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Abstract

The Electron-Ion Collider (EIC) at Brookhaven National Laboratory is approved at U.S.A. The hadron beam cooling at the

top energy of 275 GeV is one of the key challenges in the EIC project. Based on the electron cooling method, we present a

possible design of a ring-based electron cooler for the high energy hadron beam cooling. In this paper, we present the details

of the cooler design as well as some calculation.

1. Introduction

Challenges

• Hadron cooling

• Polaried beam

• IR design

❑BNL-EIC

Parameters

• Lumi.=1033-34 cm-2s-1

• CoM=20-100 GeV

• Polarization>70%
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❑ Theory (Gas model)

❑ Electron cooler

2. Electron Cooling Method

Both electron and ion beam have Boltzmann velocity distribution

but with difference temperature Ti and Te. This formula gives the

average temperature changes in one-dimension.

I- Conventional E-Cooler

II- RF-based E-Cooler

III- Ring-based E-Cooler

• Using electrostatics field 

for accelerating

• DC e-beam

• Magnetized cooling 

• WR: 4.3 MeV @ FNAL  

• World first e-cooler @ BNL using SRF cavity (2019)

• 1.6-2.6 MeV e-beam, <100 pC/bunch

• cooling both yellow and blue ring of RHIC to improve the 

collision luminosity.

• Continuous cooling with electron and ion beam

• Synchrotron radiation damping for cooling electron beam itself

150 MeV

the
transverse momenta of the electron beam in the comoving
frame will be much larger than the longitudinal momenta,

3. Ring Cooler Design

4. Cooling Simulation
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❑ Ring Lattice❑ Parameters

❑ Damping process ❑ DA and CSR effect 
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❑ Dispersive electron cooling

Analytic vs. simulation

For high energy, the transverse cooling rate is much smaller than 

the longitudinal direction. We using dispersion to redistribution the 

cooling rates.

• 275GeV proton beam cooling simulation at BNL EIC

• Including all effects, such as IBS, space charge, dispersion, etc. 

Summary
• We present a possible design of high-energy ring-based electron cooler

for high energy hadron beam cooling.

• The cooling performance on the hadron beam shows it is suitable for

cooling of protons at the top energy in EIC, even though there are still

some challenges.
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