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The radially integrated air stars per interacting proton in the
target per 20.1 cm Z bin are shown in Figure 2 as a function of Z. A
total of 0.019 air stars are produced in the tunnel air per proton
interacting in the target. From Figure 2 a substantial portion comes
from the air immediately downstream of the target. This illustrates the
point made by A. Rindi and G.R. Stevenson” to minimize the path length of
secondaries in air in the forward direction to reduce air activation.
The star density for Z = 5.9 meters as a function of radius is shown in
Figure 3. The large star density is due to the 8Q48. Figure 4 shows the
star density as a function of radius at Z = 9.75 meters, between the
18D72 and the shield wall. Again, it is clear that the air activation
comes from the forward region.

The primary beam may pass directly through air in the primary
transport. Normally these air gaps would occur near the target. For the
purposes of this note, we assume that the secondaries produced from such
interactions have the same effectiveness of producing air stars as
secondaries produced in the target. We assume that all the primary beam
goes through the air gap (no target attenuation accounted for). The
total number of air stars produced per primary proton is (L/xp)
(1 + 0.019), where L is the length of air and Xp is the absorption Tength
of air. The ratio of air stars caused by primary proton interactions in
air to interactions in the target is

(L/xp)(1 + 0.019)/[T 0.019]

where T is the target thickness in percent absorption lengths. If we
take L =2 meters, xp = 675 meters,® and T = .5, then this ratio is .32.

Isotope production can be estimated from the CASIM air stars.® Table
I gives the number of each isotope per star. Table II gives the rate of
isotope production assuming 2 x 10'3 protons/sec, 2 meters of air in the
primary transport, a 50% interaction length target, and the numbers in
Table 1.
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TABLE I (directly from Ref. 6.)

Isotope Production per Air Star

Isotope Number/star
35g .0004
32p .0005
281 : .0002
22Na .0002
159 .030
14¢ .0008
13y .035
11¢ .032
e 032

34 .107




TABLE II

Isotope production rate for 2 x 1013 28 Gev/c protons per second with 2
meters of air in the primary transport and 50% interaction length target.

Isotope Atom/sec
lpp 1.9 x 109
355 1.0 x 108
32p 1.3 x 108
28p1 5.0 x 107
22Na 5.0 x 107
159 7.5 x 109
149 2.0 x 108
13y 9.0 x 109
¢ 8.0 x 10°
7Be 8.0 x 109
3H 2.7 x 1010

* The 41Ar number was obtained following the discussion of A.J. Stevens®,
section VI, except a value of .01 41y per CASIM star is used. In ad-
dition, only the stars from secondary interactions are used.

Figure Captions

1. Elevation view of the target area geometry. The numbers 1 and 4
signify iron and air respectively.

2. The radially integrated air stars per 20.1 cm Zbin per 28 GeV/c
proton interacting in the target as a function of Z.

3. The star density per interacting proton at Z = 5.9 meters as a
function of radius.

4. Same as 3, except at Z = 9.75 meters.
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