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An error discovered in the program MUSIM requires the results included 
in [l] to be restated. Single Coulomb scattering-treated as a correction to 
multiple scattering-is not properly damped by form factors in the results 
presented in [I]. This causes excessive large angle scattering and hence 
increased radial excursions of the muons. Ref. [l] also includes some results 
of the program CASIMU for comparison. In older versions of this program 
the single scattering correction was absent. However for [l] both programs 
relied on the same muon transport. A revised muon scattering routine is 
briefly described below and corrected results obtained with it are presented. 

Multiple Scattering 

In the usual formulation [Z, 31 of multiple scattering the projected angles 
follow a Gaussian distribution with c = 0,/h. This is equivalent to the 
square of the spatial angle being exponentially distributed, i.e., 

with 

P(e*) = e;‘ezp(-s~/ef) 

e, = (o.0212/pp)JLIxo 

(1) 

(2) 

*Work supported by the U.S. Department of Energy under contract No. DE-ACOZ- 
76CH03000. 
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where p = v/c as usual, p is the momentum in GeV/e, L the steplength, and 
Xs the radiation length of the material. 

Coherent Single Scattering 

The probability for single scattering off the entire nucleus is taken as the 
usual Rutherford scattering of two point particles multiplied by a nuclear 
form factor. The former may be expressed as [3] 

P(r))d? = 
1 drl 

2 hl(21OZ-‘13) 3 

where ‘I = 0/O, [4]. Equivalently 

P(q’)d$ = 
1 drl’ 

4ln(21OZ-l/s) 0” 

In eqs. 3 and 4 the dependence on steplength is contained in 6. which enters 
via the definition of q. In [3] it is shown that multiple scattering dominates 
when q < 2 and to good approximation one may simply add single scattering 
above 7 = 2 to the complete Gaussian of multiple scattering for that step. 
From eq. 3 or 4 the total probability for single scattering is 

P(q > 2) = 
1 

16ln(21OZ-‘1s) 

independent off. The form factor is chosen for simplicity as 

FN = (1 f t/d)’ (6) 

from ref. [5], where t is the square of the 4-momentum transfer and d = 
0.164A-s/3 in GeVa. 

Incoherent Single Scattering 

For incoherent scattering, it is assumed that the differential cross section 
is that of single j~p scattering, multiplied by the proton form factor and 
a Pauli suppression factor which takes into account that a proton cannot 
transfer to an already occupied state as a result of the collision. Again, 
events with angle below 20. are neglected compared to multiple scattering. 
The differential scattering cross section is 

duldt = 4rZ(a/t)’ 

2 

(7) 



per nucleus. For angles above 20, this leads to a total cross section 

c7M = 4m’/t& 

where t,in = 4p ’ e f. The probability for such a scattering is 

P(t > kin) = NA~PsJIA 

in a step of length L. By use of eq. 2 ctt.* may be rewritten as 

crtot = O.l45ZX,/L 

in millibams which, upon substitution in eq. 9, yields 

P(t > tmin) = 6.71~lO-sXo~Z/A 

(6) 

(9) 

00) 

(11) 

again independent of L. This is to be multiplied by the product of the proton 
form factor and the Pati suppression factor. Again from ref. [6]: 

G = (1 t :);:l$.n) 
is the form factor with T = t/&n :. The suppression factor is unity for Q 2 
~PF where Q = m is the recoil proton momentum and PF = 0.25 GeV 
the Fermi momentum. For Q < 2&z 

C(Q) = (3Q/4P~l [l - (l/=)(Q/p~)*] . (13) 

Nuclear shadowing is ignored but the effect should be relatively small be- 
cause of the larger angles and because it pertains to protons only. 

Scattering Algorithm 

For each step during muon transport the mean square angle for multiple 
scattering is obtained and a random (squared) angle is then selected from 
eq. 1. It is then determin ed if coherent scattering (0 > 2~) occurred during 
this step with a probability based on the cross section without form factor 
(and thus overestimated). If so, another (squared) angle is selected from 
the single scattering distribution and the form factor corresponding to this 
angle is evaluated. A uniform random number is compared with the form 
factor: if less the scattering event is accepted, otherwise no scattering takes 
place-thereby correcting the overestimated probability [6]. An entirely 

3 



similar procedure follows for incoherent scattering. In addition, there may 
be angular deflections from bremsstrahlung, direct e+e- production, nuclear 
interaction, and &ray production as determined elsewhere in the program. 
The squares of these individual angles are summed to obtain a new direction 
for the p. The recoil kinetic energy of nucleus or proton is subtracted from 
that of the muon. 

Corrected Results 

Figs. l-10 show results obtained with the corrected code which replace 
figure-for-figure those in [l]. Because of lesser excursions the radial scale 
is reduced to 10 m (from 15 m). An effort is made to treat the low z- 
low r region more accurately by keeping a separate tally over a finer array 
in that vicinity. The largest effects of correcting the error are clearly in 
the low z-high r region. On-axis longitudinal penetration-crucial in -y 
applications-is little affected. 

Acknowledgement. My apologies for this error and and my thanks to 
C. Bhat and P. Martin for their questions about some MUSIM results. 
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