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Abstract

A collaboration is underway to investigate the impact
of Coherent Synchrotron Radiation (CSR) and shielding
on beams of various shapes as they pass through a chi-
cane. Experimental efforts have been made at the Argonne
Wakefield Accelerator (AWA) facility. Currently, the facil-
ity is equipped with two identical doglegs with reversing
quadrupoles that allow doglegs to function as a chicane, and
manually adjustable shielding gaps. A 6.4-ps-long flattop
laser pulse was generated using alpha-BBO crystals, and
the linac phase was adjusted to either preserve the bunch
length or slightly compress it through the chicane. While
the expected beam behavior was observed during the ini-
tial experiment, the current chicane’s exceptionally large
R56 (=0.45 m) rendered it sensitive to modulations from the
alpha-BBO configuration. We have confirmed a new beam-
based tuning procedure for the BBO crystals and its effect
on modulations. We present the summary of experimental
efforts to date and outline future plans.

INTRODUCTION

Coherent Synchrotron Radiation (CSR) is a long-standing
challenge in modern accelerator design. Various efforts have
been made to understand CSR effects on the beam [1-3], to
numerically estimate its impact [3—7], and to experimentally
benchmark these predictions [§—10]. Among the remaining
challenges, the shielding effect is particularly interesting as
it directly modifies the radiation itself rather than focusing
solely on its interaction with the beam. Experimental efforts
in this direction include demonstrating the suppression of
low-frequency components in the CSR spectra [11] and the
reduction of CSR-induced energy spread from a single dipole
magnet [12]. While these studies demonstrated the impact of
shielding on the radiation or the beam under extremely small
gaps, its impact on the beam in a compressor environment
under nominal operating conditions remains unexplored.

We have modified the existing emittance exchange beam-
line at the Argonne Wakefield Accelerator (AWA) facil-
ity [13] to implement a chicane compressor with the dipole
chambers equipped a pair of metallic plates whose gap size is
tunable [14]. The AWA facility is among the most versatile
platforms for generating on-demand beam conditions [15].
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This environment makes it an ideal testbed for experimental
investigations and benchmarking of CSR effects.

So far, we have designed and built the chicane compressor
and conducted two initial experiments. These experiments
revealed both challenges and promising results. In this pa-
per, we describe the constructed beamline, provide example
simulation results demonstrating the feasibility of CSR wake
measurements, and discuss the encountered challenges, in-
cluding sensitivity to initial laser modulation, along with the
current status of the experiment.

CSR BENCHMARKING BEAMLINE AT
ARGONNE WAKEFIELD ACCELERATOR

The AWA facility hosts an emittance exchange beamline
consisting of two identical doglegs with a deflecting cavity
in the middle. To minimize disruption to the existing facil-
ity layout, we added two quadrupole magnets between the
doglegs to form a horizontal negative identity transport. This
configuration enables flipping the beam instead of physically
reconfiguring the beamline to realize a chicane. Except for
the presence of strong horizontal focusing and vertical de-
focusing in the central region, the longitudinal dynamics of
this reversed chicane are equivalent to those of a conven-
tional C-type chicane. The beamline is also equipped with
adjustable shielding gaps as shown in Fig. 1.

The overall layout of the CSR study beamline is shown
in Fig. 2. The L-band injector can generate single bunch
with charges ranging from 1 pC to 100 nC and bunch lengths
corresponding to laser pulse durations from 0.3 to 6.4 ps
(FWHM). This beam is accelerated to 44 MeV for CSR
studies. The laser pulse length is typically adjusted using
a-BBO crystals, but Gaussian pulse stacking with arbitrary
spacing is also available.

Figure 1: Dipole chamber with adjustable shielding gap.
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Figure 2: Experimental beamline layout. Brown boxes represent RF cavities; blue boxes indicate solenoids; blue diamonds
are quadrupole magnets; purple boxes show rectangular dipole magnets; grey circles are diagnostic stations including slits

or YAG screens.

The injector is followed by four quadrupole magnets in Re-
gion A, which control the entire transverse second moments
(e.g., beam size and slope). The transversely controlled
beam then enters the reversed chicane, which consists of
two identical doglegs and the reversing quadrupole magnets
in Region B. Region C, D, and E are diagnostic stations.
Both C and D are equipped with vertical and horizontal slits
mounted on motorized actuators. Thus, both slit-scan and
quad-scan are available for measuring beam’s transverse
phase space. If one of the upstream quadrupoles is skewed,
projection-based transverse phase space measurement can
also be performed [16]. In addition, longitudinal phase space
diagnostics are available both upstream and downstream of
the chicane. This diagnostic section (Region E) consists of
a deflecting cavity followed by a dipole magnet and screen.
This configuration enables direct comparison of the initial
and final transverse and longitudinal phase spaces to charac-
terize the CSR impact.

Reversed Chicane and Reversing Quads

The principle of reversing quadrupole is analogous to that
of a simple optical telescope: both reversing quads focus
the beam in the horizontal plane, which flip the particles’
horizontal position and momentum. However, due to the
continuous horizontal focusing from reversing quads, the
beam experiences strong vertical defocusing, which signif-
icantly tightens the vertical acceptance. In addition, any
deviation from the nominal quadrupole settings can leave
unwanted x-z coupling.

We simulated the impact of the incoming vertical slope
and quadrupole strength errors. The results are shown in
Fig. 3. To ensure proper beam transport, the incident vertical
slope must remain within the range of 0 to 1 m~!, and the
quadrupole strengths must be controlled within +2% of their
design values. For this beamline, the nominal quadrupole
gradient is 2.26 T/m, which requires strength control at the
0.04 T/m level. These requirements are within the achievable
tuning capabilities of the AWA facility.

FEASIBILITY OF CSR WAKE
MEASUREMENTS

It is well known that wakefields, which introduce time-
dependent energy changes to the beam, can be reconstructed
by comparing the longitudinal phase spaces with and without
the wakefield [17, 18]. Similarly, we aim to experimentally
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Figure 3: Vertical acceptance and quadrupole strength error
tolerance of the reversed chicane.

retrieve the CSR wake by measuring the longitudinal phase
space with and without the influence of CSR.

An example is shown in Fig. 4, which presents the longi-
tudinal phase space distributions downstream of the chicane
simulated using the General Particle Tracer (GPT) code.
These are obtained via particle tracking with no CSR and
with various shielding gap sizes. These simulations use a
10 nC bunch with near-zero longitudinal chirp at the entrance
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Figure 4: Simulated longitudinal phase space and the cor-
responding reconstructed CSR wakes for various shielding
gap sizes. (a) and (b) show results with no-CSR for compar-
ison, while (c¢) and (d) use the result from a slit with 2 mm
opening.
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Figure 5: Effect of density modulation in the laser temporal profile on the downstream longitudinal phase space.

of the chicane. As in the standard wakefield reconstruction
approach, subtracting the longitudinal correlations obtained
at different gap sizes from the no-CSR case allows us to
extract the CSR wake as shown in the panel (b).

A challenge in experimentally applying this method is the
absence of a true "no-CSR” condition. To approximate this,
we implemented a vertical slit with a 2-mm opening. As the
beam passes through the slit, vertical clipping reduces the
charge while largely preserving the horizontal and longitudi-
nal distributions. Panels (c¢) and (d) show the results of this
approach. The CSR wakefield corresponding to each gap
size can still be reasonably reconstructed. It demonstrates
the feasibility of this experimental approach.

EXPERIMENT #1 RESULTS AND ISSUES

In the first experiment, we observed longitudinal phase
space patterns similar similar to those shown in Fig. 4; see
panel (a) in Fig. 5. However, we also observed an unexpected
X-shaped distribution shown in panel (b). Further analysis
revealed that this structure originated from microbunching
induced by density modulation in the laser’s temporal profile.

The current chicane has an Rs¢q of 0.45 m. Assuming si-
nusoidal modulations, a modulation amplitude greater than
1/kRsg = 1 x 10~* in &-space is sufficient to induce criti-
cal or over-compression of the momentum modulation. We
found that such modulation can readily arise from small an-
gular errors in the alignment of the ¢-BBO crystals. Using
simple ray optics, we estimated the changes in the laser’s
temporal profile caused by crystal angle errors, polarization-
dependent mirror reflectivity, and the ordering of BBO crys-
tals (e.g., thin-to-thick versus thick-to-thin). When all com-
ponents are ideal, the laser profile forms a nearly perfect
flattop (panel f), and the corresponding downstream longitu-
dinal phase space exhibits a typical shape (panel h). How-
ever, when a 1° error is introduced in the thickest BBO
crystal and mirror reflectivity shows a slight polarization
dependence, the laser temporal profile changes significantly
(panel g). It results longitudinal phase space develops strong
microbunching (panel i).

This microbunching, when strongly compressed in the
chicane, can combine with the main bunch envelope to form
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the X-like structure observed in panel (b). After identifying
this cause, the angles of BBO crystals were further refined to
reduce alignment errors. Improved longitudinal phase space
images were obtained as shown in panel (c). However, resid-
ual microbunching remains and leads to localized saturation
in the image. This microbunching was easily observable
when the diagnostic slit was removed (panel e). Addition-
ally, the phase space measured with the 2-mm slit exhibits a
significantly shorter bunch length compared to the original.
This issue has not yet been fully resolved.

EXPERIMENT #2 AND FUTURE PLAN

To work around the issues identified in Exp #1, we recently
carried out Experiment #2, where we refined the BBO align-
ment procedure and introduced a laser splitter in the optical
path. This setup allows the generation of two identical laser
pulses—one containing the modulation and the other used
to minimize it by introducing a temporal delay before re-
combination. This approach significantly improved the laser
temporal profile and led to promising results shown in Fig. 6.

Unfortunately, due to an unexpected hardware issue, we
were unable to complete the full data set acquisition includ-
ing measurements at various shielding gaps. This measure-
ment will be resumed in the near future.
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Figure 6: Simulated and measured longitudinal phase space
from Experiment #2. Panel (b) shows raw screen image of

the longitudinal phase space diagnostics. y and x correspond
to z and 8, respectively.
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