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ABSTRACT

We have developed a technique that allows SLAC to provide parasitic low-intensity
secondary et and e~ beams up to 25 GeV to End Stations A and B and to the FFTB
during SLC operation. This beam was successfully used for a one-month-long experi-
mental run in End Station A by the SLAC E-146 collaboration. The experiment used
400 MeV to 25 GeV electron beams at intensities averaging one electron per pulse and
120 pulses per second. The method for producing such a beam without the need for
dedicated beam time was to operate parasitically from SLC: photons produced in the
SLC beam scrapers in linac sectors 28, 29 and 30 were converted to positrons and elec-
trons in a target downstream from the SLC splitter magnet. The secondary e~ (or e™)

were then transported to ESA with the A-line.



I. INTRODUCTION

In the 1970s and early 1980s, SLAC provided a large number of users with test beams,
as part of normal operations. However, since SLAC moved toward collider operations,
in particular SLC, the available test beams at SLAC have fallen into disrepair. In
addition, there was no convenient way to produce low-intensity beams without interfering
with collider operations, or dedicating the SLAC linear accelerator to fixed target beam
production, an expensive proposition.

A low-intensity beam was required by SLAC Experiment E-146 [1], which measured
the Landau-Pomeranchuk-Migdal effect (suppression of bremsstrahlung due to multiple
scattering). Since bremsstrahlung has a very high cross section, the experiment required
a beam with average intensity of only one electron or positron per pulse, but at as high
an energy as possible.

To provide this beam, we developed a novel mechanism to use the particles scraped

away by the SLC linac collimators during normal operation [2].

II. BEAM GENERATION

The beam originates at the end of the SLAC linear accelerator, as shown in Figure 1.

During normal SLC operation, 5-10% of the beam (a few x10° particles) is scraped

Linac
et/e—
Sector | Sector | Sector e~ Production
28 29 30

T
e, e ——>

—

— 11t Pulse Magnet

String
8 SLC
Scrapers

SLe 7563A1

Figure 1. A diagram of the parasitic beam generation. High- energy photons
produced in the collimators of sectors 28-30 travel downstream in the SLC
beam pipe, past the 50B1 bending magnet that directs electrons and positrons
into the SLC arcs, and onto a e™e™ production target in the beam switchyard.
Electrons produced in the target are captured by the A-line and transported to

End Station A.
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Figure 2. The parasitic yield for the full A-line angular acceptance and 1%
energy spread as a function of secondary electron energy.

away by a series of eight collimators in sectors 28-30 of the linac. Each collimator
is 2.2 radiation lengths (Xj) of titanium. Bremsstrahlung by scraped electrons in the
collimators produces a usable photon flux that emerges from the sides and back of
the collimator. Some of these photons follow the beam downstream, past the 50B1
magnet that bends the electrons and positrons into the SLC arcs, and into the beam
switchyard. There, a 0.7 X, remotely-insertable copper target converts these photons
into ete™ pairs. Electrons within the A-line fixed angular and adjustable momentum
acceptance [3] enter the A-line and are transported to End Station A. Although E-146
used electrons exclusively, positrons could also be used by reversing the polarity of the
A-line magnets.

The parasitic beam was simulated using the electromagnetic shower Monte Carlo
EGS4 for electromagnetic showering, and the ray tracing program TURTLE to transport
the electrons through the A-line. The simulations showed that this beam should produce
a flux of 1-100 electrons per pulse at 25 GeV, the highest energy that could then be

transported by the A-line. Figure 2 shows the predicted yield as a function of energy.
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Unfortunately, the yield is sensitive to a number of factors, chief among them the relative
positions of the collimators.

SLAC Experiment E-146 used this technique for a one month run. The E-146 ex-
perience generally matched the simulation, although the observed intensities were lower
than the simulations indicated. This is probably because of imperfect collimator align-
ment, coupled with uncertainties as to the relative losses in the collimators in different
sectors of the linac. The latter is important because the effective collimator solid angle
seen by the electron production target drops significantly as the distance between the
target and collimator increases. Typically, E-146 ran with the A-line momentum defin-
ing collimators almost closed, set around Ap/p ~ 0.05%, compared with the typical
high-current operational setting of Ap/p ~ 1 —2%, providing a beam intensity of about
one electron per pulse.

To understand the beam generation, it is convenient to divide the system into two
parts: photons impinging on the ete™ production target, and electron production and
transport in the A-line. The source size for the A-line optics system is determined by the
spatial distribution of the photons on the production target. EGS4 simulations indicate
that for photons from the first collimator in Sector 29 the source size is approximately
+1 mm, and for photons from the last collimator in Sector 30 the source size is approxi-
mately £10 mm. In typical SLC operation, most of the photons originate from the first

few collimators in Sector 29.

The A-line transport was modeled using the ray tracing program TURTLE. With
the A-line optics adjusted to focus the beam at the ESA pivot, a source size of 2 mm
radius, and an energy defining slit of 0.1% full width results in a beam whose rms half
widths are x = y = 4 mm and 6§ = ¢ = 0.2 mrad. This corresponds to an acceptance
of 3.7 x 107 3usr - %. Since the primary beam intensity and linac collimator openings,
are set to optimize SLC operation, the only way to vary the parasitic beam intensity is

with the energy defining slit and emittance defining collimator in the A-line. With the



emittance defining collimator attenuating 50% of the secondary beam, the calculated
rms half widths at the ESA pivot become z = y = 2.5 mm and § = ¢ = 0.12 mrad.
With the energy slit set to 0.1% full width, the measured yield is ~ 10 e~ /pulse at 8 and
25 GeV for a typical SLC beam loss of 5 x 10 on the linac collimators. The measured

rms half-widths are 3-4 mm, in agreement with the calculation.

The experience of the E-146 run showed that the secondary beam intensity and po-
sition remained stable for long periods of time and required only infrequent adjustments
of collimators and steering magnets. Typically, the pulse to pulse intensity was domi-
nated by Poisson fluctuations in the number of electrons. On a time scale of days, the

average intensity varied by a factor of order 2, as the SLC beam conditions changed.

In addition to the 25 GeV running, E-146 also collected data at 8 GeV, with similar
intensities and ease of operation, and tuned the beam briefly to 2 and 6 GeV. Data were
also collected with the beam tuned to 400 and 500 MeV, to calibrate a calorimeter. At
these energies, a number of factors complicated operation. These included an inadequate
number of dipole correctors to compensate for the earth’s magnetic field over the several-
hundred-meter beam-line length, difficulties with the magnet power supplies regulating
at low current, and a burned out magnet. At 400 MeV, the maximum intensity was
about one per minute; at 500 MeV, it peaked at about one per second. At these energies,
the beam dispersion was considerably increased, filling the beam pipe; however, the
momentum dispersion remained small, as shown by the histogram in Figure 3. While

low, the flux was adequate for calibration purposes.

The time structure of the beam that reaches ESA follows that of the SLC—two
subnanosecond pulses separated by 59 ns at a repetition rate of 120 per second. E-146
used the 59 ns separation to monitor the relative electron yield from the two bunches;

typically the electron intensities generated by the two bunches were about equal.
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Figure 3. The pulse height observed in the E-146 calorimeter with the A-line
tuned to 500 MeV. The width is consistent with the calorimeter resolution.

III. FUTURE POSSIBILITIES

The possibility of using the same parasitic technique to provide beams to other beam
lines has been considered. It would be possible to direct the beam into the B target

room; however this would interfere with a number of current projects.

Alternatively, it appears possible to use the same technique to provide low-intensity
beams in the new Final Focus Test Beam (FFTB). Simulations indicate that the parasitic
technique should work in the FFTB, and provide similar beam intensities. There are two
differences due to the different FFTB transport: the beam momentum spread should be
larger, Ap/p ~ 2%, and the beam should be smaller. The former is due to the limited

bend in the FFTB line; the latter is due to the better focusing optics.

The same technique to generate a low-intensity pion beam. Although the pion pho-

toproduction rate is much lower than the pair production rate, by using a low-Z target



and a non-zero production angle, Monte Carlo simulations indicate it may be possible

to produce a usable pion beam, with a flux in the range 0.1 to 1 particle per second.
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