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DISCLAIMER

This report was prepared as an account of work sponsored
‘byanagency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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reported [10] as about 80 ns (FWHM). Although beam
energies as high as 540 MeV have been used, one set of
data is at 220 MeV, the energy that would be used for
SASE experiments at 517 nm.

3 EXPERIMENTAL RESULTS

Preliminary results are reported in this section on rf gun
beam transverse size, emittance, and bunch length.
Additionally, the measurement of the YAGCe crystal
response time is reported.

3.1 Beam Transverse Size

Recently measurements at 220 MeV were performed on
the beam at the end of the Iinac. Beam images were
obtained with both the YAGCe crystal and the OTR
converter. Figure 1 shows an example of the beam
vertical profile using OTR. The MAC-TA algorithm
calculated a spot size of -170 ~ (FWHM) that
corresponds to about 72 pm (cr), assuming a Gaussian-
shaped profile. The aspect ratio (1-ZV)was about 41 for
this beam focus.
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Figure 1: An example of the rf thermionic gun’s vertical
beam profik 170pm (F’WHM).

3.2 Preliminary Emittance

Having obtained reasonable transport and focus of the
beam, an evaluation of the beam emittance was
performed by the standard tracking of beam size with the
quadruple field strength of an upstream magnet. In this
screen position there were two quadruples that were
available to be adjusted. A script developed by M.
Borland was adapted that automatically stepped the fields
and logged the measured beam sizes via the EPICS
process variables [11]. As shown in Fig. 2, the horizontal
beam size can be minimized by selecting a combination
of fields from the linac-to-PAR magnets LTPQ9 and
LTPQ1O. The Max Video-20 digitized data were fit to
Gaussian profiles in this case. An example of emittance

data is shown in Fig. 3. The data are consistent with
normalized emittances, ~ = 8.8 z mm mrad and ~ = 9.5
z mm mrad for a 25-mA macropulse current. Errors are
estimated as 20-30%. Simulations of this particuku rf gun
setup with elegant [12] have reproduced the emittance
asymmetry between the two planes. It is noted that the
measured and computed emittance ratios are similar
although the measured values are 60% higher. These
measurements were made without an energy filter in the
alpha magnet. As a resul~ the beam contains a trailing,
low-energy component that is expected to significantly
increase the projected (but not slice) emittance. Although
this low-energy “tail” contains only a small fraction of the
total charge (approximately 10% of the total bunch
charge by the time the bunch reaches the end of the
Iinac), it is the greatest contribution to the projected
(longitudinal whole-beam) emittance. Considerably lower
measured emittances are expected once the alpha magnet
energy filter has been installed.

Figure 2 Variations of the observed horizontal beam size
with the two upstream quadruples Q9 and Q1O.
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Figure 3: An example of the quadupole field scan versus
observed beam sizes: ax (circles) and GY (triangles).
Emittances of ~,Y c 10x mm mrad were determined from
the fitted curves.
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3.3 YAG:Ce Crystal Response Time yearat high macropulse currents of the rf gun and on the
PC rf gun.

The rf gun’s macropulse is typically 30 to 40 ns, shorter
than tie 80-ns (FWHM) response time of YAGCe
reported by Graves et al. [10]. This would preclude any
submacropulse imaging with this converter. We have
used the slow sweep streak module operating at 1-w full
range to assess the actual response times of our specific
crystals. The electron-beam macropulse duration is not a
delta function impulse to the system, but it is still
sufilciently short that a reasonable measurement is
possible. In these data we actually used the DC gun beam
with a shortened macropulse of-20 ns. As shown in Fig.
4, the measured YAGCe response is 105 ns (FWHM). A
preliminary assessment of the l/e time is also about 112
ns, The streak unit’s calibration factor is based on the
original factory calibrations.
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Figure 4: Streak camera data showing the response time
of the YAG:Ce crystal to the incident 20-ns electron
beam. The effective response is about 105 ns (FWHM).
The horizontal axis spans 1 ps.

3.4 Bunch Length Measurements

Assessments of micropulse-averaged bunch length using
the synchroscan streak camera have begun. Preliminary
results at 540 MeV and for macropulse currents of less
than 150 mA are 3-4 ps (cr). Low signal levels required
averaging over about 30 macropulses (few seconds) and
so may involve some phase slew blurring the image and
lengthening the apparent size. Measurements with the
optimized gun and an optimized optical path at 220 MeV
are planned, Use of a fifth-harmonic cavity signal to
optimize bunch length was previously reported by
Lewellen et al. [4].

4 SUMMARY
In summary, a diagnostics station that can support the
characterization of bright electron beams at the end of the
APS Iinac has been tested. It has also been used to attain
preliminary data for the rf thermionic gun beam quality at
low beam currents. Further experiments are planned this
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