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Introduction -

As a preliminary step in the design'of'a proposed,
low energy pion and muon beam at the AGS, we-have measy
the production by 28 GeV protons of poéitive pions witt
of 90 to 208 MeV/c at large production angles.

The only previously published data on large angle
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tion of low energy pions from 28 GeV protons are in a survey

by Fitch et all in 1962. This work included measurements of

- pions produced at 45° and 90° 1lab. angle from an intermal

thin Be target in the AGS. Since the target for the

proposed beams would be the existing 3 in. long iridiurg

bresently

n target

" at the B station in the AGS slow external beam, the results of

Fitch are not directly applicable. For thick external
of heavy nuclei, the only available data are from the g
ments of Berley et al,2 of the production of pioné belq
200 MeV/c at forward angles up to 30° from 17 GeV inciq
protons.

Our measurements, therefore, were made in order tg
beams compatible with the existing B station target. |

production targets for this experiment were located at

station in the B5, 28 GeV slow extracted beam. The.mOSt

significant measurements were made with an iridium taxg
0.100 in. in diameter, similar to the existing B static

target.
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Apparatus and Technique

The measurements rely on the signature of a m—|L ¢
from a positive pion stopping in a thin plastic scinti
Figure 1 is a drawing of the apparatus and a simplifig
diagram of the electronics. A m produced in the targ
passes through 1/4 in. thick scintillation counteré,
3, and stops in the 1/16 in. thick counter, 4.
Seven brass

located behind 4, is in anticoilncidence.

ranging from 1/8 in. to 1 7/8 in. thick, can be remot
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Counter 5,

moderators,

ly inserted

between counters_2 and 3 in order to select the momenta of

pions stopping in counter 4, a range of momenta from
208 MeV/c at production. In order to reduce backgroui

counters 3 and 4 have upper as well as lower thresholc

s,
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that there is a window in the pulse heights that are accepted.

The window in 3 selects a narrow band of large pulses
pion on its way to stopping in 4. A 12345 coincidence
a stopping particle.

- + ) 2 ;
L. decay will usually not escape from 4. The signal i
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If the stopping particle is a |

for a
signifies
the

¥

From a

stopping pion starts a time-to-amplitude converter (TAC). A

subsequent pulse in 4 from the decay muon stops the TZ

\C. The

output pulses of the TAC are recorded by a multichannel pulse

height recorder (PHA). A typical time spectrum, showr
Fig. 2, is consistent with the 26 ns lifetime of the g
subtraction of a 10% background of accidentals.

The entire apparatus is mounted on a plate that g
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on a point directly below the production target. This plafe




is motor driven, so that the production angle can be 1
varied. Because of a large magnet immediately downst;
the production target, it was only possible to go to ¢
the forward direction. The three production angles ms
were 660, 900, and 135°. Productioﬁ targets were mour
a wheel so that they also could be remotely changed.
The flux of incident protons was measured by an ]
tioﬁ chamber, which was, in turn, calibrated at highe:
intensities by a secondary emission chamber. Since tt
emittance of the 28 GeV proton beam at B' target stati
much larger than the emittance at B, many of the protc
registér in the secondary emission chamber and ion cha
are not incident. on the 0.100 in. diameter target.
the targeting efficiency for this target, the ho;izont

vertical profiles of the proton beam at B' were measux

activating a grid of 1 mm diameter aluminum wires, whi

exposed to the beam for 8 hours and counted in proport

counters.

target is 16.8%. For the other target used, a 1/2 in.

x 3 in. piece of hevimet (tungsten), a targeting effig

of 100% was assumed.

The data for each point consist of the number of
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counts accumulated in the PHA after subtraction of a back-

ground determined by the shape of the spectrum, for an

ionization chamber count corresponding to 2 x 1010

protons.

ind

+ ; : o
The m production per proton incident on the

L
ident

> target

» determine

w109 1n.



is given by the equation,
YK R
— l m - g—E . ef =
AN, /dpda = (N ,/N.)-e e /(t, (dx)P £ o5 .70,)
o

- where N 4 is the number of observed counts after background

subtraction, _
Nb is the number of incident protons (= 2 x 1010),
e tl/TF is a correction for early’u+ that miss the gate,
t4 is the thickness of #4 in gm/cm2 (= 0.177 gm/cmz).
(%5) is the_momentﬁm loss/(gm/cmz) in scintillator
Fo at the production momentum, Py
ft is the targeting efficiency (= 0.168 for Ir| target),
£, is the capture efficiency, i.e. the fraction of u+
that do not escape 4 (= 0.60),
eb/hc is the correction for nuclear interactions of pions

in the brass moderator of thickness b gm/cmz.

In the analyais,hc was taken as a constant independent of r+
energy. A value of hc = 105 gm/cm2 was chosen as representative
of the available data at higher momenta where the effect is
significant.
Qy is the effective solid angle subtended by 4. A
Monte Carlo study indicates that this solid angle is not much
influenced by Coulomb scattering in the braes plate and in
the upstream counters, because the number of pions that scatter

out of #4 are balanced by the number that scatter in.




Results and Discussion

Pion production for the Ir target, which is similar in

material, thickness and length to the present B statig
target, is plotted in Fig. 3. The errors shown are st
only. The tungsten (hevimet) target
experiment to see if a wider target, by providing an ¢
tunity for more cascade development.
ment in w+ yield. Results from this target are shown
Fig. 4.

expected. Even allowing for the fact that the tungste

might effect an i
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The effect is the opposite of what might have been

n target

has a smaller fraction of an interaction length, the wider

target seems to have the effect of absorbing some of t

produced pions.

The measurements in this experiment are,_ofncours
for positive pions. However, the results of Fitéh et
are compatible with the assumption that, for multiple
production at this high proton energy, an almost equal
of negative pions are produced.

The results of this experiment can be applied dir

to predict the number of muons that would emerge from

SREL channel operating at a pion momentum of 200 MeV/c

the 66° production angle, the SREL channel would produ
total of 7.1 x 107 muons per 1012 protons incident on
target. The momentum distribution of these muons woull
two peaks corresponding to forward and backward angle

in the channel. in the momentum ra

The backward peak,

100-150 MeV/c, would contain 3 x 107 muons. An experi
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with a target area of 25 cm2 would stop 2 x 105 per gn
Qf these muons.

" Since it is difficult to extrapolate the data of
to zefo momentum, estimates of surface muons from the
itself, i.e. decays from stopped pions, are not possik
is, however, possible to estimate the surface u+ prody
in a relatively thick secondary target in the vicinity
primary target. For example, a 5 mm thick brass targe
tending 1 sr with respect to the primary target would

+
105 surface L at the end of the proposed surface bea

We wish to thank Mr. J. Shill for a quick and aca
design of a rotatiﬁg mechanism for our apparatus. We
thank Dr. J. Cumming of BNL for his invaluable help wi

measurement of the beam profile.
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