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FROM: John Learned

SUBJECT: Rock to Water Range’ Conversion for Cosmic Ray Muons

Taking the energy loss rate as

dE
-4 = @ + bE, (1)

and without worrying about Landau fluctuations in range and detailed
energy dependence of the parameters { InE terms), we can write the range

for a muon as:

E
. dE _ 1 b
Ri{)-————a+b5——51n[l+gﬁ], (2)
or inverting:

E=%[ch— 1] . (3)

Now if R is the range in 'standard rock" (see Table I) and R' the range

in sea water, we can write the range conversion (following Wright, Ref. 2}

as:
- R 1 a'db b'R!
FEq =ppr gy fe 0 -1+l )
using the facts that:
aw 5)
72
(6)

and b<:|:K
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we can use the data in Table I to construct a range conversion if we

supply a value for b. This coeficient (which is due to Bremstrahlung, pair
production and nuclear interactions} is not very well known (v+10%) and

is in actuality a somewhat complicated function of the logarithmic terms
(because of screeniﬁg). Thus I've taken arbitfary vaiues which give a

good first-order correction to get from water depth to standard rock via

the form of equation 4. Useful values turn out to be:

a'

2l - 1.6 N
-1
b = 3 km
1
b' = ¢ k.
Thus R =3 km 1n{1.933[e/° ™ _1] + 1}. (8)

This function reproduces Wright's detailed calculations (Ref. 2) within <1%

over the range from 100 to 5000 m, as shown in Figure 1 & Table II. This

function has been programmed into a subroutine as shown in attached listing. It
may be copied from [JGL]DEEPCON.FOR or it exists in a package in MURATE.FOR.
One may excise the driver and have a function FMU(D,TH) that returns muon

flux (lfm2 sec) when called with water depth (in meters) and angle {in
radians}. Be sure to copy subroutines STAR (which converts zenith angle to
zenith angle at production) and DEPROC (which is the aforementioned depth

conversion). Furthermore file TESTMUANG.FOR contains a program that uses

the CERN Library routine FUNRAN (V151) to randomly generate angles according

to this distribution function (FUM). TESTMUANG.COM contains the command

file with appropriate linking. Sample output is attached in Appendices I

and II, and a comparison with data in Figure 3.
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TABLE 1

Effective Values of Parameters
for Energy Loss Rate Scaling

E é HZ/AN lTZZ/AH' _p_
"Standard Rock" 11.0 22.0 .50 5.5 2.65
Sea Water 7.433 14.787 .553 3.26 1.027
TABLE II

Rock to Water Range Conversion (see text)

Range Ratio

Water Rock . P

_Ckm) (hg/cn?)

.01 11.6 1.159
.10 115 1.149
.20 228 1.139
.50 555 1.111
1.0 1069 1.069
2.0 2003 1.002
3.0 2854 .951
4.0 3644 911
5.0 4391 .878

6.0 5107 .851
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