
Fermi National Accelerator Laboratory 

FERMI--TM-1898 

CASIM Input Parameters for Various Materials 

A. J. Malensek and A. J. Elwyn 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

July 1994 

e Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy 



Disclaimer 

This report was prepared as an nccount ofuork spo~asored by on agewy of the United States 
Gouernnmt. Neither the Vuited States Goumment uor any agency thereof; uor any of 
their employees, makes my warra~~ty, express or implied, or assumes my legal liability 
or responsibility for the accuracy, cornpleterms, or usefulness of my information, 
apparatus, product, or process disclosed, or repruse/rts that its use would not infringe 
privately owned rights. Referewe her&r to my specific conmercial product, process, or 
service by trade mmw, trademark, rmwufacturrr, or otherwise, does not necessarily 
constitute or imply its eudorsemerlt, recorrlnlendatio~1, or fovorirlg by the United States 
Government or any agency thereof: The uiews uad opiuious of authors expressed herein 
do not necessarily state or reflect those of the Vuited States Gouermw~t or any agency 
thereof. 



CASIM Input Parameters for Various 
Materials 

A. J. Malensek and A. J. Elwyn 

14 July 1994 

1 Introduction: 

During the past year, the computer program CASIM [ 11 has been 
placed in a common area from which copies can be obtained by a wide 
array of users. The impetus for this arrangement was the need to have a 
standard code that could be maintained and transported to other 
platforms. In addition, an historical record would be kept of each version 
as the program evolved. 

CASIM requires a series of parameters (input by the user) that 
describe the medium in which the cascade develops. Presently a total of 9 
materials can be defined. Occasions arise when one needs to know the 
properties of materials (elements, compounds, and mixtures) that have not 
been defined. Because it is desirable to have a uniform set of values for all 
CASIM users, this note presents a methodology for obtaining the input 
parameters for an arbitrary material. The parameter names and units are 
listed in TABLE 1. They are read in by the Subroutine CASIM-PROG from 
the user supplied file CASIM.DAT. 

TABLE 1 

Parameter Name 

Atomic Number ZT 
Atomic Weight AT 

Unit 

--- 
amu 

KHU 

VIP 
gm/cm’ 

I electron volts 
RALG I cm I 
RFM I fermi I 

I Elastic Cross Section I SIGL I ham 

1 



2 Material Parameters: 

In typical cases, the density p and chemical composition CiDjEk 
(where the capital letters represent dummy element symbols) of the 
material are known. For mixtures the fraction by weight wm of each of 
the constituent elements m is also known. Using p, CiDjEk, wm and m, 
one can obtain a set of input parameters for an arbitrary material. 

(a) Atomic Weight and Atomic Number--AT and ZT. 
For an element, AT=A 

ZT = Z 

For a compound or mixture containing n constituent elements, 

AT =iwm *A(m) . . . . . . . . . 1 
m=l 

ZT =&vR *Z(m) . . . . . . . . . 2 
m=l 

Note that for a compound such as CiDjEk, 

w,=wc= 
i *AT(C) 

i*AT(C)+j*AT(D)+k*AT(E) 

(b) Ionization Potential, Radiation Length, Nuclear Radius and Elastic 
Cross Section--VIP, RALG, RFM, and SIGL. 

All of these are obtained as functions of AT and ZT. 

The semi-empirical formula given by Segre[2] is used for the 
ionization potential, 

Vz~=9.1*ZT(1.+1.9*(ZT)-~) . . . . . . . . . 3 

This representation is plotted along with the data from the 
Radiological Health Handbook[3] in Figure 1. 



The radiation length is calculated from a formula in the Particle 
Properties Data Booklet[4] that approximates the values tabulated by 
Tsai[S]. 

X&/cm*)= 
716.4*AT 

ZT*(ZT+1)*ln(28ym) 

RALG = xo 
/ P 

. . 4 

Nuclear radii as measured in proton-nucleus scattering at 20 GeV by 
Bellettini et al.[6], are compared with those determined in electron- 
nucleus scattering [7] in Figure 2. As pointed out in ref.[6], 
agreement is quite good for the lighter elements, but radii obtained 
in proton scattering are larger by about 0.5 fermi for the heaviest 
nuclei. For AT between 6 and 12 the nuclear radius is approximated 
by a constant. For masses of 12 and greater, the solid line is a fit of 
the Bellettini (proton) data to the customary relation RFM=r,A113. 

RFM=3.4 61AT<12 ......... 5 

RFM = 1.3 * (AT)“’ AT212 ......... 6 

The elastic cross section (shown in Figure 3) is obtained by taking the 
difference between the total and inelastic cross sections from ref.[8]. 
Fig 1 in ref.[9] shows that the correction for quasi-elastic scattering is 
small. A power law fit to the data in Figure 3 gives a determination 
of SIGL as, 

SZGL = 0.0099 * (AT)0.9’ . . . . . . . . . 7 

(c) Examples: 

Element--molybdenum (MO). 
AT=96 
ZT = 42 
RHO = 10.2 
VIP = 442. 
x0 = 10.0 
RALG = 0.98 
RFM = 5.95 
SIGL = 0.630 



Compound--beryllium oxide (BeO). 
AT = (g/25)*9 + (16/25)*16 = 13.5 
ZT = (g/25)*4 + (16/25)*8 = 6.6 
RHO = 2.85 
VIP = 92. 
x0 = 40.9 
RALG = 14.3 
RFM = 3.10 
SIGL = 0.106 

Mixture--heavy concrete[ 101, (silicon 0.7%, iron 62.9%, calcium 3.3%, 
oxygen 32.2%). 
AT = 0.007*28 + 0.629*56 + 0.033*40 + 0.322*16 = 41.9 
ZT = 0.007*14 + 0.629*26 + 0.033*20 + 0.322*8 = 19.7 
RHO = 4.27 
VIP = 226. 
x0 = 17.7 
RALG = 4.13 
RFM = 4.52 
SIGL = 0.296 

Mixture--ordinary concrete[lO], (silicon 10.2%, iron 1.6%, calcium 
21.1%, magnesium 6.5%, carbon 7.3%, and oxygen 51.5%). 
AT = 22.9 
ZT = 11.4 
RHO = 2.4 
VIP = 143. 
X0 = 26.1 
RALG = 10.9 
RFM = 3.69 
SIGL = 0.171 

Mixture--moist soil[lO], (silicon 22.8%, aluminum 5.5%, iron 2.9%, 
calcium 6.1%, magnesium 2.1%, carbon 3.3%, and oxygen 55.0%). 
AT = 21.6 
ZT = 10.7 
RHO = 2.25 
VIP = 135. 
X0 = 27.6 
RALG = 12.3 
RFM = 3.62 
SIGL = 0.162 



3 Other Applications: 

CASIM has been benchmarked with measurements to a factor of 2 or 
3 so that for most applications, the calculation of parameters as given in 
Section 2 will be adequate. However, other situations arise outside of 
CASIM where more accurate values are required. Such examples are 
multiple scattering, target length determinations, and particle production 
fluxes. This section gives guidelines to obtain more accurate values for the 
radiation length and the interaction length than what would be obtained 
by substituting ZT and AT into the approximate formulas. 

For elements listed in the Particle Properties Data Booklet[8], ZT, AT, 
x,,, and a, should be taken directly. For compounds and mixtures a more 
accurate value can be obtained by using TABLE 2 and the chemical 
compositions. Thus, 

. . . . . . . 8 

For example the radiation length for mylar (C5H4O2) would be, 

i*A(C)+j*A(D)+k*A(E)=i*A(C)+j*A(D)+k*A(.E) 

Xo(mYlar) X,(C) X,(D) X,(E) 
96 5*12 4*1 2*16 

= i + X,(mykzr) 42.6983 63.0470 34.2381 

X,(mylar) = 39.95 g / cm2 

For a mixture like air, assuming 76.9% nitrogen, 2 1.8% oxygen, and 
1.3% argon, 

1 ,169 .218 ,013 
x, = + 37.9879 34.2381+ 19.5489 

X0 =36.66 glcm2 

Note that for these compounds/mixtures, the calculated values agree 
with those given in ref.[8]. 

At present, CASIM calculates the interaction length, A, by taking the 
atomic weight (AT) and interpolating from four materials--beryllium, 
aluminum, copper, and lead--(9, 85.), (27, 113.), (64, 141.) and (208, 197.). 
(Note for historical purposes, that the CASIM printout calls a, “Collision 
Length for Nucleons.” The CASIM “collision length” is the “nuclear 
interaction leneth” riven in ref.181 modified bv incoherent elastic scattering 
from the individual nucleons in the nuclei (quasi-elastic scattering)). The 

5 



same method can be applied to find il, for compounds and mixtures by 
substituting 1, for X, in equation 8. 

X,, and a, for the elements are listed in TABLE 2 in the columns X0 

and L. Both are in units of nm/cm2. x,, is taken from Tsai[5], as are ZT 
and AT. 1, comes from two sources: (1) the Particle Properties Data 
Booklet[8] when available, and (2) a supplemental calculation AT/(N*CS). 
N is Avogadro’s number and CS is the inelastic cross section which was 
parameterized by Carroll[9] as CS(barn) = 0.038*AT**O.72. 
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TABLE 2: Radiation Length(X0) and Interaction Length(L) of the Elements 



TABLE 2: Radiation Length(X0) and Interaction Length(L) of the Elements 

62 I 150.350 ~~~~~~...,.~~~~~~~ ~ 
63 

64 1 157.250 7.483 I 

69 I 168.934 

6.924 

6.891 

.__ _.. 
1.493 180.8 

I 70 
79 

t 

?~..~~~I~-~ 208.980 J 

86 -L-~~~~???-ooo I 6.283 ~ 

1.646 
1 6271 

1.664 

200.590 ~~..:~~~~ 

6.056 i 

- . -I. .““” 5.932 + 
92 238.030 5.999 

I ."LL I.7V.Y 

1.980 t-~,..-~-~-- 199.6 
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Nuclear Radii 
vs. Mass 
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Elastic Cross Section 
vs. Mass 
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