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Summary

Interest in developing new, high gradient accel-
eration techniques is growing rapidly.™?’ Exper-
imental investigation of new concepts, however, lags
noticeably behind the ideas. To a large extent this
situation arises simply because the very specialized
beams and diagnostics required to make the necessary
measurements are not available.

A facility 1s being comstructed at ANL which will
permit the direct measurement of wake fields for a
variety of experimental conditions. A single, short
bunch of 22 MeV electrons from an existing linac is
manipulated to form two separate pulses which can be
set to specified time and space separations. Normal-
ly, the leading pulse will be an intense, full energy
pulse of a few times 10 electrons less than 10 psec
in length. The trailing "witness" pulse will be at
roughly 3/4 the energy of the leading pulse, will
contain fewer electrons, and will have the same pulse
length as the leading "driver” pulse. Energy
gain/loss and deflections of each pulse will be
measured after the bunch doublet has passed through
the wake structure under test. Design specifications
and project status are presented.

The facility will provide a continuous 800 Hz
sequence of two beams with adjustable intemsity, pulse
shape, and separation between pulses. Pulse widths
can be selected from 100 picoseconds down to 6
picoseconds, and pulse separation from 0 to over 2000
picoseconds. A well-instrumented spectrometer sftu-
ated downstream of the test section will permit accur-
ate analysis of beam energies and trajectories.

Experiments on wake field effects are especially
well suited for the facility because the leading pulse
will contain approximately 10 nanocoulombs of
charge. Either pulse, however, may be used separately
for experiments which require only one pulse (e.g. nen
wake field experiments).

Description of the Facility

Formation of short pulses

The facility is being built in existing space in
the experimental areas of an existing 20 MeV electron
linac operated by the Argoane Chemistry Division.
This linac has unique properties which have been
exploited in the past for beam signal pickup calibra-

tion®, 1Its present parawmeters are given in Table I.
Table I

rf system 1300 MHz

Energy 22 MeV

Intensity >10 nC/pulse

Repetition <800 Hz

Pulse width 30 ps (fw 10% max)

Emittance 7 pi-mm-mrad

Energy spread +150 KeV

An upgrade is being made to the linac by the
Chemistry Division which will reduce the pulse length
to 6 picoseconds while retaining the high charge per
pulse, This is to be accomplished by the bunch rota-
tion system shown in Fig. 1. The longitudinal disper-
sion of the double 90 degree bend section of the beanm
transport produces the desired bunch rotation of the
30 picosecond pulse after it has passed through the
buncher cavity. This transport system has been desig-

ned taking electromagnetic self-forces into account.

In situations in which the wake causing pulse is
colinear with the trailing pulse there have been
several methods proposed to circumvent the so called
wake field theorem. All are based on having extended
length, specially time-shaped leading pulses.

The systems described above will permit the pulse
shape to be adjusted to some extent. For example, it
is easy to see how positioning the beam at the voltage
"zero" 180 degrees from that used for bunch compres-
sion will produce bunch lengthening. Of more interest
is the capability of adjusting the crossing phase to
values near the maximum buncher cavity voltage. Here,
the resulting pulse after the double 90 deg section
will have a triangular shape. This capability will be
especially useful in plasma wake field experiments as
a method of controlling the effective wake effect
transformer ratio”’™?

It is also possible to modify the pulse shape by
making beam line 1 to not be isochronous and instal-
ling momentum tapering slits. This maps a momentunm
distribution into a time distribution. Not as at-
tractive as the technique described above which uses
rf manipulation, it nevertheless points out the flexi-
bility of the design.

Description of beam manipulations

Figure 2 depicts the beam handling system which
produces the double pulse and the variable pulse
separation. A single linac pulse arrives at the
target. T, where a rod target intercepts the core of
the beam. The beam, now consisting of a mixture of
the scattered "spray" from the target and non-inter-
acting beam, is split in bending magnet Bl. The non-
interacted full-energy component of the beam travels
down beam line 1 as shown, while the "spray" is colli-
mated and momentum selected by a slit system as it
travels down beam line 2. A trombone system con-
sisting of bending magnets B2, B3, and B4 permits the
path length of beam line 2 to be varied by approxi-
mately 70 cm. After the two beams have been re-
combined in bending magnet B5, beam pulse 2 trails
beam pulse 1 by 0 to 2000 picoseconds.

Beam line 1 is designed to be isochronous. This
is necessary because the energy spread of beam pulse 1
will be about + 3% dp/p. Part of the spread comes from
the "natural" spread of the rotated linac pulse and
some from longitudinal self-forces in the intense
pulse. Fortunately, the shear and enlarged beam
envelope in beam line 1 is sufficient to make the self
force effects small for all but short portions of the
transport system.

Beam line 2 is not isochronous for all delays.
However, the momentum spread of beam pulse 2 is
selected by the slit system to be only % 1% and self
forces are negligible, Thus the small longitudinal
dispersion of beam line 2 will not produce significant
pulse lengthening. As the path length of beam line 2
is varied, only the currents of two quadrupole fami-
lies require adjustment to maintain nearly constant
beam properties beyond B4. Figure 3 indicates the
variation of the quadrupole curvents and of the trans-
verse dispersion as the path length varies. Calcul-
ations predict the intensity of beam pulse 2 to be
about 1.E7 electrons. This is quite sufficient to
permit the use of straightforward instrumentation
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techniques.

Beyond the recombining magnet B5 there will be
considerable space for the accelerator test section,
A well instrumented spectrometer downstream of the
test section will be used to measure deflections and
energy changes of the two beams.

Controls and diagnostics

For the initial experiments, we are designing a
spectrometer system capable of measuring longitudinal
and transverse accelerations of the lower energy, low
intensity "witness" beam. For initial experiments
this spectrometer will have a momentum acceptance of +
20% and a solid angle of 0.0l sr. Separation of the
two beams is done in the spectrometer. The high
intensity beam will be appropriately dumped.

For this to be an effective, widely used facility
it is imparitive that it have well thought out, re-
liable, and "user friendly" diagnostics and
controls, Plans include the utilization of a dedi-
cated mini-computer and off the shelf equipment as
much as practical. Because there is no need for
extremely rapid data acquisition and control we pro-
pose that programming be in a high level language such
as BASIC,

Modes of operation

This facility will be uniquely well suited for
wake field experiments. The extremely large current
of pulse 1, about 5 KA, plus the adjustable delayed
witness pulse 2 present near ideal coaditions for such
experiments, It will also be possible to not have
pulse 2 be co-linear with pulse 1 dbut have it dis-
placed relative to it. Coupling impedances (parallel
and transverse) of various devices may then be ob-
tained by frequency analysis of the measured wake
potentials.,

Reducing the emittance of beam pulse 1 by a large
factor, 100 or more, will permit extremely small
diameter beam pulses which can be of use in probing
the small spaces described in some of the new ac-
celeration techniques being proposed.

Initial Experimental Program

As examples of the types of experiments which can
be conducted with the facility,.consider three speci-
fic ones which are being planned.

*) A plasma wake field5’s, test- An experiment is
planned by a group at the University of Wis-
consin’ to measure the characteristics of the
wake field in a cold, relatively low density
plasma.

*) Wakeatron® - Many of the concepts incorporated
in the idea of a protom bunch driven electron
accelerator can be tested in the facility.

*) Periodic plasma waveguidelo - A plasma of
varying density can act as a low-loss slow~wave
medium somewhat analogous to conventional disc
loaded linac structures or to travelling wave
tubes.

*) Investigation of pulse shape_dependence for the
effective transformer ratio. ,
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Fig. 1 Acceleration and Bunch Rotation Apparatus.
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Fig. 2 Low and High Energy Beam Lines.
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