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Summary 

A new Monte Cdrlo program, CASIM 1 , has been 
written specifically to solve high energy 
hadron shielding problems. The program starts 
from inclusive distributions of nucleons and 
oions from nuclear interactions and aenerates 
L 

averages (over many incident particles) of 
particle fluxes and energy deposition through- 
but the shield. Within this limitation the 
progrm has several advantages over other 
shielding calculations: a) quite complicated 
source terms (e.g., Hagedorn's thermodynamical 
model*) can easily be used, b) weighting tech- 
niques permit following cascades over large 
distances as well as examining of selected 
geometries, heterogeneous media, etc., c) short 
coding and d) short execution times. Results 
of CASIM are presented for protons incident on 
realistic geometries as well as an inter- 
compariscn of predictions for a solid beamstop 
using two different production models. 

As examples of CASIM's capabilities, three 
shielding cases of interest in accelerator 
radiation safety are presented, 

a. a solid steel backstop 

b. a solid concrete backstop 

c. an iron target in a concrete lIcave". 

In addition, comparison of the star density 
distributions in steel for 300 GeV incident 
protons using two different hadron source 
terms are shown. All of these graphs have 
been ta:ken from a shielding manual now in 
preparation at NAL. 

Ii1 all i-he cases to be discussed, the 
incident proton beam is 3 mm x 3 mm. AlSO, to 
allow for the study of the "albedo" hadrons, 
the point where the beams are first allowed to 
interact in the steel and concrete stops are 
iisplaced 50 and 100 cm respectively from the 
"ertr ince" face. Thus, one may evaluate the 
usefulness of various re-entry configurations. 

Ic ti:t calculations, the beam stops are 
divided Into cylindrical shells of the 
5 0 1 1 0.d i h $ ^_1 ii i TIC i L 3 i C ii 5 , 

Steel Concrete 
"R = 5 10 cm 
.:z= 10 20 cm 

r:-UC, f.lr, I . m,ost of the results are obtained 
l.,rith the 'i'rj.lli.ng formula 3 describing the 
hJcirr,n ~:,clcus interaction. In all of these 
calculations the cascadt; is tcrmin,atcd when 
the nomcntum of the hadrons is dcgradcd below 
3 : 0 n2\i/c . 

h'or 5omr: cstim;lti:s it is us::ful to havc~ a 
r.JI-ib(,r for the r,t%lrs per GtzV of incident 
i;;tdron kin‘.: tic :::li.'rqv . 'l'he table, __ below gives 
tl-icr,r, numbL-!r s . 
'.p ; 6 ; ( tj ) 313 1n: 3 0 0 j 0 '2 1~ Cl 3 0 

5 tc c I 2.0 1.7 1.5 1.6 1.5 ijtars/GeV 

~:~P‘cri:t'~ 2.3 3.1 1.8 1.7 1. 5 ~;tars/GI.:V 

Star densities are given as stars per cm3 
per inc prot except for the laterally and 
axially integrated densities which are given 
as stars per cm per inc prot. 

A. Solid Steel Backstop. 

Fig. 1 shows star densities in steel as a 
function of depth for various radial distances. 
Some of the angularity shown in the curve for 

%i 
= 1000 GeV and 150 < R < 155 cm, is the 

r sult of taking the geometric mean of two 
cascades. One of them had a large fluctuation 
in that region. 

Fig. 2 as above but the densities are 
plotted versus radius at various depths. 

B. Solid Concrete Backstop. 

Fig. 3 shows radially integrated star den- 
sities for protons incident on ordinary con- 
crete (p = 2.3 g/cm3, < A 3 = 16). The maxima 
are seen to lie within a region 5 to 6 m.f.p. 
long (m.f.p. Z 35 cm). 

Fig. 4 shows radial plots at various depths 
for the concrete beam stop of Fig. 3. 

C. Iron Target in Concrete Cave. 

Figures 5 and 6 show the results of a 
cavity study, 300 GeV protons were incident on 
an iron target 2 cm diameter, 15 cm long 
(about one m.f.p.1. The cylindrical cave had 
R = 100 cm, wali thickness-R = 100 to 500 cm, 
overall concrete length = 1000 cm. The target 
was on axis at 100 cm from the entrance, the 
backstop was 500 cm deep starting at 400 cm 
from the target. Fig. 5 shows the star densi- 
ties as a function of depth. The curve 
R = 100 cm runs along the wall of the cave. 
It shows a greater star density once it enters 
the backstop because of the extranuclear cas- 
cade developed in the backstop. Fig. G illus- 
trates a remarkable similarity of radial de- 
pendences in the wall of the cave and in the 
backstop. 

Figures 7 andi 3 she* d cu~tpd~-Lb~~~i aj; pi-e- 
liminary calculations made with Nagedorn-Ranft 
source terms for hadrons. The calculations 
are for 300 GeV protons on a solid steel beam 
stop. The implications cf these results in 
shielding design will have to wait for their 
confirmation by further calculations. 
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Fig. 1 Steel beam stop. Star densities (stars cm-) 
inc prot-') plotted versus depth at various radii. 
Bin AR = 5 cm. Ep = 30 and 1000 GeV. 
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Fig. 2 Steel beam stop as in Fig. 1. Star densities plotted 
versus radius at various depths. Depth is measured from the 
point where the beam is allowed to start interacting with the 
stop. Bin AZ = 10 cm. 
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Fig. 2 concrute beam step. I?adially integrat-cd stifr density Flij. 4 :id.~e bedim dum:~ and t,~~rn crob~; section i~.i :n Fi,J. 4. 
(star'. cm-1 LIlC prot-' ) plotted versus depth. Plots glvnn for Sts3.r iirnsltieti ist<rrS C2l\-' L"i iIr*t -': pl0ttt2 VCT'+U> r ILILUS 
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Fig. 5 Concrete cave, 100 cm radius, 5 m deep with a back- 
stop f m thick in beam directicn. An iron target 2 cm in 
diameter, 15 cm long (cm mean free pathi is located at 4.5 m 
from the tackstop. Cp i 300 GeV. Star densities as a func- 
t13n of axial death for variolls radii. 
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Fig. 6 Same conditions as for Fig. 5. Star densities 
plotted versus radius at various depths. i: = 180 cm is 
the cave. The backstop bcglns at Z = 400 cm. 
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Fig. 7. Ca.r,parlson of 3,311 CcV 3t.a densities us~nq two 
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Fig. ti. Same conditions 6.~ in Fq. 7. Axi.dlly intvjratcd 

iourcc: t<:rm;, 'rr1111ng'~ dnd Haqedorn'$. jt<ir densities (stars cm-' inc prvt-') uvj star ,itrr.sltlei 
zt if <iC r.iltltJLi !rtaru c:T,-' ~nc ijrot-'1 and star &nslties in d (stars anm3 ~nc r,rr;t-' j di a funzt~.r;:~ ,oi r.lJ~'x; ft?r vI~r:~)uLi 
;tL%el Lcz,i.~ .;tq as in FUJ. 1, plotted 'ifxi"s <depth at VR~IOUS iii.j~ttib. 
ZJdlL. 
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