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MUON BEAMS AT THE LAMPF BIOMEDICAL CHANNEL
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Summary

Modifications have been made to the LAMPF
biomedical channel that allow the delivery of intense
muon beams for physics experiments while retaining the
design high-flux pion capability. Two types of muon
beam§ have been developed: first, muons from the
backward decay of pions and secound, "cloud" muons, from
the target region, momentum—-degraded in the channel to
reduce the pion cowmponent.
region between the second and third bending magnets 1in
the channel which can contain a Be degrader. A
momentum—dispersed image is formed at a new downstream
slit which is used to determine the momentum spread of
both types of muon beams. The decay beam provides good
polarization and 1low electron contamination. The
degraded beam has higher intensity but about 40%

electron contamination. Both beams have a pion
contamination of about 37.
Introduction

Hardware and tuning techniques are available to
make particle delivery channels rather versatile in
terms of beam composition and parameters. Magnetic
channels can be designed or wmodified to permit the
delivery of several types of particles with a range of
values for momentum, momentum spread, beam purity, and
flux. Codes such as TRANSPORT! and TURTLE? may be used
to study the effects of varying the fields of magnets
and of adding hardware such as momentum degraders and
slit systems. This paper describes the results of a
program aimed at obtaining useful muon beams from a
channel designed to deliver a high flux of pions.

Description of Channel Configuration for Muon Tunes

Two types of muon tunes have been receantly
developed for the LAMPF biomedical channel. The first
type utilizes the very intense source of "cloud”" muons
produced near the target region; typical beams with the
channel tuned for pions have a 15% component of cloud
muons.~ The first section of the channel focuses a
dispersed beam at the Jlocation of the wedge degrader
indicated in Figure 1.° The wedge is replaced by a
uniform thickness Be degrader which provides momentum
separation between pions and cloud muons. An analyzer
section cousisting of elements B3 and Q4 is used to
regain good momentum resolution and achleve particle
separation. A momentum dispersed image of slit S2,
directly following the degrader, is formed between Q4
and Q5. An additional slit assembly S3 is installed at
this second bend-plane focus to select the momentum
bite of the analyzer. Wire chambers before and after
B3 are used routinely to measure particle momenta.
This system was employed in Q4 optimization and gave an
analyzer FWHM momentum resolution of 2.8% for 83 MeV/c
muouns.

A second tune type is the backward-decay
configuration that collects muons from pion decays in
the region betweea B2 and B3 without the degrader
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Fig. 1. LAMPF biomedical channel modified for muon beam
capability with addition of slit S3 located at
dispersed image of S2.

present . The slit S2 limits the source size for the
analyzer, for both the backward decay and the degraded
cloud muon tunes. Electrons and pions are easily
removed by the analyzer, vesulting in clean muon beams
that are expected to have good polarization.

Cloud Muon Tunes

The cloud beam 1s degraded in momentum in order to
eliminate pion contamination and to obtain smaller
monmentum spread, smaller spot size, and higher rate
than is possible for decay tunes. The effect of the
degrader on the particles, identified by pulse height
in a thin scintillator, 1is illustrated in Figure 2.
The analyzer and beam-shaping section of the channel
are fixed at 83 MeV/c while the momentum of the first
section is varied. The normal setting for the first
section is 123 MeV/e¢ at the muon peak. The large
differences in dE/dx between particles result in
substantial differences in momentum after the degrader.
Pions are very well separated from muons at the muon
peak. Electrons are present, however, at all momenta
due to large radiative energy losses.
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Fig. 2. Function of Be degrader. w, u, and e are
detected with analyzer set to 83 MeV/c. The central
momentum of the composite beam entering the degrader is
swept by varying Ql-B2. Rates are measured with a
1.3 g/em® target which is 1/7 of the normal production
target thickness. This "thin" target reduces electron
production in _the target by a factor of 2 from the
normal target.

The relative heights of the peaks are strongly
affected by scattering in the degrader. The
approximate composition before the degrader is 20% u~,
20% o7, and 60% n . The electrons suffer the least
scattering and after the degrader are about equal in
rate to pions, many of which have been scattered out of
the acceptance of the anaylzer. Another effect
reducing the muon intensity arises from the -fact that
the particles are already momentum analyzed entering
the degrader as it 1is coincident with the focal plane

of the first section. The muons have counsiderably
poorer momentum resolution at this point since they
arise from an extended source; hence the capture

efficiency of the analyzer is lower.

Electron Contamination In Cloud Tunes

The degrader thickness used was the minimum that
eliminated nearly all pions on the basis of TURTLE
calculations. The large fraction of surviving
electrons observed was surprising since the electron
collision energy loss is much smaller than muon energy
loss in the degrader and e~ and cloud = are incident
on the degrader in about equal numbers.

As revealed by Figure 2, the biggest factor in
enhancing e~ relative to y~ is the reduction of y~ by
scattering out of the analyzer acceptance. Tn
addition, a study of the effects of electron radiative
losses was undertaken. Electrouas with 4 momentum of
123 MeV/c (the first-section momentum used for muon
tunes) were delivered to the 5.4 cm Be degrader. The
radiative tail was observed experimentally by sweeping
the momentum of the analyzer and recording electron
transmission, produciag the curve ia Fig. 3. The
properties of this incident electron beam were taken
from measurements with the B3 wire chambers without the
degrader present. The calculated curve comes from the
Electron-Gamma Shower code EGS-. An angular cut was

applied to e~ exiting the degrader corresponding to the

acceptance of the analyzer. The two curves are
normalized by numbers of particles so that the
comparison in the tail 1is not distorted by the
non-equality of the spreads in the peak regions. Lack

of agreement in the peaks 1is attributed to imperfect
knowledge of the momentum spread of the beam for the
specific slit apertures used.

The good match in the tail reglcon indicates that
the electron component at the muon momentum of 83 MeV/c
arises from radiative energy loss. This calculation
also predicts correctly the 30% reduction in electron
component observed using Al instead of Be as a degrader
material with the same muon energy loss.

Beam Properties

Table I contains beam properties for decay and
cloud tunes and includes for comparative purposes data
for two high-flux pion tunes designed for patient
dynamic treatment.

The decay and cloud tunes are listed in order of
increasing slit aperture. The bend-plane rms spot size
(0,) increases as the source size at 83 becomes larger.
The channel contains He bags with air gaps for slits
and wire chambers, but beams with momenta as low as
65 MeV/c still have acceptable spot size and momentum
spread.

Table I also contains the rms momentum spreads for
muon beams as a range width (¢,) measured in water.
Somewhat smaller momentum spreads are measured with the
B3 wire chambers. For example, using small slit
apertures, a cloud tune has g, of 1.2% whereas the
range curve corresponds to ¢ of 1.8% after unfolding
straggling. The TURTLE calculation including
scattering predicted a momentum spread of 1.1%.
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Fig. 3. Calculated and measured radiative electron tail
for 123 MeV/c e~ incident oun 5.4 cm Be degrader. The
EGS code was used to calculate the spectrum with a
limiting cut on angle to match analyzer acceptance.
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Table I. Characteristics of Representative Beams. X

Momentum Spread

Size in Air (cm)  Range Width in Particles per Composition (%)
Beam Type o, a, Water o, {cm) o0, (%) Second x 107° efe+u n/u w/n en
- 150 MeV/c 3.1 33 2.2 5.0 x 10? 15 14
— 1O Aa 19 19 ) 18 78y 102 12 7
n 1Yy LVICV/L DL ke 1.0 fad AU R A /
u” {backward decay) 2.3 3.0 0.32 0.26 37 2.0
83 MeV/c 2.7 3.1 0.47 1.0
4.4 33 0.59 29
u~ (cloud using degrader and 2.1 2.7 0.33 0.5 37 2.5
magnetic separation) 2.6 2.7 0.39 1.8 37
Q1 MoV /n 14 2.0 0,44 1.6 37
Q2 WVIL ¥ /v U da 7 A" A e
Notes:
1. Rates for positive particles are approximately 5 times those for negative particles.
2. Rates are for 500-uA proton current on an A-3 target of 8.8 g/cm? pyrocarbon.
3. All distributions are Gaussian except decay beam momentum distribution, which has a high-momentum tail.
4. Cloud beams use a 5.4-cm beryvllium degrader at the channel first focus.
Polarization of Backward Decay Beams narrow momentum bite is preferred. Since the optics is
. . . the same for each particle beam, the spot sizes and
Polarization calculations were made for backward- momentum spreads are similar to the cloud muon beam
de s with TURTLE modified to include calculation arametors 1lated in T .
. pardameters listed 1In ldDLt‘ Lo
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