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Abstract

This study proposes a method of particle beam longitudi-
nal chirp control by using transverse deflecting cavities and
negative identity drift sections. Using the same beamline
design as a cavity-based chirper, it has been shown that a
de-chirper can be made by altering the drift sections between
deflecting cavities to form negative drift sections. Two meth-
ods of producing these negative drift sections used three and
five quadrupoles. The three-quadrupole approach does not
work, as it results in large beam sizes and emittance in one
of the transverse planes; five quadrupoles is also not feasible
due to experimental resource constraints and spatial limita-
tions. A new proposed de-chirping method is to use three
quadrupoles to make a negative identity drift section instead
of a negative drift section between the cavities. Simulations
have been performed to verify the de-chirping ability of this
negative identity drift design for a deflecting cavity-based
de-chirper.

INTRODUCTION

Longitudinal chirp is often controlled by operating the
main linac at off-crest phases. Although this linac phase con-
trol effectively adjusts the longitudinal chirp, it introduces
significant loss of beam energy compared to the on-crest
operation. This could also result in more expansive building
and operation costs. Currently, a collaboration is underway
to address this issue and imposing a large chirp without linac
phase control.

The key idea utilizing a transverse deflecting cavity (TDC)
was proposed by Ref. [1]. Three TDCs arranged in series
with appropriate spacing and strengths can impose a negative
chirp to the beam. However, this design does not allow for a
positive chirp to be imparted. A modification is required to
make the chirper beamline also working as a de-chirper. In
this paper, we discuss a design for a TDC-based de-chirper
that shares the same TDC configuration as a chirper, with
modified drift sections.

LONGITUDINAL CHIRP CONTROL VIA
TDC-BASED BEAMLINE

In this section, we start with a brief review of the TDC-
based chirping. Then, the dechirping will be discussed.
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Imposing Negative Longitudinal Chirp

Three TDCs configured as Fig. 1 can adjust the longitu-
dinal chirp to be more negative than the initial condition.
The change of the chirp Ak corresponds to the Rg5 of the
transfer matrix. In the case of the chirper, it is given by,

2
Rgs = —§K2(3D +2L1pe)s (1)

where x is the deflecting cavity kick strength, D is the dis-
tance between two TDCs. This equation assumes equal
spacing between the TDCs.

Drift Drift

Figure 1: Schematic layout of the chirper beamline. The
orange boxes are transverse deflecting cavities.
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Figure 2: Negative identity drift configuration and corre-

sponding beam evolution. The blue diamonds represent
quadrupole magnets.

According to this matrix calculation, Re5, which corre-
sponds to the change in the chirp, is proportional to 2.
Thus, simply flipping the kicking direction of the TDC does
not equate to changing the sign of the chirp. This result also
shows a valid approach to make a positive chirp. When the
drift length satisfies,

D < - %LTDC, 2)

The chirp will be shifted to more positive value. Such neg-
ative drift length can be achieved by properly optimizing
five quadrupole magnets. However, the implementation of
five quadrupoles is costly, and the tuning procedure is not
straightforward. While forming a negative drift with three
quadrupoles has also been considered, it was shown to be
impractical due to a significant increase in the beam size of
the non-kicking plane.
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Figure 3: Layout of de-chirper beamline. The orange boxes are TDCs and the blue diamonds are quadrupoles.

Imposing Positive Longitudinal Chirp

Instead of using negative drift, we propose a different
approach using negative identity transport that can be pro-
duced by three quadrupoles. The negative identity section’s
transverse matrix is given by,

-1 D

R = ( 0 _1> . 3)
Here, the first and the third quadrupole focus the beam to
the interested plane and form the negative identity transport.
The middle quadrupole focuses the other plane so that we can
manage the entirety of the transverse optics. The transverse
phase space will be flipped after this section as shown in
Fig. 2.

When a negative identity section is placed after the first
TDC, the transverse kick imparted by the first TDC will
essentially be reversed—equivalent to changing the sign of
the TDC strength. Then, the middle TDC, with large trans-
verse beam size from coupling with z-coordinate, imparts
the z-8 correlation. Here the orientation of the correlation
will be opposite to the chirper. Then, the second negative
identity drift flips the transverse phase space again, which
compensates the impact of the first negative identity trans-
port. Lastly, the third TDC removes remaining x-z coupling.
The Rgs of this beamline is,

2
Res = 5 (=Lrpc +4D). 4
A positive chirping will be provided as long as the condition
D > LTDC/4 is met.

VERIFICATION OF DE-CHIRPING BY
PARTICLE TRACKING SIMULATION

To verify the efficacy of the de-chirper design, the trans-
port of an ideal 6D-Gaussian beam was simulated using GPT
code [2]. The 6D Gaussian beam was generated with initial
beam parameters given in Table 1. The beamline layout
is provided in Fig. 3 The field map of deflecting cavity in
Ref. [3] was implemented in the simulation. Quadrupole
strengths to form negative identity transport were from trans-
fer matrix-based optimization. The resulting longitudinal
phase space before and after the de-chirper is shown in Fig. 4.
A beam having initially zero chirp obtained a positive chirp
at the end of the de-chirper.
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Figure 4: Simulated longitudinal phase space before and
after a de-chirper.

It is worth nothing that we observed a significant increase
in uncorrelated energy spread. This originates from the
second order effects due to large energy spread rather than
remaining transverse-longitudinal couplings.

Table 1: Nominal Initial Beam Conditions

Beam parameters ~ Values
€nxs €n,y 1 um
Oy Oy I mm
o, 0.5 mm
Oy, Oy 10 urad
os 10 urad
Sy.S, Om™!
S, -0.3m™!

INPUT BEAM PARAMETER SCAN TO
ESTIMATE SECOND ORDER EFFECTS

We scanned initial slopes (S,, Sy, S,) to estimate the sec-
ond order effects on the final normalized emittances. Nomi-
nal initial beam conditions and parameter scan ranges are
listed in Table 1 and Table 2. Because numerical solvers
were used to find the strengths of the quadrupoles and TDCs,
there are multiple solutions producing the negative iden-
tity drift with different horizontal optics. Table 3 summa-
rizes TDC and quadrupole strengths used in the simula-
tions. Quadrupoles had hard edges and effective length of
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Table 2: Parameter Scan Ranges

Beam parameters Range
Sy Sy [-1, 1] m™!
S, [-15,15] m™!

Table 3: Element Strengths

Beamline parameters Values
Ql’ Q3 -0.95 T'I‘l'171
Q, 0.97 T-m~!
Q4. Q¢ -1.65 T-m™!
Qs 1.51 T'm™!
TDC, 1.13m™!
TDC, 3.38 m™!
TDC, 2.14m™!

Lg = 0.1 m. It is also worth noting that the maximum step
size of 10 ps was used to ensure simulation convergence.
The result of slope-scan is shown in Fig. 5 through Fig. 7.
Note that TDCs kick the beam in the y-direction. For each
2D contour plot, we selected the remaining slope to give
minimum emittance. It is clear that there are strong slope
dependencies, which most likely originate from the second
order effects. While the horizontal slope has minimal impact
on the emittance, the vertical slope is the most sensitive. In
general, a non-optimal slope in the TDC kicking direction
seems having the largest impact on the final emittances. Fur-
ther analysis will be required, but properly matching the
beam condition would minimize these emittance growths.

FUTURE WORK

The preliminary result offers insight into the behavior of
the proposed de-chirper design—most notably, the strong
second-order effects. Further analysis is necessary to con-
firm the severity of these effects and to investigate methods
of suppressing them.

In addition, to assess the utility and capabilities of the de-
chirper, a study on space charge effects must be conducted.
There is a concern that strong focusing from the quadrupoles
forming the negative identity introduces a locally high den-
sity, which may introduce space-charge induced aberrations.

Once the analysis on the second order effects and the
space-charge effects are completed, start-to-end simulations
will be performed to prepare the experimental demonstration
of the de-chirper.
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Sx vs. Sy vs. Normalized RMS x-emittance (um)
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Figure 5: Final horizontal emittance vs. vertical slope vs.
longitudinal slope.

Sx vs. Sz vs. Normalized RMS y-emittance (um)
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Figure 6: Final vertical emittance vs. horizontal slope vs.
longitudinal slope.

Sx vs. Sz vs. Normalized RMS y-emittance (um)
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Figure 7: Final horizontal emittance vs. vertical slope vs.
longitudinal slope.
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