is determined once one computes
the phonon spectrum. The force constants of the beryllium lattice
dynamics have been measured by R. E. Schmunk, et al. (1) upon the
assumption that the forces in beryllium are central and extend out to
fifth nearest neighbors. These force constants are measured in the
sense that the calculated dispersion curves were fit by a least squares
wmethod to the experimental ones.. Using this force model the phonon
spectrum was calculated by the root sampling method. The computed
phonon spectrum gives good agreement with the measured specific
heat.

The elastic scattering cross section was computed from the
known lattice structure (hexagonal close-packed). Both infinite medium
and angular-dependent spectral comparisons show that the scattering

kernel computed by the above method gives good agreement with experi-

ment.

(g, E. Schmunk, R. M. Brugger, P. D. Randolph, and K. A. Strong,
Phys. Rev. 128 (1962) 562.

Be - 1.1
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3.1 GASKET Input for Be at 296°K

The code GASKET is discussed in Section A.3. The data tabulated
below fcllows the format of the code input instructions also given in Sec-
tion A.3. The code symbols used below are defined in the code input
section. If no value is entered for a symbol the corresponding input
qQuantity was not required in the calculation.

D NO.  FORMAT : CODE SYMBOLS AND VAIUES

1 13A6,A2 CM _Be at 296°K

2 1135 NT -8 KP 50 FE_ 80 FDAY 1 KGPRT 0

NCP 0 RMESE )} NREST_ 0 NCVP 0 NKSEP 0
! I _©

3 315 . JS3.54 _Jsk__ 0 _JS5__0

4 5E10 Wl _.002_ W2 0.0 w3 1.0 wh 0.0 W5. 0.0
5 6E10 Tl 0255 T2 p.p T3 _ 02585 ™ 0.0 75 _0.0
6 TELO AM 9,01 DC 0,0 BETSW)s.0 ALPSW _)5.0 CRITL _ 0.0

CRIT2 0.0 CRIT3 0.0
7 TE1O X3 _, 0B2948

Be - 3.1.1




CARD NO. FORMAT CODE SYMBOLS AND VAIUES

8 TELO0 Q3 00312 _.025 .06 115 _ 17 235
.308 .39 . 475 .595 .775 1.052

].1482 _].6232 _1.5653 _1.7423 _2.4289 _2,8072
3.2863 3.7577 4.4397 5.4924 6.3315 7.6421

9.5339 12.1016 15.0553 22.0154 26.6382 29,3387
32,6036 35.777_ 37.6536 40.3845 37.1196 32.39

29.8269 21.2831 18.9488 13.0186 7.33848 12,5075
18.9031 23.5564 25.6923 25.5855 43.0544 17,8656

! 6€.81975 3.98963 2.99184 1.6843 _65772 0.0

9 Cards 9 and 10 are not needed
10
11 TE1O X5
12 TELO Q5
13 . TI10 NPHOR
1L SE10 EMAX 1,0 DALPEA ,25 ALPBAC 3.0 DEETA ,15 EETAC
15, 16, 17, 18, 15 and 20 are pot needed
21 2E10 DD ,025 TMAX .1
<05 Lo
125 10. 0
28 20.0
- ~100.0
d.0 ~120.0
3.0 200. 0
g30.0 4000. 0
22 2110 ‘
Z10 ID_ 24 FPT O SIGF _6.10 EPS 000001
23 Card 23 is not needed )

Be - 3.1.2




3.2 HEXSCAT Input for Be

The code HEXSCAT is discussed in Section A. 3. The data tabula-
ted below follows the format of the code input instruction also given in
Saction A.3. The code symbols used below are defined in the code input
section. If no value is entered for a symbol the corresponding input
quantity was not required for the calculation.

ARD RO. FORMAT CODE SYMBOLS AND VALUES
1 1346,A2 HOL HEXSCAT for ENDF Be _
2 5E10, BCOE 7.53 A2 2856-8 C3.5832-80MASCY, 01 EXACT . 0625515

1110, ID 1064 ZA 4009,  AWR
3 815, NES_ 32 NTS _8 WAV __ 0O FXAV__ 2 P
1E10 WCOS__Q___NPCE 1 __NFORY 1 ESEP 1. 0001
L TE10 EIN ,0052)943 ,0625515 ,06256401 .0626268% .0626394:
. 06899716 .06901096 .06943835 .06945224 .0724513!
. 07246580 ., 07298931 ,07300391 .07634664 .0763619]
. 07768249 ,07803603 .08 02 LY
2099 120 130 .170 .220
210 L325 400 415 575 .
«800 10 —_—
5 TEi0 WAL2 3, 16663  3.88842  4.62944 5.40517 6.19880 '
1.0042 B.L3665 10,2865 —
6 TE10 TMF 296,0  400.0 500,0 690.0 7000

Be - 3. 2.1
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Plots of Scatte rin&la.w
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B8(296K)
0.00
.15
.30
.30
1.50
2.10
2.70
3.30
3.90
4.55
5.33
6.27
L T.h2
8.81
10.49
12.52
14.99
17.97
21.58

25.96

B(1200K)

0.00
037
LOTh
222
«370
.518
666
814
.962

1.12

1.31

1.55

1.83

2.17

2.59

3.09

3.70

L.43

5.32

6.40
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5. INTLGRAL DATA

TABULATICN OF ENERGY I EV (E),T4E TOTAL CROSS SECTION IN PARHS
(SIeTOT) AND THE AVERAGE COSINE OF THE S.ATTERING ANGLE (MUBAR),

DATA FOR BERYLLIUM AT 296 DEGRELS K,
e SIGTOT MUBAR E SIGTOT MURAR

«005%22 ° 2.09751 ~,81057 43 02448 6.98328 ~,18083
+ 00500 1.8767y =.69936 44 02548 6.7321¢2 ~,13793
« 00599 1,87109 =,60435 45 02549 6.8R446 ~,15685
000037 1.778“0 -052160 46 002D07 607“35“ -,13301
« 00637 3.34501 =,74685 47 402066 6.60905 ~,11024
+Nue52 3.27802 =-,71002 48 ,02725 o.48062 ~,0RR57
s 0UbLS 3.2139¢0 =.67484 49 ,0272S 6.66300 ~,11617
«000681 3.15248 ~-.64132 50 .02816 6.48772 ~,0R337
+N0o81 9.,4954p =,88119 51 ,02908 6.30518 ~,05289
10 .0Qs40 7.76248 =,53288 52 +0299% 6.,13351 ~,02450
11 01000 6.58700 ~.29863 53 .03000 6.13242 =,n2432
12 01159 S.73626 ~.13183 S4 L03023 6.09011 =-,0:734
13 .,01159 6.63154 =,24923 55 03047 6. 04850 =, 01044
14 01251 6.17464 =-,16332 56 .03070 6.,0N757 ~, 00375
15 .013&42 5.78029 -,09097 57 +03071 6.16935 =-,02991
17  «N1434 5.43625 =,02784 59 03371 5.68657 ,0u4938
18 .N1478 5.28684 -,00058 60 .,03521 5.47933 .08294
19 .01522 5.14714 L02493 61 ,03%22 5.85388 401353
20 01566 5.01602 04881 62 ,03565 S5.79242 L,02379
21 01506 6.09893 =.13779 63 ,03609 5.72249 ,L03374
22 «01619 $.,91501 ~,10365 64 «03653 5.,67358 «04343
3 .01672 5.74261 =,07188 65 03654 5.,78905 .n2257
246 .01725 5.58028 =.04225 66 03707 5.7186%9 ,L03u24
25 .+01725 5.57927 =.04207 67 03760 5.65074 04549
26 015802 5.36105 =~,00263 68 .03812 5.58510 ,L05635%
27 .01879 5.,16105 .03324 69 .03813 6.22625 =,05257
28 .01955 4.9769% L065%36 70 ,03869 6.14976 =,03939
29 « 01956 6.080442 =,12842 71 « 03925 6.07595 ~,02668
30 .,02000 5.96103 -,10577 72 03981 6.00471 =,01u40
31 0020““ 508“321 -,08419 73 «03282 6005371 -,01423
33 .02088 $5.89413 -,089563 75 04070 $.829725 .00411
34 .02126 5.79755 ~.07166 76 04114 5.84618 ,01290
35 +0z164 5.70462 ~,05498 77 +04115 6.21271 =.n4692
36 .02203 S.61504 =,03867 78 04173 6,14158 =,03442
37 .02203 6.81143 =,20774 79 .04232 6.07298 =,02237
S8  .02218 6.77031 =,20037 60 04290 0. 00684 =-,01073
29 .02232 6.72975 ~.19309 81 .04291 6.17455 «,0n3762
40 02247 6.68973 =,18592 82 04362 6.0°510 =-,02351
al 02247 7.55533 =.27923 83 04433 6.01978 =-.01000
42 02348 7.25669 =,22776 a4 04503 S.948%2 L0029y
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OENOU LGN -




DAT4 FOR BERYLLIUM AT 2g& DEGREES K,
E SIGTOT MUBAR E SIGTOT MURAR

85 .0u4504 6.17647 =,03412 127 .06238 5.89727 .0n3%61
86 04548 6.13152 ~,.02537 128 406255 5.868823 .04133
87 .0u4592 6.08769 =-,01784 129 .062S6 $5.,92485 03490
88 04036 6.04493 =,01001 130 .06263 5.,9215% ,035S2
89 04037 6©.11589 =,02149 131 06264 5,99527 .N2280
90 040657 6.09629 ~.01789 132 06900 5.73915 .07209
91 .04077 6.07€92 =.01433 133 .064901 5.85711 .0S0u48
G2 04697 6.05777 ~.01062 134 .06944 5.82288 .05381
93 04098 6.12667 =.03300 135 .06945 6.01438 .n2322
94 04751 6.14598 ~.02363 136 .07245 5.89457 ,L04694
95 04803 6,09678 =.0145% 137 07247 5,99939 ,02864
96 04856 6.,04902 ~,00575 138 .,07299 5.97920 .D3266
97 .04E57 6.,0481e =.00559 139 07300 6.0P213 .01519
98 04934 5.,98148 00667 140 .07,35 6.00640 ,L,03204
99 .05ulu 5.91762 .01839 141 07636 H,14487 ,L00878
130 .05087 5.85645 ,02958 142 .07768 6.02715 .01853
1pl .0%088 6.,20969 =.02904 143 07804 6.08481 .02103.
ly2 .05170 6.14123 =,01614 144 ,L08000 6.04036 .03071
1p3 .05&52 6.07582 -,00384 145 08900 6.,06915 .N3295
104 05334 6.01429 ,00783 146 .10100 6.00351 .0uASH
105 05335 6.22647 =.02653 147 .11300 L.97446 05569
106 05406 6.17402 =,01627 iu8 12500 6.,0%8891 ,0u620
107 .05476 6.12339 —-.00641 149 ,13700 6.02034 ,L05572
108 05547 6.07453 .00307 150 415200 6.03409 L0Sule
109 .05548 6.07378 .0n321 151 .16800 6.05452 ,05385
110 .05610 6.03253 L01117 152 .18400 6,02036 .05%89
111 L.0%672 5.99253 .01885 153 .20000 ©.02187 ,.060309
112 05733 $.95374 .02627 154 ,22400 6.04859 ,062%92
113 05734 $.98329 .02121 155 .24300 6.05396 .ne327
114 .05646 5.91556 .03413 156 .,27200 6.,06504 .06393
115 .059%7 S.85144 04624 157 .29%600 6.06304 ,L0QEL6A
116 06069 5.7907¢ 05760 158 .32300 6.05560 ,L06456
117 +06U70 5.90991 .02626 159 35500 6.05836 ,L06454
118 .06090 5.8989% .032835 160 ,38500 6.06277 06630
119 .00Ll1l10 5.88812 04041 161 ,41500 6.06751 06677
120 .06130 5.87739 04245 162 44500 6.06934 ,0672h
121 06132 5.,87674 .Q4257 163 47500 6.07004 ,L06765
122 +D6i55 S.86442 L04491 164 ,50500 6.07035 (6810
123 .06178 $.85223 .04721 165 .,53500 6.,07008 .0&860
124 .06201 S.84019 .D4949 166 56500 6.,06981 ,L06°10
125 .06203 5,91557 .03610 167 +59500 6.06818 .06956
126 .+06220 5.90638 .03780 168 .62500 6.06670 06999
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DAT. FOR BEr7Y_LIUM AT 296 DEGREES K,
& SI1GTOT MUBAR £ SIGTOT MUBAR

169 65500 6.06555 ,07036 174 ,80500 6.06672 L07070
170 66500 6.06475 07064 175 .85500 6.0F962 07025
171 71500 6.0644y4 ,07081 176 490500 6.06623 .06%21
172 74500 6.06403 ,07087 177 .95500 $.9%581 .06372
173 77500 6.06551 ,.07083

THE ELASTIC CONTRIBUTION TO TH: TOTAL CROSS SECTICN wWAS
CALCULATED AT ALL OF THE TAQULATED ENERGIES,THE INMELASTIC
CONTRIRUTION wAS CALCULATED ON A COARSER MESH AND WAS
INTERPOLATED TO GIVE THE VALUES AT THE TABULATED FHERGIES.

THE FINAL ENERGY INTERVALS USED FOR INTEGRATION OF
THE INELASTIC DATA ARE GIVEII BELOW.

DelTA E UP 10

1 <005 «004 Ev
2 «U01 «01 EV
3 «002 «03 Ev
4 <004 05 EV
5, ) 14 EV
6 <008 «30 EV
7 «01 i.0 EV

Be - 5.3
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! |
i
" |
! -~0.7
|
L
|
- ='| 4-0.8
00
®o o i
o0
1 1 It § - PR T | 2 bt 2 ) o9
0.00t 0.0t 0.i 0
ENERGY (eV)

Be - 5. 4




6. Miscellaneous Notes on Beryllium

For temperatures other than 296°K the switching criteria foo:r short
collision and the a,f mesh input for 296°K were multiplied by 296‘; K .
' TK

The only other changes made in the input for higher temperatures were

for obvious items: T, ID number and comments,
Tabulated below are the temperature, Debye Waller integral, effec-
tive temperature and ID numbers of the scattering law data on file.

Debye Waller ENDF

T(°’K)  Integral (ev-}) T(°K) ID No.
296 28.531 405, 64 GA 0024
400 34.997 484.22 GA 0029
500 41.714 568. 53 GA 0030
600 48.704 657. 66 GA 0031
700 55. 855 749. 69 GA 0032
800 63.112 843,63 GA 0033
1000 77.822 1035.0 GA 0042
1200 92. 688 1229.3 GA 0043

Be - 6.1




BERYLIIUM OXIDE

1. Physics

Beryllium oxide is a crystal formed by two interpenetrating
lattices with hexagonal close packed structure, one corresponding to
the Be atoms, the other to the O atoms. There are four atoms in a unit
cell. The crystal has some properties of an ionic erystal and other
properties of a crystal with covalent bonding. It is probably less than
fifty percent ionic. While more sophisticated models for BeO have been
tried, a scattering model has been made up based on the assumption of
complete isotropy of the crystal., While such an assumption is of course
unjustified, the resulting scattering kernel does predict neutron spectra
in fair agreement with experiment. A Debye frequency spectrum was
used assuming a Debye temperature of 1200°K and an average atormnic
mass of 12.5. The scattering law was then calculated with the code
GASKET. Elastic coherent scattering for BeO has been calculated by
means of HEXSCAT using the known lattice structure, and assuming a

common Debye-Waller factor for both the oxygen and the beryllium

atoms.

BeO - 1.1



» let

0.012

0.011

0.010

0.009

0.008

0.007

0.006

0.003%

0.004

0.003

0.002

0.00!

. Debye Frequency Spectrum for BeO .
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cii) NO. FOIMAT CODY. SYMPOTG ATID VATITES

8 TE10 Q3
9 Cards 9 and 10 are net needed
10
11 TELO X5
12 TE10 QS
13 TI10 NPHON
1L 5210 BAX 1.0 DALPEA _ .25  ALPHAC 3.0 DEETA .15 EETAC L
15, 16, 17, 18, 19 and 20 are not needed
22 2E10 T .6 TMAX 3.0
1.2 7.5
1.8 30.0
3.0 120.0
6.0 600.0
8.0 1500.0
12,0 5000.0
22 2110
2210 ID 57 NPT 0 SIGF 9.8 EPs .000001
23 Card 23 is not needed

BeO - 3.1.2




3.1 GASKET Input for BeO at 296°K

The code GASKET is discussed in Section A. 3.

The data tabulated

below follows the format of the code input instructions also given in Sec-
The code symbols used below are defined in the code input sec-

tion., If no value is entered for a symbol the corresponding input guantity
was not required in the calculation. :

tion A. 3.

2 0. FORVAT CODE SYMBOLS AND VALUES

1 13A6,42 COM BeD Molecule Bt 296 X Debye Spectrum

2 1115 XT -7 NP 50 NE 80 xoaM 1 NGPRT O
NCP 1 NMESH ] NREST O NCVP O NSEP 0
IFG 0

3 315 Js3 =80 Jsk 0 Jss O

4 SZ10 Wl .0C1 W2 0.0 w3 1.00 wh 0.0 W5 0.0

5 6E10 T .0255 T20.0 T3 .0255 T4 0.0 T5 0.0

6 TELO AM 12.5 pc 0.0  BETSW 0.0 ALPSW 0.0 CRIT1 0.0

CRIT2 0.0 crRIT3 0.0
7 TEL10 ¥3 -.l0k

BeO - 3.1.1




3.2 HEXSCAT Input for BeO

The code HEXSCAT is discussed in Section A.3. The data tabula-
ted below follows the format of the code input instruction also given in
Section A.3. The code symbols used below are defined in the code input
section. If no value is entered for a symbol the corresponding input
quantity was not required in the calculation.

Si3D NO. FORMAT CODE SYMEOLS AND VADJES .
1 13A6,A2 - HOL EEXSCAT FOR ENDF BeO _
2 SE10, SCOH 1.0 A 2.695-8 € 4.39-8 AMASC 12.5 _ EXACT .05

1110, ID 1008 ZA 200.0 AWR
3 815, NES_22 FTs _8 mwv _0© Nxav__ 2 P_1
1E10 Ncos__ O wecw___ 1 NFORM_2 ESEP 1.0001
L TE10 EIN 3.754475-3 .05 .05280088 05281143  .0583473¢
05835902 .06LL2 .07132C77 07548925 | 07828LEE
.08325706  .09652996 120 .130 .150
.200 260 .300 k25 600
.800 1.0 ___
: —
5 TE10 WAL21.5862 1.8857  2.2048 25023 2.6013
3.2480 3.9761 L.7161
6 TE10 ™P 296.0 400.0 500.0 600.0 700.0
800.0 1000.0 - 1200.0

BeO - 3.2.1
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4.

Plots of Scattering Law

CURVE

W O N U W N

b B b

13

B Values for Multicurve Plots

INDEX

o 0 o 3 O W 2 W n -

+

g o u

B(296K)
0.00
.15
.30
.90
1.50
2.10
2.70
3.30
3.90
k.55
5.33
6.27
7.h2
8.80
10.48
12.51
14.97
17.9%
21.54
25.89

8(1200K)

0.00
.037
0Tk
.222
370
.518
666
814
.962

1.12

1.31

1.55

1.83

2.17

2.58

3.08

3.69

L.L2

5.31

6.39

BeO - 4.1
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1o9
170
171
172
173
174
175
17
177
178
17¢%
1s0
1yl

THE ELASTIC CONTRIBUTIUW TO THE TOTAL CROSS SECTICOH WAS

DAT4 FOR BEO AT 296 DEGREES K.

E

«15000
220000
«224030
« 24000
e 27200
«25000
e 32500
« 35500
« 38500
«41500
«44500
47500
«Sus00

SIGTOT

10.,05074
9.92318
9.9519y
9.91640
9.900%6
9.92454
9.94923
9.89624
9.88985
9.92673
9.92932
9.,9177%
9.,92022

MUBAR

.02403
« 04164
<4047
« 04615
« 04891
«ULBE67
04532
«04818
« 08906
+05026
«05027
«05152
«05134

182
183
184
185
186
187
188
189
190
191
162
193
194

E

«53500
«56500
+«59500
«62500
«65500
+68500
«71500
« 74500
« 77500
«80500
+85500
+50500
+95500

SIGTOT

S.91824
9.91450
9.921411
9.90988
G, 90721
9,90546
9.5C31¢
$.89950
9,89934
9,B%678
9.R0179
9,87097
9,75098

MUBAR

05159

« 05200
05201
«NH242
« 05265
+ 05278
05296
« 05323
+ 05322
«N5240
« 05359
« 05375
« 05210

CALCULATED AT ALL OF THE TARULATED ENERGIES.THE IHELASTIC
CONTRIBUTION wAS CALCULATED ON A COARSER MESH AND WAS
INTERPOLATED TO GIVE THE VALUES AT THE TABULATED ENERGIES.

THE FINAL ENERGY INTERVALS USED FOR INTELRATION OF
THE INELASTIC DATA AKRE GIVEW BELOW.

NOoOWUME LGN

DELTA E
« 0005
<001
«002
«0U%

« 006
«008
0l

UP To
+U04
«01
.03
« 05
14
«30
1.0

Ev
Ev
EvV
gV
Ev
EvV
EvV

BeO - 5.3




126

DAT:. FOR By

[

«03053
«03101
«03150
«03199
«03200
+ 03259
+03519
«03378
«03379
034104
«N3449
« 035484
« 03485
«03518
« 03550
«03982
« 03583
-03048
«03713
«03779
« 03779
03767
«03798
«02803
«0J5U4
«03809
«03814
e 03020
« 03420
e 03932
04043
04154
« 04155
«04168
«04l82
«0419%
«041%90
«0u239
« 04282
«04325
« 04326
«04328

SIGTOT

10.35084
10.,19729
10.0487¢0

9.90u82

9.9U973

9.74026

9.5771y

9.419%
10.02387

9.,92763

9.83343

9.74122

9.7394y

9,.,65600u

9.57420

9.49395
10.89890
10.71741
10.54256
10.37404
10.37213
10.35236
10.332683
10.31309
10.81480
10.80070
10.7R663
10,77261
10.85389
10.56949
10.3015¢6
10.04881
10.599007
10.55889
10.52793
10.437%0
10.60123
10.50244
10.40577
10.31118
10.31730
10.31212

AT 296 DEGREES K.

MURAR

-.07080
=,.05494
-.03979
-, 0402%
=.0224"%
=-.00532

«01113
-,04933
=-.03970
-,02940
-,02012
-,01993
-.,01118
-.00251

+ 00578
-,12394
--10“95
-.UR607
=-,06908
-.06838
-.06682
-. 06477
-,06273
=-.10621
-, 10474
-,10328
'010182
-.108851
-007901
-,05129
-.02522
-, 07505
'007154
-. 06804
-, 06547
-, 07462
=, 06444
-.05““8
= 04475
-,04530
-, 04477

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
166
167
168

[N

»04331
2 0u333
«N4334
204391
U448
« U504
« 04505
« 04540
« 04575
« 04511
00"611
08701
« 04790
« 04810
«Qu881
eG4 397
+ 04913
«04929
«04930
« 049135
+0UO40
« 04946
+ 04947
«0U%60
« 04273
« 04946
« 04987
«04991
« 04996
«05000
«05280
+ 05281
»05835
« 05836
«06u42
0732
«N75u9
« 07826
«08328
« 09663
«12000
«13000

S1GTOT

1p,30692
10.30174
10.2°986
10.,17877
10,06091
9,.94821
10,31045
10,23837
10,1750
10.02778
10.00597
9,92332
2.75770
9.59872
9.75546
9.7271A8
9.6%908
9.67118
9.987C3
9,097754
3.960808
9.95863
ly.272486
10.24832
10.22434
19,2c04R
10,3u845
10.3u042
10.33239
10.32u440
9.RE173
1p,555264
9,92095
10.51516
9,83257
F45374
9,77650

" 9,58u484

10.41946
9.76302
9.,9R707
9.83537

MURAR

-, 04423
-,04370
=.N4351
-003107
=.01°0n
-u00727
-.04235
-.N3U93
--02769
-.02054
'.02036
=.10270

«N1419

« 03035

«01379 .

« 01668
« 01954
«N2239
=-,00997
=-.00900
-.00803
=-.N0706h
-.03740
=-.N3491
-003244
-,02995
=, 06384
= QU311
-.nu21in
=-.NUul3p
«NN735%
-, 05982
00822
-, 04782
«02325%
« 05939
«02233
«04278
-.03688
08043
« 02629
JOLL12

BeO - 5.2




S.

TASULATION OF ENERGY IN EV (E)eTHE TOTAL CROSS SECTION IN RARMS
{SIGTOT) AND THE AVEKAGE COSINE OF THE SCATTERING AMGLE

VENTCOEUN

INTEGRAL DATA

DATA FOR BEO AT 296 DEGREES K,

E

«00375
«0U392
«NO408
« 00424
0Uu24
«00&443
00862
«0U4bl
00482
e JTE-T-1-]
« 00094
+00e00
«0uB00
+ 00852
«00903
+ 00955
¢« 00955
.OlulZ
« 01069
01126
«01126
.01162
«N1197
«01232
«01232
«N1265
«01298
«01330
«01331
«01388
o N1KL4G
«N1501
«01502
«01518
« 01534
«01551
«01551
«01570
«01589
«01608
«01508
«0lold8

SIGTOT

5.3184p
5.10697
4.91227
4.73243
7.52647
7.21405
6.92740
6.66337
g.99211
8-23080
7.00808
6.11249
7.69343
7.24260
6.8445D
6.48924
6.48799
6.13703
S5.828682
5.54380
9,17810
8.,9076&
8,65326
8.41363
8.41204
8.20277
8.00415%
7.818552
j1.40409
10.94919
10.52996
10.14276
10.71709%
10.60607
10,49741
10.39104
12.62341
12.47532
12.33085
12.14979
12.69528
12.4099)

MUBAR

-,54536
~-.86620
-,79358
- 72673
-.82825
-.68102
-, 61631
-, 74420
-, 43509
-,22240
-,06732
-, 25976
-.18618
~.12131
-, 06377
f'06357
-,00723

04277

« 08739
-, 34384
=-,30811
-, 26679
-,23168
“.23145
-,200a3
-017151
=.1&4426
-, 41380
-,35687
-,30456
-,2%632
-.,29612
-.28260
-,26937
-, 25644
-, 38795
-,37151
-, 35549
-.33986
. 36603
-.34154

£

«01,68
« 01698
001098
« 01774
«01450
« 01926
«01326
«01975
«02024
02173
«02073
« 02076
«N2078
«02081
«02081
« 02206
«02331
« 02456
e 02457
« 02514
«02571
e 020628
<N2628
« 02636
« 02644
«02652
+02553
+ 02680
« 02707
« 02734
« 02734
« 02764
« 02794
« 02324
« 02824
«026%92
« 025960
«03028
203028
« 03036
« 03044
«03052

SIGTOT

12,25262
12,0u4307
12.,0E8358
11,5%216
11.09249
10.66968
11.06179
10,7782
10.5u880
10.,30772
10.31971
10,3C754
10,29545
10.,28334
10.28135
9.7°273
9.22509
B, 77934
1p.1n913
9.89120
9.6E334
S.LRLTD
9,9uklE
9.91712
S.8RR30
9.85962
9,8%5776
9.76407
9.67229
9.5€236
10,0n675
9.90461
9.80470
9,70700
9,73859
9,57322
9,317848
9.12206
10.05828
10.03379
1p.00944
49,98525

MUBAR

=,31802
=-,29532
-,29582
-02“166
=.19208
'QIQGSQ
-.17675
~,14857
-,12182
-, 09637
=-,08739
-009610
-, 00u81
--09352
-,09331
-.03410

«01841

« 06520
-.07506
-.05189
'.02@62
=.,N0R77
-, 05479
-.N5171
--UHBbS
-.N4561
‘.0“5“1
=.N3549
-.02577
-.01626
-.05801
-OOQ720
=.N3664
-, N2632
=-.02947
-¢n0676

« 01482

«0353%
-,N6110
=, (05851
-005593
-, 05337

BeO - 5.1
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6. Miscellaneous Notes on Beryllium Oxide

For temperatures other than 296°K the switching criteria gor short ~
296K

o
TK
The only other changes made in the input for higher temperatures were

collision and the &, mesh input for 296°K were multiplied by

for obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral,

eifective temperature and ID numbers of the scattering law data on file.

Debye Waller ENDF
T_(‘E Inteﬁral (eV'l) .‘i‘(oK) ID No.
296 19. 827 504.37 GA 0057
400 23,571 565. 00 GA 0058
500 27.560 636. 40 GA 0059
600 31,779 715.83 GA 0060
700 ' 36.141 800. 43 GA 0061
800 40,600 888.55 GA 0062
1000 49,701 1071.5 GA 0063
1200 58.951 1259.9 © GA 0064

BeO - 6.1




BERYLLIUM OXIDE

1. Physics

The scattering law of BeO has been calculated using the incoherent
isotropic approximation.

Beryllium oxide consists of two interpenetrating hexagonal close-
packed structures with four atoms per unit cell,

The lattice dynamicsu) has been developed on the basis of a shell
model, whose parameters have been chosen in such a way to give the best
agreement to the elastic constants data and to the measured Raman fre-
quencies.

Only the negative ions (oxygen) have been assumed to be polariz-
able. The effective charge on the ions has been taken to be 1. 1 electron
units, as derived from the Szigeti relation. The negative charge on the
shell of each oxygen ion has been taken as equal to 1. 2 electron units.

The isotropic elastic force constant connecting shell and core of the nega-
tive ions has been taken as equal to 3 x 105 dyn/cm. The long range
forces have been computed using the Ewald method.

Short range repulsive forces are acting among first and second
neighbors. These interactions take place between the positive ions and
the shells of the negative ions. Introduction of the second neighbors inter-
action was found necessary in order to fit the preliminary dispersion re-
lations measured by neutron scattering. (2

The frequency spectra weighted by the squares of the amplitude
vectors have been computed separately for beryllium and oxygen and have

been used to calculate the relative scattering laws using the code GASKET.

(1)~G. Borgonovi, "Lattice Dynamics and Neutron Scattering of BeO, "
USAEC Report GA-8758, Gulf General Atomic Incorporated (1968).

(2)R. M. Brugger, K. A. Strong and J. M. Carpenter, J. Phys. Chem.
Solids, 28, 249 (1967).

BeO - 1.1
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The two scattering laws have been combined and the total scattering law

is reierred to the beryllium atom.

The elastic part of the scattering law has been calculated by the
code HEXSCAT using the average of the Debye-Waller factors for beryl-

lium and oxygen.

BeO - 1.2
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2. Weighted Freguency Spectrum for Be in BeO

230 { i 1 R L i

Bed

200

180 -

ARBITRARY UNITS

8

SO

0 0.002 0.004 0.006 0.008 0.0i10 0.012
W (ev)
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Weighted Frequency Spectrum for Oxygen in BeQ

ARBITRARY UNITS

230 T T —T T T T

[ 11+]
200 -
(K} he
100 .
304 -

° 1 1 1 il 1
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3.1 GASKET Input for Be(BeO) at 296°K

The code GASKET is discussed in Section A.3.1. The data tabu-

lated below follows the format of the code input instructions also given
in Section A.3.1. The code symbols used below are defined on the code
input section. If no value is entered for a symbol then that datum was not

reguired.
CARD NO. FORMAT CODE SYMBOLS AND VALUES

1 13A6, A2 COM_Be in BeO at 296 degrees K.

2 1115 NT -5 NP 50 NE 80 NDAM 1 NGPRT
NCP_0 NMESH 1 NREST_Q NCVP ¢ NSEP
IPG O

3 315 JS3 .83 JS4 o0 JS5 0O

4 5E10 W1l 0.001 W2 0.0 w3 1.0 W4 . W5

5 6E10 Tl 0.02557T2 0.0 T3 0.0255 T4 TS

6 7E10 AM 9,013 DC _0.0 BETSW 40.0 ALPSW 20,0 CRIT1

CRIT2 CRIT3
X3 0.1371

.e

BeO - 3,11
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CARD NO. FORMAT CODE SYMBOLS AND VALUES -
8 7E10 Q3__o0.3 0.7 0.9 1.0 1.2 1.6
2.0 2.2 3,0 «3,5 4,5 5.5
6, 8 8.0 9,2 10, 9 12. 9 15.5
18, 6 22. 0 26, 0 30,5 35. 0 30.0
40, 0 34. 0 28. 0 26. 0 24, 4 23. 0
21,3 19,8 17,0 14.1 12. 0 10, 0
9.0 9.0 8,5 7.5 6,0 4,6
3.1 _1. 6 0,5 0.0 0,0 4. 0
15, 0 38. 0 52.0 70. 0 105.0 165. 0
230, 0 200, 0 170.0 - 145. 0 136. 0 134. 0
112, 0 96. 0 89.0 84. 0 75, 0 87.0
81. 0 66. 0 5G9, 0 68. 0 105. 0 95.0
97. 0 135. 0 163. 0 130.0 113, 0 92,0
67.0 45. 0 19. 0 7. 0 0.0
9 Cards 9 and 10 are not needed
10
11 7E10 X5
12 7E10 Q5
13 7110 NPHON
14 SE10 EMAX 1.0 DALPHAQ, 25 ALPHAC 2,95 DBETA 0.15 BETAC 4.0
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT _0.15 TMAX 6.0
O 40 60,0
3,0 300,0
6.0 2500.0
_10.0_ 5500, 0
22 2110
2E10 ID 150 NPT 0 SIGF 6.09 EPS 1l.0E-é6
23 Card 23 is not needed

BeO - 3.1.2
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3.1.a GASKET Input for O(BeOQ)

The code GASKET is discussed in Section A. 3. 1.

The data tabu-

lated below follows the format of the code input instructions also given

in Section A.3.1.

input section.

The code symbols used below are defined on the code

If no value is entered for a symbol then that datum was not

reguired.
CARD NO. FORMAT CODE SYMBOLS AND VALUES

1 13A6, A2 COM__ Oxygen in BeQ at 296 dﬁi_ees K.

2 1115 NT -5 NP 50 NE 80 NDAM 1 NGPRT
NCP_0 NMESH_ 1 NREST_O0 NCVP_0O NSEP
IPG o

3 315 JS3 -g3 JS4 0 JS5 ¢

4 5E10 W10.001 W2 0.0 W3 1.0 W4 w5

5 6E10 T1 0. 0255 T2 0.0 T3 0.0255T4 T5

6 7E10 AM 16,0DC 0.0 BETSW 40.0 ALPSW 20.0 CRIT1

CRIT2 CRIT3
X3 0.1371

BeO - 3.1.3
(Rev. -12/31/69)




CARD NO. FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3 0.40 0. 80 1.0 1.4 2.0 2.5
3.5 4.8 6.2 8.9 11.0 14,0
17. 2 21,5 26.5 34.0 40. 0 46.0
58.0 _60.0 _93.0 110.0 129.0 141.0
142. 0 125.0 101. 0 93,0 _92.0 91.0
95,0 _95,0 98. 0 108.0 _93.0 78. 0
98,0 112, 0 115.0 145.0 160.0 190. 0
J90.0 1200 _43,0 0.0 0,0 1.0
9.0 19. 0 26.0 35,0 48. 0 66. 0
92.0 82. 0 56.0 . 44.0 35.0  _29.0
10 _15.0 11,5 9.9 _80 _ 7.0
6.0 5.2 4,5 5.0 5,9 6.0
5,0 4.0 2,5 1.8 1. 0 0.50
0,50 0. 20 0. 0 0.0 0.0
9 Cards 9 and 10 are not needed
10
11 7E10 X5
12 7E10 Q5
13 7110 NPHON
14 SE10 EMAXI_.E DALPHA. M3 ALPHACL618 DBETA 0.15 BETAC 4.0
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT 0.15 TMAX 6.0
0,40 60.0
3.0 300.0
_6,0 2500, 0
10. 0 §500, 0
22 2110
2E10 ID 160 NPT 0 SIGF 3.76 EPS 1.0E-6
23 Card 23 is not needed
BeO - 3.1.4
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3.2 HEXSCAT Input for BeO

The code HEXSCAT is discussed in Section A.3.1. The data
tabulated below follows the format of the code input instruction also given
in Section A.3.1. The code symbols used below are defined in the code

input section.,

If no value is entered for a symbol the corresponding input

guantity was not reguired in the calculation.

ARD NO. FORMAT CODE SYMBOLS AND VALUES
1 1346, A2 HOL_ HEXSCAT for Borgonuuis shell model BeO
2 8E10, SCOH_1.0 A 2.6958C 4.39-8 AMASC 12,5 EXACT _0.05
1110, ID 1108 ZA 200.0 AWR 24, 7967
3 815, NES 22 NTS 8 NAYV o} NXAV 2 iz 1
1E10 NCOS 0 NPCH 1 NFORM 2 ESEP 1. 0001
EIN 3. 754475-3 0,05 0. 05280088 0.05281143 0,05834735
0. 05835902 0. 06442 0. 07132077 0.07548925 0.07826468
0. 08325706 0.09662996 0.120 0. 130 0. 150
0, 200 0. 260 0. 300 0. 425 0. 600
0. 800 1.0 —
5 7E10 WAL2 2,153 2.6374 3.1348 3.6513 4.1798
4, 7164 5,8052 6. 9068
6 7E10 TMP 296.0 400. 0 500. 0 600. 0 700. 0
800. 0 1000. 0 1200.0 _
BeD - 3.2.1

(Rev. ~12/31/69)




4. Plots of Scattering Law for BeO

Curve
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BETA VALUES FOR MULTICURVE PLOT

8(296°K)

Index

1

¥ O ® g O WM s W P

baow» + R &

0.00

0.150
0.300
0.900
.500
.100
700
. 300
. 500
. 5456
.3273
. 2738
. 4199
. 8078
.488

12.523

14.987
17.971
21.584

25.959

I I S R S R N N L

-
o

8(1200°K)

0.0

0. 036992
0. 073984
0. 22195
0. 36992
0.51789
0. 66586
0.81382
0.96179
1. 1210
1,3138
1.5472
1,8299
2.1721
2.5866
3.0884
3.6961
4.4319
5.3229
6.4017

BeO - 4.1
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1LDOULATION Or ELRGY I EV (E) o THE TUTAL CROSS SECTION v LAENS
(51oTOT) alb THE AvEKAGE CUSINE OF THE SCATTERING ANGLE (r2UDB. i) .

yO~NCUSULRMNYW»

diToceHAL wAalh

ATk Purt B wT 90 UEGHEES K.

t

sULATY
eLUSSE
«Ul40d
O HEY-L
sULk2hi
YUY
sUeb2
sULMLY
eLULL
fULbEb
sULOYH
«LOBUL
sUUbUY
suULabSe
eULYUd
UL Gb0
sULSSS
elgl2
euli9
eUllel
001120
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w1197
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0U1551
U151
eU1b7V
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Ul
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evluid
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5. 34854
$,.,1397%
4,947
4,77049
7.537z4
7922603
6,%45ch
6.b5:’lb
9,97 7ok
8.2301.0
T7.03230
v.1509:
7. 7u320
7o2610(i
©.87030
L,2228h
D.52107
6.,17897
D.07357
§.99858
9,1404%
8,87597
t.0275¢6
8,38379
t.09221
8.18u023
7.995U9
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11,2949
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l0,44731
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10,51954
10.81814
10.310%97
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-.e5u6b6
-, 1l8u2%
=,1226¢
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-.Obolb
-.u1129

w3719

cu8uds
-033595
-, 29489
-, 26324
=«2208U
'022557
’olgﬁSd
-s17ul9
-eo14529
=40761
-055150
=~ J0U04
-,25267
=e29.64
= 27030
-026535
-oéﬁdbg
~.38187
-036559
°.3H992
-033“55
-036029
=.3302c
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Wi
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49
S0
51
52
S3
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59
6u
61

63
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67
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&9
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T4
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8l
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+(0leb8
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« 01850
« 01926
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u2U73
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UEDTE
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+DZR2D0
U2331
«D2456
« 02457
«U2514
« 02571
+ 02028
« 02628
sU2636
s 02644
+ 02652
s U265
e U206&0
02707
« 02734
02734
U2764
L2794
« 02824
U224
e 2892
« 029060
0324
+L3D28
0U3030
« L3044
«U30E2

SIGTOoT

12,10421
11.90140
11.01149
11.,u42582
10.981%2
14,57438
10,0427
i%.,69584
l\ckbL‘7d
11,22513
17,23653
1n,22486
19.,21323
10.20182
10,19973
8,661z2
9,18252
R.7551%
1n0,01224
9,80427
9./1666
9,u41793
9.85243
9,p2449
8,79752
§,77022
9,768E5
9.6797U
9,59270
9.50750
2,90612
S,80945
9,71495
8,62256
9.05217
9,44876
9,25473
9,06969
9.0u43%5
9.020%0
9,09758
Q,87479

MUHAE

-,3130y
-.29073
-.29121
=-.2380¢
- 18‘3“2
=, 1449,
-,17415%
=, 14664
-ob9577
~.N967y4
-, 09584,
-.GQHEé
".0929"
-00927ﬁ
-, (13529

« 01844

«06038
--07289
-005055
-, 42932
= UP91%
-+ 0528
-, 499,
-, 46GH
- oﬂullb
- DY 387
-oﬂ3“3:
= U2505
-001595
-005557
-CGQSZJ
-, 0351n
-0“2523
-QUEBZJ
°-0065Q

U324
- (1574
-0U5“92
=-. 05007

BeO - 5.1
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sultlpo
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sU4lY9o
k39
sukcgbe
YT X V3]
sbbocL
sub o2t

SIwTOT

10.21571
1U.v7ivy
99,9319,
9.797u¢
9.80155
Y9.04%y
S.49u40
9,889,
9.902&9
9,81330
9. 7257,
90°“UU7
9,034y
9.:6*\)“
g,4ad81
9,.4108
10.70%32
10.538417
1U1-57 ’bg
10.c23uY
10,2219
10.2u021¢9
lU.leblb
10.1672c
10.0271 2
10,0162:
10.001255
1u. 58849
10,0629
10.40297
10.15607
9,9%28H80
10,4214
10,3974
10.46“0“
10,33674
lu.b31:7
10,3417
1U.e5419
iv.16861
10.17417
10.40947

AT 2vu ULGREES

NULAK

-.08173
-, 06L24
-,05131
=.03090y
=.ud735
= 2ule
= 00423

«01130
=, 04343
=, 03024
-,i208y
--0l77“
-,1)175¢b
e 0093(.‘
-.u0l126

«U0ub2
-.11516
=-,109712
-, u7982
-, yba2dl
=, ybdu2
=, 06108
=,i.801%
-, 1;5 722
=.U9clz
-0U906“
-, U052y
-, u9dUb
= 10ul7
=e(i7c30
= lodn
=.u24%0
=,6d17
-, w6515
=, 0610
=, 05v19
-00677U
=.,05018
=, 04069
=,03983
-, 04033
=. 03984

127
128
129
130
131
13z
133
134
138
136
137
130
139
140
141
142
143
144
145
140
147
148
14y
15y
151
1be
153
154
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156
157
158
15y
16vu
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163
léb4
165
160
167
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1

wul33l1
UHJT 53
04334
«U4391
<4448
«QU45GCH
Uu5H05
<4540
04576
+04611
NITT3 S
<0470l
« 04790
«U4880
04881
V4897
«04913
«U4929
+ 04930
cUUY3b
sULILD
LY.
L4947
s U4960
«U4973
Y4486
o 04987
«UL4STL
+Ui4990
«US0G0
«U52K0
+05281
«15835
+U5836
T Y Y]
«07132
« 07549
« 07826
«UB3z0
U9663
«12000
«13000

SI16TOT

10,.16478
1n,1600°9
10.15840
10.04904
9,54332
9.84060
10.16924
10,10470
In.04136
$,97905
9,67742
9.82322
9,67545
9,83377
9.67397
9.64877
9,62375
9,898352
9.8810n8
9.872b“
S,ae421
90855”1
10.,1361,0
1n,114%8
1n,069322
10,07199
10,2044l
11,19647
11,18973
10.18261
S.7624%4
11,38598
9,82993
10,34113
§,736c8
9.,40065
S,66037
S.48384
10,14446
90563q4
q.697l'1
Q9,60319

HAHELY]

-, 3934
=.038R,
~.0380¢
-.02712
-.ﬂ1595
-.iN514
-q 5373(’
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-00257L
e 01719
-.01701
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e 02631
«N1udn
«01711
0196}
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-.UU&].H
-, 01528
-.ﬂl_"-b.’:?
=.u2191
“e (Enb;
= L273¢
=.142511
- “377‘~
-.ﬂBuqi\
= 130
=+ 03545
«UNRBYH
=e 5174
« 03080
=, 04Qns
(12367
15574
I24H]
~Cu272
=,nN242°7
.03310
eO3UR]
UGS

BeO -~ 5.2
(Rev,-12/31/69)



LaT. Fen beu #T 290 DEGREES k. .
e SILTOT  MUSAK E SIGTOT  KUR::

169 J15uuu 9,74754 «D3uBI 183 64500 9,77491 L0555«
17v L4850y 9,715%1 .u5368 184 ,66500 9,77725 .0556
171 +4u500  9,74522 05470  1BS .68500 9.77883 .0S56¢
172 42500 S,748u4 05393 186 .70500 9.78061 05577
179 J44500 9.74973 05450 187 +725u40 9.78226 .0558%
174 46500  9,75211 05479 188 74500 9.78363 .055%4
175 +48500 9,75543 05489 189 .76500 9.78542 ,055%9&
170  +su500 9,76004 +05489 150 .785%00 9,.,78675 05607
177 Ju2s00 9,.76261 05493 191 .80500 S.78785 .05814
178 54500 9.76420 +05L12 192 .85500 9,78938 05634
179  «pbbhuL 9,76622 +05223 193 .BBSU0 9,78474 L0545
v 58500 9,76874 <USH3U 19¢ .491500 9.,76238 .0562%
l8d  eoUbLU 99,7706z +0USHUL 185 94500 9,71484 .05591
162  .e250b 9.77299 +y5540 196 97500 9,53589 L(515¢(

THE claSTIC CONTRIBUTION TU THE TOTA, CROSS SECTION WAS
ChCULATEL A1 ALL OF Tht TaABULATED ENERGIES,THE INELASTIC
CONTRIGUTION WAS CALCULATEL ON A COARSER MESH ANC WaS
INTERPOLATED TO ©IVE THt VmLUES AT THE TABULATED ENERGILS,

THe FlivaL ENLRGY INTERVALS USED FOR INTEGRATION OF
1ol LLASTIC DATA AKE GIVEN BELOW.

velTa ¢ UP 1o

i «Luld 0UL LV
2 «Uul 01l EV
S b2 «03 EV
4 «Qub «05 EV
b sULE o184 EV
=] «Cus « 30 £V
7 Ll . ,1.0 EV
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6. Miscellaneous Notes on Bervllium Oxide

For temperatures otker than 296°K the switching criteria for

296°K
T°K °
The only other changes made in the input for higher temperatures were

short collision and the ¢, § mesh input for 296°K wers multiplied by

for obvious items: T, ID number and comments.

Tabulated below are the temperature, Debye-Walle} integral and

effective temperature of the scattering law data on file.

Debye-Waller Debye~Waller
o Integral (eV-l) ?(OK) for Integral (eV-l) -'I‘-(OK) for
T{ K) for Beryllium Beryllium for Oxygen Oxygen
296 19,339 596. 4 34.568 427.8
400 23.191 643.9 43, 227 502.8
500 27. 200 704. 6 52,031 584.3
600 31.4021 775.3 61. 096 671.3
700 35.7334 852.9 70.321 761.6
800 40,152 935. 4 79. 649 854. 2
1000 49. 161 1109.8 98,497 1043.7
1200 58.312 1292.3 117.50 1236.6
BeO - 6.1
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GRAPHITE

1. thsics

The scattering law data for graphite has been computed assuming

that the incoherent and isotropic approximations are valid, so that the

scattering depends solely upon the phonon spectrum of the lattice vibrations.

(1)

The force model used to compute the phonon spectrum’' ™’ contains four
force constants, One force constant is used to describe a nearest neighbor
central force which binds two hexagonal planes together, another describes
a bond-bending force in a hexagonal plane, the third is for bond-stretching
betwzen nearest neighbors in the plane, and the fourth correspmds to a
restoring force against bending of the hexagonal plane. The force constants
have been evaluated numerically in this model by performing a very precise
fit to the high and low temperature specific heat, and to the comprassibility
of reactor grade graphite. Calculations of neutron spectra using the phonon
s.pectru.m based on the above calculation gives excellent agreement when
compared with experiment. The elastic scattering was evaluated using

HEXSCAT and the known lattice structure of graphite,

(I)Nukleonik Band 1, 295, {1965), (J. A. Young, N. F., Wikner & D. E. Parks)
J. Chem. Phys. 42, 357, (1965). (J. A. Young & J. U. Koppel)
c-1.1




2. . Frequency Spectrum for Graphite...
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3.1 GASKET Input for Graphite at 296°K

The code GASKET is discussed in Section A. 3.

The data tabulated

below follows the format of the code input instructions also given in Sec-

tion A. 3.
tion.

was not required in the calculation.

The code symbols used below are defined in the code input sec-
If no value is entered for a symbol the corresponding input quantity

CAFD NO. FORMAT CODE SYMEOLS AND VALUES ﬂ
1 13A6,A2 COM cerbon at; 296 K _
2 1115 NT -9 NP Lo RE 80 NDAM 1 NGPRT O

NCP 0 RMESH 1 NREST O NcvP O NSEP 0
IG O
3 315 Js3 =38 Jsk _ 0O Jss _ 0O
L 5210 Wi .001 w2 0.0 w3 1.0 wh 0.0 ws 0.0
5 6£10 ™ .®55 T2 0.0 T3 .0255 % 0.0 5 0.0
6 TELO AM 12.011 pc 0.0 BETSW 30.0  aArPsw 30.0 crrTy ©.0
CRIT2 0.0 CRIT3 0.0
T TE10 X3 _.208L2

C-31.1




AR KO FORMAT CODE SYMBOLS AND VAIULS
8 TELO Q3 36613 1.4135 3.03R1 3.25901 3.36466 3.48260
3.76307 L,05005 L.BuWE9E T7.357hk S5.8822L4 L4.63255
. L.k8287 5.806k2 L4.63B0R 4.28503 3.9R0T9 k.91352
5.53836 7.51076 5.31651 5.k0525 5.20376 5.3275
7.17251 3.31813 A4.50126 5.04663 L4.2089 2,91985
L.65109 13.1%k 7.25016 6.5662 5.47181 5.06137
5, 19813 _ 457086
9 Cards 9 and 10 are not needed
bl TE1O0 X5
2 TELO QS
13 TI10 NPRON _____
1k S5E10 EMAX 1.0  DALPEA .25  ALFEAC 2.0 DEETA .1 BETAC L.O__
15, 16, 17, 18, 19 and 20 are not needed
22 2E10 DT .00l TMAX .01
' .01 5
' .1 3.0
25 6.0
.5 9.0
{ 1.0 22.0
2.0 24.0
; 4.0 100.0
\ 6.0 3000.0
|
zp 2720
2E10 ID 3k NPT 0O SIGF 4.71  EPS .000001
&8 Caré 23 is not needed
: C-2311.2




3.2 HEXSCAT Input for Graphite

The code HEXSCAT is discussed in Section A. 3.
lated below follows the format of the code input instruction also given in
Section A.3. The code symbols used below are defined in the cede input
section. If no value is entered for a symbol the corresponding input
quantity was not required in the calculation.

CARD NO. FORMAT

CODE_SYMBOLS AND VAIUES

The data tabu-

.0LO6 3&@

.04270571
————

1 13A6,A2 HOL _EEXSCAT for ENDF carbon
2 SElO, SCCH 5.50 A 2.4573-8 C £.700-8 AMASC 12.011 EXACT .04
1710,2E10 ID 1065 ZA 6000.0 AWR
3 815, NES 42 FTS 10 S\ NXAV 2
=10 Ncos_9O RPCH1 NFORM_3 ESEP 1.0001
L TEL0 EIN 1.822378-3 .ok .04037961 ol0387€
LOkO6L30L  .OkR24S69  .OU2LES39 0b269718
Ob2ohg  .04300109 .0L55503% .0l5559L5
04793252  .05149659 .033RUL57 05704hLY
210712 ,0591503% .05 916216 06146750
LOB978710 .07059208 .07302051 07592887
09663674 .11 .15 .19
R .40 .50 .60
.90 1.0
5 TE10 WALZ 2.1997 2.748 3.2912 3.8510
L.9969 6.162k 7.3367 9.6287
6 TE10 ™P 296.0 400.0 500.0 600.0
800.0 1000.0 . 1200.0 1600.0

C-3.2.1




4. Plots of Scattering Law

£ Values for Multicurve Plots

CURVE INDEX B (296K) g (1200K]
1 1 0. 00 0. 00
2 2 .10 . 025
3 3 .20 . 049
4 4 . 60 .148
5 5 1.00 .247
6 6 1.40 . 345
7 7 1.80 . 444
8 8 2.20 .543
9 9 2. 60 641
.
10 ? 3.00 . 740
11 = 3.40 . 838
12 " 3.80 .937
13 ' 4.21 1.038
14 6 4,76 1.175
15 o 5.56 1.372
16 + 6. 72 1, 657
17 A 8. 38 2.067
18 B 10. 79 2. 660
19 c 14,25 3.514
20 D 19, 25 4. 748
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S INTEGRAL DATA

TABULATION OF ENERGY IN EV (E)»THE TOTAL CROSS SECTICN IM RARMS
(SIGTOT) ANL THE AVERAGE CCSIMNE OF THE SCATTERING ANGLE (MUBaAF)

DATA FOR GRAPHITE AT 296 DEGREES K.
& SIGTOT MUBAR £ SIGTOT MURAL

«0p182 7.64834 =,97243 43 L01491 3.,90989 ,0068AK
+00c58 5.44835 ~, 40168 44 ,01537 3.804G1 .03313
«00036 4,24R81 =.09517 45 ,L,01%37 $5.40999 ~,27359
0010 3.49297 ,0938S 46 ,01555 5.3%240 =,25%969
«00410 3.49230 ,09402 47 01573 5.29618 =~,2ub614
«N0U24 3.38498 ,12071 48 .019%90 5.24126 ~,23292
«0p438 3.28267 14560 49 ,01591 S,.,5c492 =.,27223
«OULS1 3.1875¢ .168483 50 01007 85.47237 =,25982
«N0452 3.53391 ,0539% 51 .01623 5.42092 =,24769
10 00467 3.42510 ,08193 52 .01640 5.37053 ~,23581
11 .0Q04g2 3.3231¢ ,L,10801 53 .01640 5.61010 =.26837
12  +00497 3,22742 L13236 S48 L,01682 5.48151 =,23R%p
13 -00“97 5002176 '.27233 55 01723 5-3593“ -.2]050
14 .00L43 4,61610 =.17032 56 +01764 S5.24309 =-,18346
15 .00>88 4,27360 ~.G8432 57 .0176S 5.26213 ~,18324
16 4000634 3.98065 =-,01131 S8 .0177%9 5.20488 =,17465
17 00034 4,39051 =-,10372 59 .0i792 5.16822 ~-,16621.
18 00665 4,19120 =-,05427 60 ,01806 5.13214 =,1579)
19 00097 4,01021 ~,00957 6l .01306 5.16963 =,1639%
20 .00729 3.84512 .03099 62 .N1821 5.13040 ~,15494
2l .00729 4.72471 =-,16119 63 .01836 5,05186 =,14610
22 J0U773 4.,46711 ~,09823 64 .01852 5.05394 =,13740
23 00017 4,23772 =,04245 6S .01852 5.27439 =,173u2
as J0uool 4,03220 .00722 66 .01897 5.15867 ~,.14713
2% .00862 4,79308 =.15284 67 L01943 S5.0u868 ~,1221
26 00954 4.35224 =,04741 68 .01988 4,94395 =-,09851
27 01046 3.,99064 ,03816 69 .01989 5.00858 =.11011
28 201139 3.68904 ,10862 70 .,02020 4,93771 ~,0941%
29 .01139 3.08835 ,10878 71 .02052 4,86912 =-,07873
30 «01153 J.64768 +11829 T2 « 02683 4.80271 =-,.06284
31 .01167 3.60799 ,1273e 73 .02084 9,77090 =,22095%
32 .01180 J3.56926 ,13629 74 .020886 S.76450 =-,2195%
33 .01181 3.,72248 .08%941 75 .02(:89 5.75811 =,2181n
34 .01239 3.56202 .12709 76 .02091 S.7€174 =,21677
35 .01297 3.41640 ,16092 77 02092 S.B81086 =,22465
36 01354 3.28395 ,L,191338 78 .02133 S.70767 =,20223
37 .0135% 4%.26938 -,08392 79 .02175 5.,60861 ~,18075
38 01370 4%,22597 -,07289 80 .02216 5.51339 ~,16015
39 .01385 4418354 -,06213 81 .p02216 S.67609 =,18u417
40 .01400 4.14203 ~-,05161 82 .02222 S5.66405 ~,1815R
41  ,01400 4.14127 =,05142 . 83 .02227 5.65206 ~.17901
42 L0144b 4,02180 =-.02125 84 .02232 S.64010 =,1764u

C-5.1
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DAT,H FOR GRAPHITE AT 29,, DEGREES K.

t

002232
02319
« 02406
« 02483
« 02494
« 02507
«02521
« 02535
« 02535
« 02585
«D2b34
02083
«020684
« 027061
«02638
« 02915
« 02910
«N2925
« 02935
02945
« 02945
« 02962
«02978
« 02994
« 02995
« 03050
«N3105
«03160
0«03101
«03176
«N3191
« 03206
«03207
« 03252
« 03297
e 03343
« 03343
«033b1
03359
003367
« 03367
«03394

S16TOT

5.63909
S.44763
5.27074
5.10691
5.1060y
S.08132
%.0569p
$.03288
5.07534
4,98987

. 4.90779

4,582895%
4.945%9¢
4,82571
4,71249
4.60573
4,69557
4.68234
4.669231
4.,65617
4,.75553
4,73315
4.,71101
4,6891%
5.20704
$.12565%
5.04737
4,972086
$.00067
4,.98059
4,96073
4,94107
5.11253
5.05181
4,99291
4,93577
4,98823
4,9784p
4,9687%
4,95908
4.98456

4.95228

MUBAR

-s17623
-.13521
=-,09751
=-.06278
-,0625%
-,05737
-,05223
-,04715
=-,05510
-.03710
=-,01988
=-,00341
=-,02700
-.00186

«02164

04363

« 02364

«02638

« 02906

«03179

+01020

.01436

«01946

« 02400
=,077%0
-, 060064
=-,04411
-002827
-.03382
-002960
-, 02544
=-,02132
-,05414
-. 04130
=-,02900
-,01705
-.02739
-,02534
-, 02331
-,02129
=-,02629
-.01954

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

E

« 03420
« 034U
« 03446
«03438
« 03529
«03570
«03571
« 03576
«03581
003586
« 03587
«N3621
o03055
« 03590
+« 0390
« 03757
«03823
«03889
« 03830
203827
«023€3
«04000
« 04038
«040N39
« 04063
<0464
«0U246
« 04247
«N&8270
« 04271
« 04299
«08300
« 04555
« 04558
«04792
« 04793
«05150
«05392
«05704
«05910
«05911
« 05215

SIGTOT

4.92054
4.8P932
4,91373
4.8518
4,81787
4,77178
4,91292
4.90712
4,90133
4.89556
4,R8947y
4,85662
4.81930
4.72273
4,7F195
4,71306
464682
4,58312
4.62284
4,58832
4,55453
4.52143
4.48787
4,54376
4,52195
4.67044
4,56562
4,82981
4.,81901
5.09026
5,06308
5.16296
4,92285
4,97219
4.79568
5.01332
4,7£590
4,62761
4,93436
4.,R2089
4,96463
4,96205

MUBAR

-.01292
=. 00642
=-,01136
=-,00127
«00B53
01805
-001122
-,01001
=,008R0
--00760
« 00050
«00R22
«0157¢
«0131595
«N3012
«C436n
« 05659
N{T40
«NB450
« 06134
. +NEBCY
« 07474
06342
«N6589
«031Q7
« 05248
=, ON71R
-000275
-, 05593
=. 05008
-, 06844
-,0N01915
=.N2690
<0108
- 033437
oDlSZﬁ
« QU797
-'01817
ONBLR
-.02295
=-,02234

C-5.2




UAT.. FUR GKRAPHITE AT 296 DE~REES K.
e SIGTOT MUBAR () SIGTOT MUBAGR

1&9 005916 95,01939 =,03278 188 + 38500 4,6F239 «QU90A
170 .06147 4,94147 =,01540 189 .41%0Q 4.68589 (04939
171 .n6148 5,07408 =.04119 190 44300 4,68729 043940
172 06979 4.,77907 02365 191 07500 4.6R802 .0u98y
173 .07089 4,98958 ~,01909 192 .S0%500 4.69016 .05005
174 .,07302 4.90137 00019 193 .53530 4,69117 .05026
179 07293 4.81484 ,01883 194 ,5635Q0 4.63090 .05062
176 .08101 4.73567 ,03471 195 59300 4.,6%144 ,05084
177 09204 4,66335 LQ4515 196 .62500 4.,69286 L05104
178 L11u00 4,74872 .02875 197 .65%00 4,69441 05120
179 .15000 4.68711 04064 1986 .68500 4,69523 .05132
150 +19000 4.08832 L04176 189 713720 4,69620 ,nNS142
151 .20000 4.68662 .04359 200 74500 4,69704 ,.NE1S3
1g2 22400 4,68899 04454 201 77500 4,69789 ,.0S1l64
133 .24800 4+.086068 ,04637 202 .80500 4,69813 .n%174
g4 ,27200 4,57786 ,04855 203 .85L00 4,6979a ,05201
135 .29900 4,6837« L,04732 204 L.9053%0 4,62124 L5233
156 432500 4,68236 L04821 205 ,955%00 4,64078 .05P11
187 35500 4.67689 L,04823

THE gLASTIC CONTRISUTILN TO THE TOTAL CR-)SS SECTICN WAS
CALCULATED AT ALL OF THE TABULATEZD ENERGIES.THE INELASTIC
CONTRIBUTION wAS CALCULATED OM A COARSER MESH AND WAS
ITERPOLATED TO GIVE THE VALUES AT THE TABULATED ENERGIES.

THE FINAL ENERGY INTERVALS USED FOR INTESGRATION OF
THE INELASTIC DATA ARE GIVEN BELOW.

DELTA E Uk TO

1 «000S «004 EV
2 «001 «01 EV
3 «0UL2 «03 EV
4 «004 «05 EV
-] +0U6 +14 EV
o oDUb «30 EV
7 01 1.0 EV

C-5.3
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6. Miscellaneocus Notes on Graphite

For temperatures other than 296°K the switching criteria for

296°K

short collision and the ¢, Bmesh input for 296°K were multiplied by ToK

The only other changes made in the input for higher temperatures were for

obvious items: T, ID number and comments,

Tabulated below are the temperature, Debye Waller integral,

effective temperature and ID numbers of the scattering law data on file.

T(K)

296
400
500
600
700
800
1000
1200
1600

2000

Debye Waller
Integral (eV-l)

26.
32.
39.
46.
53.
60.
74.
88.
115,

144,

421
968
531
255
101
018
016
145
65

03

o

754,
806.
868.
937.
10l2.
1174,
1348,
1712,

2091.

TK)
713,

39
68
67
38

64

ENDF

ID No.

GA 0034
GA 0035
GA 0036
GA 0037
GA 0038
GA 0039
GA 0040
GA 0041
GA 0090

GA 0091

C-6.1




POLYETHYLENE

1. Phxsics

The frequency spectrum used for calculating the scattering law of
polyethylene is based on a model of infinite chains proposed by Lin and

(1) '

Koenig., The phase difference of the vibrations of corresponding atoms

in two neighboring CH2 groups of the same chain is a different function of
frequency for each one of the nine different modes, From Lin and Koenig's
calculated phase vs frequency curves a weighted frequency distribution

was obtained by estimating the relative vibrational amplitudes from approxi-
mate physical arguments. (2) This {requency spectrum was then lumped into

5 discrete lines with frequencies and weights given by the following table:

Freguencies (eV) Weights

0 07144
. 089 . 07746
.14 .23200
174 .30960
.360 .30960

The scattering law for this model was then calculated with the
modified version of GAKER described in Section A, 3,2. Only scattering by
hydrogen is included in the tabulated data, Scattering by the carbon atoms
should be taken inteo account by adding to the data the properly weighted
S{a, B) for a free gas of mass 12.011. It is important to recall, however,

that the o values for the carbon must be 1. 008/12. 011 times the ¢ values

(1) Tung Po Lin and J.L. Koenig, J. Mol. Speetra. 9,228 (1962)

(Z)J.U. Koppel and J.A. Young, Nucl. Sci. Eng. 21, 257 (1965)

(CHZ)_n - _1.1

\.90‘




for the hydrogen data in order to correspond to the same neutron

momentum transfer K.

(CHZ)n -1.2




3.1 GAKER Input for H(CH,) at 296°K

The code GAKER is discussed in Section A.3. The data tabulated
below follows the format of the code input instruction also given in Sec-
tion A.3. The code symbols used below are defined in the code input sec-
tion. If no value is entered for a symbol the corresponding input quantity
was not reguired in the calculation.

CARD NO. FORMAT CODE SYMBOLS AND VALUEZS
1 1246 HOLREC _Poly S(a,8) (caker) 296 K
2 LI5 ID -T2 ¥R 3 IBX 120 Izx 8o
3 TE10 T 1.0079 EC1 6.66667 EC2 12.941 SIGF 2¢.36 EFS 1.0-o
EMAX 1.0  AMASS1.C08
L LE10 RT .0@55 MT 14.0 MR 12.92 WR 089
5 €210 MV1 4.31 w1 .1k Mv2 3.23 w2 _.1Th  Mv3 3.23
w3 .36
é 5£10 EMAX 1.0 DALPEA .03 ALPHAC__ .4 DEETA .05 EBETAC_2.5 _

(CH,), = 3.1.1




4. Plots of Scattering Law

B Values for Multicurve Plots

CURVE INDEX B(296K) B(350K)
1 0.0 0.0
2 2 . 050 .0k22
3 3 .100 .0845
4 b .300 .254
5 5 .500 b23
6 6 .T00 592
7 7 .00 .T61
8 8 1.10 .930
9 9 1.30 1.10
10 3 1.50 1.27
11 = 1.70 1.hk
12 " 1.90 1.61
13 - 2.10 1.78
b1 8 2.30 1.9%
15 e 2.50 2.11
16 + 2.72 2.30
17 A 2.99 2.52
18 B 3.32 2.81
19 c 3.74 3.16
20 D b.26 3.60

(Cﬂz)n - 4- 1
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5. INTEORAL DATA

TABULATION OF ENERGY I,, £V (E).THE TOTAL CROSS SECTICH IN BARNS
{(51IGTOT) AND THE AVERALE COSINE OF THE S, ATTERING ANGLF (*UBAP)

DATA FOR CH2 AT 29c DEGREES K,
L SIGTOT UBAR - SI6TOT SURAD

«NUU2S 4“b.5ﬂ392 . 00667 31 «12500 65'02025 eUl1b2
«0UU7S 280.08626 L01213 32 13700 62.61860 L35342
«0yl2S 232.252%% .01871 33 15200 60,46R28B J3AA53
«NUL7S 268.9B7Hz2  L02HT0 3% 4164500 ©S8,64099 .37R43
«00225 103.98197 .03194 35 18400 5S57.37348 2RQQ4
«00275 184,743 .0377% 36 +20CD0 56.50137 305805
«00325 177.09810 LU4419 37 .22400 55,5429 L40577
«00375 171.19353% ,047383 38 +246800 54,6N317 L4141R
«00450 164.,92848 ,05449 39 L.27200 S53.523%68 L42159
10 .0yp550 158.59541 06205 40 29500 52.37512 .u42RND1
11 «00ud0 153.8027¢ .06ED7 41 L,325n0 51,13421 ,u43567
12 «00750 150.01179 ,D7344 42 L,35500 SU.29617 44127
13 <0050 146.95942 07872 43 438500 L9Y,AT7909 L44F10
14 00950 144,20914 JUR2%0 Ly L41500 49,20479  L48127
15 01100 140.61216 J0B864 45 L.uusp00 48,B2713  JuB643
16 01300 136.55705 ,0u85248 46 47500 43.50203 L46173
17 01500 133.16476 ,L102038 47  .50500 LA, 30338 N666C
18 L01700 130.,1161s .10&41 48 53900 48,00713 JhT71272
19 01900 127.32214 ,11448 49 ,58500 47.,92123 Lu47571
20 02100 124.7365% ,12C34 S0 .59%00 &7,77162 L4798A
21 02500 119.%9739 .,13157 S1 .62500 87,6L02R L4B3T72
c2 02900 115.04337 ,L14151 52 .65500 u47,52317 LuB737
23 L0300 109.,U5349 ,16i57 53 .68500 L47,42226 Lu9078
2% «04u400 102.258U0 .18225 54 L,71500 47.32754 Lu9395
2o «N5300 9%,55511 « 20556 55 « 74500 u7.2Q099 JL4B70N N
26  J065U0 B7.76438 .23455 S6 77500 47,16058 LuQ0E2
27 «N7700 B1.2665¢ 26160 87 80500 47,0432 .50252
28 .08900 75.94984 ,L28597 58 83500 46,96680 L5066
29 010100 71.51“D3 .30760 59 090500 “608“759 «51043%
30 11300 66,00950 .32622 60 .95500 46,5063 .5132%

CoON0O UNELN




THE TOTAL CR(OSS SECT1G;, INCLUDES A CONSTAMT SCATTERING CROSS
SECTION UF 4,71 GARKS (5I6G0) FOR THE CARHBON ATOM,ALSO FOR THL
CARBONISIGL = ,6bL6xSI1G0/MASS WAS USED TG CALCULATE THE AVERARS
COSINE OF THE SCATTERING AMGLE.

TviE FINAL ENegRGY INTERVALS USEUu FOR INTEGLRATIOM OF
THE INELASTIC DATA ARE OIVEN BELOW.

|
|
|
DELTA T UP Tu 1
1

1 « 0005 «004 Ev
e 2001 .01 EV
3 Juu .03 EV
“w J0lhH «05% EV !
ho eOUb 01'4 EV
) +QU3 «30 EV
7 .01 1.0 Ev |

(CHZ)n -5.2




3oo | T B T T LENNL I B T T —T10.6
CHp o) 296° K

—_— O1 CALCULATED TOTAL CROSS SECTION
—— B CALCULATED AVERAGE COSINE A
250}~ O MEASURED TOTA L CROSS SECTION “—0.5
P T

7
{ S B. ARMSTRONG, NUCLEAR SCIENCE AND ENGINEERING .~/
23,192, 11965) 4

200
-
[ 3
8
~ 150
w
b.-
100
50
0
X 0
& 6.001
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ENERGY (V)
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B (E)



6. Miscellanecus Notes on Polyethylene

o ey L
Tor temperatures other than 296 K the switching criteria for the

treatment of the different oscillator and the &,f3 mesh input for 296°K were
296°K

=
TK
temperatures were for obvious items: T, ID number and comments.

multiplied by . The only other changes made in the input for higher

Tabulated below are the temperatures, effective temperature and

ENDF ID numbers of the scattering law data on file

% T(°K) ENDF ID No.
296 1222. GA 0072

350 1239. GA 0073




POLYETHYLENE
1. thsics

The scattering kernel of polyethylene has been calculated on the
basis of a model of noninteracting infinite chains of CH2 radicals origin-

ally developed by Lin and Koenig. (1)

The lattice dynamics of polyethylene
shows that nine branches of the dispersion relation are present, the fre-
quency in each branch being a function of the phase difference of the vibra-
tion of corresponding atoms in neighboring CH2 units. For some normal
modes the ratio of the amplitude of the hydrogen atom vibrations to the
amplitude of the carbon atom vibrations also depends strongly on the phase
difference.

The neutron scattering has been computed from the weighted fre-
quency spectrum, which has been calculated exactly for the hydrogen
atoms using the computed frequencies and amplitude vectors. (2) The
weighted frequency spectrum was first calculated in bistogram form;
two modifications were then made. The low {regquency part of the histo~
gram (w < 0,02 eV) was replaced by a Debye spectrum having the same
area. Furthermore, to avoid numerical difficulties, the histogram was
replaced by Gaussian functions of area equal to the area under each step
and centered at the center of each interval in the histogram.

The inelastic scattering law was calculated using the code GASKET
and the distributed weighted frequency spectrum for hydrogen. The inco-
herent elastic scattering cross section for bydrogen was obtained by the
code ZREND. The contribution of the carbon atoms was taken into account

by adding the scattering from a free gas of mass 12, 011.

(I)T. P. Lin and J. L. Koenig, J. Molec. Spectra, 9, 228 (1962).

(2)D. Sprevak and J. U. Koppel, Nucleonik, 12, 87 (1969).

(CH,)_ - 1.1
(Rev. -12/31/69)




2.1 Frequency Spectrum for Hydrogen Bound in CH2

261

24

22

20

o f

Q.

Q.2 03 0.4
w(ev)

CH2 - 2.1
(Rev.-12/31/69)




3.1 GASKET Input for H(CH2)

The code GASKET is discussed in Section A, 3.1, The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1. The code symbols used below are defined on the code in-
put section. If no value is entered for a symbol then that datum was not

Tequired.
CARD NO. FORMAT CODE SYMBOLS AND VALUES

1 13A6,A2 COM_ Hydrogen in CHp at 296 degrees K.

2 1115 NT .5 NP 80 NE 80 NDAM 1 NGPRT 0
NCP 0 NMESH_I_ NREST 0 NCVP 0 NSEP 0
IPG 0

3 315 JS3 95 JS4 JS5

4 85E10 W1l .015 W2 0.0 W3 _ 1.0 W4 w5

5 6E10 Tl .02557T2 0.0 T3 .0255T4 T5

6 7E10 AM 1.008DC 0.0 BETSW 100.0 ALPSW 100.0 CRIT1
CRIT2 CRIT3

- X3.001239 . 002478 .004957 .007435 .009914 . 01239
.01487 .01735 .01983 .02231 .02478 .02726
.02974 .03222 .03470 .03718 .03965 .04213
. 04461 ,04709 04957 .05205 .05452 .0570
. 05948 .06196 .06444 .06692 .06940 .07187

<+ .07435 .07683 .07931 .08179 .08427 .08674
.08922 .09170 .,09418 .09660 .09%914 .1016
.1041  .1066  ,1090 .1115 .1140 . 1165
.1190  .1214 .1239 ,1264 .1289 .1314
.JAz238 0 L1363 . 1388  .1413 . 1437 . 1462
. 1487 .1512 _ .1537  .1561 1586 L1611
636 . 1661  .1685  .1710 .1735  .1760
.J933  .1958  .1983  .3445  .3470  .3495
L3519  .3544  .3569  .3594 _ .3618 .3643
L3668  .3693  .3718 .3742  .3767

CH2 -3.1,1
(Rev.~12/31/69)




CARD NO. FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3. 003977 .015911 . 063644 . 14320 . 254602 .398338
.578936 .813588 1.11421 .142664 .123003 , 0746544
.0363266,0178047. 0225532, 0381478. 0519083, 0538862
. 0370908. 0257432, 0412777, 0618430, 0643644, 0632159
.072237 .07962 .06942 .04917 .02643 .008721
.001547 .000142 .000068 . 001319 . 01442 .08034
.23387 .38590 .43887 .42335 .36435 .29421
.22868 .18341 ,16967 .18547 .22267 .24696
.22229 .18532 ,16542 .16025 .16723 .22006
.33729 .40786 .32494 .23689 28456 .37861
. 41046 .41102 .43877 .60685 .99469 1.3731
1.4766 1.3670 1.0876 .78606 .59386 .65628
1.0720 1.4847 1.5015 1,2084 .69678 .23548
. 04206 .003843 .000178 .01371 .05987 .20453
. 54649 1.1421 1.8668 2.3868 2.3868 1.8668
1. 1421 .54649 .20453 .05987 .01371

9 Cards 9 and 10 are not needed
10
11 7E10 XS
12 7E10 Qs
13 7110 NPHON
14 5E10 - EMAX 5 DALPHAQ 0] ALPHAC o_gp DEETA § 0g BETAC 2,5
15, 16, 17, 18, 19 and 20 are not needed ,
21 2E10 DT 20 TMAX 6.0
—ab0_ 18,0
. T —168.0Q
4.0 1368.0
6.5 4618.0
22 2110 -
2E10 ID 210 NPT o SIGF 20.36 EPS i1,0E-6
23 Card 23 is not needed

CH2 -3. L2
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3.2 ZREND Input for H(CHZ)

The code ZREND is discussed in Section A, 3. 1. The data tabu-
lated below follows the format of the code input instruction also given in
Section A.3.1. The code symbols used below are defined in the code in-
put section. If no value is entered for a symbol the corresponding input
guantity was not required in the calculation.

CARD NO. FORMAT CODE SYMBOLS AND VALUES
1 13A6,A2 COM_ Incoherent elastic scattering for H(CHb)
2 215 NT 2 NE 117 SB 162.88 SWITCH 7.0 EPS 1.0-8
3E10, NPCH 1 .
15
3 7E10 T 296.0 350
| 4 7E10 WP34.957 40.282
5 7E10 E, 0005 .00053 .00056 .00060 .00064 .00068

_00072 .00076 .00080 .00085 .00090 ,00095
L0010 ,0011 0012 .0013 .00145 ,00160
00175 00190 .00210 .00230 .00250° 00270
_00290 .00310 .00330 .00350 ,00380 .00410
,00440 .00470 .0050 .0053 .0056 .0060
L0064 0068 .0072 .0076 .0080 ,0085

L0090 .0095 " .010 .011 .012 . 013

.0145  .0160 .0175 .019 L0210 .0230

.0250 .0270 .0290 .031 . 033 . 035

. 038 . 041 . 044 . 047 . 05 . 053 '
. 056 . 06 .Co4 . 068 . 072 . 076

, 080 . 085 . 090 . 095 . 100 . 110

. 120 . 130 . 145 . 160 . 175 . 190

2210 .220. .230  ,.270 ,290 310
4330 L350 .380_ ,430  ,440  .470
A500  .530 L3560  ,600 640  ,680
. 720 L760  .800  .850  .900  .950
1, 000 .

CH, - 3.2.1
(Rev. -12/31/69)




4. Plots of Scattering Law for H(CH2)

CURVE

O @ ~ O W b W o

10

BETA VALUES FOR MULTICURVE PLOT

INDEX

U O ® ) B bk W e

U Ow H» + 0 >

B(296°K)

0, 00

8.00 - 02
.60 -01
4.80 - 01
8.00 - 01
1.12 + 00
.44 + 00
1.76 + 00
2.08 +00
2.40 + 00
2.7425 + 00
3.2183 + 00
3.8924 + 00
4.8474 + 00
6.2005 + 00
8.1174 + 00
1. 0833 + 01
1. 4681 + 01
2.0133 + 01
2.7856 + 01

B(350°K)
0. 00
6. 7646
1.3529
4. 0588
6. 7646 - 01
9.4704 - 01
1. 2176 + 00
1.4882 + 00
1. 7588 + 00
2.0294 + 00
2.3190 + 00

02
01
01 .

- 2.7213 + 00

3.2913 + 00
4, 0989 + 00
5.2430 + 00
6.8639 + 00
9. 1604 + 00
1. 2414 + 01
1.7024 + 01
2.3554 + C1

(CH2)n - 4.1

(Rev.-12/31/69)
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S Initohar VATA

TABULATIUN OF ENLRGY I EV {E)9THE TOTAL CROSS SECTION Ik BAjhg
(536T0T) ANL THE AVERAGE CUSINE OF THE SCATTERING AnLGLE (MUBAT),

DaTh FOK ChH2 AT 296 DeGREES he

t SILTOT MUnAR E SIGTOT MUHAL

1 WLu2d 511.3375% =.(g249Y 34 164V BN,14E87S L3666
€  JULLTD cl8,.,D51b43 =,u2ulh 35S J1B4uD 53,20434 L3772%
9 esuLlZY 26,7405 =.01957 36 20000 538.57370 .3Bu2¢
“  WULLT7S cl13.72123 =.ulo8e 37 22400 S57.69%ue4 L3043
9 nUthS ‘U“oSSé%b -00Q775 a8 .2“600 5605&626 b2}
7 eJuUIded 150,.,3954 4 DUl &0 « 29600 5“009052 0“?272
-

-

PULATY 1E4 . B4TL2  L01lubh 41 432500 52.87445 .4323;
sULES0 177.75911  Julybe 42 L 38500 51.65551 4400
v suUtbU 1€9.,59134  L03u97 43 L3IB500 S1.L1874 44832

11 Luleb0 162.blo0d 04178 4%  JU415pV 51.06172 ,452z2:
le  Jub750 150,854 «05478 45 44500 S0.708p4 L45Q5%
15 subeby 151,7533% 06117 46  Ju7500 S2.32440 JubS4u
I+ JULYSL 187,2107c 00979 47 50500 49,9487 .u4708¢
15 Luliul itd,.441z2kr <uBL5U 48 453500 u49,62847 L.47572
1o Jul3ul .35,20203 09454 49 +56500 49,28086 Lu801c
17 Julsyl 130.2769y e1lUclo 50 59500 49,.18B140 ,4Bu43u
1o WJ17LV 126,330%% W1159E 51 62500 49,0006 .uB82e

1y  JUlbyuu 123,09921 1245t 52 +655G0 48,p2lel 4919,
<V elelly 120,33445 ,13238 53 +68500 48,84081 L4953¢
¢l Jugbuu 115,57%c5  Club3o B4 «71500 4R, 47474 Lu4585R
ce  JU2wul 111,4004s 15072 855 74500 4B8,32658 L5016
£2  Judcuv LUS,113s5 17801 56 +775C0 48.19565 .5043c
4 Ju4u(00 99,0954z .19768 97 LE05060 43.08537 .50702 !
€Y +JuSa00 93,2715  .21819 S8  LB3500 47.,50923 .5110¢
2o  JUbbuu 86,6134 24334 59 «S0p500 47,75075 .5147%
e? 07700 BO,S7450 26047 60 +95500 47,61429 51806
6 JutYu0 76,1683y .28721 6l 1.00500 47.,49697 ,52107
eY  LlLllD T2.,15747 30580 62 1.10500 &47,301317 .52822
3u W1l3U0 68,8224 L3222 63 1.20500 &7,1474) ,53046
sl elebuv 6b,061lzh e 33039 64 1.30500 ‘47.02555 «S340C
o2 «13700 63,8055t 34s2l €5 1.40500 W46.812e5 L,53717
39 41500 £1.,66796 +36001 66 1.50500 45.,81654 .5314;

(CH,)_- 5.1
n
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The 10TaL CRUSS SECTLICK INCLUDES A CCHSTANT SCATTERINMG (ROSS
SELTLION UF 4,71 bARLS (S1GyY) Fur THE CARBON aTOM,ALSO FCR THE
CARBONIS Il = «vobaS(CU/MASS WAS USED TC CALCULATE THE »VERACE
COSINE OF THe SCATTenING AwGLEe

Tne FINAL ENcRGY INTERVALS USEL FOR INTEGRATIOM OF
The IMNELASTIC LATA ARE ©I1VEN BELOw.

delTe £ VP TO

1 +LUUS +004 EV
2 Ul +0U1 Ev
3 «Ule «uU3 EV
+ UG U5 Ev
5 +Uub ol Ev
0 sl «30 Lbv
/ Ul lebd EbW
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n
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6. Miscellaneous Notes on CH2

For temperatures other than 296°K the switching criteria for short
296°K

TOK °
The only other changes made in the input for higher temperatures were

collision and the @, 8 mesh input for 296°K were multiplied by

for obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral and

effective termnperature of the scattering law data on file.

Debye-Waller
T(°K) Integral (eV™}) T(°K)
296 34.957 1204. 4
350 40. 282 1215. 1

(CH,) -6.1
2'n
(Rev. -12/31/69)




BENZENE

1. Physics

The benzene molecule C6H6 has a hexagonal planar structure with
symmetry Dbh’ Two parameters describe the geometry of the molecule,
namely the distance between two nearest carbon atoms, 1.39 ., and the
distance between a carbon and the nearest hydrogen, 1.08 L.

The following assumptions have been made in order to describe

(1)

the atomic motions in the benzene molecules:

1., There is no interaction between vibrational and rota-
tional states of the molecule.

2. The hindered rotations which describe the interactions

of molecules in the liquid are replaced by translations

of the whole molecule with an effective mass. The

effective translational masses associated with the hydro-

gen and carbon atoms are 20. 94 and 42. 2 respectively

(in atomic units),
Continuous frequency distributions weighted by the amplitudes of the polari-
zation vectors have been obtained for the hydrogen and for the carbon atoms.
Detzails of the normal mode calculation from which the frequency spectra
were obtained are given in Ref. 2. The cluster of frequencies closely
spaced around 0.38 eV was lumped into a single oscillator. The inelastic
scattering laws for hydrogen and carbon in Cbe were calculated from
these weighted distributions by the code GASKET. The two scattering laws

were then combined with the final vaiue being referred to hydrogen as a

primary scatterer.

(I)D. Sprevak, G. M. Borgonovi, J. M. Neill and G. W, Carriveau,
Nukleonik, 11, 233 (1968).

(Z)D. Sprevak, G. M. Borgonovi, G. W. Carriveau and J. M. Neill,
"Neutron Thermalization in Benzene, " USAEC Report GA-§185,
General Dynamics Corporation, General Atomic Division, August
1967,

C6H6 - 1.1
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3.1 GASKET Input for H(C H,)

The code GASKET is discussed in Section A.3.1. The data tabu-
lated below follows the format of the code input instructions also given in

Section A. 3. 1.

The code symbols used below are defined on the code in-

put section. If no value is entered for a symbol then that datum was not

required.
CARD NO., FORMAT CODE SYMBOLS AND VALUES

1 13A6, A2 COM Sprevak's H(CgHg) at 296 degrees K.

2 1115 NT -5 NP 80 NE 80 NDAM 0 NGPRT 0
NCP_0_ NMESH_1 NREST 0 NCVP 0 NSEP 0
IPG o

3 3I5 JS3 84 JS4 o0 JS5 1 )

4 5E10 W1.0477543882, 0.0 W3.65331978W4 0.0 WS5. 29892586

5 6E10 Ti1 .0255 T2 0.0 T3 ,0255 T4 0.0 T5 . 0255

6 7E10

AM 1.008DC _0.0_ BETSW 100.0 ALPSW 100.0 CRIT1

CRIT?2 _CRIT3

X3.0210766 , 0272756 . 0334746 . 0359542 . 0384338 . 0409134
.0433930 , 0458726 . 0483522 . 0508318 . 0533114 . 0557910
.0582706 , 0607502 0632298 . 0657094 . 0681890 . 0706686
.0731482 , 0756278 . 0781074 . 080587 _. 0830666 . 0855462
.0880258 , 0905054 . 092985 _. 0954646 _. 0979442 . 10042

-+ ,102903 105383 _ 107863 _. 110342 .112822 114062
115301 116541 . 117781 _.119021_.120261 .1215
12274 .12522 127699 130179 _, 132659 . 135138
137618 140097 ,142577 _,145057_, 147536 150016
152495 154975 L 1597455 . 109934 _, 162414 . 164893
167373 , 169853 . 172332 _. 174812 177291 .179771
-182251 .18473 18721 _.189689__. 192169 194649
197128 .199608 202087 _.204567__, 207047 . 209526
-212006 214485 216965 _.219445 221924 225644

CH -3.1.1




|
}CARD NC, FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3,657-4 ,0557572_.162635_,46492 _1.12039 2, 27607
3.89790 5, 62736 _6,84881_7.-02751_6. 08244 4.4523
2.79484 1, 61186 _1, 09722 1.22166_1,88249__ 3.00571
4.59136 6,66954 _9,11053_11.4021_12.712 _ 12.3825
B8.05225 _6.37598_6.56681_8.92219__12 7375
18,9239 _19.5314_19.4166_20. 1650__21. 1560
24,1431 _25,.8155_27,3473_28.5736___29. 3896
29,3247 _27,8637_26.0197_24. 2628___23. 0276
23,3652 _24. 2650_24. 1488_22. 0091 __17.9 9748
9,87602 _8,34718_8.45035_9. 02810__ 8.98379
£.00031 6,64683 _5,86717_6, 25846, 7.62610__9.07965
9.60776 8.75109 _6.87802_4.87321 3, 54396___3. 20771
, 3, 64891 4.33341 _4.70823_4.46165_3. 63710__ 2, 53857
| 1.51375 . 769813 .333320 .122689 . 0383350 .491124-2

GEEEER

?
i
|
{ 9 Cards 9 and 10 are not needed
|
|

10
11 7E10 X5
12 7E10 Qs
13 7110 NPHON
14 5E10 EMAX ___ DALPHA ALPHAC DBETA BETAC
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT TMAX -
22 2110
2E10 1D NPT SIGF EPS -
23 Card 23 is not needed

-3.1.2
C6H6 3.1




3.2 GASKET Input for C(C6H6)

The code GASKET is discussed in Section A.3.1. The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1. The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that daturn was not required.

CARD NO. FORMAT CODE SYMBOLS AND VALUES

1 1346, A2 COM_ Sprevak's C(CgHg) at 296 degrees K.

2 1115 NT .5 NP 80 NE 8o NDAM o NGPRT 0

NCP_o NMESH_1 NREST __ 0 NCVP _o0 WNSEP _ 0 __

; s =
‘ 3 315 Js3 g6 IS4 0 JS5 1
| 4 5E10 W1,2848568 W2 _ 0.0 W3,6799013W4 0.0 W5 .03524188
| 5 ~  6E10 Ti1 .0255 T2 0.0 T3 .0255 T4 0.0 T5 .0255

6 7E10 AM 12, 011DC BETSW ALPSW CRIT1

CRIT2 CRIT3

B X3,0210766 024796 _ . 0272756 , 0297552 .0322348 ,035954&
.0384338 _, 0409134 . 0433930 .0458726 .0483522 ,05083
.0533114 _, 0557910 . 0582706 .0607502 .0632298 . 065709
. 0681890 , 0706686 , 0731482 . 0756278 ,0781074 .080587¢(
..0830666 _, 0855462 . 0880258 .0905054 . 0929850 .095464¢

*r , 0979442 . 100424 . 102903  .105383 .107863 .110342
. 112822 115301 _ ,117781 .120261 .122740 .125220
. 127699 _.130179__ . 132659 .135138 .136378 .138858
. 141337 . 143817 __,.146296 . 148776 .151256 . 153735
. 156215 , 158694 .161174 .163654 .166133 .168613
171092 173572 .176052 .178531 .181011 .183590
.185970 _.188540_ .190929 .193409 .195888 ., 198368
..200848 _.202087__. 204567 _.207047 .209526 _.212006
. 214485 216965  .219445 , 221924 . 224404 226883
.229363 231843

CH -321




LARD NO. FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3,0001394 .002276 .0118288 .0518248 .191408 .986323
2.37689 4, 82867 B, 26939 .J11.9386 14.53T0 14.9158
12,9363 9.57165 6, 34166 4.55398 4,94717 17.64850

12. 08790 16.9292 20.4759 21.6053 20.45665  18. 1607
15, 6907 13. 2922 10. 7283 7.98282 B5.50871  3.89351
3,40532 3, 83098 4. 65451 5.4373%5 6. 18629 1.45024
10, 0023 14,2772 19.8946 25.0449 29.9790  31.4131
29, 7227 25, 4886 20.0272 14. 7016 12.3965 8. 76491
6.37869 4.87859 3.83559 2.97089 2,24017 1.76195
1. 64964 1,86803 2.21706 2.46529 2.55359  2.73752
3,49435 5, 23719 7.89931 10. 7380 12.59360 12. 7343
11.4726 10. 2140 10,6759 13,8067 19,0333 24.3230
27. 1901 27.1773 24,1861 18.4339 12.0354 6.73345
3, 22796 1,32526 ,465514 .1397I8 .0357764 .00780317
. 0014474 . 000228

9 Cards 9 and 10 are not needed
10
11 7E10 X5 .3798541
12 7E10 Q53,0
13 7110 NPHON g
14 5210 EMAX 2.0 DALPHA .0041967 ALPHAC . 041967 DBETA .08 BETAC 2.5
15, 16, 17, 18, 19 and 20 are not needed ,
21 2E10 DT .2 TMAX 6.0
) 16. 0
— 8.0
10 272. 0
2.0 1072, 0
22 2110
2E10 ID 96 NPT O SIGF 4.71 EPS 1, 0-6
23 Card 23 is not needed

C6H6 -3.2.2



4.

Plots of Scattering Law for C

6

H

6

BETA VALUES FOR MULTICURVE PLOT

CURVE

OO 9 0w b W

L R T S S o L S L S S S
O W 0 =~ O U B W P = O

INDEX

¥ O @ g N ph WP

O + e >

o

8(296°K)
0. 00
0. 0800
0. 160
0.480
0. 800
1. 120
1. 440
1. 760
2. 080
2. 400
2. 745
3.239
3.963
5. 622
6.573
8. 843
12. 168
17. 035
24. 162
34,600

8(1000°K)
0.0
0.0237
0.0474
0.1421
0. 2368
0.3315
0.4262
0. 5209
0.6156
0. 7103
0.8123
0.9586
1.173
1. 486
1.945
2.615
3.601
5.042
7.154

10. 239

CH -4.1
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=) INTeokaL LATA

TAOULLATIOIN OF EwROY IN EV (E)eTHE TOTAL CRUSS SECTION It 13A.1S
(516T0T) Alb THE AVeELAGE CUSINE COF THE SCATTERING ALGLE (MUK:F),

LAT4a Fun Cohé AT 290 DECREES K.
3 SIuvTOT *UbAR E SIGTOY ! Uk 5

eJLU2512C1., U240 =eQ(728 37 22400 1B5.33761 .2695¢
(75 779.5385¢ ~.00495 38 L24800 18Bl.47426 .37¢C2
sLU12S 061,.715%17 0U0z64 39 27200 178.2313b L38£9¢
eUL175 603.79541 .D1u29 40 29000 175.4282 39294
eUuz2ed 570.08407 L0ulT766 41 432500 172.49613 .40D03¢
U7 S548,uB0z6 U424 42  L355p0 16%9.76271 Ju571c
eULagb 530,38138 02998 43 J38500 167.67158 L41232
eJULAT?5 10,3259 Ju3uTe 44 L41500 166.14568 J4189¢
evbuSU 502,167y o0kgl2 4SS  J4u500 164.RB7ST7 42455
lu Q0550 «65,08152 04904 46 L7500 163.07643 JL29EH
14 JuUoSU 474.08694 <Ubb4s 47 50500 162.61503 43431 .
l2  +uu750 463.12953 .ububy 48 452500 161.80374 Lu3E6)

M C NCU XL RN

| 10 LuLsbSL 452.97712 <ubu3l 4G J5650U 161.112%7  Luu427¢
| 14 LyuY9S0 445,.930%2 (6947 50 59500 160.491u8 .4465;
40 JUlluyu WIT7.00513 <0779 51 .62500 159.93048 .u450)c
lo  Lul3dyl 425,.580ba +UB790 52 +65500 159.43954 L4534
17/ ulo00 414,301c9 59377 53 .68500 15R.98CLwb U45ES,

il sU1700 H03.7Qbuh «10322 54 -71500 158.56754 JUSL7
1Y JJ19u0 293,.9321e 11044 55  +74%00 158.,18B708 46220
. €Y sUg1UuU 3b4,.61UB3 L11748 56 77500 157.82635 Lu4b647#
2L LU2500 $67.23240 +13064& 57 80500 157.u85c6 L4722
€€  ou2YLl a50.,84679c <1412V 58 +B5500 156.974¢1  J47057
£9  SJUILLU o2b6.5%4BET7 16417 €9 90500 156.52364 L4743
4 dULLLU 3U3.96250 +418775 60 +.95500 156.11275 47752 .
&Y S ULIVY oBZ.4TYUL  e21g2Y 61 1.00%00 155.74192 .u480412
eL  JUbouU ¢59,855%52 24169 62 1.10500 155.12044 ,u4B8551
el U770 41,0753z 26677 63 1.20500 154.£0915 .uR98E
28 JUBYUY c27.567¢7 28733 64 130500 154,17BCl J493€7
e¥ 210100 217,0200G +30325 65 1.40500 153.H0699 449701
OV ¢A1300 c(9.55520 <31481 66 1.50500 153.406(08 50003
34 JA2500 SU4,.,61051 432289 67 1.60500 153.165z6 .5n27%
e «1370U £01.,21640 oS2004 €8 1.70500 152.E7450 5H053¢C
33 JlbcUl i93.542u0 33467 69 1.80500 152.,89381 .5076¢
3%  L1lobu0 195,88807 434213 70 1490500 152.2531E +509C%
39 +1640U 192,93460 35019 71 2.00500 148.06259 .5CS2¢
3o J2uull 1B89,.831ln% .35829
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6. Miscellaneous Notes on Benzene

For temperatures other than 296°K the switcihing criteria Ior short
296°K

T°K °
The only other changes made in the input for higher temperatures were

collision and the ¢, 8 mesh input for 296°K were multiplied by

for obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral and

effective temperature of the scattering law data on file,

Debye Waller Debye Waller
. Integral (eV" 1) T(°K) Integral (V1) T(°K)
T( K) for Hydrogen for Hydrogen for Carbon for Carbon

296 9.3536 1165.9 10. 730 685.54
350 9. 7064 1177. 8 11.315 712.02
400 10.093 1191. 4 11.927 738.97
450 10.530 1207. 7 12.593 768.10
500 11. 009 1226.0 13,304 799. 22
600 12. 070 1268. 7 14,831 866.63
800 14.471 1373. 4 18. 165 1017.3

1000 17,096 1497. 7 21,720 1182.3




2

1. Physics

Whereas hydrogen is nearly a completely incoherent neutron
scatterer, the scattering from deuterium is largely coherent., Although
it would appear that due to this fact a treatment of DZO analog to the one
(1)

used for HZO would be inadequate, calculations' ’ have shown that because

of a great deal of cancellation between inter and intra- molecular inter-
#rence scattering, integral quantities like the total cross section or thermal
neutron spectra can actually be predicted quite accurately with an incoherent
model.

The scattering law for D20 calculated for the ENDF using the code
GASKET is based on a model quite similar to the one used for HZO' The
internal modes of vibration are represented by oscillators having the
measured frequencies of 0, 142 and . 305 eV (approximately 1//2 times the

corresponding frequencies for H,O as expected from the mass ratio) and

the weights 1/6 and 1/3 respectiiely. The torsional oscillations are
represented by a broad band of frequencies extending from Oup to 0.127 eV
and peaking at about 0,05 eV as shown in the figure of Section 2.1. Their
total weight is 9/20, This torsional band was taken from the work of

(2) although here,as well as in ‘the case of HZO' the low frequency

Haywood
range of his spectrum was replaced by a parabola cwzsmoothly joining the
rest of the torsional band at about 0. 025 eV. Haywood's original spectrum
showed several peaks in this low frequency range, corresponding to

translational vibrations of the DZO molecule as a whole, These modes

(1)
(2)

J.U. Koppel and J. A. Young, Nukleonik, 7, 408 (1965).

B.C. Haywood, Proceeding of the JAEA Symposium on Pulsed Neutron
Research, Karlsruhe, Vol, 1, p. 434 (5/1965).

DZO- 1.1




were replaced by free translations of mass 20 in order to avoid numeri-

cal difficuwities.

The scattering by the oxygen atoms is not included in the tabulated
scattering law data. It should be taken into account by adding to the data
the properly weighted S{a, 8) for a free gas of mass 16 recalling, how«
ever, that the @ values for the oxygen must be 2.014/16 times those for
the deuterium in order to correspond to the same neutron momentum

transfer K.

Dzo- 1-2



2. . Torsional Frequency Spectrum for DZO
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3.1 GASKET Input for D,O at 296°K

The code GASKET is discussed in Section A.3. The data tabulated
below follows the format of the code input instructions also given in Sec-
tion A.3. The code symbols used below are defined in the code input sec-
tion. If no value is antered for a symbel the corresponding input quantity
was not required in the calculation.

CARD NO. FORMAT CODE SYMBOLS AND VALUES i}
1 13A6,A2 COM D-0 - 2 0SC. + Haywood Freq. Spectrum
2 1115 NT -6 NP 80 RE 80  KpAM 0  NGPRT o
NCP O MMESH 1 NREST O KCVP 0 NSEP 0
I 0
3 315 Js3 =51 Jsb 0O Js5 2
L SE10 Wl .05 w2 0.0 w3 .45 wk 0.0 WS .5
| 5 €E10 1 .@55 T2 0.0 T3 .0R55 T4 0.0 TS .0255
| 6 TE10 AM 2,014 DC 0.0 BETSW50.0  ALPSW 50.0 CRITL 0.0
CRIT2 0.0  CRIT3 1.0-7
T " TEL0 X3 .129642

DZO- 3.1.1




CARD NO. FORMAT CODE SYMBOLS AND VAILUES

8 TELO Q3 .0012 .00L8 .0108 .01 .03 .0L32
.0588 .0768 .0972 .12 L1k2 .17
.195 217 <k 256 27 <3
294 291 271 245 .22 .20
.178 .166 253 _.1k3 .135 1286
122 .118 112 .106 .101 .098
0R .086 .081 076 0Tk .070
e .06L .060 .058 .055 .053
.051 LOk9 0.0

9 Cards 9 and 10 are not needed
10
11 TELO X5 .1k235  .3050k
12 TELO Q5 .3333333 6666667 _
13 TL10 NPEON 1L -
1L SELD EMAX 3.5 DALFHA _,03 ALPHAC _ .3 DEETA .05 BETAC 1.5
15, 16, 17, 18, 19 and 20 arc not. nceded
21 2E10 T .1 MAX 2.0 ’
_ .25 10.0
-5 _.30.0
.I5 100.0
5.0 500.0
0.0 2000,0
22 2T10
2E10 ID_s1 XPT o SIGF 3.37  EPS .000001
23 Card 23 is not needed

DZO-B.I.Z
- Mlo-



4. DPlots of Scattering lLaw

8 Values for Multicurve Plots

CURVE INDEX B(296K) p(8ock)

| 1 1 0.00 0.00

| 2 2 .05 L0185

3 3 .10 .0370

| 4 4 .30 111

“ 5 5 .50 .185

\ 6 6 .70 .259

: 7 T .90 <333

| 8 8 1.10 Lot

‘ 9 9 130 481
10 3 1.50 555
11 = 1.73 649
12 v 2.08 .788
13 ' 2.59 990
14 5 3.3k 1.29
15 a L.46 1.72
16 + 6.12 2.36
iy g A 8.57 3.29
18 B 12,20 4,65
19 c 1T.57 6.64
20 D 5.51 9.56

D,O-4.1
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5. INTEGRAL pATA

TABULATION OF ENERGY IN EV (E)»THE TOTAL CROSS SECTIOM IN BARNS
(SIGTOT) AND THE AVERAGE COSINE OF THE SCATTERING ANGLE (MUBAR)

DATA FOR D20 AT 295 DEGREES K,
13 S16TOT MUBAR E SIGTOT MUBAR

«NOU2S 38,07525 ,00066 34 .16800 11,59936 ,L,17545
«0007S5 27.05134 ,L,DO570 35 L18400 11,50014 L17907
.0012%5 24.04814 ,L01321 30 .20000 11.40593 L1822s
«00175 22.59090 .01931 37 22400 11.27391 .1R640
«00225 21.65168 02357 38 24300 11.1%229 .1901a
«0u275 21.00219 .02638 39 ,27200 11.04408 L,19332
«DU325 20.58357 L03124 40 ,L29600 10.95047 ,.1955g
«N0375 20.,10239 ,03082 41 ,32500 1lu.88u406 ,L19893
«00450 19.659586 L,03502 42 .3%500 10.84085 ,20199
10 .00550 19.14117 L,03B05 43 .38500 10.81264 ,20477
11  ,00050 18.71781 04077 44 L41500 10,79063 ,20n717
12 +0U750 18.36669 ,04357 45 L44500 10,77122 .20°1u4
13 .00250 18.08219 ,0u4698 46 L47500 10,7521 .21085
14 L00Y50 17.79570 04941 47 L,S50500 10.74121 .21235
15 .01100 17,4092 ,0S5333 48 ,53500 10.72780 21360
16 +01300 16.952868 ,L,05792 49 ,56500 10,7135%9 .21477
17 .01500 1&,5B219 ,06387 50 .59500 10.69999 ,21577
18 401700 10.24372 ,06957 51 .62500 10.68798 ,216790
19 .019%00 15.93826 ,07499 52 .65500 10,67638 21752
20 +DzlDO 15,65841 .06006 53 .68500 10.,66618 .21827
21 02500 15,.16453 ,08892 ° 54 ,L,71%00 10,65697 .2189p =
22 .02500 14.73386 .09520 55 L7400 10,64897 .21962
24 L03000 14,19817 .10819 56 .77-00 10,64177 .22C2n
24 04400 13.71790 L11768 57 .80500 10,63516 .2207%
25 J05300 13.3472¢ L12069 58 .85500 10.62516 .22154
26 06500 12.97677 ,13503 59 .90500 10.6159% .22226
27 «07700 12,69793 14290 60 495500 10.60715 .22292
28 08900 - 12.46789 ,14963 61 1.00500 10,59875 ,2235)1
29 .10l00 12.2720e¢ ,L15539 62 1.10500 10.58274 ,22u458
30 .11300 12.10244 ,L16033 63 1.20500 10,56753 ,.22553
31 412500 11.95361 .16447 64 1.30500 10,55353 ,22632
32 .,13700 11.81880 .16718 65 1.40500 10,53R%2 ,22683
33 L15%200 11.70738 .17160 66 1,50500 10,37632 .2175D

VEOENCOVEFEWUN-
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THE TOTaL CK(SS SECTIOr, INCLUDES A CONSTanT SCaTTERING CROSS
SECTION UF 3,76 BARMS (SIG0) FUR THE OXYGEN ATOM.ALSO FOR TH™
OXYGEN»SIGL = 606251G0/MASS WAS USED TC CALCULATE THE AVERAGF
COSINE uF THE SCATTEKII.G ANGLE.

THE FINalL ENERGY INTERVALS USELD FOR INTEGRATION OF
THE INELASTIC DATA ARE GIVEW BELOW.

NELTA E
+UU0S
«0ul
002
.004
090
QU8
Ui

~NOoO U FLN-

UP To

«004 EV
01 EV
.03 EV
«05 EV
<14 EV
+30 EV
1.5 EV
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6. Miscellaneous Notes on DZO

For temperatures other than 296°K the switching criteria for short

o)
collision and the @, mesh input for 296°K were multiplied by 292 X . The

TK
only other changes made in the input for higher temperatures were for

obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral,

effective temperature and ID numbers of the scattering law data on file.

Debye-Waller ENDF
T(°K) Integral (eV-l) T(°x) 1D No.
296 39.867 940.91 GA 0051
350 45,263 961. 62 GA 0052
400 50.418 982.93 GA 0053
450 55,684 1006. 1 GA 0054
500 61.033 1030.9 GA 0055
600 71.905 1085, 1 GA 0056
800 94.068 1209.0 GA 0094
1000 116.52 1350.0 GA 0095

DZO- 6.1




)

H,0

1, Phvsics

The first realistic model for describing the scattering of thermal
neutrons by hydrogen bound in HZO was given by Ne}.ki.n.(l) In this mmodel
the scattering units are freely recoiling HZO molecules. Each molecule
can undergo torsional harmonic oscillations (hindered rotations) as a
whole with a single frequency of 0. 06 eV, as well as internal vibrations
with frequencies of 0.205 and 0.48 eV. The effective masses attributed
to these dynamical modes by Nelkin are respectively 2.32, 5.85 and 2.92.

The scattering law ;or Hzo calculated for the ENDF with the code
GASKET is based on a model which retains the essential features of the
Nelkin model but which replaces the single torsional oscillator by a broad
band of distributed modes. This torsional frequency spectrum is shown in
SectionZ._l. Between 0.04 and 0. 165 eV it was taken from the work of
(2)

Haywood and Thorson, but below 0. 04 eV it was smoothly joined to a
parabola cwz. The original spectrum given by Haywood and Thorson
showed several peaks in this low frequency range, corresponding to trans-
lational vibrations of the HZO molecule as 2 whole. These modes were
replaced by free translations of mass 18 in order to avoid numerical dif-
ficulties. The discrete internal modes of vibration of the Hzo molecule
were taken over from the Nelkin model with slightly readjusted masses,
namely 6 for the G.205 eV mode and 3 for the 0. 48 eV oscillator. The

torsional band was then normalized to 4/9 in order to give the proper

(”M.S. Nelkin, Phys. Rev. 119, 741 (1960).

' HZO-I.I




(2)

over-all normalization td one of the sum of all inverse masses. The
scattering by the oxygen atorns is not included in the tabulated scattering
law data. [t should be taken into account by adding to the data the pro-
perly weighted S(a, 8) for a free gas of mass 16. It is important to note,
however that the o values for the oxygen must be 1.008/16 times the o
values for the hydrogen data, in order to correspond to the same neutron

momentum transfer K.

(Z)B. C. Haywood and J. M. Thorson, Proc. Conf, on Neutron Thermaliza-

tion, Brookhaven (4, 1962). Also see J. U. Koppel, Proc. ANS Conf.
on Reactor Physics in the Resonance the Thermal Ref. on (S. Diego,
2/1966), The M.I.T. Press 1966.

HZO- 1.2




2. Torsional Frequency Spectrum for H(HZO)
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3.1 GASKET Input for H,0 at 296°K

The code GASKET is discussed in Section A.3. The data tabulated
below follows the format of the code input instructions also given in Sec- |
tion A.3. The code symbols used below are defined in the code input sec-
tion. If no value is entered for a symbol the corresponding input quantity
was not required in the calculation.

|
CAFD NO. FORMAT CODE SYMBOLS AND VALUES |
1 13A6,A2 coM HoO - Modified 1965 English Freq Spectrum “
2 1115 NT -5 NP 80 ¥E 80 KDAM 0 NGERT 0O |
NCPO NMESH 1 NREST O NCVP O NSEP 0
IFG 0 |
3 315 Js329 Jsb 0 Jss5 _2 |
L 5£10 W1 .0555556 W2 0.0 W3 Ml Wk 0.0 W5 _.50 }
| 5 6E10 T1.0255 T2 0.0 T3 L0255 ™ 0.0 T5 _.Cess |
| 6 TELO AM1.008 DC 0.0 _ BETSW20.0  ALPSW 20,0  CRIT1 |
| CRIT2 CRIT3 |
7 TEL0 X3 .006375 .01275 .019125 0295 .031875 .03825 ‘

LOLLEDS 0510 ~0573T5 06375 .0663 .06885
071k 07395 :0765 082875 08525 = .095825 |
102 2208375 .L1k75 .121125 1275 .133675

Abo25 146625 153 150375 16575

HZO-3.1.1




CARN NO, FOIMAT . CODE SYMBOTIS AND VAT

8 nan) Q3 .00125 005 01125 .02 ,03125  .Ou5
.059 .075 .05 2115 1197 121k

.1218 1165 .1125 0975 0871 0791
.0735 .0688 065 061 .05T1 .05k4
.0515 .0LE8 0459 L0b31 .ol

9 Cards 9 and 10 are not needed
10
11 TZ10 X5 .205 48
12 TZ10 Q5 .3333333 6666667
} 13 TI10 NPHON _10 5
1k SE10 EMAX 2.0 DALPEA _ .05 ALPHAC _.5 DEETA ,08 BETAC 2.5
15, 16, 17, 18, 19 and 20 are not needed
2l 221 T L) ™AX 2.0 '
2 5.0
5 20.0
1.0 100.0
2.0 600.0
; 22 2Il0
| 2E10 ID 1 ©FPT O SIGF 20.36 EPs .000001
| 23 Card 23 1s not needed

HZO- 3.1.2




4. Plots of Scattering Law

B Values for Multicurve Plots

CURVE INDEX B(296K) B(8oK)
1 1 0.00 0.00
2 2 .08 .0296
3 3 .16 .0592
4 b 48 1776
5 5 .80 .296
6 6 1.12 A1k
T T 1.4k .533
8 8 1.76 .651
9 9 2.08 765
10 3 2,k0 .888
11 - 2.75 1.02
12 " 3.24 1.20
13 ' 3.96 1.47
14 8 5.02 1.86
15 a 6.57 2.43
16 + 8.8k 3.27
17 A 12.17 k.50
18 B 17.0L 6.30
19 c 24,16 8.9k
20 34,60 12.80

g
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5. INTEGRAL DATA

TABULATION OF ENERGY IN EV (E)+THE TOTAL CROSS SECTION IN BARMS
(51GTOT) AND THE AVERAGE COSINE OF THE S;ATTERING ANGLE (MUBAR),

DATA FOR H20 AT 296 DEGREES K.

E SIGTOT MUBAR € S16T0T MUBAR

«N0U2S 446.61971 ~,.00062 37 22400 58,70315 .39343
«00U75 282.538653 ,00300 38 24800 S7.47408 .u40517
«00125 235,44726 ,L,01043 39 L,27200 56.36451 .41506
«00175 211.74465 ,01803 40 29600 55.31012 .42290
«00225 197.61657 .02566 41 ,32500 54,23526 .u316}
« 00275 187.82400 .D3261 42 435500 53,22526 42916
U325 180.28262 .03899 43 38500 52.31221 .4459]
«0U375 174.26069 Q4444 44 J41500 S1.47185 ,u45179
«00450 167.82642 ,05282 45 ,L,44500 50.71632 Lu45715
10 30550 160.71212 .D6131 46 L,47500 S0.06524 L46199
11 00050 155.,49000 .06921 47 L50500 u49.51662 .46655
12 00750 150.823%4 ,L,07573 48 53500 49,05239 47094
13 +00%50 146.9155%% L08100 49 ,56500 u48,.66251 ,47526
14 .D0Y5S0 143.49759 .08727 50 .59500 48.33092 ,47953
15 .01100 139.45900 ,09716 51 .62500 48,04359 L4R360
16 01300 134,57830 .10883 52 65500 47,.,80850 JuB8774
17 01500 130.06634 ,11841 53 +68500 47,60161 .u4%l161
18 401700 125.98003 ,L,12736 S4 L,71500 47.,42690 Lu40522
19 +01900 122.2522z .13588 5S 74500 W47.27436 49879
20 02100 118.81882 14404 56 .77500 47.13%997 ,50197
21 02500 112.66597 ,15921 57 .80500 47,01971 .50507
22 .,02900 107.04419 ,17109 58 .85500 46,R8u4422 ,5n992
23 +03000 99.47064 ,19467 59 .90500 46.69502 .51431
24 04400 92.58750 .21742 60 .,95500 45,56007 .51R31
25 05300 BE.63676 L,23902 61 1.00500 &46.,42735 .5219¢
26 06500 81,00220 .26240 62 1.,10500 &46,.,21047 ,528u49
27 07700 76.93061 ,.28097 63 1.20500 &46.00821 .S53404
28 J0BYU0 73.96602 ,29640 64 1,30500 45,82845 ,L53R93
29 .1010D0 71.53633 ,30968 65 1.40500 45.67310 ,.5u4336
30 L11300 69.47619 .32143 66 1.50500 45,54009 54743
31 12500 67.58473 ,33177 67 1.60500 &5,42736 .55109
32 13700 66.05334 ,34024 68 1,70500 45,32688 55445
33 ,15200 64,35290 .35069 69 1,80500 45,22461 .55750
35 .18400 61.37622 L,37122 71 2.00500 44,1°9259 .55R3u
36 «20000 60.17616 ,3B0S2 :

VOO EWMNE

HZO - 51




TH4E TOTAL CRLSS SECT1O;, INCLUDES A CONSTANT SCATTERIMG CHCIS
SECTION UF 3,76 OARNS ($I60) FOR THE OXYLEWM ATOM, LSO FOv THF,
OXYGENeSLGLl = . 6o6x5160/MAS3 WAS USED TO CALCULATF THE AVERAGF
CuSInE OF THE SCATTEmING ANGLE «

THE FINAL ENERGY INTERVALS USEU FOR INTEGFATIONn OF
Tk INELASTIC DATA ARE GIVEN BELOW.

NeeTA & UP TO

1 .gu0s 004 EV
2 «0UCl .01 EV
3 uu2 «03 EV
1% U .09 €V
o s YUl 4 BV
[+ «GUS «30 EV
7 01l 2.0 EV

HZO-S.Z




£°'s - O°H

o (E) (barns)

300 T T T T ™1 o.¢
L ]
M,0 ot 296° X Pre
~—— Oy CALCULATED TOTAL CROSS SECTION //
230l ~——~ i CALCULATED AVERAGE COSINE 7 -0.8
! . o7 MEASURED TOTAL CROSS SECTION .
oo {BNL 325)

200} ~{o.4
150} -10.3
100} -10.2
so}- 0.1

ol = | 2 1 [T | 3

0.001 0.01 0.1 1.0 0

ENERGY (eV)
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6. Miscellaneous Notes on HZO

For temperatures other than 296°K the switching criteria for shercs

o 2040,
collision and the 4,8 mesh input Por 296 K were multipiied by 5 - .
TK

The oﬁly other changes made in the input of the room temperature problem
to do higher temperatures were for obvious items: T, ID purber and
comments.

Tabulated below are the temperature, Debye Waller integral, effective

temperature and ID numbers of the scattering law data on file.

7(°K) Debye Waller T(%) ENDF
Integral (ev ™) ID No.

296 19.68 1396.8 GA 0001
350 21.62 1411.6 GA 0002
100 23.54 ety GA 0003
450 25.54 k.9 GA 0005
500 27.60 146k4.1 GA 0006
600 31.88 1506.8 GA 0007
8oo Lo.78 1605.8 GA 0092
1000 Lo, o 1719.8 GA 0093

}iZCD - 6.1




URANIUM CARBIDE

1. thsics

The scattering laws for uranium and carbon in uranium carbide
(UC) have been computed in the inelastic incoberent approximation by

GASKET, using squared-amplitude weighted frequency distributions ob-

1. 1) Gontributions

(2)

tained from a central force lattice dynamical mode
from coherent elastic scattering by U and by C were computed from
the lattice structure. UC has a cubic structure of the NaCl type with a
lattice constant of 4, 9554 = 0,003 A. The central force model is based
on three force constants, including next-nearest-neighbor interactions.
The uranium-carbon force constant was adjusted to give a peak in the
normal mode frequency distribution at about 0. 045 eV in accordance with

(3)

neutron data. The carbon-carbon force constant was selected to give
a reascnable width to this peak. Finally, the uranium-uranium force
ctonstant was chosen to make possible a good {it to specific heat data.
Details of the work are given in a Gulf General Atomic report, (2) The

frequency distributions are shown in Fig. 1.

(I)E. L. Slaggie, "Central Force Lattice Dynamical Model for Uranium

Carbide, " USAEC Report GA-8675, Gulf General Atomic Incorporated,
December 23, 1968.
(2)}:. 1. Slaggie, et al., 'Integral Neutron Thermalization, Annual
Summary Report, October 1, 1968 through September 30, 1969, "
USAEC Report GA-9753, Gulf General Atomic Incorporated (1969).

(3)5. N. Purohit, et al., 'Inelastic Neutron Scattering in Metal Hydrides,
UC and UQ,y, and Applications of the Scattering Law, " Proceedings of
the JAEA Symposium on Neutron Thermalization, held July 1967 at the
University of Michigan.

UucC - 1.1
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Figure IA. Histogram representation of the normalized frequency
distribution obtained from the central force mode for UC.




3.1 GASKET Input for U(UC)

The code GASKET is discussed in Section A.3.1. The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1. The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that datum was not required.

CARD NO, FORMAT CODE SYMBOLS AND VALUES

1 13A6,A2 COM Slaggze s U(UC) 296 degrees K.

2 1115 NT <12 50 NE 80 NDaM 1 NGPRT 0
NCP o NMBSH_l NREST 0 NCVP 0 NSEP O
IPG o

3 315 J83 37 JS54 JS5

4 5E10 W1l ,001 W2 0.0 W3 1.0 W4 W5

5 6E10 T1_,0255 T2__0.0 T3 _.0255 T4 T5

6 7E10 AM 238.0 DC BETSW ALPSW CRIT1
CRIT2 CRIT3

- X3 ,0005 .00150 ,0025 ,0035 . 0045 . 0055
. 0065 . 0075 .,0085 .0095 . 0105 0115
.0125 .0135 .0145 .0155 . 0165 . 0175
. 0185 .0195 .0205 .0215 . 0385 . 0385
. 0405 . 0418 . 0425 . 0435 . 0445 . 0455
-+ . 0465 , 0475 . 0485  .0495 . 0505 . 0515
. 0525

Uuc-3.1.1




N

CARD NO, FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3.05191 .4848 1.3866 2.2571 4.7959 7.2844
10. 907 14.096 22.763 30,514 45.190 68.004
150.84 180.33 87.874 67.360 53.466 148,94
69.034 17,370 0.0 0.0 0.0 0.0
1.1144 1.3690 1.5624 2,1094 2.3142 2.4207
1.6425 1.2849 .8022 1, 7380 .6595 . 03506

' 0.0
9 Cards 9 and 10 are not needed
10
11 7E10 X5
12 7E10 Q5
13 7110 NPHON
14 SE10EMAX 1.0 DALPHA . 0075690 ALPHAC . 10092 DBETA - 05 BETAC 1.9
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT .25 TMAX 1.0
1.0 20.0
1. 25 100.0
175.0 152.5
2.5 200.0
3.0 500.0
5.0 1720.0
20.0 3000.0
25.0 4000.0 50.0 9500. 0
30.0 7000.0 100. 0 25000. 0
22 2110
2E10 ID 190 NPT 0.0 SIGF 8.4 EPS 1.0-06
23 Card 23 is not needed

Uuc-3. 1.2




3.2 GASKET Input for C(UC)

The code GASKET is discussed in Section A.3.1. The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1. The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that datumn was not re-

quired.
CARD NO. FORMAT CODE SYMBOLS AND VALUES
1 13A6, A2 COM_ Slaggie's C(UC) 296 degrees K.
2 1115 NT -10 NP 50 NE 80 NDAM 1 NGPRT O
' NCP ¢ NMESH_l_ NREST 0 NCVP 0 NSEP 0
IPG 0
3 315 JS3 37 JS4 J8s
4 5E10 W1l .,001 W2 0.0 w3 1.0 w4 w5 |
5 6E10 Tl ,02%% T2 0.0 T3 .0255 T4 T5
6 7E10 AM 12.011DC BETSW ALPSW CRIT1
CRIT2 CRIT3 1.0-08
= X3 , 0005 . 00150 .0025 .0035 ..0045 . 0055
. 0065 . 0075 . 0085 . 0095 . 0105 .0115
. 0125 . 0135 . 0145 . 0155 . 0163 .0175

.,0185 .0195 .0205 .0215 .0385 ,0395
.,0405 .0415 .0425 . 0435 . 0445 0455

-» ,0465 ,0475 .0485 . 0495 .0505 ,0515
. 0525 -

Uc -3.2.1




CARD NO. FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q3 _gnosis . 02408 06747 ,10583 ,22072 ,31326
,43465 ,51740 ,75688 ,89469 1.1229 1.3203
2,0546 2,9250 1.4443 1.1647 ,66306 2.1415
79890 ,079342 0.0 0.0 0.0 0.0
32,606 66.574 114.73 128.14 128.37 107.84
1

75, 715 73.565 74.047 130.26 49.616 1.4920
0.0 -
|
|
9 Cards 9 and 10 are not needed
10
11 7E10 X5
12 7E10 Q5
13 7110 NPHON
14 SE10 EMAX1.0 DALPHA.15 ALPHAC 2.0 DBETA .05 BETAC 1.96
15, 16, 17, 18, 19 and 20 are not needed . .
21 2E10 DT .05 TMAX .1
.10 1. 0
. 25 20. 0
.50 150.0
1. 25 200. 0
2.5 700. 0
5.0 1000, 0
10. 0 3000.0
15. 0 4000, 0
25,0 6000. 0
22 2110
2E10 ID 180 NPT O SIGF 4.71 EPS 1.0-06
23 Card 23 is not needed

UcC -3.2.2




4.

Plots of Scattering Law for UC

EETA VALUES FOR MULTICURVE PLOT

CURVE

W 00 9 O U bW N -

T S S T T T T
O W M 3 O UV kb W P = O

INDEX

B O O 0O 9 OV AW e

b oWy + e o

8(296°K)
0. 00

5.00 -2
.00 -1
3.00 -1
5.00 -1
7.00 -1
9.00 -1
1.10 +0
.30 +0
1.50 +0
1.70 +0
.90 +0
2.1187+ 0
2.4545+ 0
2.9827+4 0
3.8140+ 0
5.1220 + 0
7.1801+ 0
1.0419 + 1
1.5515 + 1

£(1200°K)
0.0

1. 233
2. 4660
7.3980
1. 2330
1.7262
2. 2194
2. 7126
3.2058
3, 6990
4.1922
4.6854
5. 2248
6.0527
7.3554
9.4053
1. 2631 +
1. 7706 + 0
2.5693 + 0
3.8259 + 0

' S T T T |
= S T I N C I X}
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Se

TABULATIUN OF ENERGY IN EV (E)»THE TOTAL CROSS SECTION IN BAPNS
(S16TOT) AND THE AVERAGE COSINE OF THE SCATTERING ANGLE (MUBaR),

NG O & OGN -

INTEGRAL DATA

DATA FOR UC AT 296 DEGREES K.

3

«U0250
«00277
« 00304
«Ji333
«00333
JU0OR32
«00543
« V0667
« 00067
«U0746
+ 00829
«00917
eu0S17
«00%44
«00972
«01000
«U100U
«01106
V1217
01334
01334
001415
01u98
01584
« 01584
evlol2
+01639
001667
V1667
«01775
sUlbkd
202001
V2001
«U2083
¢ 02166
«02251
s 02251
« 02386
02823
+ 02668
e U2608
«u2750

SIGTOT

25.49961
24 ,26205
23.,16827
22.14040
35,36693
29.,63622
25.42961
22.23774
31.30532
28.82214
20,72125
e4,91032
25,12126
24 ,50662
24,0985
23,6054y
26.796u44
24,83514
23,08604
21.63161
23,13961
22,22055
21,35176
20,50125
20,60428
20.34785
20.08771
19.85420
24,0385¢0
22.91898
21.90347
20,99339
24,08039
23.36309
22.65183
21.97626
22,06526
21,09628
20,23224
19,47213
20.41513
19,9838¢0

MUBAR

-,50606
-, 41269
=e 33304
=,27921
=+95030
=-,51702
-.22032
=~+01040
-,58953
=-,39804
=,26160
-,14647
=-.16104
-¢12946
-,09938
’.07063
=-,27408
’015613
-.08833

+ 02659
-.05662
-.03901

«01289

«06063

«05062

«Ubu492

07877

+09219
«,22135%
-,15213
-.,08966
-,03301
=,22633
~.18104
=-,13888
~,09938
-.105085
-.0u824

+00284

+0u815
-.02829
=-,00189

43

45
46
47
48
49
SO
S1
52
83
54
55
Sé
57
S8
S9
60
61
62
€3
64
65
66
67
68
69
70
71

73
74
7S
76
77
78
79
a0
81
82
83
a4

£

002833
«02918
«02918
«02946
02973
«03001
«03001
«03110
03222
«03335
+0333S
«03417
+03500
+«03585
« 03585
«03613
« 03640
« 03668
« 03668
«03778
+038a9
« 04002
«04002
«04084
« 04168
« 04252
« 042852
« 04279
+ 04307
04338
« 04335
« 04445
+ 04556
+ 04669
2« 04669
v 04751
«04838
« 04519
04919
« 05086
«05185
+05336

SIGTOT

19,56984
19.16881
19.26581
19,1370
19.00889
18,88262
20.79962
20.26027
19.74792
15.26140
20.,53140
20,16654
15,813234
19.47278
19.51078
19,3977¢0
19.28241
19.,16788
20.23688
19,77786
19,34751
18,94327
19,24627
18.,96453
18.69741
18.44294
18.50491
18.42511
18.34600
18.26762
19.05062
18.76281
18,51963
18.,285¢2
19.645@2
19.4558S
19,27041
19.08857
19.16857
18.88215
18.,60348
18.32384

MUBAR

« 02296
«Qu839
03801
«0USH2
«05269
+«05983
-.08737
-v05477
-.02371
«00S23
= 0869“
-, 06433
-l0“272
-.02208
“e 02“9“
=-.01831
-,01167
~,00513
-.08183
-105“53
“e 3287‘4
=,004886
-, 02744
‘.01020
00624
.0218g
«01679
02177
« 02667
03148
”002978
-,00995
00800
«02476
-,07482
-.06036
‘00“65“
-.03332
-,038%6
“e 01.861
+0003u
01816

UcC - 5.1




117
118
119
120
121
12¢2
123
124
125
126

DATa FOR UC AT 29 DEGREES

(3

« 05336
05418
+085502
+ub586
+ 05586
o05613
+ 05641
5669
+05669
«U5776
e 05890
« 08003
«06003
o U6(BS
s 06169
+06253
06253
e 36280

+36308

06336
e 00336
e 06446
+ 06557
e 06669
« 06670
« 06752
«06£36
« 06920
«06620
6947
¢ U6975
«07003
«07003
«07113
07224
«07336
07336
«08003
« 08003
« 08337
« 08337
« 08670

SIGTOY

18.45462
16.,27821
18,1070y
17.541312
17.964311
17.91044
17.85694
17.80450
18,.73350
18,51425
18.30211
18,0992
18.72000
18.56721
18,41952
18.27492
18.32292
18,27627
18.22974
18,18334
18.55434
18.37175
18.2005s
16,0383
18,37132
18.25212
16.,13367
18,U1%84
18,0738
18,03640
17.9%5897
17.96153
18,56255
18,40952
18,26045
18.11528
18.38728
17,6015
17.82615
17.50301
17.76042
17.42253

MUBAR

«00803
«01838
« 02834
»03789
03602
«03%908
04210
« 04508
bt ) ONONQ
-,01270
00022
001249
-,03327
--cNUOU
=,01433
-.00837
=-.00887
-,00597
-,00311
=.00028
'oONQUO
'oOquo
~-,00475
«00860
-,01895
-.,01112
=,00356
«00374
=-,00030
« 00207
« 00442
«00674
=,03663
=,02649
'.OHOQQ
-,00748
~,02693
« 02090
+ 00388
+ 02208
+ 00266
02278

Aeo~-

127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
185
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

E

«08670
+08004
«0900%
«098671
« 09671
«10004&
«10004
«11005
«11005
«11328
011338
«11672
11672
212672
012672
«13673
13673
«14006
«14006
«15006
15007
«16285
«17118
e17591
«18258
18675
019119
20000
+25000
«30000
+35000
«40000
«845000
«50000
«55000
«60000
«55000
«70000
«75000
«80000
«85000
+50000

S1¢TOT MUBAK
HﬂoﬂmﬂNu l-DHmQﬂ
17.93€11 -,01811
17.41421 ,015850
17.85364 =-,01¢5¢5
17,.89487 ,00023
17.86527 =-.01509
17.14921 ,0157&
17.36421 =,0001¢
17.144893 ,01267
17,34463 «~,00207
17.21898 ,00807
17.,40478 =,0054¢
17.10507 .01234
17.33127 =.00414
16,52153 ,02240L
16.76863 ,00363
16.29852 .01€28
16,51432 .p073e
15.81775 ,0263C
15.96169 .01477
15,63813 .0328s8
15.706529 ,02379
15,u48341 ,02801
15,30881 .02222
15.,27042 ,02661
15.34195 ,02278
15,20270 .,02735
14,90251 ,02534
14,63930 .02662
14.42104 ,L02540
14.31933 ,02352
14,24787 .02050
14.16819 ,01972
14,11683 ,017Sa
14,07333 ,01657
14,04072 ,0151¢
14,01274 ,L0140¢
13.98909 .01312
13.96798 01240
13.94927 ,01178
13.924e1 L011i4

UC -5.2




DATA FOR UC AT 296 DESREES K.

€ SIGTOT MUBAR 13 SIGTOT MUBAR
169 ,95000 13.81523 .01192 170 1.00000 12.67302 ,0250&
THE ELASTIC CONTRIBUTION TQ THE TOTAL CROSS SECTION waS
CALCULATED AT ALL OF THE TABULATED ENERGIES,THE INELASTIC
CUNTRIBUTION WAS CALCULATED ON A COARSER MESH AND WaS
INTERPQLATED TO GIVE THE VALUES AT THE TABULATED ENERGIES,

THE FINAL ENERGY INTERVALS USED FOR INTEGRATION OF
THE INELASTIC DATA ARE GIVEN BELOW.

DELTA E UP To

1 « 0008 +004 EV
2 +001 «01 EV
3 «0Q2 «03 EV
4 « 004 03 EV
5 « 006 14 EV
-] «008 +30 EV
7 «Q1 1.0 Ev

UcC - 5.3
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6. Miscellaneous Notes on Uranium Carbide

For temperatures other than 296°K the switching criteria for short
collision and the «, 8 mesh input for 296°K were multiplied by E,%g;—gi .
The only other changes made in the input for higher temperatures were
for obvious items: T, ID number and comments.

Tabulated below are the temperature, Debye Waller integral and

effective temperature of the scattering law data on file,

Debye Waller Debye Waller

o Integral (eV.l) .'_I-(OK) Integral (eV-l) T(OK)
T( K) for Uranium for Uranium for Carbon for Carbon

296 362.72 304. 79 39.558 369.78

400 486. 29 406.58 49. 766 455, 89

500 605. 69 505. 28 60.128 545. 17

600 725.41 604, 40 70. 778 637,84 .

700 845.32 703.78 81.599 732.56

800 965. 34 803.30 92.527 828.55
1000 1205.6 1002. 6 114. 58 1022.9
1200 1446, 0 1202. 2 136,80 1219.2

UcC - 6.1




URANIUM DIOXIDE

1. Phvsics

The scattering laws for uranium and oxygen in uranium dioxide (UOz)
have been calculated in the inelastic incoherent approximation by GASKET,
using weighted phonon frequency distributions obtained from a lattice dy-
namical model. Coherent elastic scattering by U and O was ca]cu.lated(l)
from the known lattice structure, which is similar to CaF2 (fluorite).
The lattice dynamical model is that developed by Dolling, Cowley, and
Woods(z) to fit dispersion curve measurements. In addition to short-range
core-core forces, the model includes shell-core, shell-shell, and long-
range Coulomb interactions. Weighted frequency distributions were cal-
culated from a dynamical matrix based on this model, A review of the

work by Dolling, et al. is given in a Gulf General Atomic report. )

(1)}:. L. Slaggie, et al., '"Integral Neutron Thermalization, Annual

Summary Report, October 1, 1968 through September 30, 1969, "

USAEC Report GA-9753, Gulf General Atomic Incorporated (1969).
(Z)G. Dolling, R. A. Cowley, and A. D. B. Woods, Can. J. Phys. 43,
1397 (1965). -

(3)

J. A. Young, "Neutron Scattering from Uranium Dioxide, "' USAEC
Report GA-8760, Gulf General Atomic Incorporated, July 10, 1968.

UO - 1.1




2. Weighted Frequency Spectrum of Uranium in U02
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3. Weighted Frequency Spectrum of Oxygen in UO2
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3.1 GASKET Input for U(UO,) at 296°K

The code GASKET is discussed in Section A.3. 1. The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1, The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that datum was not required. ]

CARD NO. FORMAT CODE SYMBOLS AND VALUES ‘

1 1346, A2 Ccom U in UO, at 296°K. FCC model. ‘
2 1115 NT .32 NP _s0 NE 80 NDAM 1 NGPRT ¢
NCP_0 NMESH_1 NREST 0 NCVP 0 NSEP 0
IPG ¢
3 315 JS3 -86 J54 JS5
4 SE10 W1l ,0001 W2 0.0 W3 1.0 wa w5
| 5 6E10 T1 02535 T2 0.0 T3 ,0285 T4 T5
| 6 7E10 AM 238, 03DC BETSW ALPSW CRIT1
CRIT2 CRIT3
- X3 .086
Uo, - 3.1.1




CARD NO, FORMAT CODE SYMBOLS AND VALUES

8 7E10 Q30.0 . 46260 1.0831 2.4514 4.9159 6.4420
10.649  15.442 21.982 27,892 45.230 69.832
89.965 _99.874 _95.651 66.029 47.279 _32.150
29.643  77.690 127.91 29.401 5.2336 . 70288
.63442  .64183 .99599 11,5331 2,3095 3.4823
4,2186 5.2855 65,8177 5.9447 65.4349 4, 1625
3.4041 3.3047 2.8288 2.6629 2.6025 2,3100
2.3287 2.4506 1.9019 2.0120 1.3254 .B8542
1.1558 1.3608 1.2867 1.3258 1.2356 1.2501
1. 2354 1.3677 1.2846 1.2589 11,1108 1.0409
. 76018  .58347 .45129 ,31670 .21204 .13266
| .23744 .40970 .63213 74042 .82127 .B4713
| .80319 ,56653 .39261 27048 18194 .13979
.070214 . 054065 .037417 .021232 .012110 . 0036441

| . 0004299 0.0

S Cards 9 and 10 are not needed
10
11 7E10 X5
12 7E10 Q5
13 : 7110 NPHON
14 5E10EMAX 1,0 DALPHA . 010083 ALPHAC . 134437 DBETA .10 BETAC 2.95
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT .05 TMAX .1 ‘
10 1.0 |
. 28 20. 0 -
50 100.0
1. 25 150. 0 |
- 200.0
3,0 500.0
“5.0_ 1000. 0
0.0 3000. 0 25.0  7000.0 |
15.0 4000.0 40. 0 9500. 0 |
22 2110 |
2E10 1D 130 NPT 0 SIGF 8.4 EPS 1.0E-6 |
23 Card 23 is not needed ‘

UO2 -3.1.2




3.2 GASKET Input for O(UOZ)

The code GASKET is discussed in Section A.3. 1., The data tabu-
lated below follows the format of the code input instructions also given in
Section A.3. 1. The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that daturn was not required.

CARD NO. FORMAT CODE SYMBOLS AND VALUES |
1 13A6,A2 COM O in UO, at 296°K. FCC model. |
2 1115 NT -12 NP 50 NE _80 NDAM 1 NGPRT 0
NCP o NMESH 3 NREST_o0 NCVP_o0 NSEP_ 0 _
IPG _0

3 315 JS3 .g6_ JS4 Jss

4 SE10 W1,0001 W2_0,0 W3 _1.0 W4 w5

5 6E10 T1 ,0255 T2_0.0 T3 .0255 T4 TS

6 7E10 AM 16,0 DC BETSW ALPSW CRIT1
CRIT2 CRIT3

- X3 _. 086

Uoc) - 3- 2.1



CARD NO. FORMAT CODE SYMBOLS AND VALUES

8 7E10 030.0 . 031386 . 074139 . 16980 .34950 46484
. 78298 1.1367 1.6674 2.40450 3.2024 4.3883
5.3794 5.3587 5.0484 4.1062 3.0644 1.8615
. 94784 2,2004 2.9726 1.7011 2.8011 4.7463
6.9724 7.5104 10.067 12,680 18.547 21.186
21. 040 24.496 24.452 27.417 26.769 21.396
21,258 21,168 18.205 20.086 19.911 17.479 .
19.859 20.873 16.838 18.154 15.296 13,225
18.467 22.937 20.815 23.003 22.950 26.210
34.566 29607 24.674 22.470 20.377 20.659
15.430 11,726 9.3296 6.6387 4.5238 2.6508
.98949 2.0034 3.7310 5.5813 §8.2498 13.318
23.807 19.566 1£.969 17.868 12.518 9.9532
1.1559 ¢,0066 5.5223 3.8312 3,6634 1.9191

. 83710 0.0
] Carés 9 and 10 are not needed
10
1 7E10 X5 _
12 7E10 Q5
13 7110 NPHON
14 5E10 EMAX 1.0 DALPHA, 15 ALPHAC 2.0 DBETA .10 BETAC 2.95
15, 16, 17, 18, 19 and 20 are not needed
21 2E10 DT. 05 TMAX.10
.10 1.0
.25 20. 0
.50 100. 0
1. 25 150.0
2.5 200.0
3.0 500.0
5.0 1000, 0
10. 0 3000.0 25.0 7000.0
15.0 4000. 0 40.0 9500.0
22 2110
2E10 ID 140 NPT _ O SIGF 3.76 EPS 1l.0E-6
23 Card 23 is not needed

vo,-3.2.2

C
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4. DPlots of Scattering Law for UO2

| BETA VALUES FOR MULTICURVE PLOT

‘ CURVE INDEX 8(296°K)
| 1 1 0. 00
| 2 2 0. 100
| 3 3 0. 200
| 4 4 0. 600
| 5 5 1. 00
1 6 6 1. 400
7 7 1.800
| 8 8 2. 200
9 9 2.600
10 3 3.00
11 = 3.4716
12 " 4.083
13 ' 4.8753
14 6 5.9024
15° a 7. 2336
16 + 8.9590
17 A 1.1195 + 01
18 B 1.4094 + 01
19 c 1.7852 + 01
20 D 2.2722 + 01

8(1200°K)
0.0
0. 024661
0.049322
0. 14797
0. 24661
0.34525
0. 44390
0.54254
0.64119
0.73983
0.85614
1. 0069
1. 2023
1. 4556
1. 7839
2. 2094
2. 7609
3.4758
4.4024
5.6034

U02 -4.1
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TABLLATION Ut

-
cdeCc NoL EFLN-

o
cuUstLh -

SO
o ~

N
[ Y &

LA W )
UsoLnN

NN
~0

TN TN TN O
L YAl /]

¢
N

Ll

L G LOL L
Ga~wC U Fo

£ £ W
N oL

InTelhae whlA

eneRor I EV

LnaT, Fuh ULe AT 290 DEGFRELES Ko

[

el
sbuee?
UUeghu
g 74
UL 74
sulUoSY
eylLUlb
oUUS“b
sU0LSub
evuE1Z2
sllbBl
sULT53

-

«Uu775
suu7yl8
suulgl
sbueacl

~UL%ub

sUlilLU
sul9y
wuliYd
sullbe
sulcav
«Ul3uu
sU1dLU
ewlo2d
eulonbd
sulobYy
ulleY
Ul
eulbys
eUlokd
clond
sul710
W177b
.Ulnﬂd
edlbho
Ulyby
eU2ULT3
«U219u
s Uecl9u
N 1Ir-%-1-)

SIvTeT

Jo,8345y
34,.35072
325“0701
3u.66762
31.1943.
26.094,%
23.321ks
U 70730
30.9U195
35.91"“«11
31,3340
29.u8500:
3z.723cH
21,9994
31.,3030u8
SU.03231
3, T3]
28,4974,
26,5357
cd.Blane
e7.53 740
26,33733
e5.,235uLsy
2Lk, cluyy
25.772c%
25, 44174
2%5.,11916
24 ,6u41y
24,9301
23.8u079
22.70070
21.8U53%
«7.45030
2E,.blobL
25.83160
25,08590
26,2639
2b.12b42
ch Uiy
23.08193
24 ,82963
24 .,26UL7

NMUuAR

=923
-e7T4cl15
-.59599
-, 46219
-.50l11
-016529

e 0201

olbcu?
“576U91
-.5775«
-0“2‘78
-.29110
- 4295,
=. 3891tk
-.25u02
-031557
-031931
-0197UD
-uugab“
- 00L73
-017377
--1141U
=.LBued
=-.0ulel
=-.1u31b
-,8753
=sUTUNL
=-,05377
-.ub2ld
-, 00297

«0U5ul9

« 09791
=, 24827
-.20181
« 415639
=,11775
=.1708%
--11571
-.UﬁU3b
= U0Y41
-.11389
-, 355

13

« 02326
e 02396
« 022736
eUgt1B
L2441
02464
« 024645
«02554
2645
02738
«02738
«02b6UD
2874
« 02943
L2943
«U2960
029F9
U3V1e
«03012
«03102
«U3193
« 02285
«03205
e 03353
L3422
03461
U349l
«03513
03536
+ L3559
« 03549
« 03649
V3741
+ 03833
«U3833
« 03901
¢+ (3969
Y038
+U403b
«04151
.U“st
o QU 3pU

SICTOT

23.71562
23-19“25
24,3817
24,20632
24,03379
23.86357
23.90557
23.26979
22.66686
22009“L“
24.47724
24 ,.,N2L36
23.56116
2301b77“
23.5%274
23.u5368
23.31659
23.161%7
23,7017
220&9037
22-20“05
21.74143
22.21643
21.983n2
21.08327
21.25371
21.994n6
21.89173
21.79010
21.68878
21.7007b
21+328¢08
204770
20.63931
23.25131
22,96811
22-&92?9
220“22&“
23.17584
22.73517
22.31314
21.c0681

uo, -

2

(e) e THE TOTAL CROSS SECTIOM it ®ait g
(546TCT) i The AVERALE CUSINE OF THE SCATTERING ApGLE

UL

=.N542"
=.0275:.
'00975;
-.0RRB2U
=, 07903
=-. 07002
-.N724¢C
-0U399$
“.0n751

»02191
=.1205¢
—0p962L
=-. 073201
- 05071,
-,(.7S1¢
= DRT 8¢
=,C606:-
-.u5357
-QKF“73
-OU?F.{J:‘,
0261

202101
-~ 11670

+Lyunet

«0172¢

0.33ct
-, 0s5h¢c
-000“15

.0n121

00065“

00872

o U2552

448

LB1lOL
-,1D142
-008516
-, UERHG
'.Ub“3n
-0096U“
-,0711n
-oU“770
-, 02555

5.1

(MVUE . F) .,



09
oo
a?
()
vy
Yu

Ye
99
Y4
99
Yo
G7
94
9y
1uy
1ud
lue
‘\Jb
luw
145
luo
l'7
1.0
lu9
1llv
111
1le
1le
li«
115
llio
147
1lo
119
12v
121
12c¢
123
124
129
b -1 ]

wATa FUR LLe ~T 29t TESRETSS K.

k

wsuk3bl
LT Y-)
00“517
v Y-Y-1.)
TLE-Y- 1.
Jlo{Yy
eultdl
L 1-)-10
sUdoSY
U745
subp3L
sV4Y¢co
sl 92D
U990
oUbUD“
WS10d
dU2133
«ub156
eUb179
eUb2ud
sUbcL2
.Ub492
LRT-LY
«uSu70
005“73
cUSLYY
'uSnld
uSoHl
TE-1.1-¥Y
YA
un7:7
«uyS7L9
sUS749
+uUBDW0
+u5931
eybu23
e U6L23
«ubu9l
ubleu
eube2y
eLb229
subdu2

SILTOT

el lbluy
21.9225%%
2l.t8845
21,4595
21,06155
21,5805y
2le9134¢
21.43913
21.44813
2l.10545
2“.&9&0&
2L.02786
el.843ke
2l.,o45%7
21l .,44035
21.25¢17
2l.0391v
21,57471
21.514d36
2l.44713
21.45u13
21,4ub4
20.97547
2\1‘ . 752"«('
2l, 4130
21.248¢5
2l.uB4yuy
20,9229
2bealUb9
él.28087
2l.e3287
21,1790
21.181b06
20.,97499
20,7736
20.27671
cl.l2472
2U.97604
20.83142
20,98783
20.92363
20.09244

MULAR

-QU“U75
-002903
-.01569
-0U0$75
'001b36
-.yl2buy
-.0“656
-, 00472
-. 00520

+V094¢

02347

003069
-,04ybu
=.02950
-, 01487
=,00a650
-.u3217
-.0200¢c
=,J22e2
--U2179
-, U219«
=. 00880

e u0267

21561
- 42997
=.01070
-000771

«00102
=024 74
-002176
-.ylobl
'001588
-.01005
-000“78

«J0c0b

«01049
=-.01a02
=-+.00997
=-.00214

«00348
=,00934

«00308

127
128
129
130
131
132
133
134
135
136
137
136
139
140
141
lu2
143
144

L)

146
147
148
149
15u
151
152
183
154
155
1586
157
158
159
160
161
162
163
le4
165
166
167
168

t

« 06450
+ 06571
« 06571
06639
06707
«U6776
« 06776
« V6799
« 06822
s UBHEYS
« 06845
+ (€935
«07026
«07118
«07118
«07186
« 07255
«07324
207324
« 07346
« 07349
07362
«U73G62
« 67550
+ 08213
08213
« 08966
+ 08966
+09303
+« 09309
« 09856
« 09856
« 10404
«10404
«10609
«10609
+11499
«11499
«11704
«11704
«12564
12594

SIcTOT

20.4660n4
29.24123
20.70023
20.56492
20.43118
2030098
2N.6LLGHE
20 . szll“
20.51816
20.,47%34
20.478634
20130865
20.145¢0
19.5879
21.15309
21.02745
2N.5U453
20783290
21.04750
21.006893
2N.96741
27.92696
2“092796
20.66104
19.84346
20.41546
19.71877
20.01878
19.63104
20,062n4
19,63290
19,86992
16,44108
19.541¢8
19.74705
19.919¢05
19.34616
19.61016
19,44890
19.62590
19.39700
19,60600

uo

MURAE

«01465
« 02640
-00031h
«0N38e
«01070
«G1737
-.00209
«0001g
00243
«0NUbS
«004%02
«U1325
«02157
«02961
-00“279
=.0358¢
-,0291%
=.(225¢
=-,0381¢
'.USSqt
o :237A
=315k
-.03159
=-,0176%
«02813
=-.01112
02300
«0n&30
«02u47c
=.0027¢
«U18B4s
. 00332
»02431
=.00741
»0030¢
-00076“
«02102
.00430Q
01283
«0Nléu
«0154n
-0023b




1u?
17u
174
17¢
172
174
17
170
177
170
179
i8v
it

wnTh FOR ULl »T 296 DEGREES K.

t

«13669
.130b9
«lli784
e lUTEY
2152532
«153832
«16130
16975
«d0975
eltU7U
«1807U
elbe75
slbbed

$1:T07

1Y.u323¢2
19,3%282¢
19.142E8
15,4178
19.100cy
19,2252u
18.62lehb
18,5777,
18,7656y
18,9411
l16,65031
18.02212
18.2333¢

MUBAR

«D261&
0721
«Uly2db
00197
+ 01249
« 00465
«Ul478
IUZbBU
« 01458
«(1253E
(1322
oUlDB&
01955

182
183
184
185
186
187
188
189
190
191
152
193
194

E

«19918
«24yULU
« 28540
«32000
+ 36000
4100V
«H46000
051000
«600060
«70000
«80000
+90000
1.00000

SI5TOT

18-“3967
18.235“1
17.9152¢%
18.,2517¢2
18.15018
18.00830
17.89775
17.80177
17.65328
17.51905
17.408p02
17.307u3
15,79224

MUH AG-

«i220¢
01961
e 1210+
01632
01859
.U1891
« 01852
02003
202097
«0218¢
» 02251
«02301
03104

Trbk cLASTIC CONTRIBUTION Tu ThHE TOTAL CROSS SECTION wAS

CreCULATElL AT ALL OF THE TAUULATED ENERGIES.THE INELASTIC
CONTHIGUTION wAs CALCULATEL UN A COARSE MESH AND Ww.S
INTERWPULATED TO GIVE ThE VaALUES £T THE TLBULATED ENERGIES,

THe FInAL ENcREY INTERVALS LUSEL FOR INTEGRaTION OF
THe NELaSTu.L LATA ARE GIVEN BelOW.

~NOoO OCF OGN

verTh &
«0LUS
VTR
4
QUU“
«Uub
U088
U1

UP T¢
NI
Yipt
U3
eUb
«14
«30
1,0

EV
cVv
£V
Ev
Ev
Ev
"
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6. Miscellaneous Notes on Uranium Dioxide

For temperatures other than 296°K the switching criteria for short
296°K

TOK °
The only other changes made in the input for higher termperatures were

collision and the ¢, f mesh input for 296°K were multiplied by

for obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral and

effective temperature of the scattering law data on file.

Debye Waller Debye Waller
o Integral (eV.l) .'E(OK) Integral (eV-l) ?(OK)
T("K) for Uranium ‘for Uranium for Oxygen for Oxygen
296 277.87 311.1 48. 294 387.2
400 371,63 411. 4 61, €35 470.0
500 462, 38 509.1 74.987 557.0
600 553,44 . 607. 6 88.618 647.9
700 644, 69 706.6 102. 42 741.3
800 736,05 805.7 116.32 836.3
1000 918. 98 1004, 6 144. 33 1029.1
1200 1102. 1 1203.8 172.50 1224.4
Uo, - 6.1




ZIRCONIUM HYDRIDE

1. Physics

The crystal structure of gamnma phase zirconium hydride is a. face-
centered cubic lattice of Zr atoms with interstitial H atoms forming a
second cube of side a/2 centered inside the Zr cube of side a, In this
arrangement each H atom is at the center of a tetrahedron formed by
four Zr atoms. Because of the large mass ratio of Zr to H (91:1) one
would expect to find in the frequency spectrum of zirconium hydride a

rather narrow optical band corresponding to the proton oscillating isotropi-

cally in the potential set up by its practically stationary nearest Zr neighbors.

Such an optical band centered at 0.137 eV is actually observed in neutron

(1) exceeds by far the

scattering experiments, but its width of about 15%
one associated with the simple model of a proton harmonically bound in a
spherically symmetric potential due to nearest neighbors of mass 91. The
most likely cause for this broadening is the coupling between H atoms,
Neutron scattering experiments further show that in addition to the optical
band just mentioned the frequency spectrum of zirconium hydride has an
acoustical band extending up to about .02 eV. Without further details of
the lattice dynamics and since in the acoustical modes the H atoms essen-
tially move together with their Zr neighbors, it is reasonable to assign a
weight between 1/90 and 1/360 to these modes in a scattering law calcula-

(2)

tion. Of these two extreme weights, experimental evidence' ' seems to

favor the smaller one,
The data stored on the ENDF were actually calculated with a phonon
(2)

spectrum’ ' consisting of a Debye spectrum with cut off at 0.02 eV and

(;)W.L.Whittemore, USAEC Report GA-6583 (1965).
( )J.C. Young et al., Nucl, Sci. Eng., 19, 230 (1964),

ZrH - 1.1
n




weight 1/360, plus a Gaussian centered at 0.137 eV and having a width of
0.02 eV at half maximum. The scattering law calculations were done with
the code GASKET and do not include scattering by the Zr atoms.

Since H is essentizlly an incoherent scatterer, the Legendre moments
of the elastic scattering cross section were obtained with the code ZREND.

It is not advisable to calculate the Zr contribution to the scattering
law as free gas of mass 91 since this rather large mass would lead to
numerical difficulties., It is preferable to consider the scattering from

Zr atoms as elastic in the laboratory system,

Zan - 1.2
- N8O .




2. We.ghted Frequency Spectrum for H(ZrH)
b
o
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ZrH - 2.1
n




3.1 GASKET Input for H(ZzH) at 296°K

The code GASKET is discussed in Section A.3. The data tabulated
below follows the format of the code input instructions also given in Sec-

tion A. 3.

The code symbols used below are defined on the code input sec-

tion. If no value is entered for a symbol the corresponding input quantity
was not required in the calculatioa.

D NO. TORMAT CODE 5¥*OLS AND VAIUES

1 13A6,A2 COM Mass 360 B(ZRH) u. 296%

2 1115 NT -5 NP Lo NE _as0 NDAM 1 NGPRT o©
NCP O NMESH 1 NWREST O Neve O NSEP O
IPG O

3 315 Js3 -84 Jst 0 Jss O

!h 5510 W1 ,00005 W” 0.0 W3 .99995 wh 0.0 w5 0.0

Y AT ™ oL0255 4 0.0 g .0855 h 0.0 ", 0.0

G T AM 1.008 ne 0.0 mene0.0 AW 60.0 ey 9.0

CRIT2 0.0 __ CRIT31.0-7
. TE10 X3.168

ZrH_ - 3.1.1
n




COD® SYMEOLS AND VAIUES

3 TZ10 Q3 .000085 .000352 .0008 Q012  ,00222 .003188
LQ0k3%  .00567 .COT1®R .COEBG5 0.0 0.0
0.0 2.0 0.9 0.9 0.0 2.9
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 .00195  .0Ck3T
00523 .01845 L0392  .06313  .1058h  ,16956
2572 .36861 .5Q0 Lh171 77917 89503
97265 1.0 .97265  .89503  .T77917 .641TL
.500 .36861 257 L16956  .1058L  .06313
.03k02 01845 .00@3 .0ok37  .00195 0.0

’ Cards 9 and 10 are not needed

e}
b TELO X5
=2 TZ10 Q5
23 TI10 NPEON
P SE10 EMAX 1.0 DALFEA -5 ALFEAC 5.0 DEETA .25 BETAC
i3, 16, 17, 18, 19 and 20 are not needed
25 2E10 T .05 TMAX 6.0
R 18.0
R 60.0
3.0 300.0
6.0 3100.0
22 2110
2E10 ID 20 FKPT O SICF 20.36  EPS .000001
23 Card 23 i3 not needed

ZrH -3.1.2
n



ICARD NO. FORMAT CODE SYMEBOLS AND VALUES
8 7E10 Q38.75-04 3.5-03 8.0-03 015 . 0235 . 0340
. 046 . 061 . 078 . 084 .116 . 144
. 1606 2 1969 . 2606 . 3479 .3559 .3500
.3322 .3328 . 2911 .1617 . 1431 . 1248
. 06738 ,06067 ,1221 . 1495 ., 07219 . 01443
1.0-04 0.0 0,0 . 0499 2. 010 3,560
4. 790 5,995 7.250 8.550 9. 640 11.91
13,52 16. 04 19. 79 26.10 29.39 30.82
32,21 31,75 33.14 35, 65 33,34 36,27
38, 18 38. 75 39.48 28.99 23. 29 25. 18
26, 59 27.86 27.89 29, 44 25. 86 23.33
24. 66 27.51 37.94 60. 77 26.66 18. 54
14,51 11,48 9.53 7.53 5. 449 3.838
8.497 0.0
S Cards 9 and 10 are not needed

10

11 7E10 X5

12 7E10 Q5

13 7110 NPHON

14 5E10 EMAX___ DALPHA ALPHAC DBETA BETAC

15 7E10 ALPHA.S 1. 0 1.5 2.0 2.5 3.0
3,5 4.0 4,5 5..0 5,.5635 6,1986

6.9143 1.7209 8.6299 9.6544 10.809 12,110
13.577 15.229 17.092 19.191 21,557 24,223
27,228 30.615 34.431 38.732 47.580 49.043
55, 200 62.138 69.958 78.771 B88.704 99.B97

112.51 126.73 142.75 160.81

Zan -3.1.2
(Rev.-12/31/69)
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CARD NO. FORMAT CODE SYMBOLS AND VALUES

*16 7E10.5 BETAO0.0 . 078431 .15686 ,23529 .31373 .39216

.47059 ,.50980 .54902 ,58824 .62745 .66667

.70588 .74510 .78431 ,82353 .86275 .94118

1. 0196 1.0980 1.1765 1.2549 1.3333 1,4510

1.5686 11,6863 1.8039 1.92160 2.0392 2.1549

-+ 2.2745 2.3922 2.5098 2.8627 3.1765 3.4902

‘ 3.8431 4.1176 4.4314 4.5490 4.6275 4.7059
' 4, 7843 4.8627 4.9412 5.0196 5,098 35,1765

| 5,2549 5,2941 5,3333 65,3725 5.4118 5.4902
5.5686 5,6471 5,7255 5.7647 5.8039 5,8431

5.8824 5.9216 5.9608 6.0392 6.1176 6.1961

6.2745 6.8627 7.4510 8.0392 9.0196 9.3333

9.6471 9.9608 10.275 10.588 10.667 10.745

10. 824 10.980 11.137 11.294 11.451 11.529

11. 608 11.686 11.765 11,843 11.922 12.235

12,549 12.941 13.529 14,118 14,706 15,294

15, 647 15.882 16.118 16.353 16,588 16.824

17.294 17.529 17.765 18.039 18.353
18.824 19.608 20.392 20.784 21.176 21.569
22, 353 22,745 23 7 23.529 24.314
25, 098 25.490 25.882 26,275 26,667 27.059
27,451 27.843 ~28.235 28,627 29,020 29.412
30,000 30.588 30,980 31.373 31.765 32,157
32,549 32.941 33,333 33,725 34.118 34.510
35,294 36,078 36.863 37.647 38.431 39.216
17, 18, 19 and 20 are not needed

21 2E10 DT .15 TMAX 6.0
. 40 60. 0
3.0 300. 0
6.0 2500. 0
12.0 4100.0
22 2110
2E10 ID 104 NPT O SIGF 20.36 £ps 1.0-6

Zan -3.1.3
(Rev. -12/31/6%)




3.2 ZREND Input for H(ZrH)

The code ZREND is discussed in Section A. 3. The data tabulated
below follows the format of the code input instruction also given in Sec-
tion A.3. The code symbols used below are defined in the code input sec~
tion. If no value is entered for 2 symbol the corresponding input quantity
was not required in the calculation.

CARD WO. FORMAT CODE_SYMPOLS AND VALUES
1 1346,A2 COM _ZREND FOR H(ZRH)
2 oTH, W 8 Nt 109 an 81.44  eyrrn 10.0 mppn 1.0-15
3E10, NrCen 1
I5
3 TZ10 T 295.0 L00.0 500.0 600.0 700.0 800.0

1000.0 1200.0

N TE10 WP B.5607 9.171  9.91s3 10.783 11,75 12,778
. 14,988  17.3%L
S TELO E .0005 00053  .00056 00060  .0O06L .00068

.000T2  .00076 .00080  .Q00B5  .000S0 00095

.0010 L0011 L0012 L0013 .00145 .00160

L00175  .00160 .00210 .OOR30 00250 .00R270 |
00290  .00310 .C0330 .00350 .00380 .00410 |
,00kk0  ,00LT0 L0050 .0053 ,0056 . 0060

0064 . 0068 L0072 0076 0080 0085 e
L0090 L0095 .00 .011 .012 .013 |

.01k5 __ .0160 ,0175 .019 L0210 L0230
L0250 0270 .R%O .031 .033 .035
038 LO41 L Ol 047 205 =053
.056 .06 .064 .068 .072 .076
080 085 000 .095 100 110
.120 .130 .1ks .160 .75 .190
210 230 250 270 290 .30
.330 .350 .380 k10 ko 470
.500 .530 560 .600 640 .680
. 720 .T60 .800 .850 900 .950
1.000

ZrH - 3.2.1
n




-

4. Plots of Scattering Law

8 Values for Multicurve Plots

CURVE INDEX B(296K) B(1200K)
1 1 0.00 0.00
2 2 .25 . J062
3 3 .50 .123
b b 1.50 367
5 5 2.50 617
6 é 3.50 .863
7 7 k.50 1.110
8 8 5.50 1.36
9 9 6.50 1.60
) 10 d 7.50 1.85
11 = 8.50 2.10
12 " 9.50 2.3k
13 ' 10.50 2.59
% ] 1.5 2.84
15 a 12.5 3.08
16 + 13.5 3.33
17 A 4.5 3.58
18 | 15.5 3.82
19 c 16.5 k.07
20 D 17.5 4,32

-» ZrH - 4,
n
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s. INTEGRAL DATA

TABULATION OF EMNERGY IN EV (E)+»THE TOTAL CROSS SECTIOM 1M BARNS
(516TOT) AND THE AVERAGE COSINE OF THE SCATTERING ANGLE (MUBAR),

DATA FOR 2RH1.85 AT 296 DEGREES K.
& SIGTOT MUBAR E SI1GTOT MURAR

«00025 173.69401 -,00123 43 420000 S52,91084 39349
« 00075 164,.,76159 ,00195 B4 22400 &9,46&343 42751
«00125 361.24718 ,00448 45 L,23200 47.95893 ,u3%12
«0UL175 158.8%221 .00&98 46 L24000 47.27613 .4u4B893
«00225 156.94430 L00955 47 L24800 46.32303 .u4573%5
«00275 155,2371e L,01211 48 425600 45,40488 ,L,u46218
200325 153.70253 .01l464 49 L,26400 45,77454 L45007
« 00375 152,2825%7 ,01713 S0 .27200 46,67061 ,4514g
00450 150,19403 ,02054 51 ,2B000 47.66315 ,44011
10 00550 147.64045 ,02596 52 .28300 48.81646 L4310}
11 .00o50 145,23604 L03096 53 .29600 u49,5f642 42611
12 <ND750 142,.96808 L03592 54 ,32500 49,53006 Lu43417
13 00850 140.79476 L040NB6 55 434500 48,16903 .44964
1%  JDPYS0 138.71328 L0u4876 56 36500 46,57628 L4687y
15 L01100 135.65831 .05309 S7 38500 Uu45.14169 Lu4B237
16 01300 131.97168 .G6244 58 L40500 45,61195 .47937
17 01500 128.26519 .07208 89 42500 U46.91637 ,u46389
18 «01700 125.0195: .08108 60 JU4U500 G47.85453 Ju6049
19 01900 121,.69225 ,099%41 61 46500 47,4BBOU 46664
20 02100 118.76694 ,L09905 62 L48500 46.61854 .47823
21 02900 113.0261% ,.11663 63 50500 L5,48342 ,L49133
22 .N2900 107.68299 .13368 64 ,52500 &4,86209 Lu9B43
23 03600 99.21736 .16371 65 54500 45,34126 .49318
24 04400 90.77675 L1964l 66 56500 u46,31597 Lu4B37)
25 05300 82.71070 .23127 67 .5B500 46,73503 .48156
26 06500 73,61620 ,27485 68 60500 UYe.u45408 48672 ’
27 L07700 6e6.25242 L31418 69 .62500 u45,75065 .495383
28 .08%¥00 60.02175 L,35021 70 64500 44,99706 .50u487
29 .09500 57,.,29667 .36696 71 66500 44,72291 50779
40 .10400 54,80363 ,38265 72 L.6B500 45,.20826 L,5n2u8
31 L10700 S52.53138 ,39726 73 70500 45.,8K040 .u49623
32 +11300 5S0.,49899 L41037 Th  +72500 46,09465 49553
33 L,11900 48.81115 ,.42072 75 JT74500 45,.82612 .50006
34 L,12%00 07,96156 42427 76 476500 45.,26464 L,50702
35 13100 48.03683 .41765 77 78500 44,76290 .51302
36 13700 &9,68011 .40D033 78 80500 44,67181 .Siu4lp
37 415200 54,.62310 .36212 79 .85500 45.67630 .S0477
38 16600 55.74407 .35725 80 .88500 45,39037 . .5n%06
39 .16000 B5,8u4918 ,35926 Bl ,.,91500 44,71159 .51846
40 L1700 55.48195 ,36501 B2 94500 44,6017 ,51990
41 J1B400 S4.,04425 37386 83 .97500 45,1693n ,51347

42 19200 54.03145 38263

VNV EGNE-

ZrH - 5.1
n
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“THE TOTAL CHHSS SECTLO;, INCLULES A CHNSTANT CATTIRING Ci0S5
SECTION OF 6,2 BARNS (SIGN) FOr ~IE ZIRC .HIUMGALSEC FOoR THE
LIRCHSICL = ,6b04LT0u/MASS #AS USED TO CaLCULATE THE AVERAGH

COSINE OF Tiir SCATTEING ANOCE.

Tl FINaAL ENCRGY [TERVALS USFD FOR INTEOGKATION OF
The INFLASTIC OATA ARE GIVEH RELOW.
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6. Miscellaneous Notes on Zirconium Hvdride

For temperatures other than 296°K the switching criteria gor short
2
collision and the &, mesh input for 296°K were multiplied by 96; K .
TK

The only other changes made in the input for higher temperatures were for

obvious items: T, ID number and comments.
Tabulated below are the temperature, Debye Waller integral,

effective temperature and ID numbers of the scattering law data on file.

Debye Waller ENDF
T(°K) Integral (eV-l) T(°K) ID No.
296 8. 5607 795.48 GA 0020
400 9.1710 819.43 GA 0065
500 9.9143 858. 80 CA 0066
600 10,783 911.35 GA 0067
700 11,745 973.92 GA 0068
800 12,778 1043.9 GA 0069
1000 14,988 1199.4 GA 0070
1200 17,324 1368.2 GA 0071

ZrH - 6.1
n




ZIR CONIUM HYDRIDE

1. Physics

The scattering laws for zirconium and for hydrogen in zirconium
bydride were calculated by GASKET from squared-amplitude weighted fre-
quency spectra obtained from a central force lattice dynamical model.
This model approximated the slightly tetragonal lattice structure of Zer
by a face-centered-cubic lattice. Four force constants - yk, y, ¥, and §-
were introduced describing respectively the interaction of a zirconium
atom with its nearest neighbors (8H atoms) and the next nearest neighbors
(12 Zr atoms) and the interaction of a hydrogen atom with its next nearest
neighbors (6 H atoms) and its third nearest neighbors (12 H atoms). Eigen-
values and eigenvectors of the dynamical matrix were calculated and a
phonon freguency spectrum obtained by means of root sampling techniques.
In addition, weighted frequency spectra for use in neutron scattering cal-
culations were obtained by appropriate use of the dynamical matrix eigen-
vectors. () These spectra are illustrated in Figs. 1, 2 and 3.

The final values of the force constants were obtained by fitting both
specific heat and neutron data. The position of an optical peak - observed
by neutron scattering techniques to be centered roughly around 0, 14 eV -
determines the constant gy, while the over-all width and shape of this peak
determine ¥ and §, respectively, Existing neutron data are not sufficiently
precise to confirm the structure predicted in the optical peak by the cen-
tral force model. Specific heat data were used to determine the force
constant y, which primarily determines the upper limit on the phonon

energies associated with acoustic modes.

( ).E. L. Slaggie, "Central Force Lattice Dynamical Model for Zirconium
Hydride, " General Atomic Report GA-8132, July 29, 1967.

Zan - 1.1
(Rev.-12/31/69)




In the plots for the scattering law some discontinuities are fairly

prominent at high values of . These discontinuities are associated with

the switch to the short collision time approximation and are of no practical
significance in this case because of the small values of the scattering law

in the region of the discontinuities.

Zan -1.2
(Rev.-12/31/069)




1 r I LB t 1 T !
er2 FREQUENCY SPECTRUM

HISTOGRAM SHOWS SPECTRUM CALCULATED
FROM THE CENTRAL FORCE MODEL

SMOOTH CURVE SHOWS A ODEBYE SPECTRUM
AT w< 0.02 eV AND A GAUSSIAN CENTEREOD
AT 0.137 eV OF WIDTH 0.02 eV. AREA
8o |- UNDER THE GAUSSIAN IS TWICE AREA UNDER
THE DEBYE PART OF THE SPECTRUM

100 |-

3
[
4o |-
1 A
w N | | | 1 | | |
Aoy 0
A c 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
. B :
':. ' w (e'l)
[T O]
L
o Fig. 1. ZrH, frequency gspectrum calculated from the central force
§ model, The smooth curve shows a Debye spectrum for w < 0.02 eV

and a Gaussian of width 0, 02 eV centered at 0, 137 eV.
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FREQUENCY DISTRIBUTION FOR H IN erl_
CALCULATED FROM THE CENTRAL FORCE MODEL

SHOOTH CUAVE IS A GAUSSIAN CENVEREOD AT
0.137 eV OF WiOTH 0.02 eV

RELATIVE WEIGHT OF ACOUSTIC YO OPTICAL

MODES FOR HISTOGRAM 15 2u2°', as
CALCULATED FROM THE EIGENVECTORS FOR
THE CEMTRAL FORCE MODEL DYMARICAL MATRIN

-y
3 . -
b4
&

w | ~

2
p{w)x 10
L ]
| -
0 1 ] 1 1 (] 1 L
0 0.02 0,04 0.06 0.08 0.10 0.12 0.4 0.16 0.18 0.20
wfleV)

Fig. 2. Weighted frequency spectrum for H in ZrHg calculated from
the central force model. Acoustic modes are shown multiplied by a
factor 102,




120 I~  WEIGHTED FREQUENCY DISTRIBUTION
FOR Zr IN ZrH,
(ACOUSTIC MODES ONLY ARE SHOWN )
100 [~
80 [
E
0
Q

T

20 —

] 1 } 1
0 0.0i 0.04 0.06 0.08 0.10

w (eV)

Fig. 3. Weighted frequency spectrum p;{w) for Zr in ZrH,
calculated from the central force model.

Zan - 2.3
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3.1 GASKET Input for H(ZrH)

The code GASKET is discussed in Sec:ion A.3.1. The cata tabu-
lated below follows the format of the code input instructions also given in
Section A.3.1, The code symbols used below are defined on the code input
section. If no value is entered for a symbol then that datum was not required.

CARD NO. FORMAT CODE SYMBQLS AND VALUES .
1 13A6, A2 COM Slag_gie's H{ZrH) at 296 degrees K.
2 1115 NT -5 NP 40 NE 150 NDAM 1 NGPRT O
NCP_0 _NMESH 0 NREST _ 0 _NCVP 0 NSEP 0
IPG O
3 315 JS3 80 JS4 JS5
4 SE10 W1.00005 W2 0.0 W3.9999%5 W4 WS
5 6E10 T1.0255 T2 0.0 T3 .0255 T4 TS B
6 7E10 AM 1,008 DC 0.0 BETSW 60.0 ALPSW 60.0 CRIT1
CRIT2 CRIT3 1.0-5 o -
° X3 .001 . 002 . 003 . 004 . 005 . 006
. - 007 _.008 . 009 . 010 . 011 012
. 013 . 014 . 015 . 016 . 017 . 018
. 019 . 020 . 021 . 022 . 023 , 024
. 025 . 026 . 027 - _.028 . 029 . 030
<r 031 032 . 113 . 119 . 115 . 116
. 117 . 118 . 119 . 120 . 121 , 122
. 123 . 124 . 125 . 126 . 127 , 128
".129 . 130 L 131 . 132 . 133 , 134
-135 . 136 . 137 . 138 . 139 . 140
. 141 . 142 . 143 ., 144 . 145 . 146
. 147 . 148 . 149 . 150 L 151 . 152
<153 . 154 . 155 . 156 . 157 . 158 |
. 159 . 160
ZrH -3.1.1
n

{Rev.-12/31/69)




ARD NO. FORMAT CODE SYMBOLS AND VALUES
8 7E10 Q3g, 75-04 3.5-03 §8.0-03 .0i5 . 0235 . 0340
. 046 . 061 . 078 . 094 . 116 . 144
. 1606 . 1969 . 2606 . 3479 .3559 .3500
.3322 .3328 .2911 . 1617 . 1431 . 1248
.09738 ,06067 ,1221 . 14935 . 07219 ,01443
1.0-04 0.0 0.0 . 0499 2.010 3.560
4,790 5,995 7.250 8.550 9. 640 11,91
13.52 16. 04 19, 79 26, 10 29, 36 30.82
32. 21 31,75 33,34 35,65 33.34 _36.27
38.18 38. 75 39.48 28.99 23. 29 25, 18
26,59 27.86 27,89 29. 44 25,86 23.33
24, 66 27.51  37.94 60.77 26.66 18. 54
14.51 11,48 g,53 7.53 5. 449 3. 838
8.497 0.0
S Cards 9 and 10 are not needed

10

11 7E10 X5

12 7E10 Q5

13 7110 NPHON

14 5E10 EMAX___ DALPHA ALPHAC DBETA BETAC

15 7E10 ALPHA .S 1. 0 1.5 2.0 2.5 3.0
3.5 4.0 4.5 5..0 5.5635 6.1986
6.9143 7.7209 8.6299 9.6544 10.809 12.110
J3.577 15.229 17.092 19.191 21.557 24,223
27,228 30.615 34.431 38,732 47.580 49.043
£5, 200 62.138 69.958 78.771 B88.704 99.897
112.53 J326.73 142.75 160.81

Zan -3.1.2
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CARD NO. FORMAT

CODE SYMBOLS AND VALUES

=16 7E10.5 BETAD.0 .078431 , 15686 .23529 .31373 .39Z216
.47059 ,50980 .54902 .58824 ,62745 66667
.70588 ,74510 ,78431 ,82353 ,86275 ,94118
1. 0196 1.0980 1.1765 1.2549 1.3333 1.4510
1.5686 1.6863 11,8039 1.92160 2.0392 2.1569
v 2,2745 2.3922 2.5098 2.8627 3.1765 3.4%02
3.8431 4.1176 4.4314 4,5490 4.6275 4.7059
4, 7843 4.8627 4.9412 5.0196 S5.098 5.1765
5.2549 5,2941 5.3333 65,3725 5.4118 5.4902
5.5686 5.6471 5.7255 65,7647 5.8039 5.8431
5.8824 5,9216 5.9608 6.0392 6.1176 6.1961
6.2745 6.8627 7.4510 8.0392 9.0196 9.3333
9.6471 9.9608 10.275 10.588 10.667 10,745
10,824 10.980 11.1i37 11.294 11.451 11.529
11,608 11.686 11,765 11.843 11.922 12,235
12.549 12.941 13.529 14.118 14.706 15,294
15,647 15.882 16,118 16.353 16.588 16.824
17. 059 J7.294 17.529 17, 765 18.039 18.353
18.824 19.608 20.392 20.784 21.176 21. 569
21.961 22,353 22,745 23,137 23,529 24.314
25.098 25.490 25.BB2 26,275 26,667 27, 059
27.451 27.843 - 28,235 28,627 29.020 29.412
30.000 30,588 30.980 31,373 31.765 32.157
32,549 32,941 33.333 33,725 34.118 34.510
35,294 36.078 236.863 37.647 38.431 39.216
17, 18, 19 and 20 are not needed
21 2E10 DT .15 _ TMAX 6.0
.40 60.0
3.0 300.0
6.0 250C. 0
12. 0 4100.0
22 2110
2E10 ID 104 NPT O SIGF 20.36 £ps 1.0-6
23 Card 23 is not needed

Zan -3.13
(Rev.-~12/31/69)




3.2 GASKET Input for Zr(ZrH)

The code GASKET is discussed in Section A.3.1. The data tabu-
lated below follows the format of the code input instructions also given
in Section A.3.1. The code symbols used below are defined on the code

input section.

I nc value is entered for a symbol then that datum was not

required.
CARD NO. FORMAT CODE SYMBOLS AND VALUES

1 13A6, A2 COM_Slaggit's Zr(2rH) at 296°K.

2 1115 NT .5 NP _40 NE_118 NDAM _1 __ NGPRT _ 0
NCP_0__ NMESH 0 NREST_0 NCVP_0 NSEP_ 0_
IPG _ 0

3 315 Js3 B0 Js4 JS5

4 5E10 W1l , 005 w2 0.0 W3 1,0 W4 W5

5 6E10 T1 0255 T2_0.0 T3 _.025574 T5

6 7E10 AM 61,22 DC 0.0 BETSW 60.0 ALDPSW , 66346CRIT1

CRIT2 CRIT3 1.0-5

X3 ,001 . 002 . 003 . 004 . 005 . 006
. 007 . 008 . 009 . 010 . 011 .012
. 013 . 014 . 015 . 016 . 017 . 018
. 019 . 020 .021 . 022 . 023 . 024
. 025 . 026 . 027 . 028 . 029 . 030
. 031 . 032 . 113 .114 . 115 . 116
.117 .118 . 119 .120 . 121 . 122
.123 . 124 . 125 .126 T ,127 . 128
. 129 . 130 . 131 .132 .133 . 134
. 135 . 136 . 137 . 138 . 139 . 140
. 141 . 142 . 143 . 144 . 145 . 146
. 147 . 148 . 149 . 150 . 151 . 152
. 153 . 154 . 155 . 156 . 157 . 158
. 159 . 160

Zan -3.2.1
(Rev.-12/31/69)



CARD NO. FORMAT CODE SYMBOLS AND VALUZS

8 7E10 Q3.08 .32 .70 .40 2.15  3.10
4,50  6.30  B.40  11.0  14.2  16.4
21.3  27.97 39.79 57.36  63.10 67.14
69.42  76.32  73.70  43.53  42.53  41.67
37,72 29.24  66.07  94.47 58.62  19.57
1.031 0.0 0.0 .00218 ,0828 1340
L1650 ,1860 ,2050 ,2150 .2170_ ,2360
.2340 .239  ,242  ,235  ,223  .221
.214 _ .198  .189  ,170  ,206  .207

.202  .193  .197  .200  ,212  .225
.243 _ .253  ,253  .262  ,228  .195

.194 _ .204  .263  ,390 _ ,170 _ 108
.0775_ .0592 ,0406 ,0235 ,0112 ,00424
. 000266 0,0

3 Cards 9 and 10 are not needed
10
11 7E10 X5
i2 7E10 Qs
13 7110 NPHON
14 5E10 EMAX__ DALFPHA ALPHAC DBETA BETAC
15 7E10 ALPHA.0055251,011050 ,016575 , 02210 ,027626 ,033151

. 038676 .044201 . 049726 , 055251 , 061478 . 068496
. 076404 .085318 . 095362 , 10668 .11944 . 13382

. 15003 .16828 ,18887 ,21206 .23821 . 26767
.30088 .33830 ,38047 ,42800 .48157 .54194
.60997 .68664 ,77305 ,87044 ,98020 1,1039
1.2433 1.4004 1.5774 1.7770

ZrH_ - 3.2.2
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D NO. FORMAT CODE SYMBOLS AND VALUES

T 16 7E10 BETA 0.0 . 098039 .19608 .29412 .39216 .43137
.47059 .50980 .54902 .58824 .62745 .66667

. 70588 , 74510 .78431 .B82353 .86275 .90196
.94118 ,98039 1.0196 1,0588 1.0980 1.1373
1.1765 1.2157 1.2549 1.3333 1.4118 1.4902

-+ 1,5686 1.6471 1.7255 1.8039 1.8824 1.9608
2.0392 2.1176 2.1961 2.2745 32,3520 2,4314
2.5098 2.5882 2.,7451 2,9020 3,0588 3.2157
3,3725 3.5294 3.6863 3,8431 3.9216 4.3137

4. 7059 5,0080 5.4902 5.8824 6.2745 6.6667
7.0588 7.4510 <7.84310 B, 2353 8.6275 G§. 0196
9.4118 9.8039 10.196 10,588 10,980 11.373
11. 765 12,157 12.549 12.941 13.333 13.725
14. 118 14.510 14.902 15.294 15.686 16.076
16.471 16,863 17.255 17.647 18.039 18B.431
18.824 19.216 19.608 20.392 21,176 21.961
22.745 ©23.529 24,314 25.098 25.882 26.667

27.451 28.235 29.020 29,804 30,588 31.373
32,157 232,941 33,725 34,510 35,294 36,078
36,863 37.647 38.431 29.216

17, 18, 19 and 20 are not needed

21 2E10 DT. 60 TMAX 6.0
1.0 60.0
4.0 300. 0
6.0 1000, 0
12. 0 4500. 0
22 2110
2E10 Ip 112 NpT O SIGF 6.2 gpps 1.0-6
23 Card 23 is not needed

Zan -3.2.3
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3.3 ZREND Input for Zr{ZrH)

The code ZREND 1s discussea in Section A. 3. 1. The gata taou-
lated below follows the format of the code input instruction also given in
Section A.3.1. The code symbols used below are defined in the code input
section, If no value is entered for a symbol then that datum was not required.

CARD NO FORMAT CODE SYMBOLS AND VALUES
1 13A6, A2 COM_Slaggie's inzoherent elastic for zirconium
2 215, NT 8 NE 109 SB6.3366 SWITCH 10.0 EPS1.0-15
3E10, NPCH 1
15
3 7E10 T 296.0 400.0 500.0 600.0 700.0 800.0
1000.0 1200.0
4 7E10 WP1.9957 2.6546 3.2946 3.9380 4.5835 5,2302
6.5260 7.8236
5 71E10 ' £:.0005 .00053 00056 .00060 .00064 .00068

. 00072 .00076 .00080 .00085 .00090 .00095
.0010 .0011 ,0012 ..0013 .00145 .00160
.00175 .00190 ,00210 .00230 .00250 .00270
.00290 .00310 .00330 .00350 .00380 .00410
, 00440 ,00470 0050 .0053 .0056 .0060
, 0064 ,0068 ,0072 .0076 .0080 .OO85
. 0090 .0095 010 .011 L012 .013
,0145 .0160 .0175 .019 L0210 .0230
,0250 .0270 .0290 .031 .033 . 035

. 038 . 041 . 043 .047 .05 . 053

. 056 . 06 . 064 . 068 L072 .076

. 080 . 085 . 090 . 095 - 100 . 110

. 120 . 130 . 145 . 160 175 . 190

. 210 . 230 . 250 L270 . 290 .310

. 330 . 350 . 380 . 410 . 440 <470

. 500 .530 .560 . 600 640 - 680

. 720 . 760 . 800 . 850 . 900 .950
1. 000

Zan - 3.3.1
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3.4 ZREND Input for H{ZrH)

The code ZREND is discussed in Section A.3.1. The dalz tapu-
lated below follows the format of the code input instruction alsc given in
Section A.3.1. The code symbols used below are defined in the code in-
put section. If no value is entered for a symbol then that datum was not

reguired.
D NO. FORMAT CODE SYMBOLS AND VALUES
1 13A6, A2 COM_ Slagpie's incoherent elastic for hydrogen
2 215, NT 8 NE 109 SB 8l.44 SWITCH 10.0 EPS 1.0-15
3E19, NPCH 1
E -—
3 TE:0 T 296.0 400.0 50C.0 600. 0 700. 0 800.0
1000.0 1200.0
4 7E10 WPB.4795 9.0854 69.8196 10.676 11.625 12,643
14.822 17.125%
£ ' 7E10 E_, 0005 00056 ,00060 .00064 00068

&00053
. 00076 ,00080 ,00085 ,00090 ,00095
.0010 ,0031 .0012 ,0013 ,00145 ,00160
.00175 ,00190 ,00210 ,00230 ,00250 ,00270
00310 ,00330 ,00350 ,.00380 ,00410
. 00440 , 00470 ,0050 ,0053 ,0056  ,0060

.
o
o
N
O
o

Reem—

.0064 ,0068 ,0072 ,0076 ,0080 ,0085
.0090 ,0095 ,010  .011  .012  .013
.0145 ,0360 L0175 .019  ,0210 ,0230 ,
.0250 ,0270 L0290 ,031  ,033  ,035
.038 041  ,044  ,047 .05 . 053
.056 06 ,064  ,068  .072 _ .076
.080  ,085  ,090 095  .100  .110
.120  ,3130  ,145  .160  .175 _ .190
.210  ,230  ,250  ,270  .290  .310
.330  ,350  .380  .410  .440  .470

30 . 560 . 600 . 640 . 680
. 720 . 760 . 800 . 850 <900 . 950

0
(¥ ]
o
o

Z.an -3.4.1
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4. Plots of Scattering Law

BETA VALUES FOR MULTICURVE PLOT

CURVE INDEX B(296°K) B(1200°K)
1 1 0. 00 0.0
2 2 7.843 - 02 1.934 - 02
3 3 1.569 - 01 3.868 - 02
4 4 4.706 - 01 1.161 - 01
5 5 6.275 - 01 1.547 - 01
6 6 7.843 - 01 1.934 - 01
7 7 1. 030 + 00 2.515 - 01
8 8 1.333 3.288 - 01
9 9 1. 804 4.449 - 01
10 3 2. 275 5.609 - 01
11 = 3.177 7.834 - 01
12 " 4.431 1. 093
13 ' 4.784 1.180
14 é 5.098 1. 257
15 a 5.333 1.315
16 + 5,569 1.373
17 A 5. 804 1.431
18 B 5.961 1.470
19 o 6. 275 1.547
20 D 9. 02¢ 2. 224
Zan -4,1
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4. Plots of Scattering Law

BETA VALUES FOR MULTICURVE PLOT

CURVE INDEX B(296°K) B(1200°K)
1 0. 00 0.0
2 2 0. 09804 0. 02418
3 3 0. 1961 0. 04836
4 4 0. 4706 0.1161
5 5 0. 6275 0.1547
6 6 0. 7843 0. 1934
7 7 0.9412 0. 2321
3 8 1. 0980 0. 2708
9 9 1, 2549 0.3095
10 3 1. 5686 0.3868
11 = 1.8824 0. 4642
12 " 2,1961 0.5416
13 ' 2.5098 0. 6190
14 6 3, 0588 0. 7544
15 a 3.6863 0.9091
16 + 4.7059 1. 1605
17 A 6.2745 1.5474 \
18 B 7.8431 1. 9342
19 c 9.4118 2.3211
20 D 10. 980 2.7078
ZrH -4.4
n

{Rev. -12/31/69)
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Se INTEGRAL LATA

TADULATIGIN OF ELERGY IIv EV (E)»THE TUTAL CROSS SECTION IN RAI NS
(S1G10T) AND THe AVERAGE COSINt OF THE SCATTERING ANGLE (MUR/R).

LATA FUR H N ZRHX AT 296 DEGREES K.
t SIGTOY MU AR £ SIGTOT NUB RS

euLUES B89.9US4s =.00197 43 20000 25.41035 .,4393¢g
«UU07y BS5.4131e .00143 44 L22400 23.56416 .48097
U125 6£3.61810 00404 48 ,23200 23.67109 .4922¢
U175 82,37898 .u0670 46 24000 22.74326 8063¢
UL2gd bl.,35849 ,00934 47 J24800 21.85869 .S52014
eLL27H 80.45537 »u1199 48 025600 22-18505 -5259u
eVLIZY T79.55997 01455 89 26400 21.76766 .S2€&£92
eUu37h 78,8042 L1715 S0 ,27200 21,.,74888 .,S213¢
eV T77.70758 L02107 51 .28000 22.96554 .S5106¢
1V +u05%u 76,.,33322 .02632 S2 28800 23.,44512 .u4S96p
1l 400050 75.00864 .03154 53 29600 23.56458 Lu902Y
1  Lyu750 73.89089 .03069 S4 ,32500 23.96857 .49257
19  Jy0sS0 72.75033 ,Quls3 S5 34500 22.57262 .S5085%
1+ L,0u9%0 71.01374 .04704 86 +36500 22.497&0 .5331%
19 LylluG 70.007u6 0546V 57 38500 21.30778 .550%
lo  LUl13L0 67.91289 .ub470 S8 40500 21.55567 .5563s
17 +ul5L0 66.031L9 07459 SS9 42560 21.77270 .5392:
10 L U17u0 64,21%K7 +0B4L3 60 44500 22.52294 ,5298%5
1Y +019,0 62.,49034 09403 6l 46500 22.88714 .53672
2V LU21lyh 60,8237c 10353 62 48500 22.50560 .5u491c
b4 «U2900 54.911“8 « 14068 64 52500 21.,49945 «9H7636
23 eu3ou0 S0,9781u .17214 €5 +S45u0 21.453z6 .5761n
2%  +Q4u4yU  45,99742 L20757 66 +S6500 21.84903 .5661¢(
29 L053,0 41.60040 24643 67 58500 22.1895%3 .5S59(02
2V LNoouU 36.73023 .29%80 68 60500 22.,19169 .S61llC
21  Ju7740 32.64858 34259 69 .62500 21.91059 ,57000
29  +JUB9Q0 29,28834 .38029 70 64500 21,.,53142 L.S80Rs
29 +U95uu 27.80668 40094 71 66500 21.26547 .5877%
U LLUL00 26,4517y 428675 72 .68500 21.21009 .S58602
31 L1070V 25.23214 44550 73 +70500 21,58474 ,L,5789%9u
3d  «11300 24,1197z 46297 Th 7257, 21.80291 .5744p
33 411900 23.18157 .47735 75 <744 21.78217 .S760¢
34 L12500 22.67098 ,48322 76 476540 21.57610 .58273
35  +13100 22.79364 47524 77 +78500 21.30238 .59043
30 413700 23.54648 L45613 78 80500 21.14562 .59S1e
37 L15zuv 25.,99740 41136 79 .85500 21.51144 ,586u49
38 J1l6uL0 26,94315 .39964 80 .,88500 21.56027 .58621
39 .lobuU 27.18711 .39881 81 .91500 21.25038 .S9S4¢
4y ol?bUU 27.085u7 030“54 82 09“500 21-07619 060238
1l  L,184y0 26.51098 .41500 83 +975¢0 21.19917 .59854
42 192yl 29,99781 L42031

O wo U § LN

ern - 5. 1
{Rev, -12/31/69)
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Se linTeoKAL DAt A

TAGULATIUN OF EnLRGY I EV (E)+THE TOTAL CRCSS SECTION INn AINS

(S1GTOT) Anu THi AVERAGE CUSINE OF THE SCATTERING ANGLE
DATA FUR ZR In ZRHX AT 290 DEGREES K.

t

vULUES
«UVU7S
sUULES
sUul75
uL225
ULe7%
QU35
eUY37S
UGyl
1y  L0us30
1l U050
lc sUuTHY
i0 eUUnS5U

e NOUJF GNr-

14 LU(eSu
15 oUllUU
lo  Lylaguv
17 Luglayv
ld 0U17UU
19 Lulsgu
2u  +J21U0

i JuZhHhuyu
e Ju2%ul

e9 o U3uu?
a4 -U““UU
ib oUbJuO
&0 evbbul
27 007700
F3 3 +LESUY
29 «US5yu
3V Jluluo
34 10700
e «elldyu
39 ellogu
9%  ,12500
39 413100
30 +13700
37  «1%200
3o ,160Q00
39 416800
Sy «176G0
41 «l184yV
e 19,04

S16TQT

8.66627
7.68620
7.3816%
7.21802
7.11269
7.03010
6.97962
6.%934b60
0.871uv2
6. 795‘3
6.74561
©.71292
6.,0750u
6.62947
6.60235
6.51775
o.47672
6,46143
°c“3391
6,43064
5.38245
0.38425
b'3752“
6.33234
6.31315%
0.29094
6.25d814
6.25300
6.24862
v.24506
6.22%5u49
5.,2214]1
6,29081
6.25734
6€,20674
0.30571
0.32325
6.221006
6.19942
6.19583
©,19423

MUHRAR

-001b32
-, 00635
~.005u2
=-. 004406
-,00403
-, 00371
-.00344
-.00273
-,00168
=.00u%5
-000055
+00ulsé
«00131
00176
200223
« 00391
«0US14
« 00554
« 00638
« 00599
«QU749
«L0E58
« 00035
VU743
«0U762
«0U796
«00068
00867
«00d64
«00857
003802
«009G3
+«00u%6
«00010
«00o82
«00743
« 00694
« QU545
«01020
«0luly
«01lu00

43
e
45
46
47

49
50

52
53
S4
S5
1
57
S8
S9
60

62
63
&4
65

67
64

70
71
72
73
74
75
76
77
78
79
80
8l
82
83

€

«20000
«22400
«23200
+24000
«24300
+25600
26400
127200
«+28000
«2880U
+29600
32500
«34500
«36500
« 38500
+40500
42500
44500
«46500
+ 48500
+50500
252500
«54500
«5650UV
+ 53500
60500
62500
«64500
66500
+08500
«70509
«72500
« 74500
+ 76500
+78500
+80500
«85500
88500
+915¢0
* 94500
0975L0

‘I"‘Ug/ P) .
SIGTOT MURAE
6-19278 -00984
618743 00545
6.18612 .00931
6.18488 ,L,0C917
6.18370 .00S904
6.18197 ,00852
6.18042 .00882
6.17926 .00872
6.1861% .00a84¢
6.2801% ,00864
ARe2S9Zz0 ,0Q84C
6.38601 400970
6.32576 .00n82¢5
6.3lo6l +00864
64313283 .0086¢%
631395 L0nB33
6.21625 ,L,0n76c
6.31748 ,0073u
6.321634 LU0735
6.2143%9 ,007S2
6.31163 .00783
6.308320 .,0081e
6.30488 .00HS2
6.30107 .00892
6429711 L00933
6.29316 .0N97}
6.268922 .,0100&
6§.28527 .0104%
6.28136 .0108¢
6.277¢1 .01110
6.27398 .01139
6.27034 ,.,01167
H.26077 01193
6-26355 «0121u
6.26038 ,01234
6.25718 .01253
6.24946 JN1292
6.24540 L0131%
6.23487 L,10138¢
6.17619 .0173¢
S.83199 .y2532
Z2tH -5.3
n
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6. Miscellaneous Notes on Zirconium Hydride

For temperatures other than 296°K the switching criteria for short
collision and the g, # mesh input for 296°K were multiplied by 3%%%5 .
The only other changes made in the input for higher temperatures were
for obvious items: T, ID number and comments.

Tabulated below are the terrperature, Debye Waller integral and

effective temperature of the scattering law data on file,

Debye Waller Debye Waller
. Integral(ev™)) T(°K) Integral (eV™?) T(°K)
T( K) for Hydrogen_ for Hydrogen for Zirconium for Zirconium

296 8.4795 806. 79 182. 05 317. 27
400 9. 0854 829.98 242, 15 416, 25
500 9. 8196 868. 44 300,53 513, 22
600 10. 676 920, 08 © 359, 23 611,12
700 11. 625 981, 82 418. 11 709. 60
800 12, 643 1051.1 477. 10 808, 43

1000 14. 822 1205, 4 595. 30 1006. 8

1200 17. 125 1373. 4 713.67 1205. 7

Zan -6.1
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