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The PALLAS-2DCY program is the revised version of the
old PALLAS-2DCY code which has been designed in 1973 based on
a method of direct integration of the Boltzmann transport
equation to describe the radiation transport in (r,z)
two-dimensional geometry. It has been especially developed
for large shielding problems involving the transport of
neutrons or photons. The document gives a full description
of input and output data, as well as code implementation
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PROGRAM ABSTRACT

Name of Program : PALLAS-2DCY

Computer for which designed or operable : FACOM 230/75 and
FACOM M-200

Nature of physical problem solved : PALLAS-2DCY solves the
steady state Boltzmann transport equation in two-dimensional
(r,z) gecmetry. Application is restricted to neutron or
photon transport in a fixed-source problem.

Method of solution : The method of direct integration of the
transport equation is used. in which the eguation is
integrated along the fijght path of particle in the
direction of motion at each discrete ordinate direction.
Anisotropic scattering is treated precisely using
differential scattering cross sections. No iteration and
convergence techniques are used for determination of flux.

Restriction : About 260K words are required for the total core
storage for (55x55) spatial and 28 fixed directional meshes.

Typical running time : About 0.0205 sec/spatial mesh/group 1is
required as cpu time on FACOM 230/75.

Usual features : Fixed dimensioning is uséd,so that always
260K core storage 1s required. Nuclear data for neutron
shielding calculation are read in from the PALLAS library
tape. Linear attenuation coefficients and pair production
coefficients for photon are read in from cards.

Machine regquirements : Card input, printed output, and scratch

data sets may be lcrated on defined external storage

device.
Language : FORTRAN IV
Material available : Input description, source deck for

FORTRAN routines and sample problems.
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2. Introduction

The PALLAS-2DCY computer programme solves the energy and
angular dependent Boltzmann transport equation with general
anisotropic scattering in cylindrical geometry. Principal
applications are to neutron or gamma-ray transport problems in
forward mode. The code is particularly designed and suited to the
solution of deep penetration radiation transport problems with
external scurce.

The code has been designed based on a method of direct
integration of the transport equation 1)2), in which the equation
is solved by integrating along a flight path of radiation in the
direction of motion at each discrete-ordinate angle. The
specific features of this method are that (1) the radiation flux
is calculated at each energy mesh ( n/cmz-sec-(sr)-MeV ) without
using any conventional iterative techniques used widely in 8n
method for obtaining group flux at each energy group, and (2) the
scattering calculations are made directly using the differential
scattering cross section for neutron and the Klein-Nishina
formula for gamma ray3). Thus a Legendre polynomial expansion
approximation used widely in Sn method is not applied to the
calculation of radiation scattering. As a result PALLAS-2DCY can
provide always positive and physically meaningful angular and
scalar fluxes. Besides, (3) no supplementary difference equations
are required to obtain a solution to the flux, which makes users
free from bothering about choice of such modes as " diamond
difference ", " step function " and " weighted difference "
eguations. By virtue of no usage of average flux, PALLAS-2DCY
can be applied to even such problems as vioi?ntly varied angular

and spatial distributions of radiation flux In contrast, Two-

dimensional Sn codes calculate the transport equation based on the
average flux for a cell with each pair of associated cell face

fluxes in the five-dimensional finite cells defined in terms of



JAERI-M 9014

location, direction, and enerqgy phase space variables.

The weak points in the present PALLAS-2DCY code are that (1)
it has been written in the fixed dimensioning, which restricts the
numbers of energy meshes, material regions, nuclides, angular
meshes, spatial meshes to be inputed, and that (2) it is inadequate
to deal with a coupled neutron-gamma-ray transport problem because
of lack of coupled neutron-gamma nuclear data in the present PALLAS
likrary : The present code can deal with only a neutron gr a gamma-
ray transport precblem. Besides, (3) a subroutine for calculation
of neutron monoenergy source problems has not been completed,
though gamma-ray monoenergy source problems can be calculated.
Since the PALLAS-2DCY calculates the radiation flux based on an
assumption of a continuous source energy, a moneenergy source must
be dealt with in & special routine. Finally, (4) the present
PALLAS-2DCY program is not completed for general use, and for this
reason considerable effort should be made for this purpose.

The neutron cross sections required by PALLAS-2DCY are taken
from the PALLAS library. On the other hand the gamma-ray cross
sections must be prepared by users, in which only linear
attenuaticn coefficients and pair production cross sections may be
prepared at all the energy meshes specified by users and gamma-ray
scattering cross sections are not reguired by virtue of direct use
of the Klein-Nishina formula.

An analytic first collision source option is not available in
the present code. Analytic first collision source options will
be available in PALLAS-2DCY-FC code now under development for a
variety of source geometries such as a point, line, disk and
cylindrical volume sources.. The original PALLAS-2DCY code were

5) to calculate fast neutron

written for CDC6600 computer in 1873
transport in shields. Revisions have been made to the old
version so as to calculate thermal neutron and gamma ray transport
in shields and alsoc to deal with not only a cylindrical volume

source but alsc various boundary source problens.
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INFORMATIONS FOR USERS
Input Specification
Card 1 Title card PROBLEM (20A4)

Card 2 Control Integers for a PROBLEM
KNDG, KIN, NORF, KTST, MONOE (5I3)
KNDG=1, neutron calculation.
=4, photon calculation.
KIN=0, no effect.
=n, n coupled neutron calculations (data note 1).

NORF=0, reflection boundary condition at the bottom boundary.

>0, no reflection at the bottom boundary.
KTST=0, no effect.
=-1, check of input data read in and no transport
calculation.
=1~3, test calculation up to KTST-th energy mesh.
MONOE=0, no effect.
=10, gamma-ray monoenergy problem (data note 2).

Repeat n times from card 3 if KIN=n>0.

Card 3 JJ, IR, IZ, IUNCL, IFIS, JSAT (6I3)

JJ=number of energy meshes <25,

IR=number of r-regions <10.

IZ=number of z-regions <10.

IUNCL=0.

IFIS=0, source energy spectrum S(E) is read in from cards.
=1, fission spectrum is defined in the program. Do not
enter S(E}. The fission spectrum is calculated in the
program: S(E)=0.484 sinh/7E-e T for neutron,

=14.0 exp (-1.10E) for photon.

JSAT=0, no effect.

=n, calculation starts at n-th energy mesh. Flux

calculation up to {n-1)=-th energy mesh is omitted.
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card 4 NBND, IBZ1l, IBZz2, IBR, LTAP, JOAK, JDTAL (7I3)
NBND=0, cylindrical volume source problem.
=1, point source (data note 3).
=10, boundary flux problem.
IRZ1l=z mesh at which top boundary is defined (data note 4).
IBZ2=z mesh at which bottom boundary is defined (data note 4).
IBR=r mesh at which cylindrical surface boundary is defined
(data note 4}.
LTAP=0, no effect.
=1, boundary fluxes are read in from Tape 22 in which
angular fluxes calculated previocusly have been stored.
JOAK=0, nc effect.
=n, print boundary angular fluxes up to n-th energy mesh
for check.

JDTAL=0, no effect.
=4, neutron calculation in detailed energy mesh intervals

between several MeV and several hundred KeV

{data note 5}).

Card 5 EMAX, HH, SNORM, RDST (4E10.3)

EMAX=maximum energy in MeV.

HH=C.0 for gamma ray calculation.

=lethargy interval for neutron.
SNORM=source normalization for scurce volume,
f/8(r,z)drdz=SNORM.
RDST=0, no effect.
>0, first radial distance in cm, which is used in the

case of NBND=l.

Card 6 MER(n), n=1, IR (10I3)
Number of meshes in n-th radial region (data note 6).

Card 7 RR(n), n=1, IR (8E1l0.3)

Thickness in ¢m in n-th radial region.



JAERI-M 5014

Card 8 MEZ(n), n=1, IZ (1013)

Number of meshes in n-th axial region (data note 6).

Card 9 %Z(n), n=1, IZ (8E10.3)

Thickness in cm in n-th axial region.

Card 10 E{(3), j=1, JJ (8El0.3)
Photon energy at j-th energy mesh in MeV. Do not enter them
for neutron because neutron energies are defined by an equal
lethargy interwval:
E(j) =EMAX*EXP ( (j-1) *HH) .

There are five options for Card 11 in accordance with several
source problems: Type A is a cylindrical volume source indicated
by NBND=0, type B is a point source problem indicated by NBND=1,
type C is a top or bottom boundary problem indicated by NBND=10,
LTAP=0, IBZ1>0 or IBZ2>1, in which LTAP=0 means that the boundary
flux is read in from cards. Type D is also a top or bottom boundary
problem indicated by NBND=10, LTAP=1, IBZ1>0 or IBZ2>1, in which
LTAP=1 means that the boundary flux is taken from the data stored
in a tape. Type E is a cylindrical surface boundary problem
indicated by NBND=10, IBR>0.

Type A: NBND=0, the volume source is expressed by
S{r,z,E)=S(r)*5(z) %S (E) n/cm3-sec-MeV.
Card 11-A-1 MSR, MSZ (213)

MSR=r-mesh number up to which radial source distribution

is read in:
S(rn) n=1, ---, MSR.

MSZ=z-mesh number up to which axial source distribution

is read in:

S(Zn) n=1, ---, MSZ,

Card 11-A-2 RZR, ZZRl, ZZR2 (3E10.3)

RZR=radius of volume source in cm.
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ZZRl=top axial distance of cylindrical source in cm.
ZZR2=bottom axial distance of cylindrical source in cm

{data note 7).

Card 11-A-3 SR(n), n=1, MSR (8E10.3)

S(rn), n=1l, =---, MSR.
Card 11-A-4 SZ(n}), n=1, MSZ (8E10.3)
S(zn), n=1l, =---, MSZ.

Card 11-A-5 SE(3), j=1, JJ (BE1l0.3)
Source energy spectrum (/MeV) if IFIS=0. Do not entex 1if

IFIS=0.
Type B: NBND=1, a point source option.

Card 11-B-1 MZSC, NSC, LIAG, MZLR (413)
MZ5C=z-mesh number at which a point source 1is set.
NSC=z~-region number in which a peoint source is set.
LIAG=radiations are emitted within LIAG-~th polar angular
mesh.
MZLR=z-mesh number at which the boundary between air and
ground is defined for air transport calculation (data

note 3).

Card 11-B-2 Z5C (E10.3)
Z distance at which a point source is set.

Card 11-B-3 BSE(j), j=1, JJ (8El0.3)
Scurce spectrum (/MeV) if IFIS=0. Do not enter if IFIS>0.

Type C: NBND=10, LTAP=0, IBR=0, IBZ1>0 or IBZ2>1, the top or
bottom boundary flux 1s expressed by
BOUN (%, r)=S(r,q) xS (E) n/cmz-sr-sec-MeV
for 0>0 with respect to Z axis, or
BNMZ (7, r)=8(r,Q) «S(E) n/cmz-sr-sec-MeV
for 9<0 with respect to Z axis.
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Card 11-C-1 LRL, ISOC, ICONT, IXR, IYR (5I3)
LRL=r-mesh number up to which boundary fluxes are read in

from cards.
ISOC=0, angular distribution of boundary flux is read in

from cards.
=1, isotropic angular distribution is defined in the
program. '
ICONT=0, radial distribution of boundary flux is read in from
cards.
=1, constant radial distribution is assigned in the
program.
IXR and IYR; print the boundary fluxes read in at r meshes
from IXR through IYR meshes.

Card 11-C-2 SE(j), j=1, JJ (8E10.3)
Source energy spectrum (/MeV) if IFIS=0. Do not enter if

IFIS=>0.

Card 11-C-3-1 SN(m,ip), ip=ipl, ip2/m=1, LRL (8E10.3)
Angular fluxes at each r mesh up to LRL-th mesh in units of
n/cmz-sr-sec-MeV if ISOC=ICONT=0.
ipl=1l and ip2=14 for IBZ1:0.
ipl=15 and ip2=28 for IBZ2>0.

Card 11-C-3-2 ©SN(ip), ip=ipl, ip2 (8E1l0.3)
Angular fluxes with constant radial distribution if IS0C=0
and ICONT=1,
Card 11-C-3-3 SN(m), m=1, LRL {(8E10.3)
Radial distribution with isotropic angular distribution if
IS0C=1 and ICONT=0.
Note if IS0C=1 and ICONT=1 do not enter Card 11-C-3,
Type D: NBND=10, LTAP=1, IBR=0, IBZ1>0 or IBZ22>1, the teop or
bottom boundary flux is taken from the data stored in

Tape 22.
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Card 11-D-1 LRR, LZZ, LZZ1, LZZ2, LRL, IXR, IYR (71I3)

LRR=total number of r meshes in an o0ld calculation stored

in Tape 22.

LZZ=total number of z meshes in an old calculation.
LZZl=z-mesh number in LZZ meshes at which calculated angular
fluxes are picked up for the top boundary fluxes in

a new calculation (data note 8).

LZZ2=z-mesh number in LZZ meshes at which calculated fluxes
are picked up for the bottom boundary fluxes in a new
calculation (data note 8).

LRL=r-mesh number up to which boundary fluxes are defined in

a new calculation,

IXR and IYR are the same as defined before.

Card 11-D-2 ROLD(i), i=1, LRR (8E10.3)

R distances in cm at R meshes used in an o©ld calculation.

Type E: NBND=10 and IBR»>0, cylindrical surface fluxes are
defined at IBR-th radial mesh.

Card 11-E-1 LZL1, LZL2, IXZ, IYZ {4I3)
Boundary fluxes are set at z meshes from LZLZ2~th through
LZL1-th mesh.
Note LZL1>LZL2>1 (data note 9).
IXZ and IYZ; boundary fluxes are printed at z meshes from
IXZ through IYZ-mesh for check.

For LTAP=0,
Card 11-E-2 BOUNR{ip,m), ip=1l, IQT/m=L2zL2, LZL1l (8E1l0.3)
Angular distribution at each 2 mesh in units of

n/cmz-sr-sec-MeV. Repeat from the first through last

energy mesh,

For LTAP=1,
Card 11-E-2' LRR, LZZ, LRRL (31I3)
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LRR=total number of r meshes in an old calculation.
LZZ=total number of z meshes in an old calculation.
LRRL=r-mesh number in LRR meshes at which calculated angular
fluxes are picked up for the surface boundary fluxes in
a new calculation (data note 9).
Card 11-E-3' ZOLD{n), n=1 LZZ (2013)
7 distances in cm at Z meshes in an old calculation.
In addition, in the case of IBZ1>0 and/or IBZ2>1 and LTAP=1,
top and/or bottom boundary fluxes must be specified by Card

11-D.

Card 12 LTHAL, LCUT (213}
LTHAL=0, no effect.
>0, execute thermal group calculation {data note 10).

LCUT=0, no effect.
=n, termination of iterative thermal group calculations.

Note if KNDGiB do not enter this card.

Card 13 EPSRN (EI10.3)
Convergence criterion. Do not enter this card i1f KNDG>3.

Card 14 NOEL(i,j), j=1, IR/i=1, IZ (1013)
Number of Nuclides in each material region (data note 11).
Maximum number of nuclides in all the regions of a problem
= 16 (fixed).

card 15 NEK(i,j), j=1 IR/i=1, IZ (10I3)
Numbers of material identification {(data note 12).

The input data described below are for nuclear data read in

repeatedly every material.

Card 16 MATERIAL (6Ad)

Name of material.
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For neutron data (KNDG=1l)},
Card 17 NUCLID, INPTP (284, I5)
NUCLID=symbol of nuclide.
INPTP=0, nuclear data are read in from PALLAS library.

>0, nuclear data are read in from cards.

In the case of INPTP=0,

Card 18 MATNO, AMAS, AN(NUC), ICH (I5, 2E10.3, I3)
MATNO=material number (4 digits given in Table 3).
AMAS=mass of nuclide.

AN (NUC) =nuclear density (XI024).
ICH=0, no effect.

>0, ct(Ej) and o (Ej) are read in from cards, by which

el
the data of total and elastic scattering read in from
the library are replaced.

In the case cf ICH>0,

Card 19 SIGT(j)}, j=1, JJ (8E1l0.3)

o (Ej)' microscopic total cross section at energy Ej (barn) .

t

Card 20 SIGMA(j), j=1, JJ (8E1l0.3}
cel(Ej), microscopic elastic scattering cross section at
Ej (barn) .

In the case of INPTP>0,

Card 18 BAMAS, AN (NUC) (2E10.3)

Card 19 SIGT(j), j=1, JJ (8BE10.3)

Card 20 SIGMA(3j), J=1, JJ (8E10.3)

Card 21 LL, JLL {2I3)
LL=order of Legendre polynomial expansion.
JLL=energy-mesh number up to which Legendre expansion

coefficients are read in.
Card 22 FMU(3},%),2=l, LL/j=1, JLL (B8E10.3)

Legendre expansion coefficient; fz(Ej) {data note 13).
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Card 23 INEL (I3)
INEL=0, neither inelastic scattering nor (n,2n} data are
read in.

>0, inelastic scattering and/or (n,2n) data are read in.

For INEL>0,
Card 24 JIN, J2N {2I3)

JIN=0, no inelastic scattering data.
=n, inelastic scattering data are read in from cards up
to n-th energy mesh;

oin(Ek’ Ej), k=1, ---, n/j=1, --=-JJ.

J2N=0, nc (n,2n) data.
=n, (n,2h) data are read in from cards up to n-th energy
mesh;

on 2n(Bxr By)s k=1, —--, n/j=1, =---JJ.

Card 25 SN(k,j), k=1, J2N/j=1, JJ (BE10.3)

Slowing down cross section from Ek to Ej enerqgy per MeV due

to (n,2n) reaction. Isotropic scattering in the laboratory
system is assumed. If J2N=0, do not enter them (data note
14).

Card 26 CiB(k,3j), k=1, JIN/j=1, JJ (BEl0.3)
Slowing down cross section from Ek to Ej per MeV due to
inelastic scattering. Isotropic scattering in the

laboratory system is assumed. If JIN=0, do not enter them.

For photon data (KNDG=4).
Card 17 EDN (N1, N2} {(E10.3)
Electron density (XI024) in (N1, N2)-~th material region.

Card 18 CRT(N1l, N2, j), j=1, JJ (8E1l0.3)
Linear attenuation coefficient (cm-l) at gamma-ray energy Ej
in (N1, N2)-th material region {(data note 15).

Card 19 SIGMA(j), Jj=1, JJ (BE1D.3)
Linear pair production coefficient (cm—l) at gamma-ray energy

Ej in (N1, N2)-th material region.

- 1 2_
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Input data specifying external data and output.
Card-0l ITP20Q, ITP21, KANK, ISKIP, ITP24, ITP29 (6I3)
ITP20=0, no effect.
=J, calculation starts using the old calculated data
stored in Tape 20.
ITP21=0, no effect,
= 1, calculated angular fluxes are stored in Tape 21.
KANK=0, no effect.
=1 or 2, if ITP20>0 {data note 16).
ISKIP=0, no effect,.
=k, skip k groups from the first group when reading the
0ld data from Tape 20.
ITP24=0, no effect.
=1, calculated reaction rates (or dose rates) are
stored in Tape 24.
ITP29=0, no effect.

=1, calculated scalar fluxes are stored in Tape 29.

Card-02 MRK, MZK, MDS, MZDS, IEF, NOR1l, NORZ2, NOZl, NOZ2 (9I3)
MRK=0, no angular fluxes are printed.
>0, number of r meshes at which angular fluxes are printed.
MZK=0, no angular fluxes are printed.
>0, number of 2z meshes at which angular fluxes are printed.
MDS=0, no reaction rates are calculated.
=n, n reaction rates are calculated (maximum number is 15).
MZDS=0, no effect.
>0, currents at MZDS-th z mesh for +z direction and -z
direction are printed at all radial meshes.
IEF=0, angular and scalar fluxes are printed in units of
n/cm2-sec(sr)MeV.
=1, energy angular and scalar fluxes are printed in units

of Mev/cmz-sec(sr)MeV.

..13_
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NOR1=NOR2=NOZ1=N0Z2=0, all the calculated scalar fluxes
are printed.

NOR1>0, NOR2>0, NOZ1l>0, NOZ2>0, scalar fluxes are printed
at r meshes from NORl-th through NOR2-th and at 2 meshes
from NOZl-th through NOZ2-th (data note 17}.

Card-03 KR{n), n=1, MRK (20I3)
Radial mesh numbers at which angular fluxes are printed if
MRK and MZK >0 (data note 18),

Card-04 KZ(n}, n=1 MZK (20I3)
Axial mesh numbers at which angular fluxes are printed if
MRK and MZK >0 (data note 18).

Card-05 REACT (20A4)
Name of reaction in n-th reaction {(or dose rate, for instance
mrem/h (data note 19).

Card-06 DOSE{(j,n), j=1, JJ (8E1l0.3)
Reaction cross section (or dose rate conversion factor) at

enerqgy Ej in n-th reaction (data note 20}.

_714_
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2) Detailed data notes

(1) Data note 1

The PALLAS neutron transport calculations are usually made
based on the nuclear data from the PALLAS library, in which the
energy mesh structures are defined depending upon the lethargy
width as shown in Table 1. The structure of 0.1 lethargy width
is generally used for neutron transport calculations by one-
dimensicnal PALLAS code. For energy structures used in PALLAS
two-dimensional neutron calculations, the structure of 0.2 lethargy
width is recommended for the energy range of MeV because of a steep
gradient in the shape of energy spectrum compared with 1/E. Then
the structure of 0.4 lethargy width is used for calculation in the
intermediate energy range and the 0.8 lethargy-width structure is
used in the low energy range including thermal group. Other
combinations of structures can be utilized, for instance the
0.4+0.8 lethargy-width structures or only the 0.8 lethargy-width
structure. It should be desirable from the viewpoint of accuracy
of calculated result to use the combination of 0.2+0.4+40.8 lethargy-
width structures. We present an example of the accuracy of a
neutron transport calculation in water. The neutron fluxes in
the intermediate and low energy regions including thermal group
calculated with the 0.8 lethargy-width structure of 23 energy meshes
are underestimated by a factor of approximately 2 compared with
those by the combination of the 0.2+0.4+0.8 lethargy-width
structures of total 40 energy meshes shown in Fig. 1.

When one uses the series calculation of lethargy-width
structures, one should input an integer of 1 or 2 into the KIN;
in the case of KIN=2, the structures of 0.2+0.4+0.8 lethargy widths
are used, while in the case of KIN=l, the structures of 0.2+0.4
or 0.4+0.8 lethargy widths are used. Concrete examples of combi-

nations in energy-mesh structure are shown in Fig. 1. As seen in

.,,1 SW
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the figure the calculated angular fluxes at energy meshes of odd
numbers are picked up for use in the next calculation in a series

calculation.

(2) Data note 2

Since the PALLAS calculation is made based on the continuous
source energy distribution for the purpose of avoiding iterative
calculation, it is inevitable to use a special treatment in the
calculation of discrete-energy source problems. Thus in the case
of a mono-energy source problem one should input as MONOE>0., This

routine has not been completed for a neutron monocenergy source in

the present code.

(3) Data note 3
As shown in Fig.2 a point monoenergy photon source or a point
continuous-energy neutron or photon source is set on a ground

surface or at a certain height in air (ZS8C cm).

(4). Data note 4

The top, bottom and cylindrical surface boundary conditions
are defined as illustrated in Fig.3. In the case of only a top
boundary problem, one may input MZZ>IBZ1>0 and IBZ2=IBR=0.
Iin the case of only a bottom boundary problem, one may input
MZZ>IBZ2>0 and IBZ2Z2=IBR=0. In the case of only a cylindrical
surface problem, one may input MRR>IBR>0 and IBZ1=IBZ2=0. In the
case of a top and bottom and cylindrical surface problem, one may
input MEZZ>IBZ1>IBZZ>0 and MRR>IBR>0. Here MRR and MZZ are

respectively the maximum numbers of r and z spatial meshes.

(5) Data note 5

The neutron spectrum becomes to show abrupt increase in the
energy region between several MeV and several hundred KeV with
increasing penetration distances in heavy materials such as iron.
PALLAS calculation with the 0.2 lethargy interval structure,

however, underestimates the energy spectrum in this energy region

716_.
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at penetration distances beyond 30cm in an iron shield. This

is attributed to the use of too rough lethargy interval compared
with that of maximum neutron slowing down in a single elastic
scattering. To overcome this difficulty 0.05 lethargy intervals
should be desirable in this energy region. Then the 0.2 lethargy
interval can be divided equally into four sub-intervals. This

may be said to be four iterative calculations in this energy
region. If one wants to make the detailed energy mesh calculation
for a neutron transport problem with thick heavy materials, one

may specify 4 for JDTAL.

(6) Data note 6

An equall spatial mesh interval is defined in each spatial
region: n-th radial thickness divided by (MER(n)-1) itervals
gives the equal radial mesh interval in n-th region except for
first radial region in which its thickness is divided by MER(1)
intervals because of no radial mesh assignment at r=0 cm. In
PALLAS spatial mesh assignment, two meshes must be assigned at

every inner boundary as illustrated in Fig.4.

{(7) Data note 7
As depicted in Fig.5 the radius and positions of top and
bottom of the cylindrical volume source are specified by input

data.

{8) Data note 8

As shown in Fig.6 the angular fluxes calculated previously
are picked up at all the radial meshes from first through LRR-th
at LZZl-th z mesh in an old calculation. These fluxes will be
used for top boundary fluxes at IBZl-th z mesh in a new calcu-
lation. Since the positions of radial meshes in a new calculation
are not necessarily identical with those of an old calculation,
the top boundary fluxes will be determined for radial meshes from

first through LRL-th in a new calculation by a linear interpolation.

,717__
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(9) Data note 9

For cylindrical surface boundary fluxes the angular fluxes
calculated previously are picked up at all the axial meshes from
first through LZZ-th at LRRL-th r mesh in an old calculation.
These fluxes will be used for the surface boundary fluxes at
axial meshes from LZL2-th through LZLl1-th at IBR-th radial mesh
as depicted in Fig.7. Since the positions of axial meshes are
not necessarily identical in between an old and a new calculations,
the surface bhoundary fluxes will be calculated for axial meshes
from LZL2-th through LZL1-th in a new calculation by a log-linear

interpolation.

(L0) Data note iO

It is inevitable for the thermal neutron flux calculation to
use the conventional group calculation using an iteration-
convergence technigque. For only the case of neutron thermal flux
calculation LTHAL has a value larger than zero.

The iterative calculations continue until the following
convergence criterion is satisfied for all the spatial meshes

defined in a problem:
I I 3
Max { ¢ ¢ } < EPSRN,
n —_—
¢ (r)
where ¢ (¥) is the scalar flux in n-th iteration.

{(11) Data note 11
One of characteristics in the method used in PALLAS code 1is

to deal with as precisely as possible radiation scattering
calculations., For this purpose PALLAS executes the scattering
calculation for each nuclide. Then one must specify the number
of nuclides in each material region. As an ideal way the number
of all nuclides included in each material should be specified,
which however is not realistic from the point of view of

computation time. One of practical ways is to choose the number

_ISW
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of main nuclides which contribute considerably to the value of
total cross section in each material region. In this limitation
the other unimportant nuclides should be assigned to the main
nuclides regarding nuclear density.

For instance, atomic compositions of concrete are assumed to
be that Si; 0.0141(x10°%), Al; 0.00295, Fe; 0.000764, Ca; 0.00234,
Mg; 0.000483, Na; 0.000882, H; 0.01223, O; 0.0435. As the input
for PALLAS one may chose H, O, Si, Ca and Al as main nuclides in
the concrete and use Al and Ca in replacement of respectively Na,
Mg and Fe, which results in nuclear densities of 0.01223, 0.,0435,
0.004315, 0.0141 and 0.003704 for H, O, Al, S8i and Ca, respectively.
Note that the order of nuclides to be inputed is that of

identification numbers of the PALLAS library given in Table 2.

(12} Data note 12
All the material regions are numbered as illustrated in Fig.

8. In principle at first the numbers 1, 2, ---, 10 are set for
(r=1, z=1)-th region, (2,1)-th, =---, (10,1)-th region, and 11, 12,
ww=_ 20 are set for {1,2)-th (2,2)-th, ---, (10,2}~th region, and

I

so on. When the same materials are repeatedly specified in
material regions, their identification numbers are replaced by

those of the previous same materials as shown in fig. 8,

(13 Data note 13

PALLAS code calculates neutron elastic scattering source using
the neutron differential scattering cross section. The neutron
differential scattering cross secticon is calculated in the program
based on the data of Legendre expansion coefficients fg(Ej) given
in evaluated nuclear data files such as ENDF/B: First, the
scattering distribution function f(E,u) is calculated by

i
f(E,u) =
2=0

21+1 £ (E)P

4 L Q(U)'

where p is the value of cosine of scattering angle in the center
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of mass system and L the maximum order given in an evaluated
nuclear data file, The maximum number of terms (LmaX=L+l) is
given in Table 3 for each nuclide included in PALLAS library.

Then the differential scattering cross section is calculated by

2
_ - A+l
Uel(Q|+QpE'+E) = Gel(E')f(E',u)S(COSS—-u) (HX—E)' ’
where oel(E) is the total elastic scattering cross section, 9
and o are respectively the scattering angle and its cosine in

the laboratory system, and A the mass of nuclide.

(14) Data note 14
Since the neutrons emitted from {n,2n) reaction are twice as
many as the incident neutrons, the value of each element in the

matrix SN{k,j) is doubled in the program and added to the matrix

CIB(k,3) -

(15} Data not 15

The gamma-ray nuclear data for PALLAS are used as the linear
attenuation coefficient of a material. The data of the linear
attenuation coefficient may be taken from reports on photon cross
sections such as J.H. Hubbell's compiled dataG), which are given
in appendix. The scattering cross section should not be entered,
because PALLAS can calculate the gamma ray scattering source by
directly use of the Klein-Nishina formula: The comptom scattering

source Q(r,e,x) is calculated by

K ( A)

——%;L—— §(1+x'=2-u) x T(¥,a',r")df'dr’,

Q(;rﬁr)\) =ffn(‘f)
where » is the compton wavelength, given by

2
mgC _0.511

N o= =
E (MeV) E

and mGC2 is the electron rest mass energy. Further, n(r) is the

electron density, u» the cosine of scattering angle, K(ix',i) and

(N
fan]
i



I(r,n',»') are respectively the scattering kernel derived from
Klein-Nishina formula and the energy flux. The relation between

the scattering kernel and the Klein=-Nishina formula is given by

d 3 A2 2 AT
T2 Ter ort T L0200 e
= ]2-1T (%—")K(A',}\)
Then
N N R S
KO '2) = gog (5= ) [O-0)"+207-0)+ 5— + 1+ 1,
where
8 e2
‘IT —
OT = ? ( ; } = 0.665 barn.
m,C
0
(16) Data note 16
The parameter KANK is used together with ITP20. Consequently,

prior to this use
be stored in Tape

stored in Tape 20

the angular fluxes calculated in advance should
20. In the case of KANK=l,

are transferred one by one in energy mesh into

the angular fluxes

Disk 10. Let the total energy meshes in the previous calculation
be JJ', then the next calculation will start at J(=JJ'+1}-th energy
mesh. On the other hand in the case of KANK=2, the coupled

neutron calculation explained in Data note 1 is made using Tape

20: For instance

width structure and then stored in Tape 20.

stored in Tape 20

into Disk 10, i.e.
numbers are transferred into Disk 10.
with the 0.4 lethargy-width structure will start at

energy mesh, when JJ'

first calculation was made with the 0.2 lethargy-
The angular fluxes

are transferred alternatively in energy mesh

the angular fluxes at energy meshes in odd

Then the new calculation
[(JJ"+3)/2]-th

is the total number of energy meshes in the

previous calculation.

— 2 1 —_—
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(17) Data note 17
These input data are used for limitation of the output list.

If NOR1l, NOR2, NOZ1l and NOZ2 are zeros, all the calculated scalar
fluxes are printed as an output. If NORI, NOR2, NOZ1l and NOZ2
>0, the calculated scalar fluxes are printed at spatial meshes
with respect to the r meshes from NORl-th throcugh NOR2-th and
with respect to the z meshes from NOZl-th through NOz2-th.

{18) Data note 18
If MRK>0 and MZK»>0, calculated angular fluxes are printed at
the (r,z) spatial meshes defined by combinations of (KR(n), KZ(n)),

n=l, 2, ---, i.e._at (r,z) spatial meshes of (KR(1), KZ (1)),
(KR(l)r KZ(Z)); T (KR(l)n KZ(MZK)Jr (KR(Z)I KZ(]—)): =TTy
(KR(2), KZ(MZK)), ---, (KR(MRK), KZ (1)), ---, {(KR{(MRK), KZ{MZK)).

Note that PALLAS angular flux is printed in units of
n/cm2-sec-sr-MeV for IEF=0 and MeV/cmz.sec-sr-MeV for IEF=1.
In addition PALLAS scalar flux is printed in units of
n/cmz-sec-MeV for IEF=0 and Mev/cmz-sec-MeV or n/cmz-sec-unit.
lethargy for IEF=l. Thermal neutron flux is also printed in
units of n/cmz-sec-(sr)-MeV for IEF=0. If one wants to obtain
thermal neutrons below 0.45 eV or thermal group neutrons below
0.45 eV, one may multiply the thermal neutron flux by 0.45x10
MeV. On the other hand for IEF=1, thermal neutron flux in units

6

of n/cmz-sec-unit lethargy is egquall to thermal neutrons below

0.45 eVv.in units of n/cmz-sec.

(19) Data note 19
For the dose rate conversion factor, one may prepare the
conversion factor from the scalar flux into the dose rate for both

neutron and gamma ray even if the calculation is made with IEF=1.

{20) Data note 20

If one want to obtain a variety of reactions such as

56 103 115I 32S 238

Fe (n,p). Rhin,n'), nin,n'), {n,p), U(n,f),

_(2 2,,
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237Np(n,f) and l97Au(n,y), the order of the reaction data toc be
inputed should be 197Au(n,y), 237Np(n,f), 103Rh(n,n‘), 238U(n,f},
115In(n,n‘), 32S(n,p) and 56Fe(n,p) and the values to be inputed

for MDS may be 7, 5 and 2, respectively for the 0.2-, 0.4- and
0.8~lethargy-width calculations.

3) External and internal data files
All files used for input, output and scratch data are given

in Table 4.

4) Program mnemonic and program variable
Relation of program variables to program mnemonics 1is given

in Table 5.

5) Sample problems
(1) Sample problem 1l: Neutron cylindrical volume source

problem with a fission source

The input data for this problem are shown in Fig. 9, in which
the numbers, 1 through 54, in both sides represent those of the
input data cards. The main parameters are 3 energy meshes, 8
radial material regions, 4 axial material regions, reflection at
the bottom boundary, the maximum energy of 14.2 MeV and 0.2
lethargy intervals. The constant distribution is assumed for both
the radial and axial directions in the cylindrical volume source,
composed of four nuclides. The zero numbers in both NOEL({i,]j) and
NEK (i,j) mean void regions, which is one of characteristic features
in PALLAS code: it should be better to deal with air voids and air
ducts as vacuum regions. Consequently no nuclide and no
scattering are assumed by inputing zeros into NOEL(i,]) and NEK
{(i,J) as this example. For the input data specifying external
data and ocutput, ITP21=1 means that the calculated angular fluxes
are stored in Tape 21, and MRK=MZK=3 means that the calculated

,23_
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angular fluxes are printed at (r,z)-spatial meshes composed of
respectively 3 meshes on both radial and axial meshes.

The output list of the calculation is shown in Figs.10-1
through 10-4, in which the angular fluxes are printed at the
several (r,z)-meshes defined by the input data and the scalar
fluxes are also printed at two energy meshes as an example. The
angular fluxes are printed in the order of the angular mesh points
shown in Fig.ll, i.e. the order is Qll’ le, 921, 922, 931, -——,
410 == 951, -—-, 961’ -—-, 971, 972, 981’ 982' Note that
both the angular and scalar fluxes are given in units of
n/cmz-sec-MeV-(sr), which are not in units of n/cmz-sec-group—width
used widely in Sn calculations. The dose rate distribution
expressed in units of mrem/h is to be printed continuously,

which is omitted in this example.

{2) Sample problem 2: Neutron boundary flux precblem

The calculated angular fluxes for the sample problem 1 are
already stored in Tape 21. This sample problem reguires this tape
which is set this time at Tape 22. 1In the input card No.4 as
shown in Fig. 12, NBND=10, IBZ1=22, IBZ2=0, IBR=11, LTAP=1,
JOAK=3 and JDTAL=0 are specified, which means that this problem
is a boundary flux problem with a top boundary defined at 22nd
z-mesh and with a cylindrical surface boundary defined at 1llth
r-mesh. Since NBND=10, IBR>0 and LTAP=1, the E option is selected
for Card 11 and LZL1=22, IZL2=1, IXZ=15, 1IYZ=22 are specified.
The next input data are LRR=32, I%ZZ=42 and LRRL=28, which means
that the total radial and axial meshes are respectively 32 and
42 in the sample problem 1 and the angular fluxes at 28-th r
mesh are picked up for use as the cylindrical surface boundary
fluxes in the sample 2 calculation. Since IBZ1>0 in this problem,
then Card 11-D option is selected and LRR=32, IZ72=42, IZZ1=38,
LZZ2=0, LRL=11, IXR=1 and IYR=3 are specified, which means that

the angular fluxes are picked up at 38-th z mesh in the sample

,,2 4_
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1 calculation for use as the top boundary fluxes in this calcu-
lation.

An example of list of boundary condition is shown in Fig. 13,
in which BOUN and BOUNR indicate respectively the top and
cylindrical surface boundary fluxes. Since the list is controlled
by IXR=1 and IYR=3, the top boundary fluxes are printed at r meshes
only from lst through 3rd. On the other hand for the cylindrical
surface boundary fluxes, BOUNR's are printed at z meshes from 15-th
through 22nd because of control by IX%=15 and IYZ=22.

The outputs for this calculation are shown in Figs. 14-1 and
l4-2, in which the angular and scalar fluxes are printed at two
energy meshes. The zero values in the scalar fluxes printed in

Fig.l4-1 are due teo zero inward angular fluxes at the both

boundaries.

(3) Sample problem 3: Monoenergy gamma-ray slant incidence

problem

This problem is to calculate gamma-ray albedc for iron, then
KNDG=4, NORF=10 and MONQE=10 are gpecified in Card 2 as shown in
Fig. 15-1. 1In order to calculate this problem with a top boundary
condition, NBND=10 and IBZ1l=1 are specified in Card 4. The gamma-
ray energy meshes are specified in Card 10 through 12 for 20
energy meshes. Since NBND=10C, IBR=0, IBZ1>0 and LTAP=0, Type C
option is selected and LRL=30, ISOC=0, ICONT=1, IXR=IYR=1 are
specified in Card 13. As the angular distributicn at the top
boundary, the angular fluxes are read in from cards, which are
specified in Card 17 through 56 for totalIZO energy meshes as
shown in Figs.15-1 and 15-2. 8ince this problem is a 1.0 MeV-
monoenergy slant incidence, the incident angular flux is defined
only at the 2nd polar angle with the radial direction in azimuthal
angle at the first energy mesh. Although double iron slabs with
each 5 cm thick are taken in this input, of course one iron slab

may be adequate. The electron density of iron is specified in

_-2 5_
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Card 62 as 2.204(x1024), and zero values are inputed in Card 66

through 68 because of no pair production cross sections below

1 MeV. As the input data specifying output, MRK=Z, MZK=1l, MDS=Z,
MZDS=1 are inputed by Card 70, in which MZDS=1 means that the
current crossing the plane at the first z mesh is printed.

The several examples of calculated results are illustrated in
Figs.l16-1 through 16-5. Figure 16-1 shows the angular and scalar
fluxes for the incident unscattered gamma rays, while Fig.l6-2
illustrates those for the scattered-gamma rays at the incident
energy. Here EDOS is the value of DOSE (J,JM) -AE, which ig the
conversion factor from the flux per MeV into the integrated flux
in AE MeV. Figufe 16-3 shows the backscattered peak angular and
scalar fluxes at 0.2 MeV. The calculated responses are printed
in Figs. 16-4 and 16-5, in which 'DOSE DISTRIBUTION JM=1' means
the total energy fluxes integrated over energy, while 'DOSE
DISTRIBUTION JM=2' means the total number fluxes integrated over
energy. In addition, 'DOS(+) and DOS(-)' mean the currents
respectively to the direction of +z axis (incident direction in
this input) and -z axis (reflection direction in this case) for
only JM=2 case. The last part of the list is the prints of the.
total incident currents and reflected currents crossing over the
incident plane as well as the total number albedo.

For reference as an example of practical shielding calcu-
lations, a list of input data for an analysis of a neutron
streaming experiment is presented in Fig. 17. The zeros in the
input data in Card 18 through 27 indicate a cylindrical void in
shield. The numbers of reaction rates are respectively 10, 4
and 3 for the 0.2-, 0.4- and 0.8-lethargy width calculations.

The numbers of energy meshes are respectively 17, 19 and 23 for
the 0.2-, 0.4- and 0.8-lethargy width calculations, which
indicates a neutron series calculation by a combination of 0.2,

0.4 and 0.8 lethargy intervals.
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6. Other notes
One should not apply the present PALLAS-2DCY to such shielding

problems as (1) a monoenergy neutron source already mentioned, (2)
radiation air transport (or skyshine) problems from distributed
sources or from a point source in shielded container, and (3)
radiation streaming through various small gaps. The reason is
due to no completed subroutine for the first problem and due to
appearance of too large ray effects in the calculations of
problems (2} and (3). To mitigate these large ray effects, the
first collision source option will be added to PALLAS-2DCY~FC
code for a variety of source conditions such as point, line,

disk and cylindrical sources.
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4, ANGULAR MESH POINTS AND NUCLEAR DATA USED
IN PALLAS CODE

1} Angular mesh points

The angular variable ¢ is represented by discrete-ordinate
directional points & on a unit sphere, in which &_ _=0(8_,¢_ ).

P e P Pd

The 8 is the polar angle and the ¢ is the azimuthal angle. In
PALLAS calculation, wz3cosé is used instead of § (see Figs. 11 and
18). The values for ﬁpq(wp’¢pq) fixed in the present code are
given in Table 6 for p<4, since the angular points are distributed
symmetrically with respect to the r axis as shown in Fig. 11.
Basically any constants can be used for the PALLAS angular
quadrature set. The present constants have been calculated in
the following manner: First, the center point in each wp—range
governed by its weight was chosen as the value for wp' Second,
the center point in each ¢pq—range governed by its weight was
also chosen as the value for ¢pq' and then the weight for each
Q q was determined with multiplying the mp-weight by the ¢pqd
weight.

One may use the other angular guadrature sets which are
defined under the condition of the total 28 mesh points symmetrical

with respect to the r axis.

2} Nuclear data for PALLAS
As already mentioned, PALLAS calculates radiation scattering

as precisely as possible. For gamma ray scattering the Klein-
Nishina formula is directly utilized so that PALLAS calculated
angular flux can represent precisely physical phenomena. Then no
gamma-ray scattering data are necessary. Nuclear data for gamma
ray to be prepared by users are only linear attenuation coef-
ficient and pair production cross section in units of cm .

These data may be given at the energy mesh points defined by

users, the values of which may be obtained by interpolating the
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data given in Appendix.

For neutron nuclear data the infinite dilution point energy
data have been prepared in PALLAS INF library, in which the total
Cross sections Ter O and 9a1 at all the energy points written in
ENDF/B-IV data file were averaged in the energy intervals defined
in Table 1. The weighting function for averaging was the fission
+ 1/E spectrum. All the Legendre expansion coefficients given in
ENDF/B-IV file were used for obtaining those at the energy meshes
in PALLAS library defined in Table 1. The inelastic slowing down
matrix were prepared with use of SUPERTOG code7).

The effective cross sections used in practical PALLAS
calculations have been prepared in PALLAS EFF library for several
nuclides, each of which will be used as a single material. For
any mixtures one must determine the self-shielding factor for each
nuclide in the mixture and multiply the infinite dilution cross
section by the factor to obtain the effective cross section for

each nuclide.
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Energy mesh structures in PALLAS library
for PALLAS-2DCY code. 0.2, 6.4 and 0.8

lethargy-width structures are given.
0.2 LETHARGY WIDTH STRUCTURE

ENERGY McSH
(EV)

1.4200E2+07
1.1624E+07
%.5185E+C6
T.7931E+06
6.3805E+06
5.2229E+06
4.2770c+06
3.5017E+C6
2.8659-+06
2.3472c+06

1.3213€+06
1.5734E+06
1.2882E+GC6
1.,0547E+C6
E.6350E+C5
7.0658E+05
5.7882E+05
4. 73GCE+CS
3.88C0z+05
3.176TE+05

2+,5008E+405
241294E+05
1.74342+405
1.4274E+05
1,1686E£+05
G.55T7FE+04
T.8335E+04
6.4135E+04
5.2510E+04
4 ,2591E+04

23.,5198E+404
2.8818c+04%
2.35%4E+04
1.92317E+C4
1.5816E+04
1.2549E+04
1.06C2E+04
B.6TGEE+Q3
T.1064E+403
5.8182E+02

4.7636E+02
3.5001E+03
2.1921E+03
2.6143E+03
2+14C4£+03
1.,7524E+402
1.4245E+C3
1.1747E+03
9.6175E+02
T.8741E+02

UPPER BGUND.

{2¥)

1.5693E+407
1.2849E+07
1.0520E+07
8.612TE+Q6
T«0515E+06
5.7733E+C6
4.,7258E+CH
3.3700E+06
3.1685E+06
2.5941E+06

2.1239E+06
1.7389E+06
1.4237E+06
1.1656E+06
G.5432E+405
7.8133E+05
6.3970E+05
S.23T4E+D5
4.2880E+05
3.51CTE+Q5

2.83T7T44E+05
2.3533£+405
1.9267E+05
1.5775E+G5
1.2515E+4C5
1.0574E+05
8.65T4E+CQ4
7.0881E+04
5.8032E+04

- 4.7513E+04

3.8500E+04
3.184%9E+04
2.6076E+04
2.124GE+04
1.7479E+04
1.4311E+C4%
1.1717E+04
F.5927E403
7+8528E4+03
6.4302E+03

5.25646E403
4.3103E+03
3.,5289E+03
2.83BS3E+03
2.3653E+03
1.5857c+03
1.2932E+03
1.0629E+02
8.,7023E+02

LOWER BOUND.

(EV)

1.2849E+07
1.0520E+07
B.5127E+06
T.0515E+406
5.7733E+06
4. T268E+06
3.8700E+C6
3.1684E+06&
2594 1E+06
241239E+06

1.7389E+06
1.42375+06
1.1556E+06
9.54322+05
7.8133c+05
6.3970E+05
5.2374E+05
4.2880E+C5
3.5107E+05
2.8T44E+05

2.+3533E+05
1.9267E+05
1.5T75E+05
1.2915E+05
1.0574E+05
B.HS5T4E+ 04
T.0881E+04
5.8032E+04
4.7513E+04
3.890C€E+04

3.1849E+04
2.6076E+04
2.134G9E+04
1.7479E+04
1.4211E+04
1.17172+C4
G.5927E+03
T.8538E+03
6.4301E+03
5.2646E+C3

4,3103E+03

3.528GE+03
2.88G3E+03
2+3655E+03
1.9357E+03
1.5857E+03
1.2982E+03
1.0629E+03
B.7023E+02
Tel248E+02



GROUP

QD@ = NP

Table 1.

JAERI-M 8014

{ continued )

0.4 LETHARGY WIDTH STRUCTURE

ENERGY MESH

(EV)

1.4200E+07
G«5185E+06
6.3805E+406
4.2TT0E+06
2.86EF9E+406
1.9218E+06
1.2882E+406
5.6350E+05
5.7882E+05
2.8BB00E+GS

2.6008E+05
1.7434E+4C5
1.16E6E+05
T«8325E+04
5.2510L+04
3.5195E+04
2+32594L+04
1.5316E+C4
1.06025+04
T«1064E+403

4.7636E+03
3.1921E+403
Cdel404E+02
1l.4348E+403
$.6175k+02
6.44068E+02
4.3214E+02
2.8967c+02
1.94170L+C02
1.3016E+02

B.T7240E401
Het454E+01
3.5203c+01
2.627TGE+D1
1.7615c+401
1.13C8c+401
749150400
5.2056E+00
3.5564LC+00
243339E+00

1.5580E+00
1.0712E+00
7.1804E-01
4,.,3131E-01
3.2263E-01

UPPER BOUND.

(EV)

1.7344E+07
1.1626E+07
T.7921E406
5 .2c39E4+06
3.5017E+06
2«34T2E+06
1.5734E+C6
1.0547E+Q06
T.0698E+05
4, 7390E+05

3.176TE+05
2.1294E+05
1.4274E+405
9.56T79E+04
6.4125E+04
4.,2991E+04
2.8818E+0C4
1.9317E+04
1.2549E+04
8.6798E+03

5.8182E+03
3.30C1E+03
2.6143E+403
1.7524E+03
1.1747E+03
T.87412+02
5.2782E+02
3.5231E+02
237168402
1.5898E+02

1.0656E+02
7.1423c+401
4 ,TE83E+0]
3.20%7€+01
2.1515E+01
1.4422E+01
9.6673c+00
6.4802€E+00
4.,3438E+00
2.9117E+00

1.,9518E+00
1.3083E+00
8.7701E-01
5.8787E£-01
3.9407E-01

LOWER BOUND.

(EV)

1.1626E+C7
T7.7931E+06
5.2239E+06
3.5017E+06
2.34T2E+Q6
1.5734E+06
1.0547E+06
T.C698E+05
4.T3G0E+0D5
3,176TE+0S

2+1294E+05
1.4274E+05
9.567T9E+04
be4136E+C4
4.2991E+04
2.8818E+04
1.9317E+04
1.2945E+04
8.67T98E+03
5.8182E+023

3.5001E+03
2.6143E+03
1.7524E+03
1.1747E+03
T.8741E+02
5.2782E+0¢
3.5381E+C2
2.3716E+02
1.58%98E+02
1.0656E+02

T«1433E+01
4.7883c+01
3.2097&+401
2.1515E+01
1.4422E+01
9.66T7T3E+Q0
6+.4802E+00
4+3438E+00
249117E+G0O
1.9518&£+00

1.3083E+400
8.7701E-C1
5.8788E-01
3.9406E-01
0.0



GROUP

QD =0V LN e

C ek

11

13
14
15
16
17
18
19
20

21
2
23

Table 1.

JAERI-M 9014

( continued )

0.8 LETHARGY WIDTH STRUCTURE

ENERGY MESH

(EV)

1.4200E+07
6.383C5E+06
2.8665E+00
1.2882c+06
5.73682E+05
2.6008E+05
1,1686E+405
5.25108+04
2+3594E404
1.06C2E+04

4,T7636E403
2e14C4E+02
G.6175E+402
4.3214E+02
1.94175+02
Be7248E+401
3.9203E+01
1.7515c+01
7.9149c+CC
3.5564E+400

1.5G80E+C0
7.18C4E-01
3.22632£-01

UPPER BOUND.

(zV)

2.1184E+07
F+5185E+06
4 .2T7T7T0E+06
1.9218E+06
B.5350E+C5
2.8800E+05
1.7434c+05
TeB8335E404
3.5198E+04
1.5816E+04

7T.1064E+03
3.1531E+03
1.4348E403
b.44568E+02
283967402
1.2C16E+02
5.8434E+C1
2.62T9E+01
1.18082+401
5.3055E+00

2«3839€+00
1.0712E+00
4.8131E-01

LOWER BOUND.

(EV)

9.5185E+06
4.2770E+06
1.9218E+06
8.6350E+05
3.8800E+05
1.7434E+05
T.8335E+04
3.5198E+04
1.5816E+04
T.1064E+03

3.1931E+C3
1.4348E+03
be4468E+02
2.8967E+02
1.3016E+02
5.8484E+01
2.62T79E+C1
1.1808E+01
5.3055E+00
2.3839E+00C

1.0712E+00
4.8131E-01
0.0
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CY file requirements

Table 4 PALLAS-2D
L%iii%al Contents
— - . _._|—._.__. S
1 PALLAS library
2 ! Scrach !
3 | Calculated data for RS, |
I 28, PSYS
b Inpuf |
6 Output ‘
8 Calculated data WT and |
GZI !
9 Calculated data for i
FGM |
|
10 | Angular fluxes FN
11 ! Top boundary fluxes,
BOUN
12 Calculated data for CIA
14 Reaction rates or dose |
rates :
15 Unecollided angular ;
fluxes j
17 Cylindrical surface |
¢ boundary fluxes, !
i BOUNR
18  Bottom boundary fluxes,
BNMZ .
19 i Scalar fluxes
20 " Angular fluxes
' calculated previously
21 | Caleulated angular
fluxes for all groups
24 Reaction rates or
dose rates
29 Scalar fluxes

Remarks

Neutron cross sections are read
from PAULAS library.
For working.

Data for RS, ZS5, PSYS are calcu-
lated in Subroutine MISIMA and
used in KYOTO.

Data for WT and GZI are calcu-
lated in Sub. ATAMI and used in
NAGOYA.

Data for FGM are calculated in
Sub. YOKHAM and used in NA-
GOYA.

FN for each energy mesh are stored
temporally in this unit., Large
storage is necessary, for instance
(65 > 55 28).

Data are stored in Sub. TCGKYO
and used in MAIN.

Inelastic scattering matrices CIA
are calculated in Sub. YOKHAM
and used in NAGOYA.

Data are used in Sub. 0JSAKA

Data are stored in Sub., TOKYO
and used in MAIN.

Data are stored in Sub. TOKYO
and used in MAIN.

Data are stored in Sub. OSAKA.

This file is used only when input
ITP20>0
This file is used only when input
ITP21=1.

This file is used only when input

ITP24>0,

This file is used only when input

ITP29>0,




Table 6. Relation of program variables to program mnemonics

Program mnemaonic

WP (IP)

WWP ({IP)
WEBP (IP)
WPQ (IPQ)
PSY (IP, IPQ)
PSYB (IP, IPQ)
AMU (M)
WAMU (M)

DR ()

DZ ()

CRT (N;, Ny, I}

RD (M)
FN (MR, MZ, 1PQ;

SN (MR, M2, IPQ)

ALPH (M)
ALHY (M)

FGM (M, I)
KMAX (M)

KK (M, NONH)
SIGMA (J, NUC)
WT (N, IP, I}

GZI (N, IP, 1)

RO (NUC)
RS (M, IP, IPQ)
Zs (M, IP, IPQ)
PSYS (M, IP, IPQ)
A (N, Np
ION >0

<0
MUON >0

<0

MRR
MZZ

CIA (JMK, NONH)

GZAL (NUC)
WAVE (J)
DWAVE (J)
GMU

ZD (K»
ORGN

MRB (N,
MZB (N,)
RB (N3

ZB (N}
EDN (N;, Ni)

IQT
RNEW (M)
ZD(M)

JAERI-M 6014

Program variable and remark
Wy
dwy; weight for wy
Boundary value of dw,
40,,; weight for angular mesh point
¢PQ
Boundary value of gy,
Hm
dun s weight for pn
4r; radial interval in I-th region
4z; axial interval in I-th region
Fdr,z, E;); macroscopic total cross section
in Ny—z and Ny;—r region
rm; radial distanece (cm)
l(riszk,-opq)
QI(""E) iy -(-]pq)
Xm
am for hydrogen
Zalr, Ejf(E;, im)
Maximum E;
E(pn) for nuclide number NONH
Fa(r,Ep
wn=‘¢(wuu,wp,ﬂ’m)_‘/’(wniywp,“m)f
cos*‘( Mm—@ptin )
VIS w10t
p=1/A
P(_Izr'
Piog=2
-():Q(wp) 5\5)
AF,ED
{7, +2) direction
{xr, —z) direction
(—7r, =2z) direction
(+r, +z) direction
Total number of » meshes
Total number of z meshes
Sulr, BB 4U
- ”
4
4y
424
p=1+3-1
Z,; axial distance (em)
(ZZR1+ZZR2)/2
Boundary mesh numbers in Ny—7» region
Boundary mesh numbers in ¥,—z region
Radial boundary distance
Axial boundary distance
7(7}; electron density in (Ni—z, Na—7)
region
Total angular meshes

Radial distance (em) for M-th mesh

Axial distance (cm) for M-th mesh
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Table 6 Angular guadrature set for PALLAS-2DCY

p q w Weight o) Weight for fpg
1 1 0.99240 000151990 0.785 4 g02386¢
1 2 0959240 0015190 23562 0.02386860
2 1 091174 014614 0.7854 0229557
2 2 0091174 014614 23562 0229557
3 1 06385 2 0040030 031416 02515165
3 2 063852 0400630 1.609956 0377275
3 3 0.63852 040030 204204 0377275
3 4 063852 0.40030 282744 0.251516%56
4 1 0219185 043837 0019635 172148
4 2 0219185 0.43837 0.687225 Ngs82z2
4 3 0219185 043837 .27630 0268222
4 4 0.219185 0.43837 1.86 533 0258222
4 5 0219185 043837 24544 0.25 1222
4 6 | 0219185 0.43837 2945 3 0.1 72¢ 44
Gx:oupl 3 5 1 9 11 13 15 17 4, lethargy-width
No. LA Ll Ll it l il li ] structure (KIN=2)
l J/ l l i l l l l starts 0.4-lethargy-width cal.
¥
1 3 5 7 9 10 11 16 17 19
T B B | L, L
1 3 5 9 10
! i | | i LA 1 l
v
11 19 21 23
L | l | | |
rv 1
starts 0.8 lethargy-width thermal
"calculation (KIN=0) group

Fig. 1 An example of a series calculation by a combination
of energy structures of 0.2, 0.4 and 0.8 lethargy
widths (a standard combination is 17 energy meshes
of 0.2 lethargy + 19 meshes of 0.4 lethargy width
+ 23 meshes of 0.8 lethargy width}).

._.3 ’Fi
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Air Point
source

‘é__MZSC—th mesh in
a point source ~F NSC-z region

Z25C cm mMZLR—th mesh
T TV TS TS
Ground
RDST ’

Fig. 2 A point source problem in an air-ground medium

A IBR
MZZ
Top boundary
IBZ1 —— o
Cylindrical
surface
boundary

IBzZ2 _#:#

Bottom boundary

0 > r
MRER

Fig. 3 Top, bottom and cylindrical surface boundary
fluxes problem
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Y
>

14

2]

11

10

[e~N-]

= orawr oL g o~

g 1238 5 & 748 9 10 11 12

Fig. 4 Spatial mesh assignment

- RZR ——>

MSZ A MsZ T
a ZZR1 ZZR1
B 0
[~ ZZR2
i ob— 1t 11 1 1 |1 > r I N T
MSR
NORF=0; reflection boundary NORF>0; nco reflection
condition boundary
condition

Fig. 5 Cylindrical volume source specification
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MZz

LZL1

LZL2

K4 Z
LRL
A [ MRR 0 New calculation
—— i~ MZZ
| ] IBR MRR
i
- RAEREE
— H —
New calculation i
: . LRRL ]
' | LZZ i S
! —
LZ% ! .: —_
— ] -1 zorp(n)
— | calculatiop-— —
. 014 _ I ] —]
~ calculation :
- - l - —y
B -— 1 i e e——
B ! —
- - 1 —_
T S T B B B »r 1 >
0 LRR LRR
ROLD({1)

Fig. 6 A new calculation with the top boundary fluxes
defined at IBZl-th axial mesh, which were picked
up from IZZl-th axial mesh in an old calculation

Fig. 7 A new calculation with the cylindrical surface
fluxes defined at IBR-th radial mesh in an old
calculation

zZ
$
WATER WATER CONCRETE | 1RON
3 3 33 4
WATER WATER CONCRETE | IRON
3 3 33 4
REF. REF. WATER IRCN
2 2 3 4
CORE REFLECTOR WATER IRON
NEK= 1 2 3 4
- I
Fig. 8 An example of assignment of identification numbers

of material regions
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EEREARBREFREEKERRFRTIEE

*

*

x INFUT DATA LIST =

*

&

BEEEREREREBRAEARKEEEE

cevobooesloscePonaulocnabesesdonrofssashosoo®eanaFansctusasbasaakooosTonoshacasld

NEUTRON CALCULATION SAMPLE PROBLEM 1

1
3 8 4 0 1
[
14.20 0.2
10 3 2 &6 2 2 5 2
36.26 7.00 1.250 16456 1.250 2.80 8.90 14.0
1217 4§
44.0 60.7 10.20 31.80
10 12
36 - 44.0 ] U e
2.567TE 02 2.967TE 02 2.967C GZ L.967E 0Z 2.567E 02 Z.56TE C& Z.967E Q2 2.%67E C2
2.967E 02 2.967E Q2 ’
1.0 1.06 1.G00 1.30 1.G0 1.00 1.00 1.00
1.0 1.00 1.00 1.00
0 0
G0
4 2°1 1 1 0o 1t 1
2 2 1 1 1 © 1 1
2 ¢ 1 1 1 ¢ 1 1
11 1 1 1 1 1 1
T 2 3 4 3 G 3 8
2 2 3 4 3 06 3 6
2 & 3 & = §o 3 &
3 3 2 3 3 3 3 3
PwR FUEL
H
2011 1.000E 00 4.716L-02
a
2086 1.4600€ 01 2.977E-C2
FE
2260 5.5E5E 01 l.159%&8-C2
U-238
2928 2.380c 02 2.110&-03
WATER
H
2011 1.000E CO 6.6BDE-GE
[v]
2086 1.600E Gl 3.340E-02
LRON
FE
2260 5.585& Q1 8.479£-0G2
LEAD
2]
2820 z08.00 S3.29TE-Ui2
ALR
N
20T4# 1.400E 01 4.000&E-05
0 1
3 3 1
2 4 28
26 37 3&
DOSE RATE{MREM/h)
.?-ff??--l.?:f:?? ) G.lj?ﬁ ) U-l:&u ‘ 0. 1470 Caltal 0.1455 Q.1450
ssCasve¥aceedonasPananbosoatusuoSarnotenacbhiacacteoenTenesbonna
Fig. @9 Input data list for Sample problem 1

_.4 147

O W W
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JAERI-M 9014

Fig. 11 Angular mesh points and their order in the
current PALLAS code.
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Fig. 17 An example of input data for practical neutron
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hppendix. Photon cross sections for producing the linear
attenuation coefficients and pair production
coefficients used for PALLAS-2DCY
The appendix includes the photon cross sections for the main
elements and compounds used widely in y-ray shielding calculations:
the data are given in table 1 in the order of boron, carbon, sodium,
aluminum, silicon, calcium, iron, copper, tungsten, lead, uranium,
water, silicon dioxide, air, concrete, muscle and polyethylene,
which are all taken from ref. (6). The linear attenuation
coefficients are produced multiplying the total cross sectlons
without coherent (cm /g) by the den51ty of material (g/cm }y, while
the pair production coefficients in units of cm -1 are produced
multiplying the pair production cross sections (b/atom) of sum of
the nuclear field énd electron field by the atomic density (atoms/
cm3), or multiplying the data (cmz/g) by the density of material
(g/cm3). The densities of materials, atomic densities and

electron densities are given in table 2



Table 1 Photon cross sections(f’)

JAERI-M 9014

BORON, Z=5
Scattering Paie praduction Tokal Total
Phiotun g — Phato- - e e e
BNErRY electrie
With Without Nuclear Electron With Without With Withew
eoherent | evherent field feld roherent coherent cuherent coherent
Mek blatum blatom blatom b,’alm.n bjatem biatom blatom emifg emiiy
1.00-02 | 461400 320400 1.63+01 2.00H)1 1.45+01 [16+00 o900
1.5002 || 3.95+00  3.14+00| 4.36+00 B.31+00  7.50+00 |] .03 11801
2.00-02 [} 3.61400  3.0%+00 1.68+00 5.294H00 477+ || 2.95— 2.66~ 01
3.00-02 [} 3.25+00  2.99+00| 4.52-01 J.70+H 500 | 2,060 1.92-01
4.00-02 || 3.04+00  2.894+00 1.8401 3.23+H0  3.08-+HX) L.80—0! 17101
5.00-02 || 2.91+-00 2.81400| 88002 3.00400  2.B9HK [.67-01 1611
6.00-02 (| 2.80+00  2.73+00| 4.86-02 2.85H00  2.78+HK0 £.50-01 1,551
8.0002 (| 2.63+00  2.59+00 1.8%-02 2.64+00  2.604+K) i.47-01 [.45~41
1.00—01 2.49+00 2.46+00| 89703 2.50H00  2.47+00 1.39—01 13801
1.50—01 2.23+00  2.22+00[ 23803 2.23+H006 2.22400 1.24-01 B.24-01
2.00—G1 2.044+00 2.03+00) 9.41-04 2.04+00  2.03+HN0 1.t4—n B 1301
3.00-01 L.77+00 1.77+00] 2.65-04 1.77-00 1.77+00 || 4.84—02  9.85H2
4.00—01 1.58+00 1.13—04 1.58+00 8.83~12
5.0001 1.45+00] 6.0505 1.45+00 8. U012
6.00-01 1.34+00 37705 1.34+00 7.45—02
8.00—01 1.18+00 [.90—05 1. 18+HX) 6.55—)2
1.00+-00 1. (-0} 1.18—05 N 1. 06+ 5.89-02
1.50+00 B.59-01 5.51-06 1.11-403 8.60-1 4. 79—
2.00+00 73301 35106 44403 7.3 4. 112
3.00+00 5.77-01 §.97-06 1.28—02 2.01-04 5.90—H 3.28—02
4. 00+ 4.81-01 1.35—06 20702 8.264 .03 2.80-02
5.00+00 4.1501 1.03—06 | 2.78—02 1.62-03 4.45—01 2.48-02
6.00H) 3.67-01 B.23—07| 34002 2.50—03 40401 2,251
B.00HX 3.00-01 5.89-07| 4.40-02 4273 344901 1952
10001 2.5601 4.6307 5,322 5.8403 31501 1,752
1.50+01 1.8%-01 6.96—12  9.09—03 2.68--01 1.44-072
2.00401 1.52—01 8.16—r2 11702 2.45—01 1.37-102
3.00+01 1.11-01 9.85—02 1.5502 2.25-01 1. 25032
4.00+01 8.79-02 1.10-61 1.84--02 2. 171 1.21-02
5.00+1 T.3432 11901 2.07-02 2.13-01 1.19-02
6.00+01 6.32—02 1.26-01 2.26—02 2.12—01 1.18—02
B.00+G1 4.98—-02 - 1,371 2.5502 2,126t [.18-02
- 1.00+02 4.14—02 1.45-0% 2,772 2. 1401 11902
1.50+02 2.95-02 1.57+01 31502 2.18—01% 1.22-02
2.00+02 2.31-02 1.66-01 3.40--02 2.23-01 1.2402
3.00+02 1.64—02 1.76-01 3.7402 2.29-01 1.28-02
4.00-+H02 1.28—02 1.82-01 3.9602 2.3 1.30—02
5.00+02 1.06—)2 1. 4601 4,132 2.37-01 13202
6.00+02 49,0503 1.89—01 4,252 2.40~01 13302
8.00+02 7.10-03 1.93—01 4.43—02 2.44—01 1.3602
1.00+03 5.84—03 1.95—01 4.56—02 2.47-01 13702
1.504+03 4.08—03 1.99—01 4.76—02 2.51-01 1. 4002
2.00+03 3.le03 2.01-01 4.89-02 2.53-01 1.41-02
3.00+-03 2.19-03 2.04—01 5.05-02 2.5601 1.43-+412
4.00+03 1.69—03 2.05-01 5.14-02 2.58—01 1.44—02
5.00403 1.38—03 2.06—01 5.21-02 2.59-01 1.44—12
6.00+03 1.17-03 2.06—01 5.25—02 2.60-01 14502
8.004+03 9.05—04 20701 5.31-02 2.61—01 1.45-02
1.00+04 7.3904 2.07-01 5.34—02 2.61-01 1.46—02
1.50+04 5.11-04 2,080 5.40—02 2.63—01 1.46—02
2.00+04 3.93—-04 2.08—01 5.43—02 2.63—01 1.47-02
3.00+04 2.711-04 2.09-01 5.46—02 2.64—01 14702
4,004 2.08— 2.09—01 5.48—02 2.64—01 1.47-412
5.00+04 1.65-04 2.09—0¢ 5.49—02 2.64--01 1.47-02
6.00+04 1.43—04 2.0901 5.49--02 2.64-01 1.47-02
B. 1.10—04 2,09-01 5.50-02 1 2.6401 1.47-02
1.00+05 8.93~05 2.09-01 5.5102 2.64—01 1.47-02

Batom) 1 055710 = cm%y



JAERI-M 9014

CARBON, Z=6
Scatlering Puir production Tutal Tnaf
Phaoton Photo.
energy . electric :
With Without Nuelear Electron With Without With Withouw
roherent | coherent feled freld vuherent voherent | eoherent | roherent
Mel hlaiom blatom bintem blatnm dluinm hiutom blatom rmile rmifx
LOO—02 || 6. 11400 3B4+00]  3.93H01 4.54+01 4.31+HH 228+00 2,17+
1.50—02 || 5.06400 3,77+ T1.06-01 1.57+01 1.44+01 7.87--01 7.22—H
2.00—02 || 4.53+00  3.71+00|  4.01+00 HAHH0U0 T.72HKE (5 4.20-41] A8
3.0002 1| 4.00+00  A58H00| 99901 500400 458400 | 25101 2.3
40002 1] 3.73+00 347+ 37901 4.104+00 385400 [f 2.0601 1.93- 01
50002 [ 354400 3.37+007 19301 373+H00 0 356400 ([ 1AT-O1 L7901
6.00—02 || 3.39+00  3.27+00 1.15-01 A51400 339400 17601 1.70-401
BO00—02 || 3.17+00  3.10+HW0| 45002 321400 3.15HK .61 I.5H—0]
1.00-61 3.004+00  2.96+001 21602 302400 2,98+ 1.52-01 .M
1.50-01 2.60+00  2.66+00, 5.75—03 269400 2.67+00 1.35-01 1. 34—
2.00—01 2.45+00 2.44+H007  2,2903 2.45+00 2.44+00 1.23-0] 1.23—01
3.00-0 2.13+00  2.12+40) 6.4604 21300 2,12+ 1.07-01 1.O7--01
4.00--01 1.90+00 1.90+00| 2.77-04 1.914+00 190500 }] 4.57-02  ».55-02
5.00—01 1.74+0|  1.4904 1.74+00 8. 7202
6.00--01 Le1+00|  9.27-05 1L.&1+00 8.07-02}
8.00--01 1.41400| 4.68-05 141400 T.0012
1.00+00 1.27+0|  2.89-05 1.27400 63742
1.50+00 1.03+03) 1.35—-05 1.60—03 10340 5.19-02
2.004400 B.79—01 8.61-06 (| 6.40—03 8.86-01 §.45—02
3.004-00 6.92—01 4.82—06 1.84—02  2.41-04 71101 3.5702
4.0+ 5.77-01 3.2006( 2.98—02 9.9144 6.08—01 3.0502
5.00+00 4.98—01 2.52-06 | 4.00-02 1.95-03 5.40~01] 2.7102
6.0+ 4.40—1 2.01-06 | 4.90—02 3.00-03 4.93-01 24702
8.00-+00 3.60—01 1.4406| 6.42-02 5.12-03 4.300) 2.1602
100+ 3.07-01 1.12—-06 1.66—02 7.01—03 3.90—-01 1.96—02
1.5(+01 2.2701 1.00—01 1.09—02 3.3801 17002
2.00+01 1.82—01 1.17-01 1.40-02 301 1.58—02
3.004+01 1.33—01 1.41-01] 1.8702 2.93—01 1.4712
$.0001 1.05—01 1,581 2.21-02 2. 8601 1.44—02
S.0001 8.80—02 1.71-01 2.48-02 2.8 14212
60001 7.59-2 1.81-01 2.71-02 284401 I.43—12
B.(0HHH 5.98-12 .96 30642 2.86—01 1.44—02
L0002 4.947-02 2.0701 3.31-02 2.9001 1.46—12
1.50+402 3.5402 2.2601 3,762 2,991 15002
2.2 2.77-U2 2,370 4,062 3.06—01 1.53—02
3.00+02 1.96—02 2.5101 4.46-02 3.16—n 1.5%-02
4.00+02 1.5412 2.60—01 4. 72402 3.22-01 }.62-02
5.00H12 1.27-02 2.65-4¢1 4.91-02 3.27-1 1.64—02
6. 0012 1.09-02 2.69—-01 5.05—02 3.31-01 16602
8.00+02 8.52-03 2.7501 5.2602 3.36—01 1.69—02
100403 7.01-03 2.7801 5.40—02 3.40-01 17102
1.50403 4.89—03 28401 5.6402 3.4501 1.73-02
2.00+03 3.79—03 2.8701 5.79—02 3.48-01 1.75—02
3.00+03 2.64—03 29001 5.9802 3.52—01 1.77-02
4.00+03 2.03-03 29201 6.08—02 3.540) 1.7802
5.00+03 1.66—03 29301 6.1502 3.56—01 1.79—02
6.00+03 1.41-03 2.93-01 6.2002 3.5701 1.79—-02
8.00+03 1.09—03 2.9401 6.26—02 3.58-01 1.80—02
1.00+04 8.87-04 2.95—01 6.30—02 3.5901 1.80—02
1.5(H01 6.13~04 2.9601 6.36—02 3.60—01 1.81-02
2.00+04 4.71—4 29601  6.40-02 3.61-01 1.81-02
3.00+04 3.2—04 29701  6.43-02 3.62-01 1.82-02
4,004 2.49-04 2.9701 6.45—02 3.6201 1.82—02
5.004H4 2.03—04 2.97-01 6.46—02 3.62—-01 1.82—02
6.00+04 1.72—04 2,97-01 6.47-02 3.62—01 1.82-02
8.00-+04 1.32—4 2.9801 6.48—02 3.63—01 1.82—-02
1.00+05 1.0704 2,901 6.49-02 3.63—01 1.82—02

{b/atom) x G500 = cm¥/g




JAERI-M 9014

SODIUM, Z=11

Ncattering Puir produciinn Total Total
Plutan Phuto-
rnergy, vlectric
With Without Nuclear Electron With Without With Withest
eohierent | coherent field field vuherent roherent || coherent | coberent
Mel’ utam Blotem biutom blutom tfutem hlatom blatom et g i
10002 | 2, 194+01 TAKHM] 509402 5.UT4+02 576402 1.535+01 1.5i+01
15012 149401 6,92400 b .60-+HI2 1.75+02 LOTHIZ | $.58+HK 137500
2.00—02 118401 6.BOHOD | 6.48+01 7.66+0} 7. 16401 201+ 1.BB+ 0%}
3.0002 [{ 911400 A.57HN [.78+01 2.69+01 2444401 7.05-01 6.49~01
4.00~02 || 790400 6.374+00| T7.1B+0 1.5]401 1,35+ 3.u5-01 3.1
5.0002 |} 7.19+00  6.184+00] 3.53+00 LO7+H0L 9 71H00 | 281-01 2.54-01
6.00—02 6.73+00 600400 L9y+0n B.72--00 7.99-+0) 22801} 2,000
8.00-02 | 611400  5.69H00| 7.92—1 690400 b HHHD 1L.BI-01 3Tt
10001 50040 542400 385! 6.08+00  5.8k-00 1.5%-01 1.52—01
1.50~01 501400  4.88+00 Le—01 SEHM A ) §3d-01 1.31-01
2.00-01 4.544-00 447400 4.29-02 A58+ 451400 20401 1.18-01
3.00—01 3.92400 . 3.894+00 1.24—02 3.93+00 3.90-+000 1A~ 1.452-01
4.00-01 3.504+00 3484001 5.3103 504400 349400 || WIRO2 0 U102
5.00—1 31900 3.18+0d(  2.863 31000 JUIR+00 || B3e—02 B2
6.00—-01 2.95+00  2.944+00 | 1.78—03 2.95+HK 295400 ] 77402 77202
8.00—01 2.50+00 | 9.01-04 2.5%4+00 6.78--02
1.00+00 2.33+%  5.584 2.33+00 O.4—02
1.50+0)0 LB | 2.61-04 | 54603 1. 90--1X) 4.497-02
2.00+0 1.61+3) 16704 | 2. 1602 1.63+-00 3.28-02
3.00+00 1.27+00) | 9.25056 | 6.1902 4.43-4 143+ 00 3.40-02
4.00-4+K) 106X} | 6.28—05 1.o0—01 1.H2—03 1. 16+00 3.04—02
5.(NHHK) 9.14—G1 4. 7905 1.34~01 35703 1 5+ 2.7602
6000 8.08—01 3.82-05 16401 5.49—03 Tt 25602
B.00--00 6.61-01 2705 1 21501 9,403 B.85—01 2.42- 402
WL G 56301 21405 | 2561 1.28-02 R.A-N1 2802
F.50+01 4.16—01 33401 2.0002 7.70-01 20242
200401 3.34-0! 3.90-01 2.57-02 7.50-01 1.96-02
3.00+01 2.4301 4.69—01 3.42n 7.47-01 1,962
4.00+01 19301 52401 &.(15—02 7.54-01 1. 99—02
5.00+01 1.61-01 5.65-01 4.55-492 7.72-01 2.02-02
6,00+ 1.39—01 . 5.98-01 49412 7.87-0! 2.06—02
B8.00+01 1.10—01 64701 5.53-02 B.12—01 2,132
1002 91102 6.82-01 5,812 -H.A301 2. 18- 432
L.50+02 6.48—02 7.39-01 . 75-4)2 B.72--01 2 2812
2. 8002 5.08—02 77401 7.27—02 R.97—-01 2.35-02
300402 3.60--02 B.141] 1.95-02 93001 2402
& 02 2.82-4)2 B.38-H #.38-02 0.5 1 24007
540402 2.34-02 B.53H H.6%-2 9.6 2,522
6.00+02 2.00--02 B.65—U1 B.92-02 9,74 2.5502
B.AXHO2 1.56-02 B.79—H 926012 9.B1-01 2,502
1.00+03 1.2802 B.88—01 9.50—-02 Y.96-0] 2.01-02
1.50+03 8.97-03 4.03-01 9.89—02 1.01+M1) 2.65—02
2.00+H03 6.94—03 9.10~01 1.01—1 1.2+ C 2672
3.00+03 4.83-03 Y1801 1.04—01 1.03+HM 2,682
4000403 3.73-03 v.23-0t 1.0501 1.03+00 2.70—02
5.00+H03 3.05-03 9.26—01 1.06—01 134+ 2,712
6.00+03 2.58—03 9.28-0t 1.07—61 1.04+00 2.7202
8.00+03 1.99—03 9.30—-01 1.08-01 1.04+00 2.7202
1.00+04 1.63-03 9.31-01 1.08—01 1.04-+00 2.73—02
1.50+04 1.12-03 9.34-01 1.09-01 1.0d+00 2,742
2.00+04 B.64—04 9.36—01 1.10—01 1.05+00 2.74-02
3.00+HM 5.96-04 9.36—01 1.10—061 1.05+00 2.7402
4. 00404 4.57—04 9.37-01 b10—01 1.05+00 2.75—02
5.00404 3.72-04 9.38-01 1.11-01 1.05+00 2.7502
6.00+04 3.1504 9.38-0t 1.11-01 1.05+00 2,7502
B.U0+04 2.41-04 9.38-01 1.1 1.05+00 2.75—02
LIRS 1.96—04 9.38-01 1.11-61 CLOS+HK 2.75-02

Ibfanomt  (RBI00 = o mYE
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JAERI-M 9014

ALUMINUM, Z=13

Scartering Pair production Tura! Tual
Photon Photo-
energy electric
With Without Nuclear Electren With Without With Wirhout
coherent | coherent heid fReld coherent . | cuherent [feoherent | coherent
Me¥ blarem blatem blatom blatom biatom blatam blatom emilg emilx
1.00—02 | 3.04+01 8.32+00 1.15+03 1.18+03 1.16+03 2.63-+01 2.58-+01
1.50—02 }i 2.03+01 8.17+00 | 3.35+02 3.535+02  3.43+02 T93400 0 T 600
2.00-02 1.57+01 B.03+00 1.37402 1.53+02 1.45+02 |1 3.41-HW 3245
3.00-02 1L11+01 7.77+00 | 3.85401 5.02+01 4.63+] 1.2+ 1.03-+04)
4.00—02 || 9.894+00  7.52+00 1.55+01 2.54+01 2.30+01 5.6701 S
5.00~02 || B.B&+0CG  7.304+00 | 7.65+00 1.65+01 1.49+01 3.A9—0)] 3. 3401
6.00-02 || 8.22+00  7.094+00| 4.33+00 1.25H01 1. 1401 2.8k 2,551
B.00—02 || 7.38+00 6.72+00 1.73+00 9 114+0G  8.45+HX | 2.03-01 1.4%--01
1.00—01 6.83+00  6.414+00| 8.4501 7.67+00 1.25H1 1.71-01 1.A2--01
1.50—01 5.96+00 5.77+00 | 2.33-01 6. 19+00  6.00+14 1.38--01 1.34—01
2.00-01 539400 5.28+00| 9.53-02 5.49+HK 538+ 1.22--01 12001
3.00—01 4.64+00 460400 | 2.76--02 467+ 4.624+00 1.04--01 O30
4.00-01 4.144+00 4.12+00 1.19—02 415400 4.13+H00 | v.27-02 G 2202
5.00-01 3.78+00  3.76+00| 6.43-03 3.78+00 377400 || B.44-02 8.41-02
6.00—01 3.49+00  3.48H00| 4.02-03 349400 3.48+00 7.80—02  7.97-02
8.00—01 3.06+00 3.064-00 | 2.04-03 3.06400 3.06HM0 || 6.8402  6.83-02
1L.00+00 || 2.75+00 2.75+00 1.26—03 2.715+00 275400 || 6.13-02  6.14-02
1.50+00 2.23+00 | 5.89-04 7.68—03 2.23+00 5.00—02
2.00+-00 1.91+00 | 3.73—04 | 3.03—02 1.94-+00 4.32-02
3.00+00 150400 2.07—04 | 8.6502 52304 1.59-+00 3.5402
4,00+00 1.25+00 1.41—4 1.40-01 2.1503 1.35-+HN) 3.11-402
5.00+-00 1.08+00 1.07—04 1.87-01 4.22-03 1.27+00 2,842
6.00+00 9.54~01 8.53—05 | 2.29-01 6.49—03 1.15+00 2.66—02
B8.0(+00 7.81-01 6.09—05 | 2.99-01 1.11-02 1. 0G0 24402
1.00+01 6.6501 47605 | 3.57-01 1.52-02 1.0 2.31-02
1.50+01 4.92-01 4.65—01 2.36-02 9 8- 2,192
2,00+01 3.95-01 5.43—01 3.03--02 G681 21602
3.00+01 28801 £.52-01 4.04~02 G811 21502
4.00-+} 22901 7.29-01] 4.79-02 1,01+t 2240
5.00+01 1.91-01 7.86—01 5.36—02 10300 2402
6.00+01 1.64—01 8.31-01 5.81-02 1,050} 2.35R
8.00+01 1.30-01 8.98-01 6.51-02 108400 24402
1.00+02 1.08—01 9.46—-01 70302 1. 12+ 25102
1.50+02 7.66—02 1.02+00  7.93-02 1 1B+00 2.63--02
2.00+02 6.01—02 1.07+00  A.53-02 1.21+00 2,712
3.00+02 4.26—02 LI+ 93102 1.26++00 2.82-412
4,00-+02 3.33—02 1.16560  9.81—02 1,29+00 2.88—02
5.00+02 2.762 1.18+HK} 1.02-01 1.31+00 29202
6.00+02 2.36-02 1.19+00 1.04—01 1.32+00 2 9502
8.00+02 1.85—02 1.224+00 1.08—01 1.34-+00 3.00--02
1.00+03 1.52—02 1.23+00 1.11-11 1.35-+00 30202
1.50+03 1.06—02 1.25+00 1.15—01 1,37+ 3.07-02
2.00403 8.21--03 1.26-+00 1.18—01 1.38-+00 3.09-02 |
3.00403 57103 1.27+00 1.21-01 1. 40400 3.12-02
4.00+03 4.40—03 1.28+00 1.22-01 1.40+00) 31302
5.00+03 3.60—03 1.26+00 1.23—01 1.41+00 31402
6.00-+-03 3.05-02 1.28+00 1.24-01 1.414+00 3.15-02
B.00+-03 2,3503 1.294+00 1.25-0] 1.41+00 3.16—02
1.00+04 1.92--03 129400 1.26—01 1.42+00 3.16—02
1.50+04 1.33~03 1.20+00 1.27-01 1.424+00 3.1702
2.00+04 1.02—-03 1.29+00 1.27-01 1.42400 3.17-02
3,00+ 7.04—04 1.30+00 1.28—01 1.424+00 3.18—02
4.00+04 5.40—04 1.30+00 1.28--01 1.43+00 3.18-02
5.00+04 4.40—04 1.30+00 1.28—01 1.43+00 3.18-02
6.00+04 3.72—04 1.30+00 1.28—01 1.43+00 3.18—02
B.00+04 2.85—04 1.30+00 1.28-01 1.43+00 3.18—02
100405 2.32-04 1.30+00 1.28--01 1.43+00 3.19-02

iuam) o 0220 = cmiljg




JAERI-M
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SILICON, Z=14

Newttering Pair prmluetion Tolwl Tnal
{*haten Photo-
racrEy electrie
With Without Nuclear Electrun With Withuut With Withuat
coherent | coherent field field cofierent eoherert || coheremt | coherent
Mel bfatem bfatem blatom biatom blatom bjutom blatnm rmi{g retfy

1.00-02 || 3.50401 B.97+00 1.56403 1.59+03 1.57THI3 Y 342401 3.36+H01
1.50—02 | 2.34+0!1 8.80+00 4.56+02 4.79+02  1.65+02 1.03+01 Q.97 HN
2.0002 || 1.78+01 8.65+00 1.87+02 2.05+02 1.96+02 | 4.394+00 4. 19400
3.00—02 || 1.31+0i 8.36+00 5.29-+01 6.60+01  6.13+01 141+ L3T+HN0
4.00-02 || 1.10+01 810+ 2.15+H 3.25+01 296+ 6.96—01 6.35—
5.00--02 || 979400  7.86+00 1.06+01 2.04+01 1801 || 4.37-01 3.96—01
6.00-02 || 9.014+00  7.64+00 6.00+-00 |.50+01 1.36+01 3.22-41 2.92—01
8.00-02 |} 8.04+00  7.24+00 242400 1.05+01 9.664+00 || 2.24-01 2.070t1
1.00-01 11 7.41+00  6.90400 1. 19-+00 B.60+00  B.0%00 1.84-01 1.73—01
£.50-01 | 6.444+00 6.21H30 3.2901 6.77+00  6.54+00 1.45-01 1.4001
2.00-01 || 5.82+0¢  5.65+M 1.34—01 5.96+00  5.82+00 1.28-01 1.25-0t
3.00-01 || 5.01+00  4.95H00 3.91—02 5.05+00 4.994+00 1.08--01 1.07-0)
40001 [i 447400 4.43+00 1.69—02 449400 445400 || v.62—02 9.53H4)2
5.00-01 4.07+00 . 4.05+H0 9.1503 4.08+00  4.06400 || 4.7502  8.70-02
6.00-01 || 3.76+00 3.75+HX0 5.72-03 397400 3.75+00 (| 8.08—02  8.05-02
B§.00--01 329400 3.29+00 2.89--03 3.30+00 32900 §| 7.07—02 T.0602
1.00+00 2.96+00 1.79-03 2.9+ 6.35—02
1.50+00 240+ B.36—04| 8.943 2.41+00 51802
2.00+00 2.05+00| 53004 3.52-02 2.08-HX) 4. 482
3.00+00 1.6i+00] 29304 1.00—01 5.63—04 1.72+400 3.68—)2
4.00+00 1.35+H%) 1.99—04 1.62-01 2.31-03 1.51H0 32402
5.00+40 1.16+00 1.42-04| 2.17-01 45403 |.38+00 2.97-02
& OO0 1.03+00| 1,214 26701 69903 1.30H00 2.79—)2
8.00+00 8.41-0t B8.61-05| 3.471 I.20—02 1. 201400 2,572
1.00+01 7.16-01 6.74—05| 4.03-01L 1.63—02 115+ 2. 46012
1.50+01 5.30—01 53801 2.55-02 | 2,302
2.00+01 4.25-01 6.28—01  3.27-02 1.09+00 | 2,332
3.00+4C1 3.10-01 7.55-01 43502 1.11400 2.38—02
4.00+01 2.46—01 8.43-01 5.16-02 1. 144K} 2.45-02
3.00+01 2.05—01 3.13-01 5.7602 1. 18-+Ki 2.52-02
6.00+01 1,770t 9.61-01  6.25—02 1.20+00 2.57-02
8.00+01 1.40—-01 1.04+00  6.9902 1.25+00 2.67-02
1.00H+02 1.i6-1 109+  7.55—02 1.28+00 2.7502
1.50+02 8.2502 1.18+00  8.51-02 F.35+00 2.89—02
200402 6.47-02 1.24+00 9.16—02 1.394+00 2.9%--02
3.00+H02 4.58—02 1.30+00 9.98-02 1,45+ 3.1002
4.00-02 3.59-02 F344+00 1.05-01 1.48-+00 31702
5.00+02 2.97-02 1.36+00 1.09%-01 1.50+00 3.22-02
6.0¢0-4+02 2.55-02 I.38+00 11231 1.52+H%) 32502
B.O0+02 i.99-02 1.404+00 1.16—01 1.54H00 3.30-02
1.00+03 1.63—02 1.42+00 i.1901 1.55+00 3,332
1.50+03 1.14—02 1.44+00 1.23-01 1538+ 3,58-02
2.00+03 8.84—03 1.45+0 1.2601 159+ 34102
3.00+03 6.i5—03 1.47+00  1.26-01 b 6O} 34402
4.00--03 4.74—03 1.47+00 1.31-04 16100 3.45—02
5.00+03 3.88-03 1.48-+00 1.32—-01 1.6E+00 3. 4602
6.00+03 3.29-03 1.48+00 1.33—01 1.62HN) 3.47-02
B.00H03 2.53~03 1.49+-00 13401 162+ 3,482
1.00+04 2.07-03 1.4%+00 1.3401 163400 3.48--02
1.50+04 1.43—03 1.4+ 1.3501 1.63+H) 349412
2.00+04 1.10-03 1.49+00  1.36-01 1.63-HX) L5002
3.00+04 7.58—04 1.50+00  1.36-01 1.63-+0) 5002
4.00+04 5.82—04 1.50+00 1.37-01 1.64-HK) 3.51-02
500404 4,744 1.50+00 [.37-01 164400 3.51-2
6.4 4.01—04 1.50+00 13701 1.64+0 3.51-02
B.00+04 3.07—04 1.50+00 1.3701 1.64-+HX) 3.51-02
1.00+05 2.50-04 1L50+00  1.37-01 164400 3.51~02

{hiatom| x 021480 = cmYg




JAERI-M 9014

CALCIUM, Z=20

Scatrering Pair production Taoral Tutal
Photon : Phato-
energy electric
With Without Nuclear Electron With Without With Withen
coherent | coherent field field canherent coherent [ robieren cuhirtem
Mel blarom blatom blatom biutom blatom blatum b utom cmily cmi
70002 | 6.786+01  1.28+01] 6.35+03 6.42403  6.36+03 ] Y.65HT 056 +H0Y
1.50-02 ([ 4.68+01 1.26+01 1.96+03 2.00+03 1.97+03 ¢} 3.01+01 2. G601
2.00-02 {| 3.49+01 1.24+01| 8.27+02 8.62+02  B.39%+02 1.30+01 j.26-+01
3.00-02 || 2.36+01 119401 2.42+02 266402 2.54+02 || 3.99KN0 38240
4.00—02 1.87+01 1164011 9.98+01 1.19+02 1.11+02 1.78+00  1.674+X0
5.00—02 1.61+01 1.12+01 5.03+01 6.64401 6.15+01 3.98-01 92501
6.00—02 1.44+01 1.09+01 2.87+H01 4.31+01 3.96+01 64801 5.95-01
8.00—02 1.24+01 1.03+01 1.19+01 2.43+01 2.22401 3.65-0] 3.31-01
1.00—01 1.12+01 98500 5.894+00 1.71+01 1.57+01 2.56—01 2,371
1.50—01 9.47+00 8.87+00| 1.70+00 1.12+01 1.06+01 1.66—01 1.59—01
2.00-01 8.47+00 8.13+00| 7.09-01 9.174+00  8.84HN 1.38—01 1,331
3.0001 7.224+00 7.07+00( 2.10-01 7.434+00  7.2B+00 1.12-01 1.08—01
4.00—01 6.42+00  6.33400| 9.19-02 6.514+00  6.43+00 [} 9.79—02  9.6002
5.00—0! 5.844+00  5.79+00| - 4.98—02 5.89+00  5.84-+N) || 88502 B.7T82
6.00—01 539400  5.35+00] 3.13-02 5.42+00  5.38+400 1 1402 ROS--02 |
8.00—01 472400  4.70+00 1.59-02 474400 4. 7240 || 7.42-02 70902
100400 | 4.24+00  4.23+00| 9.87-03 4.25+00 4.24+00 || 6.39—02  6.37-02
1.504+00 ([ 3.444+00 3.44400( 4.58-03 1.88—02 J.46+00 346400 |} 5.2002 52002
2.00+00 || 2.93+00  2.934+00( 2.90-03; 7.30-02 3.01+00  3.G1+00 [j 4.53-02  4.52—02
3.00+00 2.31400| 1.59-031 20601 B.05—04 2.51+00 3.78-02
4.00+00 1.92+00| 1.07-03 | 3.31-01 3.30-03 2.26+H00 3.40-02
5.00400 1.66+00| 81604 | 44201 6.49-03 2,11+ 3. 7-02
600400 1.47400| 64604 | 54001 99803 2.02-+H)0 3.03—-02
800400 1.204+00|  4.60-04 | 7.03-01 1.71-02 1.92+00 2.8y—02
1.00+01 1.02400| 3.59—04 | 83601 2.33-02 1.88+00 2.83—02
1.50+01 7.5701 1.09+00  3.64-02 1.88+00 2.83—02
2.00401 6.08—01 1.27+00 4.67—02 1.92+00 2.89—02
3.00+61 4.42-01 1.52+00 6.22-02 2.03+00 3.05-02
4.00+031 3.52—01 1.70+00 7.32—02 2.12+00 3.19--02
5.00+01 2.93-01 1.83400 B.1602 2.20+00 33102,
6.00+01 2.53-01 1.93+00 8.83-02 2.27T+H)0 3.42-02
B.00+01 1.9-01 2.08+00 9.85—02 2.38+00 3.58—02
1.00+02 1.66—01 219400 1.06-01 2.46+00 37002
1.50+02 1.1801 2.39+00 1.20-01 2.62-HN0 3.94—02;
2.00+02 9.24-02 2.48+00 25— 2.70400 4.05--02)
3.00+02 6.55—02 2.60-+00 1.39-01 2.81+00 4.22—02
4.004+02 5.13-02 2.67+00 1.4601 2.87+00 4.32-02
5.00+02 4.25—02 2.72+00 1.51-01 2.92+X} 4.38-02
6.00+-02 3.6402 2.76+00 1.55-01 2.95+0¢ 44342
8.00+02 2.84-02 2.81+00 1.60-0] 2.99+00 450024
1.00+03 2,342 2.84+00  1.64—01 3.03+00 4.55-402
1.50403 1.63~02 2.88+00 1.70—01 - 3.07T+H 4.61—2.
2.004+03 1.26-02 2.90+00 1.7401 3.09+00 +.64—02
3.00+03 8.76—03 2.93+00  1.78-01 3.12+00 4.68-02
4.00+03 6.78—03 2.94+00 1.80-0C1 3.13+00 4. 7002
5.00+03 3.5403 295400 1.81-01 3.144+00 4.72-02
6.00+03 4.70—03 296400 1.82-01 3.14+00 4. 7302
8.00+03 3.62—03 2.97+00 1.B3-01 3. 15+00 4. 7402
1.06+04 2.96—03 291+00  1.84—01 3.16+00 34,7502
1.50+04 2.04—03 2.98+00 1.85-0] 3.17+00 4.76-02
2.00+04 1.57-03 298+00  1.86—01 3.17+00 4.77—02
3.00+04 1.08—03 2.99+00 1.B6—01 3.17+00 4. 7702
4.004-04 8.31-04 2,99+00 1.87-01 3.18+00 4.77-02
500404 6,774 299400 1.87-01 3.18+00 4.78—-02
6.00+04 5.724 299400 1.87--01 3.18+00 4.78-02
B.00H-04 4,394 299+00 1.87-01 ) 3.184+00 4.78—02
1.00+05 3.57-04 2.99+00  1.87-01 & 3.8+ 4.78-02

h/atom) x .015030 = cm*/y

__70__




JAERI-M 9014

IRON, Z=26
Scatiering - Pair produrtion Twal Tunal
Photon L Photu-
Energy electric

With Withuut Nuclear Elecrron With Without With Without

coherent | coherent Reld held cuherenl coherent || roherent | coberen

Mel hiatom blatum blatam blatom bfatom biatom blutom rm'ig rm¥y
1.00-02 1.23+02 1.67+01 1.59+04 1.60+04 [.59+04 1.73+02 1. 724412
1.50—02 || 8.05+01 1.63+01 5.15+03 5,23403  5.17403 [| 5.64+01 5.57+01
2.00—02 || 5.98+01 1.61401 2.31+03 2.374+03 23303 {[ 2.55+0] 2,531+
3.00-02 |l 3.89+01 1.55+01 7.15+02 154402 7.31402 || 8.13400  7.84+00
4.00-02 || 2.94+01 150401 3.06+02 3.35+02  3.21402 (| 3.62+00  3.46+00
5.0002 || 2.43-+01 1.46+01 1.56+02 1.80+02 1.71+02 |1 1.94+00 1.84+400
6.0002 |j 2.12+0] 1.42+01 ] 9.04H01 1.12+02 1.05+02 (11.204+00 1.13+00
8.00-02 1.76+01 1.344+01] 3.76+01 5.52+01 5.10+01 5.95-01 5.50—01
1.00-01 1.54+01 1.28401 1.89401 343401 3.17401 3.70—01 3.42-01
1.50—-01 1.27+01 1.15+01 5.52+00 1.82+01 1.71401 1.96~01 1.84—01
2.00—01 1.12+01 1.06+01 2.33+00 1.35+01 [.29+01 1.46—01 1.3%-01
3.0001 0.50+00  9.194+00| 6.9801 1.02401  9.89+00 (| 1.10-0} 1.071
4.00~01 841400 8.24+00| 3.09-01 872400 BS540 || 9.4002 9.21-02
5.00m431 7.62+00 ©71.52+00 1.69-01 7.794+00  7.6%+00 | B.40—02 8,292
&K1 7.034+H0 6.96+00( 1.07-01 7.14+00 7.06+00 || 76902  7.62-02
8.00-01 6.15+00 6.114+00] 5.44-02 6.21400 617+ || 6.69-02  6.6502
o000 || 352400  5.50+00] 3.3802 5.55+00  5.53+00 )] 59902 59602
1504400} 148400 4.474+H00 1.5602 | 3.32-02 4.53+00 4.51+HX0 | 4.88-02 4.87-2
2.00430 381400 9.81-03 1.26—01 ] 3.95+H00 4.25—02
300400 3.004+00( 53503 | 3.50-01 1.05—03 3.35+00 3.62—02
4 DO 2.504+00( 3.61—03 1 56101 4.30—03 3.07+00 33102
5.00+00 2.16+00 | 2,7303 | 7.46-01 8.4403 2.92+00 3. 1412
6.00+00 1914001 21603 | 9.08-01 1.30—02 2.83+00 3. 0542
8.00+00 1.56+00 1.5303 118400  2.22-02 2.717+00 2.95—02
1.00+ 1.33+00] 1.19-03 140400  3.0402 2.76+00 2.98—02
1.50+031 9.84—01 7.00—04 1.82+00 4.73-02 2,85+ 30702
2.00+01 7.90—01 5.00-04 | 2.13+00  6.0702 2.98+X0 3.21-02
300401 5.7501 2.55+00  B.06—02 3.20400 3.4502
4 00401 45701} 2.844+00 9.45-02 3.394+00 3.65—02
5.400+01 3.81-1 3.06400 1.05—01] 3.54+00 3.82—02
6.00+01 3.29-01 3.224+00 1.1301 3.67+00 3.952
8.004-01 2.59—01 3.48+00 1.27-01 3.86+00 4. 1602
100402 2.15-01 3.65+00 1.3601 4.01+00 £.32—02
1.50402 1.53-01 3.94+00 1.53-01 4.25+00 4.58—02
2.0042 1.20—01 4.12+00 1.64—01 4.40-+00 4. 7502
3.00+02 8.51-02 4.324+00 1.78-0t 4.58+-00 4.94—02
4.004+02 6.67-02 4.444+00 1.860! 4, 69-+00 5.06—402
5.00-+)2 5.52-02 £.52400  1.92-01 4, 77HX) 5. 1402
6.2 4.73-02 4.57H00  1.9701 4. 8200 5.15—-02
8.00+02 3.69-02 4.65400  2.04—01 4.89+00 52707
1.00+03 3.04—02 4.60+00  2.09—-01 493+ 5.32-02
1.50+03 21202 4.77400  2.1601 5.00+00 5.39-02
2.00+03 1.64—02 4.80+00  2.2001 5.04+00 5.43-02
3.00+23 i.14—02 4.84400  2.2401 5.08+00 5.48-02
4.0(+-03 8.61-03 4.86+00  2.2601 5. 10+X) 5.50-02
5.00+03 7.20-03 4.88+00 2.2801 511400 5.51-02
6.00+03 6.11-03 4.894+00  2.290! 5.13+00 5.52—02
B§.00-+03 4.71-03 4.904+00  2.31-0] 5.144+00 5.5402
100404 3.84-03 4.91+00 2.3101 5.14+00 5.55—02
1,50+ 2.66—03 4.92400 2.3301 5.16400 5.56—02
2.00+04 2.04—03 4.934+00  2.33-01 5.16+00 5.56—02
3.00+04 1.41--03 4.93+00 2.3401 5.17+00 55702
4.00+04 1.08-03 4.93+00 2.35-01 5.17+00 55702
5.00+04 8.80—04 4.944+00 2.3501 5.17+0 5.58—02
6.00+4-04 7.44—04 494400 2.3501 5.17+00 5.58—02
8.00-+04 5.70—04 4.944+00  2.35—01 5.17+00 5.58—02
1.00+05 4,64--04 494400 2,360} 5.17+0 5.58—02

ihfrton) 1 O1UTB0 = cmdig
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COPPER, Z=29

Scattering Pair production Total Total
Photon Phino-
energy electric
With Without Nuclear Eiectrun With Without With Withont
coherent | coherent field field cuherent coherent 1 coherent | coherem
MeV blatom blatom blatom blatom bfarom blutom bintom rmtix emify

1.00-02 || 1.66+02 1.86+01 2.35+4 2.3T+H04  2.35+04 224402 223402
1.50—02 1.06+02 1.82+01 1.72+03 7.83+H03 7.74+03 7.42401 7.334+01
2.00-02 T7.70+01 1.79401 3.46+03 3.54+03 3.48+03 3.35+01 3.30HH
3.0002 || 4.92+01 1.734+01 1.11+03 1.15+03 1.12403 104+ k [.o+31
4.00-02 || 3.64+01 1.68+01 4.80+02 516102 497402 [l 489400  4.71+00
5.00-02 || 2.96+01 1.63+01 24702 2.774+H02  2.63402 [} 2.62400 25010
6.00—02 || 2.55+01 1.58+01 1.45+02 1.71+02 1.61+02 1.62+)0 1,520
8.00—02 || 2.07+01 1.50+01 6.08+01 B.14+01 7.58+4+01 7.72-01 7.18—01
10001 1.794+01 1.43+01 3.08+01 4.87+01 4.51401 4.61-01 4.27-01
1.50-01 1.45+01 1.29+01 9.04-+00 2.36+01 2.15401 223401 2.08—01
2.00-01 1.27+01 1.18+01 3.80+00 1.65+01 1.56+01 1.57-01 1.48—U1
3.0001 1.07T+01 1.02+01 1.15+00 1.18+01 1.14+G1 1.12-01 1081
4,00—01 9.42+00 91900 | 5.12-01 9.93HK  9.70+00 {94102 91902
5.00-01 8.54+00 8.39+00 [ 2.81-01 8.824+00  B.67H00 || B.36—02 82202
6.00-01 7.86+00 7.76+H00 1.77-01 B.04+00 794400 7.62-02 7.52-12
8.00—01 6.874+00 6.82+00 | 9.11-02 6.96HX  6.91+00 {le60—2 6.35-42
1.00400 | 616400 6.13+00 | 5.65-02 6.22+HH 6.1+ 5 802 5 #ir-112
1.504+00 || 4.994+00 4.98+00( 2.61—02 | 42302 5.06+00  5.05+00 || 48002 4.7
2.004-00 ([ 4.25+00 4.25+00 1.63—-02 1.58—01 4.43+00 4.43+00 4.20--02 4.10—G2
3.00+00 || 3.354+00 3.34+00 | 8.88103 4.38-01 1.1703 3.79400  3.79+00 |13.60—02 35402
4,00+00 279400 | 59603 | 69801 4.79—03 3.50+00 3.32-02
5.00+00 2.414+00 1 4.5003 ; 9.2801 9.41-03 3.35+00) 3. 1802
6.00+00 213001 3.5603 1.13+00 1.45—02 3.28+00 31002
8.00+00 1.74+00 2.52—03 1.46+00  2.4802 3.234+00 3.06—02
1.00+01 1.48+00 1.95—03 | ]. 7400 3.39-02 3.25+H% 3 OR—02
1.50+01 1.10+00 1.2003 | 225400 5.27—02 3.41+00 32302
2,00+0! 8.81-01 9.00-04 | 2.63+00 67102 3.58-4+H00 33902
3.00+01 6.41—01 6,00—04 | 3.15+00 B.97T-02 3.89+400 36802
4.00+01 5.10-01 40004 | 3.51+00 1.05—01 4.13+00 3.9) A2
5.00+01 4.25—01 3.786+00 1.17--01 4.32+00 41002
6.00+4-01 3.67—01 3,954+ 1.26-01 4. 48+40) 4.25-02
8.004+01 2.89-G1 4.30+00 1.41-01 4. 73+40) 4.48—02
1.00+02 2.40-01 4.52400 1.51-01 441400 4.65—-02
1.50+02 1.71-01 4 87+00 1.70-01 5.21400 40402
2.00+02 1.34-01 5.08+00 1.82—01 5.39+N) 5.11—-02
3.00+02 9.50—02 5.32+00 1.97-01 5.61+00 5.32--402
4.00+02 7.4402 5.46+00  2.06—01 5. 74+ 5.44—02
5.00+02 6.16—02 555+00 2131 5.834+00 5.52--02
6.00+02 5.27-92 562400  2.1801 5.89+00 5.58--02
8.00+02 4.12—-02 5.71+00  2.25—01 5.97+00 5.66—02
1.00+03 3.39-02 577400 2.30-01 6.03+00G 5.72-02
1.50+03 2.3702 5.85+00  2.38-01 6.11400 5.79-02
2.00+03 1.83—02 5.89+00 2,421 6. 15+00 5.83-02
3.00+03 1.27-02 5.94400  2.4701 6. 2040 5.88—02 |
4.00+03 9.83~03 5.97T+00  2.49-01 6.23400 5,902
5.00+03 8.03—03 5.984+00 25101 6.24+00 5.91--02
6.00+03 6.81—03 599400 2.52-01 6.25+00 5.93-02
8.00+03 5.2503 6.01400  2.54-01 6.26+00 59402
1.004+04 4.29—03 6.01+00  2.53501 6.27+00 5.95-02
1.50+04 2.9603 6.03+00  2.56—0] 6.29+00 5.96—02
2.00+04 2.2603 6.031+00 25701 6.294+00 5. r-4)2
3.00+4 1.5703 6.05+00 2.58—01 6.31-+00 5.98--2
4.00+04 1.21-03 6.05+00  2.58—0! 6.31+00 5.98-02
5.00+04 9,824 6.05+00  2.58—0t 6.314+00 5.98-02
6.00+04 8.3004 6.05+00 2.58-01 6.31+00 3.98—02
8.00+04 6.36—04 6.05+00  2.59-01 6.31+00 5.98—02
1.00+05 5.18—04 6.05+00  2.59-01 6.31+00 5.98—12

ib/alum] 2 D047 = cra®/g




JAERI-M 9014

TUNGSTEN, Z=74

: "Scattering Pair production Tatal Toral
Phuton Phito- T
energy electric

With Withnut Nuclear Electron With Without With Witheut

cuherent | coherent field held ccherent coherent voherent | vuherent

MeV blatom biatom blatom blatom blatom blatom hlatom cméfg emify
1.00-02 [{1.38+03  4.74+01 2.78+04 2.924+04  2.78+HK || 9.55+01 Y. 12+l
1.02—02{]1.35+03  4.74+01 2.63+04 2.974+04 264+ || 9.07HN K.a4+01
Ly 1.02-0211.35+03  4.74+01 7.04-+04 T7.18+04  T7.05+04 2.35H32 231K
115021120403 4.71401 5.06+HM 5.17+04  5.06+H L7002 1. 66r+032
La 1.15-02 |(1.20+03  4.71401 7.05+04 1.17+04  7.05+H04 2.35-+2 231402
1.21—02 || E.14+03 4.70+01 (6.17+H04 6.20+H)4  6.18HM 2.06rH)2 202402
L: 1.21-02 |{ 1. 14-+03 4.70+01 7.454+04 1.5+ T.45HK 2.48+02 2402
1.50—-02 || 8.99+02  4.65+01 4.25+04 4.34-+04  4.25HM 1A42-4+02 1.39+H12
2.00-02 |1 6.39+02  4.57+01 1.98+04 2.05+04 1.99+04 || 6.70-HH 6.5+
3.00-02 |/ 3.88+02 4.32+01 6.62+03 7.014+03  6.67+03 2.3(HHN 2.18-+H1
4.00—02 || 2.65+02 4.28+01 3.00+03 3.26+H03  3.04+03 1.07+01 9.974+00
5.00-02 || 1.96+02 4 16+01 1.61+03 1.80+03 1.65+03 5.91-+H10 5. HHM
6.00—02 || 1.54+02 4,040} 5.61402 1.12+03 1. 0{H+03 3.65H  3.2HHX
6.95-02 1} 1.28+02 3.93+01 6.32+02 7.604+02 6.71+02 2.49+00 2200
K 6.95-021]1.28+02  3.93+01 3.33+03 3.46+03 3.37+03 1.13+01 1. 10T
8.00-02111.07+02  3.83+)1 2.30403 2.41+03 2.344+03 78900 T.66+00
1.00—01 [ 8.13+01 3.656+01 1.27+03 1.35+03 1.314+03 FA3400 429400
1.50—01 §[ 5.38+01 3.28+01 4.26+02 4.80-+02 1.594+02 1.57-+HKr 1. A0
2.00-01 || 4.20+01 3.01401 1.65+02 2.37+02 2.25+02 7.77101 7.38-01
3.0001 {[3.15+01 2.62+01 6.60+01 9.75+01 9.224+01 3.20-01 10201
4,00—01 || 2.65+01 2.34+01 3.144+01 5.79401 1.48401 19008 [.B0—01
5,000t || 2.34+01 2.14+01 1.81+01 4.15+01 39540 1.36—01% b2
6.00—01 || 2.12+01 1.98+M1 1.17+01 3.20+HH .15+ 1.08—01 V.03-401
9.00—01 || 1.82+01 1. 74401 6.20400 2.44+01 2,36+ 7.99-402 778412
1.00+00 |} 1.614+01 1.56+01 3.88-00 2.00-+01 1.95+01 652 . 302
1.50-400 1] 1.30+01 1.27+01 1.774+007  4.28-01 1.52+01 1.40+01 4.97--02 4. BA-02
2.00-00 || 1.084+01 1.08+01 1.06HXK} 1.32+00 1.33+01 [.32+01 437402 43462
3.00+00 [ 8.57T+H00  8.53+00 5.5801 3.15+00 2.98—03 1.23-+01 .22+ 40202 40102
4004001 7.16400 712400 3.62-01 467400 1.22-02 1.22+0] 1.22+0] 4.00-02 39802
5.00+00 |1 6.17+00  6.15+00 2.6801 5.96+00  2.4002 1.24+01 i.24-+01 40702 40600
6.00H00 1 5.45+00  5.43+00 2.08-01 7.024+00  3.69—02 1.27+01 1.27+01 41602 41602
B.00+00 11 4.45+00 4.44+00 1.44-01 B.76+00  6.32—02 1.34+01 1.34-+01 4.39-02  4.39-02
1.00+01 {1 3.80+00  3.78+00 L1001 _1.024H))  8.64-02 ] 1.42+01 1.41+01 4.64--02 46302
1.50+01 2.80+00 6.88--02 1.30+01 13401 1.60+01 52402
2.00-+1 2.25+H00 4.97-02 1.5140] 1.69-01 1.76+01 5774
3.00401 1.64+00 3.2002 1.82+01 2.19-01 2.01+01 6. 59—-2
4.00+01 1.30+00 23602 2.03+01 2.55-01 2. 19+01 70602
5.00+31 1.09+00 1.87-02] 2.18+01 2.83-01 2.32+01 7.6002
6.00+31 9.35—01 1.55—021 2.30+01 3.05-01 2,42+ 79402
8.00-H31 7.36—01 1.1502; 2.47+0] 3.38—01 2.58+01 B.45)2
1.00+02 6.13-01 9.20-03 2.59+01 | 3.62-01 2.69+01 8.81-42
1.50+02 4.36-01 2.78+01  4.02-0] 2.87+01 9. 3912
2.00+02 3.42—01 2.90+01 4.27-01 2.98+01 9.76—02
3.00+02 24201 3.03+01 4.59—01 3.11+01 .02t
4.00+02 1.90-01 3. H1+H01 48001 3.1840% b1
5.00+02 1.57-01 3.16+H01 4.94—01 3.23+01 1.06—01
6.00+02 1.3401 3.20+01 5.04—01 3.26+01 1.070t
8.00-+02 1.05-01 3.24+01 3.1801 3.31+01 1.08-01
1.00+03 B.64-02 3.27+01 5.27-01 3.34+01 10401
1.50+03 6.04-02 3.32+01 5,400t 3.38+H 1.11-411
2.00+03 4672 3.34+01 5.48-01 3.40+01 1.11-01
3.00+03 3.25-02 3.37+01 5.56-01 3.43+HH 1.12-01
4.00+03 2.51-02 3.38+01 5.60—01 3.44-+01 1.13—M
5.00+03 2.0562 3.394+01 5.63—01 3.45+0) 1.13—01
6.06+03 1.74-02 3.40+01 5.65—01 3.45+01 1.13-01
B.00-+03 1.34902 3.40401 5.68—01 3.46+01 1.13-01
1.00+-04 1.09—02 3.41+01 5.76—01 3.474+01 1. 1401
1.50+04 7.56—03 3.41+01 5.72—01 3.47+01 1.14—1
2.00+04 5.8103 3.42+01 5.73401 3.48+01 1.14-01
3.00+04 4.01-03 3.42+01 5.75—01 3.48+01 1.14—G1
4.004+04 3.08-03 3.42+01 5.76—01 3.48+01 1.14-01
5.00+04 2.51-03 343+ 5.76-01 3.48+01 R0
6.00+04 2.12-03 3.43+01 5.76—01 3.48+01 1,140}
8.00+04 1.62—03 3.43+01 5.77-01 3.48+01 1.14-01
1.00+05 1.32—03 3.43+01 5. 7101 3.46+01 1.14—01

(bistum) x .003276 = reniix




JAERI-M 9014

LEAD, =82
Scattering Pair production Tutal Tutal
Pheten Photo-
energy electric
With Without Nuclear Electron With Withueut With Witheut
cvherent [ coherent field field coherent coherent coherent | cuherent
Meb blatem biatom biatom blatom blatom bfutem blarom rmile cm®lg
1.0002 || 1.734+03  5.254+01} 4.40+04 4.57+04  4.414+04 |} 1:33+02 1.28-+H12
1.36—02 || 1.34+03 5. 19+ 2,204 2.33+04 2.20+04 || 6.78401 6.41+01
o 1.30-02 [} 1.344+03  5.19+01| 5.58+04 5.71+04  5.59+04 || 1.66+062 162402
1.5002 || 1.15+03  5.16+01| 3.84+04 3.96+04 385+ || 1.i5HO2 1.12+02
1.52—02 {| 1.13+03  5.15+01| 3.7+04 386404 3.76+HM 1.124+02 bA0402
. 1.52-02 1.13+03  5.15+01] 4.90+04 5.01+04 491403 () 14602 1.-43+02
1.59—02 || 1.08+03 5.14H01} 4.35+04 4.46+04 436404 1.30-+02 127402
1., 15902 | 1.086+03 5.14+01 5.294+04 5.40+04  5.29+HM 1.57H2 1.54+02
2.00-02 || 8.174+02  5.07+01] 2.86+04 295+ 2.87+04 || B.5THII B.34+ 01
3.0002 || 491402  4.90+01 9. 71+03 1.02+04  9.76+03 || 2.97+HN 2.84+01
3.0002 || 3.36+02  4.75+HH 4.47+03 4.41+03  4.52+03 1A L3141
5.00—02 |1 2.48+02  4.60+01 2.44403 2.68H)3  2.48+03 | 7.81400 7224
6.00-62 [| 1.94+H)2  4.47+01 | 44+03 1.67+03 1.52-4+03 | 4.87HN 443 HX
80002 |} 1.32402 4.24+01|  6.70+02 8.03+02 T.LH02 }) 233400 L.07+H00
BB0—02 || 1.16402 = 4.16+01 5.15+02 6.31+02  5.56+02 1.HIHN 1.62-+X)
K 8.8002 || 1.16+02  4.16+}] 2.40+03 2.56+03 2.49403 || 745400 7.23+00
10001 j| 9.93+01 4.04-+31 1.76+03 1.864+03  1.804:03 || 5.404+00  5.23H)
1.50—0t || 6.39+01 - 3.64+01 6.14+02 6.78+02  6.51+02 || 1.97+00 1.B9+00
2.00-01 || 4.92+01 3.33H01 2.92+02 3.414+02 3.25+02 (| 99101  9.4501
C3.00-01 || 361401 2.90+0 1.03+02 1.39+02  1,32+02 || 4.04—01 3831
40001 || 3.004-01 2.60+01 4.96+01 7.56+031 7.56+01 2.31-01  2.20-01
50001 || 2.63+} 2.37+01|  2.9240] 5.55+H3 5.29401 1.61-01 1.54—0G1
6.00—01 || 2.374+01 2.19+H01 1.92+01] 429401 4.11+0] 1.25-41 1.20—01
B.00—01 || 2.03+01 1.93+01 1.02+01 3.04+01  2.95+01 I 8.85~02 8.56—02
1.00+00 || 1.79+01 1.73+01 6.394-00 2.43+01 2.37+01 7.0802 6,901
15000 {] 1.43+C1 141401 2.894+00 ! 5.6691 .78+ 1.75+01 51702 5.10-02
2.00+00 [t 1.2240] 1.20+01 177400 ] 1.70+00 1.57+01 1.55+01 4.55-02 45002
3.00+00 [ 951400  9.46+00] 9.14-01| 3.94400 3.30-03 1.44+01 1.43+01 41802  4.1602
4.00+00 || T94+00 7894001 5.89-01 5.77+00  1.3502 1.43+01 1.43+01 41602 4.14-02
5.00:4+00 {| 6.84+-00  6.81+00( 4.34-01 730400  2.6602 1.46+01 1.46+01 || 4.2402 4.2402
6.00+00 || 6.044+00  6.02400( 3.36—01 8.54+00  4.0902 1.50+01 1.49+01 43502  4.3402
B.OH00 || 4.934+00 4.92+00| 2.31-01 1.05401 7.00-02 1.58+1 1.58+01 35002  4.5902
OG0T ] 420400 £ 19X 7801 1.22+0] 9,572 1.67+01 1.67+01 4.84-02  4.8402
1.50-+01 J0H0 | 11201 1.55+01 1.48—0] I.89+01 5,482
2.004-01 24900 | B.10—02 | 1.B1+0I [.66—01 2.409+11 6,062
300+ L1 |  5.20-02 [ 2.08HN 2.42-01 2.3+ 1 b, U2
4. 0001 1.44+0G|  3.H0—02 ] 2.43+01 281N 2.6040] 7.0712
SANHOE 1.20-H00 30012 | 2.61+010 31101 2.77+01 B.04—02
£.00+01 1.04+001 25002 2.75+0 3.35-01 2.89+01 B.41 2
B.OG+1] 8.18—01 1.80-02 [ 2.96H)] 3.71-01 3.08+ B, 962
1.00+02 6.79—01 1.41-02 | 3.10+01 3.9701 32+ U4
1.50+02 48301 3.33+01 4.41-01 3.43+! 4.96—02
2,.00+02 3.79-01 3.48+01 4.68—01 3.56+01 1.03—G]
3.00+02 2.66-01 1.64+01 5.03-01 3.71+01 1.08-01
4.00+02 21001 3.73+01 5.2501 3.80+01 1.11-01
5.00+02 "1.7401 3.75+01 5.40—01 3.86+01 1.12-01
600402 1.49—01 3.83+01 5.51-01 3.90401 1.13—01
8.00+02 1.16—01 3.89+01 5.60—01 3.96+01] 1.i501.
1.00+03 9.58—02 3.92+01 5.76—-01 3.99+01 1.16-01
1.50003 6.69—{02 3.98+01 5.90-01 4.04+01 1.18-01
2.00-H)3 5.18-02 4.00+01 5.98—01 4.07+01 1.18—01
3.00+03 3.60-02 4.044+01  6.07—01 &4 10-+0] 1.1901
4.00+03 2.78-02 4.05+01  6.12-01 4.12401 1.20—01
5.00H03 2.27-02 4.06+01  6.15-01 4.13+01 1.20-01
6.00+03 1.93—02 4.07+01  6.17-0 4.13+01 1.20—
B.OUH+03 1.48—02 4.08+01  6.2001 4.14+01 1.201
100+ 1.21-02 4.0940!  6.21-01 4.15+01 1.21-01
1.50+04 8.37-03 4.0+01  6.2401 4. 16401 1.21-01
2.00+04 6.44—03 4.10+01 6.25—01 4. 1601 1.2101
3.00-+04 4.44—03 4.10+01  6.27-01 4. 1601 1.21-01
4.00+4 3.41-03 4.10+01 6.28—01 4,17+01 1.21-01
5.00-4-04 2.78—03 411401 6.28—01 4.17+01 1.21-01
6. G0-+04 2.3503 4.11+01 6.28—01 4.17+H01 1.21-01
8.00+04 1.80--03 4.11+01  6.29401] 4. 17+01 1.21—0}
| 1.00+05 1.46—03 4.11+01  6.29-01 .17+ 1.21-01

ib/atum) x 002067 = cm¥fy
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JAERI-M 9014

URANIUM, Z=92

Soattering Pair production Total Total
Phuton Photo-
rnergy electric
With Without Nurlear Efectrom With Withowt With Without
iherent vitherent held field ruherent ruherent toherent | coherent
MeV blarom blarem bBlatom blatom Ylutom blatom blatom rm*/g rmtlg
1.00-02 ) 2.17+03  5.8%+01 6.84+04 705K 684404 1.78-+02 1,73+ 02
1.50021 1.474+03  5.79+01 2.38-+04 2.53+04 2.38HMH 639+ 6.03+01
1,72--02 1] 1.27+03  5.74+01 .68+ 181+ 1.69+04 4.58+01 428 0]
Ly 1.72-02|] 1.27+03 5.74+H01 4.06+4 410404 3.07THK 1.06+02 [IRIRRZN
2.0002 | 1.07+03 5.68+01 2.70+034 281404 Z2.71+4 A tatl] LR REHH
2.09-021 1.01+03 5.674+01 2.39+04 2.48+04 238408 || 62TH .03+ 0]
Le 2.09-02 It 1.01+03 5.67+01 3.36-+-04 J4BHM 1B+ || BHGH B.56+01
2.18-02 [} 9.61+02 5.65+01 3.06+34 3.1+ 106+ TU8-H R
L, 2.18-07 || 9.61+02  5.65+0] 3.53+04 3.63+HKM  3.54HM 9.18+01 B.954 01
3.0002 |} 6.36+02 5.50+01 1.56+04 1.62+04 1.56-+04 || 4.10+01 R TN
4.00—02 || 4.36+02 5.324+01 7.35+03 T7.794+03 T.40-H13 1.97+H01 LR 00
5.00—02 || 3.22+02  5.16+01 4.07+03 439403 412403 111401 B0+
6.00—02 || 2.51+02 5.02+01 2.50+03 2.75+03 2.55+03 6.96HI A 45+
B.00—02 {| 1.68+02 4.76+01 1.16+03 [.32+3 1. 20+03 3.45+00 ERIIESVE
1.00~-01 1.25+02 4.53+H1E| 6.31H12 1.56H12 6.77H)2 1T 1.71+4m
1.16-01 1.05+02 438401 4.26402 5.31+02 170402 134400 1. 1901
K 1.16—01 1.05+02 4.38+01] 1.824+03 1.92+03 . 1.86-+H)3 LHB6+H00 471400
1.50-01 7.80+01 = 4.084+01| 9.36+02 1.014+03 9.77+02 2.56H1 247400
2.00—01 5.88+01 3.74+01| 4.48402 5.07+02 +.85+112 1.2H+HK) 1,23+
3.0001 || 4.21+01 3.25+01 1.594+02 2.01+02 1.92+02 5.09—01 4,851
4.00—01 || 3.45+01 291+ T.HTHIL 113402 1.08+02 2 8601 2. T3-0t
5.00—1 301401 266010 46401 7.65+01 7.304+01 1930 1. 8501
6.00—01 || £.70+01 2.46+011  3.06+01 5.76+01 5.52+01 14601 14104
8.001 2.26+0] 216401 1.65401 3.94+01 1.81+01 Q9732 96402
1.00+00 || 2.03+01 1.94+011 1.04+01 3.07+01 2.08+01 7.76-02 7.54~02
130G |1 1.61+01 1.58+011  4.73+00 7.97-01 217+ FRRE 5.48-02 53012
200400 | 1.37+01  [.35H01] 284400 | 22604 1.88+M1 LA+l || 17502 4.70-02
3.00400 [ 1.07401 1.06+01 1.494+00 509+ 3.70-03 173+ 1,724 61 4.38-02 o 3512
40000 || 8.9(+00 B.85+001 9. 5801 7.32400 1.52—12 1.72+01 ARl b RS B )
S.00+00 || T.68+00 764001 7.021 G 16H0 2,992 1. 7601 [.75+01 AL )2 1Rk -2
6.00-+00 |} 6,780 075+ 54301 1. 0601 45042 [ B0 LB 05N A.5H2
HO04+00 1 5.55+00 LRZHK| 37501 13001 7 B2 [ 90+ FLBO+0OL 4 .HOH2 A7 1
1. 0001 $.72400 471406 2.881 14U 107! 2HHOT ZUNRDE 50602 N2
150401 3.48+00 ] 1.80—01 1.88-+01 ] A5 2.2THN 574012
2.00+01 280400 1310 2.2+ 2.08—1 2.5+ b 3612
3.00+01 2.04+00  B.5002 2.6601 2.69—01 2 9001 7.33-4002
4.00401 1.62+001 6.20—02 2.96H01 3.13-01 3. e+l 79942
5.00+01 1.35+037 5.0002 3.14+H0tL 3.46—01 3.36+0] #5002
6.00+01 1.16+30 | 4.0002 3.36+01 3,701 3.51+01 8.89-432
8.00401 9.171 3.00—02 3.61+01 4.12-01 3.75+01 G.48—02
1.00402 7.62—01( 2.40-02 3.7+ 4.41-01 3.89+01 9.81-02
1.50+02 5.42-01 4.07+01 4.80—01 4.17+01 b.oe--01
2.00+02 4.25-01 4.244+01 5.19-01 4.34+01 P 1000
3.00+02 3.01-01 4. 44401 5.57-0l 4.53+01 11500
4.00+02 2.36—01 4.56+01 5.81-01 4.64+01 11701
5.004+02 ©1.9501 4.63+01 5.98—01 4. 71401 11901
6.00+02 1.6701 4.69+01] 6.1 4.76+01 1.21-01
B.00+H02 1.31-01 4. 75401 6.25—01 4.43+01 1.22--01}
1.00+03 1.07-01 4.80+01 6.3601 4.88+01 1.23—-01
1.504+03 7.50—02 4.87+01 6.51-1 3.94+01 1.25--01
2.00+G3 5.81-02 4.90+01 6.60—01 4.97+H1 1.26—01
3.00H03 4.0402 4.94+01 6.69—11 5.01+01 1.27-01
4.004-03 3.12-02 4.96-+011 6.74-01 5.03+01 1.27-01
5.00403 2.55—02 4.97+01 6.78—01 5.04-+01 1.28-01
6.00403 2.16—2 4,98+ 6.80-01 5.05+01 1.26—01
8.00+03 1.67-02 5.00-+01 6.83—01 5.07+01 1.28-0%
1.00+04 1.36—02 5.00+01 6.85—01 5.07+01 1.28—01
150104 9.40—-03 5.01+01 6.88—01 5.08+01 1.29-01%
2.00+04 7.22—03 5.02+)1 6.89-01 5.09-+01 1.29-01
3.00+04 4.98—03 5.02+01 6.91--01 ~ 5.09+01 1.29--01
4.00+04 3.83—03 5.03-+01 6.92—01 3. 1001 1.29-01
5.00+04 3.11-03 5.03+01 6.92--01 S5.10-01 §.29-]
6.00+04 2.63—03 5.03+01 6.92—01 5.10+01 1.29-01
B.00H+04 2.02-03 5.03+01 &.93--01 5.10401 1.29--01
1.00+05 1.64—02 5.04+01 6.93—01 5.11+01 1.29-01

{bfnlom} n 02530 = »mify




JAERI-M 9014

WATER, H.0
Sruliering Pair pridurtion Tukai
Fhuten Phota-
nnrTEY ®ith Withssin electrie Nuclear “Eleceron ®ith Without
cuherent caherent field field caherent vohereni

Med’ rmijg emtin emYg omtig emtjy emix emtiy
1.0002 || 3.9701 2.1401 4.78+00 5.18400  4.95+00
1.50—02 || 3.09—01 2.1001 1.27400 1.58+00 1.48+00
2.0002 || 27001  2.07-01 | 5.0501 17501 7.11-01
3.0002 || 2.32—-01 2.00-01 1.3801 3.70-01 3.38G1
4.00-02 || 2.1301 1.93—01 | 5.4802 26701 2.4801
5.00-02 | 2.00-01 1.8801 | 2.67-02 2.21-01.  2.14-01
6.00—02 1.91-01 1.82-01 1.50—02 2.0601 1.97-01
B.0O-02 || 1.78-01 1.73—01 | 5.95-03 1.84—01 1.79—01
1.00—01 1.68-01 1.65—0t | 2.8503 1.71-01 1.68-01
1.5001 1.50—01 1.48—01 7.7604 1.51-01 1.4901
2.00—-01 1.37-0 1.3601 | 3.11-04 1.37-01 1.36—01
3.00—01 1.19—-01 1.18—01 | 8.86-05 i.1901 1.18--01
4.00—01 1.06-01 1.06-01 3.78—05 1.06—01 1.06—01
5.00-01 0.68—02 9.6702| 2.0405 3.68—02 4.67-02
6.00—01 8.9602 8.95-02] 1.28—05 8.96-02 8.9502
8.0001 7.86—02 | 6.42—06 7.86—02
1.00-+0 7.0602 3.98—06 7.0702
1.50+00 57402 | 1.B606| 9.86—05 5.75-02
2.00+00 49002 | 1.18-06 | 3.93—04 4.94-42
3.00-+00 3.8502 | 6.62—07 1.13—03  1.3405 39702
4.00-+00 3.2202) 4.51-07 1.83—03  5.52—05 3.4002
5.00+00 27602 | 3.4407 | 24503 1.0904 3.03—02
6.00+00 24502 27507 | 30003 16T 2.77-02
8.00+00 2.01-02 | 1.97-07 | 39303 2.864 2.43-02
1.00-+0] 1.71-02 | 1.54—07 | .4.60-03 39004 !l - 2.22—02
1.50+01 1.2702 6.11-03  6.0804 1.94—02
2.00+01 1.02—-02 7.1603  7.80—04 1.81-02
3.00+01 7.4003 8.63—-03 1.04—03 1.71-02
4.00+01 5.86-03 9.63—03 1.23-03 1.6702
5.00+01 4.91-03 1.04—02 1.38-03 1.67—02
6.00+01 4.22—03 1.10-02 1.51--03 1.67-02
8.00+01 3.33-03 1.19-02  1.70-03 1.70—02
1.00+02 2.7703 1.26-02 1.84—G3 1.7202
1.504+02 1.9703 13702  2.09-03 1.7802
2.00+02 1.5403 1.44-02 22603 1.82~-02
3.00+02 1.09—03 15202 24803 1.88-02
4.00+02 8.5704 1.57-02  2.62--03 1.92-02
5.00+02 7.10-4 1.60—02 2.73-03 1.95-02
6.00+02 6.08—04 1.63-02  2.80-03 1.97—-02
8.00+02 4.75-04 1.66-02  2.92—03 2.0002
1.00+03 3.90-04 1.68—02  3.00-03 2.02-02
1.50+03 27304 1.71-02  3.12-03 2.05—02
2.00+03 2.11-04 1.72—-02  3.20-03 2.06~02
3.00+03 1.47-4 1.7402  3.3003 2.08—02
4.00+03 1.13-04 1.7502 3.35403 2.1002
3.00+03 9.2605 1.76—02  3.3503 2.1002
6.00+03 7.8605 1.76-02  3.4003 2.11-02
8.00+03 6.05—05 1.77-02 3.4303 2.11-02
1.0(0+04 4.9405 1.7702  3.4503 2.12-02
1.50+04 3.41-05 1.7702 3.48-03 2.13-02
2.00+04 2.62-05 1.78~02  3.50-03 2.13-02
3.00+04 1.8105 1.7802  3.5203 2.13-02
4.00+04 1.3905 1.78-02  3.52—-03 2.13—-02
5.00+04 1.13-05 1.78—02  3.53-03 2.13-02
6.00H+04 9.57-06 1.76—02  3.5303 2.14—02
8.00-+04 7.33—06 1.76—02  3.5403 2.14—02
1.00+05 5.97-06 1.78—02  3.5403 2.1402




JAERI-M 9014

SILICON DIOXIDE, SiO,

Scattering Puir produrtion Tutal
Photon Photao-
£nerEy With Without electric Nuclear Elestron With Withow!
cuherent ruherent field field coherent cubisrenl

Mot el cmiix em3p Coemtle cmile em¥g cmbig
1.00—02 || 5.64-01 1.93~01 1.85+01 1.90+01 1.87+01
1.50-02 || 3.95-01 18901 | 5.33+00 3.73+00  5.52+00
2.00-02 || 3.16-01 1.8601 | 2.18+00 24900  2.36H00
3.0002 || 2.46-01] 1.8001 | 6.13-01 8.59—01 7.93-01
4.00-02 || 2.1401 17401 | 2.48-01 4.63—01 4.22-01
5.00-02 1.9 1.69-01 1.22--01 3.18—01 2.91-01
6.00--02 1.83-01 1.641 | 6.91-02 2.5201 2.33-01
8.00—02 1.67--01 1.56-01 | 2.78-02 1.94-01 1.83—1
1.0001 1.55~01 1.48~01 1.36—02 1.69-01 1.62—01
1.5001 1.3701 1.33-01 | 3.76-03 1.40—0] 1.37-01
2.0001 1.24-01 1.22-01 1.53-03 1.260] 1.2401
3.0001 1.07-01 1.06-01 | 4.4504 1.0801 1.07-01
4.00—0! 9.57-02 9.52—02| 19204 9.59—02 9.54-02
3.00-01 8.73—02 B.70-02 1.04—04 B.74—02 B.7102
6.00—01 || 8.07-02 8.0502| 6.5005 8.08—02 8.05-02
8.00—01 7.07-02| 3.2805 7.07-02
1.00+00 63602 | 2.0305 6.36—02
1.50+00 516-02 | 9.4906 | 14704 5.1802
2.00+00 4.41-02 ( 6.02-06 | 5.B1-4 44702
3.00+00 3.4702| 33306 1l.66-03 1.21-05 3.63—02
4.06+00 28902 | 2.2606 26903 49705 3.17-02
5.00+00 2.50-02| 1.6306| 36003 9.7605 2.87-02
6.00+00 22102 13806 | 44203 1504 2.66G2
8.00+00 1.8102| 9.81-07| 57603 25704 2.41-02
1.00+01 1.54-02 | 7.6807| 68603 35104 2.2602
1.50+31 1.14-02 8.94-03 5474 2.09--02
2.00+01 9.14—03 1.0502 7.02—-04 2.03—02
3.00+01 6.65—03 1.2602 9.35—04 2.02-02
4.00+01 5.28—03 14002 11103 20402
5.00+01 4.41-03 1.52-02 1,243 2.08—02
6.00+01 3.80~03 1.60-02  1.35-03 2.12-02
8.00+01 3.00—03 1.7302 1.51-03 2.18-02
1.00+02 2.49-03 1.8302 1.64—03 2.24—02
1.50+02 1.77-03 1.98—02 1.8503 2.3402
2.00+02 1.39-03 2.07-02 1.9903 2.41-02
3.00+02 9.8—04 2.1902 2.18—03 2.5002
4.00+02 7.71—04 2.2902 23003 2.56—02
5.00+02 6.39-04 22902 23803 2.60—02
6.00+02 5.47-04 23302 24503 2.62—02
B.O0H)2 || 42704 2.3702 2.5403 2.66—02
1.00-+03 3.51-4 23902 2.61-03 2.69—-02
1.50+03 2.45-04 24302 2.71-03 2.73-02
2.00+03 1.90-04 24502 2.7803 2.75—02
3.00+03 1.32-04 24802 2.8503 2.7802
4.00+03 1.02—04 2.49-02' 2.894903 2.79-02
5.00+03 8.33-05 2.5002 29203 2.80—-02
6.00+03 7.06-05 2.5002 29403 2.81-02
8.00-+03 5.4405 25102 29703 2.81-02
1.00+04 4.44-05 25202 2.9803 2.8202
1.50+04 3.07-05 2.52-02 3.0103 2.83—02
2.00-H04 2.36-05 2.53-02 3.02—-03 2.83—02
3.00+04 1.63-05 2.53-02 3.03-03 2.83-02
4.00+04 1.2505 25302 3.04403 2.84--02
5.00+-04 1.02-05 25302 3.0403 2.84-02
6.00+04 8.60-06 25302 3.05-03 2.84—02
8.00-+04 6.60-06 25302 3.05-03 2.8402
1.00+05 5.37-06 25402 3.0503 2.84-02




JAERI-M 90614

AIR, NBS Handbook 85(1964) Composition

Sealtering Pazr produttion Toral
Photan Phato.
enerEy ®ith Witheut elecirie Nuclear “Electron Rl Withant
civherent coherent feld feld voheren coherent
Wl cmilg rmtix rmtlg cm¥ig eretig cm'a cm'fp
1.00-02 || 3.64-01 1.9301 4.63+00 4.994+00  4.82+00
1.50-02 || 2.85-01 1.89—01 1.27+00 1.55+00 1.45+00
2.00-02 || 2.47-01 1.86—01 5.001 7.52—H 6.91--01
3.0002 || 2.11-01 1.80—01 1.39-01 3.49-01 3.18-01
4.0002 1.93-01 1.7401 5.53-02 2.48—01 2.29-01
5.00-02 1.81-01 1.69—01 | 2.70-02 2.08-01 1.96--01
6.00—02 1.73-01 1.64—01 1.52—02 1.88—01 1.79—01
8.0002 1.61-0] 1.56—01 } 6.06-03 1.67-01 1.62—01
1.00—01 1.5101 1.48~01 29403 1.5 15101
1.50-01 1.3501 1.33—-01 8.0504 1.36—01 1.34—01
2.00—01 1.23-01 1.22--01 3.2 1.23—41 1.23—01
3.00-01 1.0701 1.06—01 9.30—05 1.07-01 1.06—01
4.00-01 9.53—02 4.52-02 3.99—05 9.54--02 §.53—02
5.00-01 8.70—02 8.70—02 | 2.1505 4.70-02  8.70-02
6.00-01 B.05-02 8.04—02 1.3405 B.05—02  8.05-412
8.00-01 7.07-02 | 6.79-06 70702
1.00+00 6.36—02 | 4.20-06 6.36—02
1.50+00 5.17-02 1.96~06 | 9.85-05 5.1812
2.00H0 44102 1.2506 | 3.94—04 4.45—02
3.00+030 347402 6.97-07 1.13-03 1.2105 3,582
4.00+00 2.89-02 | 4.73-07 1.83—03 4.9705 3.08-02
5.00+00 2.50--02 | 3.6107 24603  9.7605 2,752
6.00+00 2.21-02 | 2.8807 3.01-03 1.50—04 2.52-02
8.00+00 1.81-02 2.06—07 | 3.9403 2574 2.23—2
1.00+01 1.54-02 | 1.61-07 | 4,70=08—-3.5]- 2.0402
1.50401 1.1402 6.14—-03  5.47--4 1.81-02
2.00+01 9.1403 7.18—03  1.02—4 1.70—02
3.00+01 6.65-03 8.65—03 9.35—4 1.62—02
4.00+01 5.28603 9.67-03 1.11-03 1.61-02
5.00+01 4.41-03 1.0402 1.24-03 1.61-02
6.00+401 3.80—03 1.1102 1.36-03 1.62-02
8.00+01 3.00—03 [.2002 1.53-03 1.65—02
1.00+02 2.5503 1.26-02 [.65—03 1.68—2
1.50+02 1.77-03 1.38—02 1.87-03 1.74—02
2.00+02 1.39—03 1.45-02  2.02—03 1.79-02
3.00+02 0.85~04 1.53—02  2.2243 1,85—02
4.00+02 7.71-04 1.58-02 2.34-03 1.849-02
5.00+02 6.38-04 1.61—02 2.43-03 1.42-02
6.00--02 5.47T04 1.63-02  2.50-03 19402
8.00+02 4.27-04 1.6702  2.60—03 1.97-02
1.00403 3.514 16902 2.67-03 1,992
1.50+03 2.4504 1.72-02  2.79-03 2.02--02
2.00+03 1.90—04 1.73—02  2.86-03 2.04—02
3.00+03 1.32—04 1,702 2.9503 2.0602
4.00+03 1.02-04 1.7602  2.9903 20702
5.00+03 8.33—05 1.7702 3.02-03 2.08—02
6.00+03 7.0705 1.7702 3.0503 2.08-02
8.00+03 5.44-05 1.78-02  3.08—03 2.09-02
1.004+04 4.44—05 1.78—02 3.10-03 2.09—02
1.50+04 3.07-05 1.78—02  3.1203 2.1002
2.00+04 2.36—05 1.79—02 3.14-03 2.1002
3.00+04 1.63—05 1.79-02  3.15-03 2,112
4.00+04 1.25-05 1.7902 31603 211402
5.00+04 1.02—05 1.79—02 3.173 21102
6.00+04 8.6006 1.7902 3.17-03 2.11-02
8.00+04 6.60—06 1.79—-02  3.1803 2.11-02
1.00+05 5.37-06 1.79-02 3.18—03 2.11-02
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CONCRETE, Grodstein—McGinnies Composition

Negliering Pair pessluection Trtal
I"hestim Phodin

FArrRY With Withowt rleviric Nuclear Eleciran With Withowt

vubierent coherent firld field citherent tirherent

Heb rmiin rmtg raig rmi/x cmifa emtly rmiix
1.00-02 |} 6.00—01 1.93-01 2.63+01 2.69401 2.65+01
1.50-02 [ 4.21-01 1.89-01 | 7.824+00 8.244+00 8.01+00
2.00—-02 1§ 3.3401 1.8601 | 3.26+00 3.59+400  3.45+00
3.0002 || 2.56~0] 1.80—01 | 9.383—01 119400 1.124+00
4.0002 || 2.20-01 1.74-01 3.8401 6.05—01 5.59-0}
5.00-02 1| 2.00-01 1.69—01 | 1.92-01 3.92—01 3.61-01
6.00—02 1.86—01 1.64-0} 1.09—01 29501 2.7301
8.00—02 1.69—01 1.56—01 4.45-02 21301 2.00-01
1.00--01 1.5701 1.4801 2.19—-02 1.7901 1.70—01
1.50-01 1.3701 1.3401 6.2003 1.44—01 1.4001
2.00-01 1.25—01 1.22-01 2.5603 1.27-01 1.25-01
3.00-01 1.07-01 1.0701 7.52—4 1.08-01 1.07-01
4.00—01 9.60—02 9.5402{ 3.27-04 9.63—-02 9.58-02
500-01 [{ B.75—02 87202 | 1.7 8.77—02 8.73-02
6.00—01 8.0002 B.0602 1.11-04 8.10-02 8.07—02
8.0001 7.0002 7.0802 | 56405 7.09-02 7.09-02
1.00400 6.37-02 [ 3.5005 6.3702
1.50400 5.18—02 1.63—05 1.5804 5.19—02
200400 4.42-02 [ 1.03-05| 6.22-04 ' 4.4802
3.00+00 34702 | 5.67-06 1.7703  1.21-05 3.65-02
4.00+00 29002 | 3.8406| 28703 49805 3.19—02
5.00+00 25002 28606 | 3.84-03 97805 2.90-02
6.00+00 2.2102 1 2.32—06 | 4.70-03 1.50—04 2.70--02
8.00+00 1.81-02 1.65-06 | 61303 2.5'_!—04 2.45-02
1.00+01 1.54--02 1.2-06 | _1.31-03 3.52 2.31-02
1.50401 1.14-02 | 9.21-08 | 9.52-03 5.48-04 2.1502
2.00+01 91503 | 6.58-08| 1.11-02 7.03—-4 2.10—02
3.00+01 6.67-03 1.3402 93714 2,1002
400+ 5.3003 14902 1.11-03 2.1302
5.00+01 4.42-03 1.6102 1.24-03 2.1802
6.00+01 3.81-03 1.7002 11,3503 2.22-02
8.00+01 3.0603 1.84—02 1.51-03 2.2902
1.00+02 2,493 1.94-02 1.64—03 2.3502
1.50+02 1.7603 2,11-02 1.85-03 24702
2.00+02 1.3903 2.2002 1.99-03 2.5402
3.00+02 9.8704 23202 2.18—03 2.6402
400102 7.73—04 2.39-02 2.30—03 2.69-02
5.00+-02 6.40—04- 2.43-02 2.38-03 2.73-02
6.00+02 5.486—04 24702 2.44-03 2.7602
8.00+402 4.28—04 2.51-02 2.5403 2.81-02
1.00+03 3.52—4 2.5402 2.60-03 2.83—02
1.50+03 2.4604 25602 2.71-03 2.8702
2.00+03 1.90—04 2.6002 2.7703 2.90-02
3.00+03 1.32—04 26302 2.8503 2.92--02
4.00403 1.02—04 2.6602 28903 2.94—02
5.004+03 8.3505 2.65-02 2.92-03 2.9502
6.00+03 7.08—05 265902 2.93-03 2.9502
8.00+03 5.4505 26602 2.9603 2.9602
1.00+4 4.45—05 2.6702 29703 2.9702
1.50+04 3.0805 2.67-062  3.00-03 2,982
2.00+04 2.37-05 2.6802 3.0}-03 2,982
| 3.00404 1.63—05 2.68-02 3.02—-03 2.98-02
4.00+04 1.25-05 2.6802 3.0303 2.99—-02
5.00+04 1.02-05 2.6802 3.03—03 2.99-02
6.00+04 8.62—06 26802 3.0403 2.99--02
8.00-+04 6.61—06 2.68-02  3.04-03 2.99—-02
1.00+05 5.3806 260402 3.04-03 2.96—02
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MUSCLE, Striated, NBS Handbook 85(1964) Composition

Seattering Fair produrtion Tl
Photen . Photo-
rherky With Without electric Nurleur Elertron With Without
evherent coherent field field coheren cosherent

MoV emtfe em'ix emtfe emtlg emifn emtlg emn
1.00-02 j| 3.89-01 21201 | 4.88+X0 5.27+00  5.09+00
1.50-02 il 3.05—01 2.08—01 1.32+00 ) 1.63+00 1.53+30
2.0002 || 2.66—01 2.0501 5.26—01 7.93—01 7.31-01
3.00—02 {1 2.29-01 1.9801 14401 3.73-01 3.42-01
4.00—02 || 2.1001 1.92—01 5.73—02 2.68—01 2.49—01
5.00-02 1.98—01 1.86—01 2.81-02 2.27-01 2.14--01
6.00—02 1.90-01 1.81-01 1.5802 2.05—01 1.97-01
8.00-02 1.76—01 1.71-01 | 6.31-03 1.83-01 1.78—01
1.0001 1.67—01 1.6301 | 3.0403 1.70—01 1.66—01
1.50-01 1.45-01 1.4701 8.32—04 1.49-01 1.48—01
2.00-01 1.3501 . 13501 3.35—04 1.3601 1.35—01
3.0001 1.18—01 1.17-01 9.59—05 : 1.18-01 1.17-01
4.0001 1.05—01 1.05—01 4.11-05 1.0501 1.05--01
5.00-01 9.59—02 95802 | 2.22-05 9.60—02  9.59-412
6.00—01 8.88-02 B8.8702 1.3905 : 88602 887
8.060—01 7.79—02 | 6.99—06 : 7.7902
1.00+00 C7.0002 | 4.3306 7.00—2
1.504+00 5.60—02 | 2.03-06 | 9.6%05 5.70—02
2.00H00 48602 | 1.29-06 | 3.86-04 4.89—-02
3.00+00 3.82-02 7.1807 1.11-03 1.33-05 3.93—02
4.00+00 3.19-02§ 4.8007 1.80—03  5.47--05 3.3702
5.00+00 27502 | 3.73—07 | 2.41—03 1.08--04 3. (0002
6.00+00 24302 [ 29707 2.95-03 1.65-04 2.7402
8.00+00 . 1.9902 | 2.1307 | 3.86-03 28304 2.4002
1.00+01 1.69-02 1.6607 | 46003 3 8704 2.19-02
1.50401 1.25—02 6.00-03 6.03—04 1.92—-02
2.00+01 1.01-02 7.03-03 7.73—4 1.79-02
3.004+01 . 7.33-03 8.47-03 1.03-03 1.68—02
4.00+401 5.82-03 9.46—03 1.22—03 1.65—02
5.00+01 4.86—03 1.02—02 1.37-03 1.64—~)2
6.00+01 4.1903 1.0802 1.49-03 1.65—02
8.00401 3.30—03 1.17-02 1.68—03 1.6702
1.00+02 2,7503 1.24-02 1.82—03 1.70—-02
1.50+02 1.95-03 1.35-02 20703 1.75-02
2.00+02 1.53-03 1.42-02 2.24—03 1.79-02
3.00+02 1.09-03 1.50-02 2.4603 1.8502
4.00+02 8.5004 1.54-02  2.6003 §.85—02
5.00+02 7.0404 | 1.58—02  2.70-03 1.62—02
6.00+02 6.02—04 1.60-02  2.7803 1.94—02
8.00+02 4.70—04 1.63-02  2.89-03 1.97—02
1.00+03 3.8704 1.65-02 29703 1.99-02
1.50+03 2.70—04 1.68—02 3.10-03 2.02-02
2.00+03 2.09—04 1.60—02  3.18-03 2.03-02
3.00+03 - 1.4604 1.71-02  3.27-03 . 2.05—02
4.00+03 1.12-04 17202  3.32-03 2.0602
5.00+03 9.18—05 17302  3.3603 2.0702
6.00+03 7.79-05 1.73-02  3.3803 2.08—02
8.004+03 6.00—05 1.74-02 3.4103 2.0802
1.00+04 ‘ 4.90—05 1.7402  3.43-03 2.09—02
1.50+04 3.3805 1.74—02  3.4603 20002
2.00+04 2.60—05 1.7502 3.48-03 2.10-02
3.00+04 1.79-05 1.702 3.4903 21002
4.00+04 1.38—05 1.702  3.50-03 2.1002
5.00+04 1.12-05 1.75—02  3.51-03 2.10-02
6.00+04 9.48—06 1.7502  3.5103 2.10-02
8.00+04 7.2706 1.75-02  3.52-03 2.1002
1.00+05 5.91—-06 1.702  3.52-03 2.11-02
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POLYETHYLENE, (CH.),

Seattering Pair production Tt}
Fhetlon Pho-
enerey With Without electric Nucfesr Election ®ith Wibour
coherent vaherent held . fheld cvherent colirrent

Meb' emtig emifn cm®x emtin cmlfg emifn rm¥x
1.00-02 | 3.18-01 2.2001 1.694-00 2.01+00 1.91+00
1.50—02 || 2.72-01 21601 | 4.5601 7.28-01 6.72—01
2.00-02 (| 2.48601 2,131 1.73-01 4.200F  3.85-0]
3.00—02 || 2.23~01 2.06—01 | 4.3002 26601  2.4901
4.060-02 [} 2.10-01 1.99—01 1.63—02 2.26-01 2.1501
50002 || 2.0001 19301 ; 8.30-03 2.09-01 2.01-01
6.00—02 1.93-01 1.88—01 4.9503 1.9801 1.93—-01
8.00—02 1.81-01 1.78—01 1.9403 1.83—01 1.80—01
1.0001 1.71-01 1.66—01 | 9.2 1.72—01 1.7001
1.50—H 1.5401 1.53—01 | 2.47-04 : 1.54—01 1.53-01
2.0001 1.40-01 | 9.8505 1.4001
3.0001 1.22--01 | 2.7805 : 1.2201
4.00—01 1.06—01 1.19—05 1.08—01
5.00—01 99502} 6.41-06 B 9.95—02
6.0001 9.21-02| 3.9906 9.21-02
8.0001 8.09—02  2.01-06 8.00-02
1.00+00 7.2702 1.24—06 7.27-02
1.50-+00 59102 | 5.81-07| 7.2805 5.92-02
2.00-+00 5.0402| 3.7007 1 2.9104 5.07-02
3.00+00 3.96—-02| 20707 B8.350C4 1.3805 4.05—02
4.00-+00 3.31-02 | 1.42—07 | 1.35-03  5.68—05 3.4502
2.00+30 28602 | 1.0807 1.82—03 1.124 3.0502
6.00+00 25302 | 8.608| 22303 1.72-04 2.771-02
8.00+00 2.07-02| 6.2008| 2.92—03 29904 2.39--02
1.0+01 1.76-02 | 4.82—08 ! 3.48-03 4.02—04 2.1502
1.50+01 1.3002 4.55-03 6.264 1.82—02
2.00+01 1.05—32 53303 8.0304 1.66-02
3.00+01 7.61-03 6.42—03 1.07-03 1.51-02
4.00+01 6.05—03 7.19-03 1.27-03 1.4502
5.00+01 5.0503 7.76—03 1.42—03 1.42—02
6.00+01 4.3503 8.22—03 1.55—03 1.41-02
8.00+01 3.4303 8.91-03 1.75—03 1.4102
1.00+)2 2.8503 9.42—03 1.90—03 1.42-02
1.50+H)2 2.03-03 1.03—02 2.17-03 1.4502
2.00+02 1.56-03 1.08—02 2.3403 . 1.47-02
3.00+02 1.13-03 1.1502 2.5803 1.52—02
4.00+-02 8.82—4 1.1902 2.73-03 1.5502
5.004+02 7.30—4 1.2102 2.8503 1.57-02
6.00+02 6.25—04 1.23—02 29303 1.59-02
8.00+02 4.88—04 1.2602  3.0503 1.61-02
1.00+03 4.02—04 1.2702 3.14-03 1.63—02
1.50+03 2.8104 1.3002 3.28-03 1.65—02
2.00+03 2.17-4 1.31-02  3.36—03 1.67-02
3.004+03 1.51-04 1.3302 3.46103 1.69-02
4.00+403 1.1704 1.33-02 3.5203 1.70—-02
5.00+03 9.5305 1.34—02 3.5603 1.70—02
6.00+03 8.08—05 1.3402  3.59-03 1.71-02
8.00+03 6.23-05 1.3502 3.62—03 : 1.72—-02
1.00+04 5.08-05 1.3502 3.64-03 1.72—02
1.50+04 3.5105 1.3502  3.68-03 1.73-02
2.00+04 2.70—05 1.36—02  3.70-03 1.7302
3.00+04 1.8605 1.3602 3.72-03 1.73~02
4. .00+ 1.4305 1.36-02  3.73—03 1.73-02
5.00+04 1.16-05 13602 3.73-03 1.73—02
6.00+04 9.84—06 1.36—02  3.74-03 1.7402
8.00+04 7.55—06 1.36—02  3.7403 1.74~02
1.00405 6.14-06 1.3602 3.75403 1.74—02

__8 1,




Table 2
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Density of material, atomic and electron densities

Atomic number Atomic Electron
and Mass Densigy density density
material (g/cm™) (/cm3) (/cm3)
5 B 10.82 2.45 0.1364 0.682
6 C 12.01 1.60., 0.0803 0.4818
11 Na 23 0.971 0.0254 0.2794
13 Al 27 2.7 0.0602 0.7826
14 si 28.1 2.42 0.0522 0.7308
20 Ca 40.1 1.55 0.0233 0.466
26 Fe 55.85 7.86 0.0848 2.205
29 Cu 63.54 8.94 0.0847 2.456
74 W 183.8¢6 19.3 0.0632 4.677
82 Pb 207.2 11.34 0.03296 2.703
92 U 238.1 18.9 0.04783 4.400
Water 1.0 0.3345
SiO2
Air(20°C) 1.205-3% 3.628-4%
Concrete 2.25 0.6869
Muscle
Polythylene 0.92 0.3166

* 1.205x10°
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