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The Electron Ion Collider project is presently under design at Brookhaven National Laboratory.
One of the options how to achieve an electron-proton high-luminosity of 103* ¢m™2 s~! range, is
the storage ring cooler concept, which is based on employing a significant amount of the damping
wigglers. One of the main concerns, in achieving the required beam parameters, is the collective
effects, especially the coherent synchrotron radiation impedance produced by the damping wigglers
and its effect on the longitudinal beam dynamics. Low energy of the electrons, Fyp=149.6 MeV,
small vacuum chamber aperture, b=15 mm, small bending radius and a big number of poles make
the coherent synchrotron radiation simulations for the damping wiggler with D. Zhou’s CSRZ code,
pretty challenging. The obtained numerical results have been compare with a theoretical approach
of Stupakov and Zhou. The strong narrow-band impedance, due to a presence of the periodic poles
and the vacuum chamber, have been identified and classified. To suppress or detune the high-Q
resonance peaks, a design of the damping wiggler with a varied period of length is presented and

Coherent wiggler radiation impedance at the storage ring cooler for the EIC project.

discussed.

INTRODUCTION

The storage ring cooler concept for the EIC project
has been discussed in Ref. [1]. Because of the emittance
growth of the proton beam due to IBS effect during the
long collision period, the electron beam requires to be
with high intensity to provide the reliable cooling per-
formance. The ring cooler is based on a big amount of
the damping wigglers to achieve the required emittance
goals. Contribution of the coherent wiggler radiation to
the total impedance of the ring can be significant. Low
beam energy and high electron beam intensity make the
ring more challenging in design from the collective effects
stand point.The main ring cooler parameters for the col-
lective effects simulations are presented in Table 1.

Table 1: Main ring cooler parameters.

Energy, Ey MeV 149.26
Circumference, C m 426
Momentum compaction, a. —-3.21x1073

Revolution period, Tj s 1.42
Energy loss, Uy keV 13.162
Synchrotron tune, v 0.0034
Damping time, o,, o, ms | 31.7,15.71
RF voltage, Vs kV 28
RF frequency, fr¢ MHz| 98.5233
Harmonic number, h 140
Energy spread, os 6.5 x 1074
Bunch Length, o, mm 41
Average Current, I, A 4.4

In this paper, we discuss analysis of the CSR
impedance of the damping wiggler with a constant pe-
riod A, where the real and imaginary parts of the longi-
tudinal impedances are simulated using the CSRZ code

FIG. 1: A partial view of the bottom magnet array of the
DW with the Aluminum vacuum chamber.

[2] and the output data are compared with the analytical
results using the analytical approach of ref. [3].

DW WITH A CONSTANT PERIOD

Stupakov and Zhou [3] have presented an analytical
approach of the real part of the CSR impedance for the
damping wiggler with the vacuum chamber as

ReZ(k) = 42003 F (k), (1)
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6o = K/v is the maximal deflection angle, K =
93.4B,,\,, is the damping wiggler parameter with B,



the wiggler magnetic field and A\, the wiggler period,
v = Ey/E,-, is the Lorentz factor, k, = ™%, k, = T2

a b
5= \[kZ+ k2 k. = Vk?—»%? >0, and k, = % are
the horizontal, vertical and longitudinal wave numbers,
0 is the Kronecker delta.

Eq. (2) is an approximation of the wiggler radiation
impedance for the first harmonic of beam motion, where
the waveguide modes are in synchronizm with the beam
motion and only the waveguide modes with even n; and
odd no can be synchronized with the p = 1 harmonic.
Therefore, the summation in Eq. (2) is for n1=0, 2, 4, 6,

., and ngo=1, 3, 5, 7, ... . The synchronization function
in Eq. (2) is essential in defining the feature of impedance
spectrum. When the number of period N, is large, the
impedance spectrum is highly peaked at k satisfying

ke — ey = ke (3)

In Ref. [2], a more general resonance condition was found
to be

k - klz = pkw7 (4)

with p < 1 the harmonic number of beam oscillation
when traversing the wiggler. The resonance frequencies
are found at
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Usually p = 1 terms dominate the impedance spectrum.

The real (Fig. 2) and imaginary (Fig. 3) parts of the
CSR impedance for the damping wiggler with a constant
period are plotted for Ey = 149.8 MeV, B, = 1.9 T,
Ay = 0.048 m, N, = 158, b = 15 mm and a = 45 mm,
where b and a are the full vertical and horizontal aper-
tures of the vacuum chamber (Table 2). The red trace are
the data numerically simulated by Demin Zhou’s CSRZ
code. The gray trace is the result due to analytical ap-
proximation of Eq. (1) (Two parallel metal plates model).
As can be seen, the results are shifted relative to each
other by 3 GHz. The difference can be explained as
follows: the CSRZ code solves the parabolic equation in-
stead of the full Maxwell’s equations. For the problem
of wiggler radiation, the paraxial approximation implies
taking the approximation of

2

With the above approximation, the resonant frequencies
predicted by CSRZ will be

2
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For p = 1, the peak positions will be shifted by an
amount of k, /2, which corresponds to Af ~ 3.1 GHz
with the parameters listed above for Fig 2.
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FIG. 2: Real part of the longitudinal impedance for DW with
the constant period length.
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FIG. 3: Imaginary part of the longitudinal impedance for DW
with the constant period length.

All resonance modes are identified and classified and
they all correspond to H-Mode. The first lowest mode in
a rectangular vacuum chamber with H, # 0 and F, =0
and n, =0,2,4,6,...,and no, = 1,3,5,7, ..., can be classi-
fied as Hpi-mode and its generated at frequency f;=11.1
GHz with a=45 mm and =15 mm. Hence the next gen-
erated modes are Hy1-Mode, H, 1-Mode and Hgi-Mode
at frequencies f,=14.6 GHz, f3=25.3 GHz and f;=43.1
GHz respectively. The electric and magnetic field pat-
tern of the first two modes, Hyi-Mode and Hsi-Mode,
are shown in Fig. 4.

Table 2: Damping wiggler and chamber parameters.

Magnetic field, B T | 2.8
Length, L m | 7.44

Bending radius, p m [0.246

Wiggler period, A, |mm| 48
Number of poles, IV, 155
Vertical aperture, b |mm| 15

Horizontal aperture, a|mm| 45
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FIG. 4: Electric and magnetic fields pattern of Hpi-Mode and
H>1-Mode in a rectangular waveguide.

DW WITH A VARIED PERIOD (DETUNED)

To suppress the narrow-band impedance, a new DW
design with a varied period length along the beam di-
rection is discussed. The main idea is to spread the
resonance frequencies of each particular mode via the
small change in period length. In this case a high-Q
peak becomes broader and gets smaller in magnitude.
This method was first developed and applied for HOM
suppression in the multi-cells accelerator structures [5],
where each neighboring cavity is differed in dimensions
(radius and length) from the previous one. This method
is more convenient for DW, since we don’t need to con-
cern about the fundamental mode like in the accelerating
structure. In the numerical simulations, the DW period
length is varied as A\; = A, + (1 — 1)A\, where i=1, 2, 3,
..., Np. The number of periods is Np=141 and the dif-
ference between following periods is AA=70 pm. These
parameters were chosen to keep the total length close to
the length of the DW with the constant period. The to-
tal difference between the last and the first period length
is within ~ 20 %, and it is changed from A\;=48 mm
to A141=58 mm. The real and imaginary parts of the
longitudinal impedance for DW with varied (blue trace)
and constant period (red trace) are presented in Fig. 5
and Fig. 6 (blue trace). The narrow-band impedance
has been tremendous suppressed due to the frequencies
spread.

SUMMARY

The work on CSR DW impedance optimization is con-
tinued. Based on the simulated results of ReZ (k) and
ImZ)(k), we were able to reconstruct the wakefield and
apply it for the beam dynamics simulations. The next
step is to simulate the collective effects and check the in-

stability threshold dependence on the different DW vac-
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FIG. 5: Real part of the longitudinal impedance for the DW
with constant and varied period lengths.
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FIG. 6: Imaginary part of the longitudinal impedance for the
DW with constant and varied period lengths.

uum chamber gaps. Simulating this very narrow reso-
nance impedance with the ELEGANT code will be chal-
lenging task.
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