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Abstract
A transverse laser-shaping optical setup using microlens

arrays (MLAs), previously developed and employed at Ar-
gonne Wakefield Accelerator (AWA), allows the formation
of both highly uniform and modulated (patterned) beams.
In the latter case, transverse modulation is imposed in the
sub-millimeter scale. In the present study, we report the
simulations of backward coherent transition radiation (CTR)
emitted from a transversely modulated beam. We compare
the case of a uniform round beam against different transverse
modulation wavelengths by generating CTR on a steel target
and measuring the autocorrelation function of the resulting
radiation with an interferometer. We particularly focus on
the differences between round and patterned beam distribu-
tions and discuss possible future applications of this setup
in THz radiation generation.

INTRODUCTION
Microlens arrays (MLAs) are commonly known in laser

technology as light condensers and are often used for trans-
verse laser beam homogenization. An alternative application
of the MLAs is the generation of patterned beams that can
be used in photoinjectors for multiple purposes [1].
Microlens array consists of periodically placed lenses

forming a rectangular, honeycomb, or circular pattern. The
resulting modulated light distribution mimics the microlens
array geometry. The modulated pattern generated at the pho-
tocathode can be preserved and propagated downstream of
the accelerator, while the spacing between the beamlets is
controlled via solenoid and quadrupole lenses. Such an ex-
perimental setup was recently established at Argonne Wake-
field Accelerator (AWA) facility [1], see Fig. 1.

Coherent transition radiation (CTR) is commonly used in
temporal profile diagnostics [2–8]. An experimental setup
usually consists of a retractable metallic screen and radiation
diagnostics operating in the THz regime. Such a setup is
depicted in Fig. 1 (a) and was recently built at AWA facility.

The goal of this study is to utilize MLA setup to introduce
transverse modulation in the electron beam and observe its
effect on the resulting CTR spectrum.

Figure 1: (a) Schematic of the experiment: an electron
beam is incident on a metallic screen positioned at 45 deg.
The resulting transition radiation photons are received in
bolometer via interferometer transport to perform an auto-
correlation scan. (b) An example of MLA-formed electron
beam patterns observed at γ = 100.

SIMPLIFIED ANALYTICAL
CALCULATION

A detailed analytical derivation of the transition radiation
from a point charge as a solution of Maxwell’s equations
between twomedia can be found in classical textbooks [9,10].
The electromagnetic field of a point charge falling onto a
metallic plate can be calculated using the “method of images”
[11], where for every charge incident on an infinite plane
(q, ei) there is a “mirror” charge (q′, e′i ) behind the plane
forming a pair of real and image charges. When a virtual
pair of charges approaches the plane, it emits radiation that
is mathematically equivalent to the transition radiation from
a point charge [10]1.

1 Additionally, an analytical expression for a TR EM-field in case of a finite
metallic plane can be found in [12].
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Figure 2: Simplified schematics of the “line” charge arrange-
ment with spacing d. Axes correspond to Figure 1 notations.

Assume a “line” formation of point charges with spacing
d arriving in parallel at the infinite metallic screen. Fig-
ure 2 illustrates such an arrangement for both “real” and
“imaginary” charges.

A magnetic component of a TR EM-field can be written
as [10]:

®Hω =
q

2πc

N∑
i=1

(
®eiR × ®ei

1 − ®eiR · ®ei
−
®e′iR × ®e

′
i

1 − ®e′iR · ®e
′
i

)
× (1)

×
exp (iωRi/c + iωti)

Ri
,

where N is the number of charges q, ®ei is the velocity vector,
®eiR is the vector from the point of incidence to the detector,

Ri is the distance from the point of incidence to the detector,
ti is the time of arrival of i-th charge at the metallic plate,
ω is the radiation frequency. The spectral density of the
radiation can then be computed as [10]:

d2W
dωdΩ

= cR2 | ®Hω |
2 (2)

Assuming the detector is far from the plate, Eq. 1 can be
rewritten as:

®Hω ≈
q

2πcR
®f

N∑
i=1

exp (iωRi/c + iωti), (3)

where ®f =
(
®eR×®e

1− ®eR ·®e
−

®eR× ®e′

1− ®eR · ®e′

)
and the term under summa-

tion can be referred as a bunching factor:

F =

����� N∑
i=1

exp (iωRi/c + iωti)

�����2 (4)

Note, if the detector is located in the far-zone, the particles
with the same ti will have almost the same contribution to
the resulting spectrum. Nevertheless, the path difference

∆Ri is finite, therefore has to be accounted for. The resulting
spectral density can be then rewritten in a shorter form:

d2W
dωdΩ

≈
q2

4π2c
f 2F (5)

NUMERICAL SIMULATIONS
To perform numerical simulations, a code that computes

radiation spectral density (Eq. (2)) with exact expression for
®Hω (Eq. (1)) and approximation (Eq. (3)) was developed.
The results were found to be very close, therefore hereafter
we will refer to the calculations via Eq. (3). N = 8000 parti-
cles were used in simulations of both transverse Gaussian
bunches and beamlets arranged in a vertical “line” with a
spacing of d = 1mm. The longitudinal bunch length was
assumed to be Gaussian with σz << d. The detector was
assumed to be in a far-zone meaning R >> 8mm. In the sim-
ulations, the electron beam was assumed to have a waist at
the location of the metallic screen and transverse emittance
was set to 0.

TR is known to have a “double-horn” structure, which
is independent of transverse electron distribution and at-
tributed to the fact that there is no radiation emitted along
the direction perpendicular to the charge velocity [9, 10].
Such a spectrum is displayed in Fig. 3 for the case of a Gaus-
sian and modulated transverse distribution. The simulation
was done for the same number of particles in both cases and
the 3σ size of the Gaussian distribution was matched by the
beamlet array size.

The spectral content of the radiation generated by a Gaus-
sian bunch and 8 beamlets arranged in a “line” is depicted
in Fig. 4. The beamlet pattern possesses a peculiar spectral
structure in the THz regime. As it can be seen in Fig. 4, ad-
ditional radiation peaks emerge at detector offsets of about
2°, while the maximum of the radiation is contained around
0.57°. The first harmonic seems to be relatively narrow-
band, therefore motivating the experimental attempt.

The numerical study with realistic beam distributions will
be performed in the near future and reported elsewhere.

EXPERIMENTAL SETUP
A numerical model of the AWA-DB beamline was estab-

lished in opal-t, impact-t, gpt and astra [13–16]. Electron
beam simulations were performed to achieve necessary beam
parameters at the location of the metallic screen [17, 18].
In the experimental setup we use two MLA plates of a

rectangular spacing with 300 µm pitch and f = 5 mm focal
length. The MLAs are illuminated with mJ-energy 248 nm
laser pulses. Such a configuration provides very flexible spa-
tial shaping technique, therefore it is routinely employed in
various AWA electron beam experiments [1]. The electrons
are accelerated to 7 MeV in an L-band RF gun and further
transported through 6 L-band linacs to a final energy of up
to 72 MeV; see [19].
A stainless steel mirror is installed in the beamline at

α = 45° after the last accelerating structure with an interfer-
ometer and bolometer on the side; see Fig 1. For a detailed
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Figure 3: Simulated “double-horn” TR spectrum calculated
at ω = 6 THz for the detector configuration shown in Fig. 1.
Beamlet “line” arrangement consisted of 8 beamlets with
spacing d = 1 mm.

Figure 4: Spectral content of the Gaussian (top) and 8
beamlets “line” arrangement (bottom) with spacing of d =1
mm.

description of the interferometer please see [8]. A IR-Labs
general purpose LN-6/C 4.2 K bolometer [20] is installed
downstream of the interferometer.
Such a setup allows autocorrelation scans of the elec-

tron beam, revealing it’s spectral content. Additionally, the
MLAs were placed on a rotatable stage to compensate the
Larmor rotation in the RF gun solenoids and allow for dif-
ferent pattern angles at the CTR mirror; see Fig 1 (b).

EXPERIMENTAL PLAN
The experiment will be performed as follows. A trans-

versely homogenized laser distribution will be created in
the MLA setup and transferred onto photocathode. The
beamline will be tuned to provide the beam waist at the loca-
tion of the metallic screen. An interferometer will be used
for an autocorrelation scan with the CTR signal registered
in bolometer. This data will be used for the bunch length
measurement. The MLA setup will then be switched to the
beamlet mode and the electron beamlet distribution will be
propagated onto the screen. The same measuring technique
will be used to compare the spectral contents between the
two cases. A mechanical scanning slit will be used to in-
troduce detector offset, allowing for measurement of the
narrow-band part of the spectrum. The beamlet spacing will
be determined by the bunch length, and imposed by using
quadrupole magnets upstream of the screen.

CONCLUSIONS
We demonstrated via numerical simulations the possi-

bility of generating THz coherent transition radiation via
electron beam transverse shaping. The resulting spectral
content is different from the Gaussian transverse distribu-
tion, with narrow-band harmonics present in the THz range.
The limiting factor is found to be the bunch length which has
to be significantly shorter than beamlet spacing. The parti-
cle distribution along the vertical axis has a leading effect
in generating transverse CTR, while the distribution along
the horizontal axis is a second-order effect. A preliminary
experiment confirmed the difference in CTR spectrum due
to transverse beam modulation. A follow-up experiment is
scheduled at AWA facility and the results will be reported
shortly.
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