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Abstract

The transverse electron cooling and intra-beam scatter-
ing processes of 20GeV proton beam were simulated with
the help of the code at Electron Ion collider in China. The
transverse cooling time were obtained in the different pa-
rameter configurations of storage ring, proton beam, elec-
tron cooling device and electron beam. The scattering time
of proton beam were presented in the cases of different in-
itial emittance and particle number. The final equilibrium
transverse emittance were estimated in the cases of differ-
ent initial emittance and particle number. From the simu-
lated results, the transverse cooling time of 20GeV proton
beam is over 100 seconds. The transverse cooling time can
be shorten with the help of proper configuration of the pa-
rameters.

INTRODUCTION

Based on the HIAF (the Heavy lon High Intensity Ac-
celerator Facility, approved in 2015 in China), a high lumi-
nosity polarized Electron Ion Collider facility in China
(EicC) was proposed to study of hadron structure and the
strong interaction and to carry out the frontier research on
both nuclear and particle physics.

EicC will be constructed in two phases, EicC-I and
EicC-II. In the first phase, the proton beam with energy be-
tween 15~20GeV will collide with electron beam with en-
ergy between 2.8~5GeV in the collider. Both electron and
proton beam are polarized. The luminosity will expect to
achieve 2~4x10*3cm?-s7L.

In the second phase, the energy of proton will upgrade to
60~100GeV, and the energy of electron beam will increase
to 5~10GeV, the luminosity will expect to achieve 1x10%,
The primary design and some initial parameters of EicC
will be found in the reference [1].

In order to obtain the expected luminosity in collider, the
polarized proton beam should be cooled by various cooling
methods among the whole energy range. In the case of high
intensity high energy proton beam especially, the intra-
beam scattering effect should be taken into account in the
collider design. Some primary simulation on the transverse
electron cooling and intra-beam scattering were presented
in this contribution.

SIMULATION OF ELECTRON COOLING

The transverse electron cooling time not only depends
on the lattice parameters of the storage ring, the Betatron
function, dispersion of the cooling section, such as energy,
initial emittance and momentum spread of proton beam ,
but also on the construction parameters of electron cooling
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device, the strength of magnetic field, the parallelism of
magnetic field in the cooling section, the effective cooling
length, and the parameters of electron beam, such as radius,
density and transverse temperature of electron beam. These
parameters are determined by the storage ring and the tech-
nology limitation, on the other hand, they are influenced
and restricted each other.

With the help of the electron cooling simulation code
SIMCOOL [2, 3], the transverse electron cooling time of
proton beam were extensive simulated in various parame-
ters in the EicC, such as proton beam energy, initial trans-
verse emittance, and momentum spread. The influence of
the machine lattice parameters-Betatron function, and dis-
persion function on the cooling time was investigated. The
parameters of electron beam and cooling devices were
taken into account, such as effective cooling length, mag-
netic field strength and its parallelism in cooling section,
and electron beam current.

Proton Beam Parameters

Left diagram of Fig. 1 shows the transverse electron
cooling time as a function of the initial emittance. Right
diagram of Fig. 1 gives the dependence of transverse cool-
ing time of the transverse direction on the particle number
in the proton beam. In the case of other parameters were
fixed, the transverse electron cooling time increases with
the initial emittance and slightly decreases with the particle
number in the proton beam.
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Figure 1: The transverse electron cooling time as a function
of the initial emittance (left) and the particle number in the
proton beam (right).

Electron Beam Parameters

In order to decrease the transverse cooling time, the cur-
rent of electron beam and length of cooling section was set
as a bigger value. Left diagram of Fig. 2 presents the trans-
verse cooling time as a function of the electron beam cur-
rent. Right diagram of Fig. 2 indicates the transverse cool-
ing time depends on the transverse temperature of electron
beam. In the case of other parameters were fixed, the trans-
verse cooling time decreases with the increasing electron
beam current and decreasing transverse temperature of
electron beam.
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Figure 2: The transverse cooling time as a function of the
electron beam current (left) and the transverse temperature
of electron beam (right).
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Figure 3: The transverse electron cooling time as a function
of the length of the cooling section.

Figure 3 shows the transverse cooling time varies as a
function of the length of the cooling section. In the case of
other parameters were fixed, the transverse cooling time
decreases with the length of the cooling section. The length
of cooling section strongly influence the transverse cooling
time.

Magnetic Field Parameters
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Figure 4: The transverse cooling time as a function of the
magnetic field strength (left) and the parallelism of mag-
netic field (right) in the cooling section.

Left one of Fig. 4 shows the transverse cooling time as a
function of the magnetic field strength in the cooling sec-
tion, and right one of Fig. 4 presents the transverse cooling
time as a function of the parallelism of magnetic field in
the cooling section. In the case of other fixed parameters,
the transverse cooling time decreases with the magnetic
field strength in the cooling section. The transverse cooling
time decreases with the increasing parallelism of magnetic
field in the cooling section. From Fig. 4, one can see the
magnetic field strength strongly influence on the cooling
time. The cooling time becomes shorter when the magnetic
field parallelism is higher in the cooling section.
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Storage Ring Parameters

The diagram of Fig. 5 gives the dependence of transverse
cooling time on the transverse Betatron function. The
transverse cooling time decreases with the Betatron func-
tion in the cooling section.
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Figure 5: The transverse cooling time as a function of the
Betatron function in the cooling section.

Initial Emittance and Particle Number
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Figure 6: The transverse cooling time as a function of the
particle number (left) and initial emittance (right) of proton
beam under the cooling with different electron beam cur-
rent.

The transverse cooling time as a function of the particle
number and initial emittance of proton beam were illus-
trated in the Fig. 6. In the case of other parameters were
fixed, the transverse cooling time increases with the in-
creasing of particle number and initial emittance of proton
beam.

SIMULATION OF IBS

The luminosity is determined by the quality of proton
beam, and the quality of proton beam was determined by
the final emittance, momentum spread and longitudinal
size.

The ability of electron cooling was determine by the pa-
rameters of electron beam, such as electron beam density,
temperature of electron and length of cooling section in the
storage ring, but also depends on the magnetic parameters
in the cooling section.

The effect of intra-beam scattering depends on the parti-
cle density of proton beam. It is more serious and important
in the situation of high intensity, high energy proton beam.

In order to simulate the intra-beam scattering, the elec-
tron beam current was set as zero in the simulation code
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SIMCOOL. There is no cooling effect in this case, and only SUMMARY

scattering effect in the simulation. The transverse scatter-
ing time was derived from the data fitting of simulation re-
sults.

In order to compare the simulated results, only one pa-
rameter was changed during the simulation, and the other
parameters were kept as fixed.

In the case of fixed initial emittance, for the situation of
bigger particle number, the proton beam scattered at the
beginning, and then cooled, finally keep the emittance con-
stant. The final emittance were different under the cooling
by different electron beam current.

Transverse Scattering Time
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Figure 7: The transverse scattering time as a function of the
particle number (left) and initial emittance (right).

The transverse scattering time as a function of the parti-
cle number in the proton beam was demonstrated in left of
Fig. 7. In the case of fixed other parameters, the transverse
scattering time decreases with the increasing particle num-
ber in the proton beam.

With respect to a certain particle number in the proton
beam cooled by the 100A electron beam, the scattering ef-
fect is stronger than the cooling one in the case of smaller
initial emittance, the proton beam presents the scattering
process, and the scattering of smaller initial emittance is
faster than the bigger one.
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w
20Ge¥ Proton E=10 872McV
' le=tona

‘smaller initial eminiance  bigger iritial smittan

Scattering

Final emiviance { mmmrad

o

B w
Particla number of praten beam Initial emittanae { mmmrad

Figure 8: The final equilibrium emittance as a function of
the particle number in the case of different electron beam
cooling (left) and initial emittance(right).

Left one of Fig. 8 shows the final equilibrium emittance
as a function of the particle number in the case of different
electron beam cooling. Right one of Fig. 8 presents the fi-
nal equilibrium emittance as a function of the initial emit-
tance in the proton beam. The final equilibrium emittance
was mainly dominated by the particle number in the proton
beam.
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From the simulated results, the transverse cooling time
of proton beam with 20GeV is over 100 seconds. The
transverse cooling time can be shorten with the help of
proper configuration of the parameters, such as smaller in-
itial emittance and electron transverse temperature, higher
magnetic field strength, parallelism of magnetic field in the
cooling section, longer length of electron cooling section,
stronger electron beam current, and bigger beta function in
the cooling section.

With respect to IBS, the transverse scattering time not
only depends on initial emittance, but also depends on the
particle number. The final equilibrium emittance was dom-
inated by the particle number in the proton beam.

The emittance, particle number and longitudinal length
of proton beam should be optimized and compromise care-
fully in order to obtain the required luminosity. By the way,
the strategy of cooling are important too, such as multi-
stage cooling [4] at different energy or different period.
The emittance should be cooled to the required value by
the stronger electron beam in the first stage, and then the
smaller emittance will be maintained by the weaker elec-
tron beam.

For the sake of obtaining and keeping the smaller emit-
tance in the case of proton beam with energy 20GeV, the
cooling should counteract the scattering at the different sit-
uation and period, and provide high quality proton beam
for the higher luminosity in the storage ring. The detailed
and exact simulation will be necessary for the real lattice
design of the EicC storage ring in the future.

In the interest of achieving the required luminosity from
physics experiments, the parameters of proton beam, elec-
tron cooling device and storage ring should be optimized
carefully and compromised each other, and attempt the dif-
ferent configurations from the point of view of realizable
technical solutions.

High intensity proton beam and short bunch length was
expected to store in a collider with long lifetime and less
loss. In order to increase the lifetime of proton beam and
decrease the loss, longitudinally modulated electron beam
[5] will be attempted to suppress the intra-beam scattering.
The traditional DC electron beam in the electron cooler
will be modulated into shorter electron bunch with differ-
ent longitudinal distribution. The stronger cooling was ex-
pected in the tail of proton beam and the weaker cooling
was performed in the core of proton beam. The proton loss
will be decreased and the lifetime will be increased. The
intensity of proton beam in the collider will be kept and
maintained for long time.

ACKNOWLEDGEMENT

The author would like to thank Prof. V. Parkhomchuk for
him to provide the simulation code SIMCOOL and useful
guidance in the simulation during this work.

Electron cooling



13th Workshop on Beam Cooling and Related Topics

ISBN: 978-3-95450-243-1

[1]

(2]
(3]

[4

—

(5]

REFERENCES

Cao Xu, Chang Lei, Chang Ningbo, ef al. “Electron ion col-
lider in China”. Nuclear Techniques, vol. 43, no. 2, 2020, p.
020001-1-59.

DOI: 10.11889/j.0253-3219.2020.hjs.43.020001

Vasily Parkhomchuk, Ilan Ben-Zvi, “Electron cooling for
RHIC”, BNL C-A/AP/47, April 2001.

A.V. Fedotov, I. Ben-Zvi, Yu. Eidelman, et al, “Simulation
of high-energy electron cooling”, in Proceedings of 2005
Particle Accelerator Conference, Knoxville, Tennessee,
USA, paper TPATO090, pp. 4251-4263.

H. Zhang, Y. Zhang, Ya. Derbenev, et al. “Multi-stage elec-
tron cooling scheme for JLEIC”, in 9th International Particle
Accelerator Conference IPAC2018, Vancouver, BC, Canada,

paper MOPMLO06, pp. 397-399.
doi:10.18429/JACoW-IPAC2018-MOPMLOO6

X.D. Yang, L. J. Mao, J. Li, et al. “Investigation on the sup-
pression of intra-beam scattering in the high intensity heavy
ion beam with the help of longitudinal multi-bunch chain of
electron”, in Proc. 11th Workshop on Beam Cooling and Re-
lated Topics, Bonn, Germany, Sep. 2017, paper TUP14,
pp-58-60. doi:10.18429/JACOW-CO0L2017-TUP14

Electron cooling

COOL2021, Novosibirsk, Russia JACoW Publishing
ISSN: 2226-0374

doi:10.18429/JACoW-C00L2021-P1002

P1002
73

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI

@

©



