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Use of a corrugated beam pipe as a passive deflector
for bunch length measurements
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We report the experimental demonstration of bunch length measurements using a corrugated metallic
beam pipe as a passive deflector. The corrugated beam pipe has been adopted for reducing longitudinal
chirping after the bunch compressors in several XFEL facilities worldwide. In the meantime, there have
been attempts to measure the electron bunch’s longitudinal current profile using the dipole wakefields
generated in the corrugated pipe. Nevertheless, the bunch shape reconstructed from the nonlinearly
deflected beam suffers from significant distortion, particularly near the head of the bunch. In this paper, we
introduce an iterative process to improve the resolution of the bunch shape reconstruction. The ASTRA and
ELEGANT simulations have been performed for pencil beam and cigar beam cases, in order to verify the
effectiveness of the reconstruction process. To overcome the undesirable effects of transverse beam
spreads, a measurement scheme involving both the corrugated beam pipe and the spectrometer magnet has
been employed, both of which do not require a dedicated (and likely very expensive) rf system. A proof-of-
principle experiment was carried out at Pohang Accelerator Laboratory (PAL) Injector Test Facility (ITF),
and its results are discussed together with a comparison with the rf deflector measurement.
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I. INTRODUCTION

Following the theoretical study by Bane and Stupakov
[1] on the possibility of using a metallic beam pipe with
small periodic corrugations for the energy-chirp control in
x-ray free electron lasers (FELs), extensive experimental
investigations have been carried out to demonstrate the
feasibility of this device (often called the corrugated-wall
“dechirper”). The first experimental study on the corru-
gated dechirper was performed at the PAL-ITF, an electron
injector test facility at the Pohang Accelerator Laboratory
(PAL) [2]. In this study, the removal of a linear energy
correlation in a relativistic electron beam was confirmed
experimentally. At the Shanghai deep ultraviolet FEL
(SDUV-FEL) facility, on the other hand, the dechirper
was applied to linearize the undesired beam energy
curvature imprinted by the accelerating rf field [3].
Furthermore, at the Center for Ultrafast Diffraction and
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Microscopy at Shanghai Jiao Tong University, it was shown
that by using a pair of dechirpers with orthogonal ori-
entations, the quadrupole wakefields could be effectively
cancelled, which resulted in a significant reduction in the
beam energy spread [4]. At the Accelerator Test Facility at
Brookhaven National Laboratory, other types of the
dechirper structures have also been proposed and tested,
such as the dielectric-lined cylindrical waveguide [5] and
the dielectric-lined planar tunable dechirper [6].

The corrugated dechirper is composed of a vacuum
chamber consisting of two corrugated, metallic plates with
an adjustable gap [2]. Although the flat geometry allows
flexibility in changing the gap distance, the quadrupole
component of the wakefields becomes very strong as the gap
narrows and may degrade the beam emittance [3,4]. When
the beam has an offset away from the dechirper center, dipole
wakefields are generated in addition to the longitudinal
and quadrupole wakes. The transverse kick induced in this
process makes it possible to use a dechirper as a passive
deflector [7,8] or a fast kicker [9]. We also note that the
deflecting forces in open accelerating structures [10,11]
have similar features as the transverse kicks in the dechirper.

For the bunch length measurement of a short electron
beam, the transverse deflecting rf cavity (TCAV) [12] is
commonly used to project the longitudinal beam distribu-
tion onto a transverse beam profile monitor [12]. The
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TCAV requires a dedicated klystron system in order to
control the rf amplitude and phase of the deflecting cavity
without altering the neighboring accelerating structures.
Therefore, if the dechirper performs effectively as a
deflector, it can offer a cost-effective alternative solution
for bunch length measurement, replacing the expensive
TCAV system. Moreover, there is no need for synchroni-
zation in the dechirper setup [8].

One possible problem with using a dechirper as a
deflector is that the transverse kicks received by the trailing
particles vary nonlinearly with the distance from the bunch
head [9]. The head receives essentially no transverse kick,
whereas the tail part experiences a much stronger kick. This
feature is quite different from the conventional TCAV
system, in which the bunch center is usually synchronized
to pass through the cavity at the zero-crossing rf phase;
thus, the bunch head and tail receive an equal amount of
kick in opposite directions [12]. In the TCAV setup, the
transverse kick varies linearly between the head and the tail
to a good approximation.

Several theoretical investigations have been made to
characterize the excitation of the transverse wakes and
their self-interaction with the beam bunch itself [8,9,13].
Evidence of a strong dipole kick in the off-centered
corrugated dechirper was reported in Ref. [2], and the
results of a proof-of-principle experiment for a passive
deflector concept using a dielectric-lined waveguide were
discussed in Ref. [14]. Moreover, recent measurements
provide very detailed information on the wakefields and
beam deflections in the corrugated dechirper [15-18]. In
this paper, we further investigate this novel idea of meas-
uring the bunch length using a dechirper of rectangular
geometry (which would provide more operational flexibility
[2]), and introduce a method to reconstruct the bunch shape
even in the presence of nonlinear transverse kicks. Unlike
the reconstruction methods introduced by Novokhatski ez al.
[15] and Bettoni er al. [14], our method comprises two
stages. First, we apply an iterative reconstruction method for
pencil beams, which solves the nonlinearity problems.
Then, a measurement scheme involving both the dechirper
and spectrometer magnet is employed to handle transverse
beam spreads in realistic cigar beams. In Sec. II, theoretical
backgrounds are reviewed, and the basic characteristics of
the corrugated-wall dechirper are presented. A bunch shape
reconstruction method for a pencil beam (i.e., a beam
with no transverse dimensions) is introduced in Sec. III
together with numerical examples. In Sec. VI, we apply our
reconstruction method to the experimental results obtained
from the PAL-ITF, and compare them with TCAV mea-
surements. Our conclusions and directions for future work
are summarized in Sec. V.

II. THEORETICAL BACKGROUND

An ultrarelativistic beam having a non-negligible
offset from the dechirper center has short-range transverse

wakes between two point charges that are approximately
given as

wi(s) = wq(s)(x = x), (1)

wy(s) = wa(s)yr + wy(s) (v = v1). (2)

where x; and y, are the offsets of the leading charge,
and x, and y, are the offsets of the trailing one [2]. Here,
wy(s) and w,(s) are the dipole and quadrupole wake
functions, respectively. The w,(s) and w,(s) functions
have a dimension of V/(Cm?) (i.e., we assume the wake is
distributed along an extended path [19]), and they are
dependent on the gap as o a™* [2]. The leading charge
moves according to z; = ct, and the trailing charge follows
the leading charge at a distance s behind (for s > 0)
according to z, = ct — s. For the region ahead of the wake
source s < 0, wy(s) = w,(s) = 0 because of the causality
principle. If the beam offset increases and becomes
comparable to the size of the gap, then the assumption
that the dipole wake is linear in y; breaks down [9]. In this
case, we might need higher order analytical formulas
or numerical calculations. For the experimental settings
employed in this feasibility study, the offset value of 2 mm
is still sufficiently small compared to the gap distance
2a = 8 mm. Therefore, the linearity in wy(s)y, is still a
good approximation to estimate the vertical kicks received
by the beam tail (see, for example, Fig. 7 of Ref. [2]). This
linear approximation also simplifies the iteration process
during the bunch shape reconstruction.

For an arbitrary current distribution, the voltage in the
y-direction (per 1 m of a chamber length and 1 C of charge)
is then [20]

V,(z) = /_ " le(e = ) I(T)de (3)

(Se]

where I(z) is the normalized current distribution in the
time domain, i.e., [® I(7')d7 =1, and ¢t = zy — z is the
particle position with respect to the reference particle.
The normalized current distribution can also be expressed
as I(t) = A(7)c/ Qe = 0, where Quy = [, A(¢)cd?’ is the
total bunch charge, and A is the line charge density. For a
pencil beam, we have y, ~ y; and

V,(2) ~ v, / Cwile—NI@)dr. (4)

o0

The dipole wake function w, is positive along the bunch
[9]. Therefore, for a positive offset y; > O the tail part
receives positive momentum kicks, whereas for a negative
offset y; < 0, the tail part receives negative momentum
kicks. This feature is independent of the sign of the beam
charge. The transverse momentum kick for a beam particle
with charge ¢ is then
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Side view

FIG. 1.
transverse offset.

CApy(T) - thotVy(T)L’ (5)

where L is the length of the corrugated chamber. Note that
the unit of cAp, is coulomb - volt as desired.

If the charge in the bunch has an initial longitudinal
momentum p, =~ Ey/c, then the charge will have a trajec-
tory with angle [21]

Ay = tan”! (ﬂ> z%, (6)
P: EO
where E, is the reference energy of the beam bunch. As
mentioned earlier, the head receives essentially no trans-
verse kick, whereas the tail part experiences a stronger
vertical deflection.

Figure 1 shows the structure of the corrugated-wall
dechirper. There are two corrugated metallic plates in
parallel. Each plate is equipped with an independent
motorized linear translation stage so that the gap distance

w, [MV/(nCm”?)]

-100 L L L L L L

s [mm]

FIG. 2. The dipole wakefields calculated with the analytical
model.

Front view

Geometry of the corrugated-wall dechirper [1,2]. The blue ellipsoid indicates a beam bunch moving parallel to the z-axis with a

(2a) and the beam offset (y; or y,) can be changed
independently. The gap between the two plates 2a can
be adjusted from 5 mm to 28 mm. The geometric
parameters of the dechirper are the corrugation period
p = 0.5 mm, corrugation height 4 = 0.6 mm, corrugation
gap g =03 mm, and plate width 2w = 50 mm. The
corrugated structure is made of aluminum, and the axial
length is L = 1 m. With these parameters (p, i, g < 2a),
we calculate the wake functions in the corrugated-wall
dechirper using the analytical models in Refs. [22,23]. We
assume a steeply corrugated structure (i.e., & > p) and
neglect the transient effect by noting that the catch-up
distance is much shorter than the dechirper length [1]. The
dipole wakefields used for the reconstruction of the bunch
charge distribution are shown in Fig. 2.

III. RECONSTRUCTION METHOD

Our goal is to extract information on the longitudinal
current distribution from the transverse beam profile
measured on the screen. The nonlinearity in the vertical
deflection makes this reconstruction process quite chal-
lenging, particularly when the image is blurred along the
deflecting direction (i.e., the y-direction in this study). In
other words, each single point for a given y position on the
screen contains information before and after that point in
the longitudinal direction. Such blurring effects are due to
the finite transverse emittance of the beam, quadrupole
kicks from the dechirper, and limited resolution of the
screen and imaging system. To tackle this problem, we
first consider a pencil beam (or a thin beam) in which the
beam has no transverse excursions. Later, we apply the
reconstruction method developed for a pencil beam to a
cigar beam (or a fat beam) in which the beam has finite
transverse dimensions.

A. Pencil (thin) beam case

When a pencil beam is propagating through the
dechirper with a transverse offset, the quadrupole
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wakefields do not need to be considered, and the calcu-
lation of the transverse momentum kick becomes much
simpler [see Egs. (4) and (5)]. The proposed reconstruction
method has four steps, and the iteration process continues
until its output converges.

The first step is to calculate the voltage gain given in
Eq. (4), which requires a normalized current distribution
I(7). However, the current distribution /() is initially
unknown; therefore, we start the iteration process with a
guessed distribution /yye(7):

V,(2) &y, / " wale(t = Dlgen(@)dr. ()

[Se]

For the very first iteration, we pick the normalized Gaussian
distribution for /4 (7), and for the rest of the process, I(z)
obtained from the previous iteration cycle is assigned
to Iguess (T)

The second step is to calculate the vertical position of
the particle y on the screen (either screen-5 or screen-6 in
Fig. 3):

49V, (7)L
YR Yo+ R3AyY = yo + R34 {ME—; . (8)

where R, is the y —y’ component of the transfer matrix
from the dechirper to the screen [12], and y, is the particle
position on the screen without any deflection. The approxi-
mation in Eq. (8) is valid because the beam is assumed to be
very thin.

The third step is to update the new normalized current
distribution I, (7) using the y-directional normalized
intensity distribution f(y) on the screen. f(y), the only
data available during the experiment, contains information
on the current distribution. Because both f(y) and I, (7)
are normalized functions, we have

|71y = [Tt = 1. (9)

Furthermore, if the transformation from 7 to y is monotonic
(i.e., a one-to-one mapping), it then follows that

dy

Thew(0) = £0)| 5

. (10)

If the bunch length is too long, the dipole wake may
decrease at some point, when V,(z) would no longer be
monotonic. In this case, the mapping has a two-to-one
nature. One could handle this two-to-one mapping by
dividing the 7 coordinates into two intervals, in such a
way that at each interval the mapping y(z) becomes one to
one. Nevertheless, this additional step would make the
reconstruction process much more complicated, and hence
in this study we only consider the case where the bunch
is short enough that the momentum kick Ap, is always
monotonic.
The final step is to adjust Iyess(7) in Eq. (7) through

Iguess (T) - Iguess (T) + a[lnew (T) - Iguess (T)] ’ (1 1)

where a is the relaxation factor that controls the conver-
gence of the iteration process. We repeat this four-step
iteration process until the difference between I, (7) and
Iyuess(7) becomes sufficiently small over the length of the
beam bunch.

To verify the effectiveness of the proposed
reconstruction method before we apply it to the actual
experimental data, we perform numerical simulations. Two
simulation tools, ASTRA [25] and ELEGANT [26], were used.
The simulations are carried out with the lattice settings
depicted in Fig. 3 and Table I. Up to the accelerating cavity
LOb, an electron beam is generated and transported by
ASTRA, and after LOb, ELEGANT calculates the downstream
beam transport including the beam-wake interaction in the
dechirper. In Fig. 4, the full width at half maximum
(FWHM) of the input beam at the dechirper is 3.59 ps.
Making use of the pencil beam’s intensity distribution f(y)
obtained on screen-6 [Fig. 4(a)], we reconstruct the current
distribution 7(z) on the basis of the proposed iterative
method. The FWHM of the reconstructed current distribu-
tion turns out to be 3.53 ps, which matches the input value
well. The overall shapes of the two current distributions in
Fig. 4(b) are in good agreement with each other, although
there are some discrepancies pertaining to the spikes in the
distributions. Such spikes are associated with numerical

o S w
c C c
gun U laser o [ ¢ RF & spect.
X X X 1 Q23 s deflector S bend
0a 0o H-H—t—{ o H—+ a
X X & Q3
corrugated ﬁ
chamber screen-6

FIG. 3.

Layout of the PAL-ITF beam line [2,24]. Two accelerating cavities LOa and LOb are available in the beam line. For this passive

deflector experiment, however, LOb was turned off. The corrugated-wall chamber is located between the positions of screen-3 and
screen-4, and the RF deflecting cavity is installed after screen-4. Before the spectrometer magnet, screen-5 is inserted, and screen-6

measures the spectrometer output.
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TABLE 1. Summary of the ITF system and typical beam

parameters used for this experiment.

Component Parameter Value  Unit
Operating frequency 2.856 GHz

rf gun rf-pulse width 2 us
Repetition rate 10 Hz

Laser FWHM 3 ps
Wavelength 253 nm

Electron beam Energy ~70  MeV
Charge ~200 pC
Energy spread (rms) 0.1 %
Transverse beam size (o, 6,) 0.6 mm
Normalized emittance 0.5-1 pum

noise (e.g., due to the finite number of simulation particles),
and will not be a problem when the input current distri-
bution is made sufficiently smooth. The convergence
properties of the iterative method have been illustrated
in Ref. [13], where the average relative error in the current
distribution reconstruction became less than 1% after 16
iteration cycles.

B. Cigar (fat) beam case

As mentioned previously, a realistic beam has finite
transverse excursions, which invalidates the assumption
of a pencil beam. Indeed, a cigar (fat) beam’s intensity
distribution F(y) on the screen is the convolution of the
functions f(y) and S(y, Ay), which is given by

F(y) = /_oof(y’)S(y”y—y’)dy’, (12)

where f(y) is the pencil beam’s intensity distribution,
and S(y,Ay) is a spread function. Note that if
S(y.,y—=y)=46(y—y), then F(y)= f(y). To extract
f(y) directly from F(y) measured on screen-5 (i.e., before
the spectrometer magnet), we need detailed information
on the spread function. One could estimate S(y, Ay) by

first measuring the transverse beam size o, = \/(y*) on
screen-5 without the dechirper. For example, one may
consider S(y, Ay) ~ 1/(c,v/2x) exp [-Ay*/262]. However,
in this case, we cannot resolve the variation of the spread
function along y and lose information on the quadrupole
wake and bunch shape. Some of the initial studies indicate
that the reconstruction based on the simple y-independent
spread function was not successful [13].

On the other hand, if a dechirper is equipped with a
spectrometer magnet as in the PAL-ITF (see Fig. 3), we can
effectively estimate the spread function S(y,Ay) and
perform deconvolution to extract f(y). First, we assume
that the energy distribution of the cigar beam is approx-
imately the same as that of the corresponding pencil beam.
Furthermore, we assume that the energy spread for a given

%1073 Intensity [arb. units]

N

25

-3.5

y position on the image after the spectrometer [m]

x position on the image after the spectrometer [m]

1
3x10 .

—
A=)

25F

current dist. [arb. units]

0.5F

time [ps]

FIG. 4. (a) Simulation results of the two-dimensional particle
distribution and intensity distribution f(y) of the pencil beam on
screen-6, and (b) corresponding current distributions. The blue
line in (b) represents the input current distribution at the dechirper
and the black line the reconstructed current distribution.

longitudinal position (z) is small compared to the overall
energy spread of the bunch. With these conditions, the
intensity distribution along the y-direction for a given
horizontal position x on screen-6 [see Fig. 5(a)] is a good
approximation of S(y,Ay). Each central point of the
spread function S(y, Ay) comprises the projection of the
pencil beam [see black diamonds in Fig. 5(a)]. Finally,
the deconvoluted intensity distribution f(y) is shown in
Fig. 5(b).

Once f(y) is obtained, we can apply the proposed
reconstruction method to extract the longitudinal current
distribution /(7). Figure 6 shows the current distributions of
a cigar beam. The FWHMs of the input beam (blue line in
Fig. 6) and the reconstructed beam (black line in Fig. 6) are
3.6 ps and 3.5 ps, respectively. The overall shapes of the
two current distributions in Fig. 6 are in good agreement
with each other except for the short-time-scale (~0.1 ps)
current spikes. This implies that the resolution of the

022801-5



SEOK, CHUNG, KANG, MIN, and NA

PHYS. REV. ACCEL. BEAMS 21, 022801 (2018)

5 x10°

(@)

y position on the image after the spectrometer [m]

10 L L L L L L
-0.024 -0.023 -0.022 -0.021 -0.02 -0.019 -0.018 -0.017

X position on the image after the spectrometer [m]

1000

—
O
Nt

Intensity [arb. units]
N w B n (2] ~ 2] ©
o (=] (=] o o o o (=]
o o o o o o o o

Q
S
T

o

y position on the image after the spectrometer [m]  x10?

FIG. 5. (a) Simulation results of the two-dimensional particle
distribution projected on screen-6, and (b) the corresponding
pencil beam’s intensity distribution f(y). The black diamonds
with red curve in (a) represent the projection of the pencil beam.

present bunch shape measurement technique would be no
better than ~0.1 ps. We note, on the other hand, that the
active deflectors based on X-band klystron system have
reached approximately femtosecond-level temporal reso-
lutions [27,28].

IV. EXPERIMENTAL RESULTS

In Sec. III, the validity of the proposed reconstruction
method has been confirmed through numerical simulations
for both the pencil beam and cigar beam cases. In this
section, we apply our reconstruction method to the exper-
imental results obtained at the PAL-ITF facility. The beam
line setting is illustrated in Fig. 3. The ITF consists of a
photocathode rf gun, accelerating structures, two sets of
klystron-modulator systems, and various instruments
(screens, spectrometer magnets, current transformer etc.)

1
25410 - - - - - - -
o J
‘0
=
c
=
el 15 b
=
S,
a—
k2]
©
T r 1
I}
=
=
o
05f J
o L L L L L ‘
-4 3 2 -1 0 1 2 3 4

time [ps]

FIG. 6. Simulation results of the current distributions for a cigar
(fat) beam. The blue line represents the input current distribution
at the dechirper and the black line the reconstructed current
distribution.

[24,29]. A 30-mJ Ti:Sa laser system provides a UV laser
pulse for the photocathode rf gun. In this experiment, we
set the laser pulse width to be 3 ps FWHM. The second
linac cavity LOb and all the quadrupole magnets were
turned off for this experiment. The effects of the reference
beam energy and transverse focusing on the bunch shape
reconstruction will be investigated later in future work.
Under these conditions, the nominal electron beam charge
and energy are 200 pC and 70 MeV, respectively. The
transverse beam profiles are measured using two YAG
scintillator screens (indicated by screen-5 and screen-6 in
Fig. 3), which are imaged by CCD cameras. The dechirper
has a half gap of 4 mm (i.e., 2a = 8 mm) and an offset of
2 mm (i.e., y; =y, = 2 mm).

Figure 7 shows the screen-6 image obtained in the
experiment. As expected, the real beam exhibit a feature
of a cigar (fat) beam, with a finite spread along the vertical
direction. Applying the reconstruction strategy introduced
in Sec. III, we first extract the corresponding pencil beam
from the cigar beam’s distribution on the screen-6 image
[see Fig. 7(b)]. The noisy fluctuations before and after the
relatively smooth part of the black curve in Fig. 7(b) are
caused by the residual background noises (or dead pixels)
in the image. We cut off these noisy parts and use only the
smooth part for further data processing. The intensity
distribution f(y) of the corresponding pencil beam
extracted from the screen-6 image is illustrated in Fig. 8.

Finally, we apply our iterative reconstruction method and
obtain the longitudinal current profile /(z) as shown in
Fig. 9 (black line). We also compare our reconstruction
output with the measurement result obtained by the conven-
tional transverse deflecting rf cavity (TCAV) technique.
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FIG. 7. (a) Screen-6 image taken with dechirper offset of 2 mm
and spectrometer magnet on, and (b) the projected image of the
corresponding pencil beam. The bunch head is at the upper-left
corner of the screen-6 image.
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FIG. 8. Intensity distribution f(y) of the pencil beam extracted

from the screen-6 image.

11
3 x10 ;

25 1

current dist. [arb. units]
[4;]
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time [ps]

FIG. 9. Longitudinal current profiles /(z) are measured either
by the dechirper (black line) or by the TCAV (blue line). The
measured FWHMs are 3.895 4+ 0.058 ps (black line) and
4.265 +0.021 ps (blue line), respectively. The negative time
(z < 0) corresponds to the front part of the bunch.

The TCAV (S-band, 10-fs resolution) is installed between
the dechirper and the spectrometer magnet (see Fig. 3),
which allows longitudinal current profile measurements to
be made using screen-5 and enables comparisons with the
dechirper data. Figure 10 presents the screen-5 image taken
with the TCAV on and the corresponding intensity dis-
tribution along the vertical direction. We note that the
intensity distribution F(y) in Fig. 10 is rather symmetric
about its center, which is not the case for f(y) in Fig. 8.
This illustrates a quite different feature of the transverse
kicks between the TCAV and the dechirper. Figure 9
compares the longitudinal profiles measured by the
dechirper (black line) and the TCAV (blue line). The
FWHMs of each profile are 3.895+ 0.058 ps from
the dechirper and 4.265 +0.021 ps from the TCAYV,
respectively. We note that the laser pulse width for the rf
gun is set to 3 ps FWHM for both cases. During the
extraction of the pencil beam from the screen-6 image data,
we cut off the noisy fluctuations in the head and tail parts of
f(y), which might account for one of the reasons why the
FWHM measured from the dechirper is slightly (~10%)
shorter. Further, in this analysis we did not apply a
deconvolution to F(y) of the TCAV data, which requires
an assumption regarding the spread function. The overall
shapes of the two profiles are in reasonably good agree-
ment, which demonstrates the effectiveness of the dechirper
as a passive deflector for bunch length measurements.

V. CONCLUSIONS AND FUTURE WORK

In this paper, we report the results of a proof-of-principle
experiment on the use of a corrugated beam pipe
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y position on the image after the TCAV [m]

’ 0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
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FIG. 10. Screen-5 image taken with transverse deflecting cavity
on, and the corresponding intensity distribution F(y) along the
vertical direction.

(i.e., dechirper) as a passive deflector for bunch length
measurements. We identify the factors that might limit the
streaking performance of the dechirper, such as the non-
linearity in the dipole wakefield kick and the effects of the
transverse beam spread. To overcome these unfavorable
features, we first suggest an iterative reconstruction method
for pencil beams, which solves the nonlinearity problems.
To handle the transverse beam spreads, a measurement
scheme involving both the dechirper and spectrometer
magnet has been employed, which enables the correspond-
ing pencil beam to be extracted from the screen image of a
real cigar beam. A comparison of the longitudinal current
profiles obtained by the dechirper and TCAV measure-
ments reveals reasonably good agreement (less than 10% of
relative differences in FWHMs for five repeated measure-
ments). Hence, we confirmed that the dechirper could
be used as a deflector, but with a much simpler hardware
setup (i.e., no expensive dedicated rf system and no rf
jitter/synchronization issues).

To further improve the resolution of our reconstruction
method, we plan to apply transverse focusing by quadru-
poles, which will squeeze the transverse dimensions of the
beam before it enters the dechirper. Moreover, we consider
using a pair of dechirpers with orthogonal orientations to
eliminate the effects of the quadrupole wakes. If the
transverse effects can be sufficiently minimized through
these steps, the bunch length could be measured with the
dechirper only, without the need for any ad hoc deconvo-
lution process using the spectrometer. The ultimate reso-
lution and sensitivity of our reconstruction method will be
further characterized by means of a series of numerical
simulations. In addition, the possibility of applying the
dechirper to measure more complex longitudinal current
profiles (e.g., beam profiles with multiple current peaks and
microstructure [29]) will be investigated in detail.
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