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The explicit problem considered is the "shape" of homo-
geneous muon shielding for a stopping 500 GeV proton beam in a
geometry suitable for a neutrino facility such as proposed for
Area I. The same pions and kaons whose decay produces neutrinos also
produce high energy muons. In order to reduce the muon flux to
tolerable levels a massive shield is required. This muon flux at
a point outside the shielding is reduced by ranging out muons,
solid angle and scattering. |

Muon transport programs have been developed for NALl

which allow us to calculate the shape of homogeneous shields.
This report gives the results of some studies made on the design

of such shields for a neutrino facility.

The calculations were made with the following assumptions:

1. a cylindrical decay space 600m in length and 1lm in dia-
meter,
2. pion production using the Trilling2 formula with para-

meters to fit p-Be mw-production,
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3. small angle multiple Coulomb scattering with energy 1oss3,
4, dE/dx for collision losses only using the Sternheimer4
density effect correction,
5. no focusing device in the tunnel,
6. homogeneous shielding material of various kinds,
7. straggling has not been included,
8. muons of both charges.

Figure 1. shows the geometry used in all calculations.
a cylindrical decay space 600m long and lm in diameter is
located in a semi-infinite medium of shielding material. The
pions are produced in a beryllium target located at 0,0 and
allowed to decay anywhere in the cylindrical void. The pion
is absorbed when it hits the wall of the void. Muons from a

decay travel in the same direction as the parent pion.

The first calculation was made at 200 GeV incident proton
energy and iron as a shielding material. The results are
shown in figure 2. The isoflux curves have the units of muons
per square centimeter per interacting proton. The amount of
shielding required for radiation safety purposes lies between
the lO—‘12 and 10—13 isoflux curves, approximately 110m thick
from the end of the decay space with a radius of slightly
over 2m. Since these shields are homogeneous, this iron

would extend all the way back to the target with an approximate

radius of 2m. Calculations for this lateral shielding were
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not carried out for the case of iron but were for other

materials and will be discussed later.

Figure 3 shows the same calculation for an incident
proton energy of 500 GeV and iron shielding. The backstop
now required for radiation safety purposes is 270m thick
and slightly over 3m in radius an increase of about 5.5 for
the backstop alone over the 200 GeV incident proton energy

case.

Since such massive iron shields are prohibitively
expensive, pure soil as well as heavy concrete as shielding
were also studied. Figure 4 shows the calculation for a
muon backstop at 500 GeV using heavy concrete as a shield-
ing material. The backstop required for radiation safety of
heavy concrete is 500m thick with a radius of approximately

5m.

Figure 5 shows isoflux curves for lateral shielding
of heavy concrete around the decay tunnel. Generally a
radius of 5m is necessary except in the region near the
target. These calculations assumed no focusing of the pions.
Any device which focuses one sign of particle and defocuses
the other will change these curves mostly in the region near

the target.

The results for soil are shown in figures 6 and 7. The

radiation safety shield dimensions require a backstop 850m
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thick with a radius of 6.5m. The lateral shielding of the

tunnel requires a radius of approximately 6.5m also.

Throughout we have referred to the requirements for
radiation safety. Since it is proposed to locate a large
bubble chamber in the neutrino facility, a comment should
be made about the shielding for the bubble chamber. The
bubble chamber requires shielding roughly four erders of

magnitude better than that required for radiation safety

-2 _2
purposes alone (1 muon m as opposed to 1 muon cm ) For
_17
this purpose we have included a 10 isoflux curve in all
of our figures. It is necessary to increase the thickness

of the backstop above that required for radiation safety
alone in order to achieve such shielding. Also additional
length must be added to protect against straggling. It is
not so clear that additional shielding must be added in the
lateral dimensions unless the lateral dimension of the
shield is comparable to the lateral dimensions of the bubble
chamber such as in the case of the iron shield. For the
heavy concrete and soil shields the lateral dimensions of
the radiation safety shields are larger than the dimensions
of the bubble chamber and may be adequate. A gualification
should be made however. "Muon skyshine" (the scattering of
muons in the air around the long shield) may make it neces-

sary to increase the lateral dimensions of even the heavy
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concrete or soil shields to achieve sufficient shielding.
This increase would be certainly less than that indicated

_17
by the 10 isoflux curve.

In order to study such effects as,

1. heavy shielding along the decay path

2. heavy absorbers at the end of the decay enclosure
3. ground-shine

4. skyshine

5. focusing devices.

Monte Carlo calculations are needed and the appropriate

program is now under development.
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Geometry used in calculations of

Figure 1l:
homogeneous shielding for a neutrino

beam facility.

#

: = i’ i ¥ e
. iy . E o
& 12 R0 Wk S
e £ el 5 £ &
; My e

00T

12




Area 1 Muon Backstop - 200 GeV

ioure 2 Isoflux Curves (muon cm ? (int prot) )
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Figure 3:

Area I muon Backstop ~ 500 GeV

Isoflux Curves (muon cm 2 (int prot) })

Shielding Material: Iron, density 7.87

Target Material: Be
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Area I Muon Lateral Shielding - 500 GeV

Isoflux Curves (muon cm 2({int prot) !)
Figure 4: Shielding Material: Heavy Concrete,
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Area I Muon Backstop - 500 GeV
Isoflux Curves (muon cm 2 (int prot) })

Shielding Material: Heavy Concrete,
density 3.84

Figure 5:
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Area 1 muon Backstop ~ 500 GeV

: Isoflux Curves (muon cm ° (int prot) )
Figure ©o: ; . . ; :
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Area I muon Lateral Shielding =500 GeV
Isoflux Curves (muon ém ?(int prot)”?)
Shielding Material: Sail; density 2.0

- Target Material: Be

Figure 7
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