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We present analytic cooling and diffusion rates for a simplified model of coherent 
electron cooling (CEC), based on a proton energy kick at each turn. This model also 
allows to estimate analytically the rms value of electron beam density fluctuations 
in the "kicker" section. Having such analytic expressions should allow for better 
understanding of the CEC mechanism, and for a quicker analysis and optimization of 
main system parameters. Our analysis is applicable to any CEC amplification 
mechanism, as long as the wake (kick) function is available.

Based on https://arxiv.org/abs/2102.10239

Introduction
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EIC Machine Parameters (CDR Table 3.3*)
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CEC concepts

• Y. S. Derbenev, “On possibilities of fast cooling of heavy particle beams,” AIP Conference 
Proceedings, vol. 253, no. 1, pp. 103–110, 1992, https://aip.scitation.org/doi/pdf/10.1063/1.42152

• V.N. Litvinenko and Y. S. Derbenev, “Coherent electron cooling,” Phys. Rev. Lett., vol. 102, 
https://link.aps.org/doi/10.1103/PhysRevLett.102.114801

• D. Ratner, “Microbunched electron cooling for high-energy hadron beams,” Phys. Rev. Lett., vol. 
111, https://link.aps.org/doi/10.1103/PhysRevLett.111.084802
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The MBEC concept
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Courtesy of G. Stupakov



Wake field for a proton at the center of the electron beam  
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Initial modulation after “Modulator” Kick in the “Kicker” section

Amplification with
some limited BW and
some electron R56



CEC system parameters (example)
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Wake approximation (Blue curve) and calculated (red)

We will approximate the wake by:

with z0 = 6.7 um in this example
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• We are interested in 4 parameters:
1. Cooling rate
2. Diffusion rate
3. Cooling range
4. Electron beam rms density modulation

• The proposed approximation has 3 free parameters (amplitude V0, 
wavelength z0, and bandwidth σ0)

– Cooling rate depends on the slope ~V0 /z0
– Diffusion rate depends on V02 σ0
– Cooling range depends on R56 and z0
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Fokker-Planck equation 

• The electron bunch is much shorter than the proton bunch,
we use the δ – function approximation for the electron density  

J is synchrotron action of a proton
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-- Long emittance



• The minimum cooling time (~60 minutes) is achieved at n ~ 3.7
– Corresponds to proton R56 = 1.3 mm
– Note: L/γ2 = ~100/2902 =  1.2 mm
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Cooling and diffusion at optimal gain

• For an optimal gain:

• With this kick, the cooling time becomes 24 minutes…
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• Cooling time should be increased by the ratio of bunch lengths (proton/electron)
• The resulting cooling time is then ~20 min

Optimal cooling time
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From previous talk by G. Stupakov



• A 3D model gives ~18% relative rms density fluctuations for the 
proposed wake with

• Contributions from electrons (shot noise only) are similar or 25% 
combined.  It’s desirable to have at least 2.5-sigma range, or 64% 
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• The proposed wake model allows to estimate cooling, diffusion and 
modulation analytically. Having such analytic expressions should allow 
for better understanding of the CEC mechanism, and for a quicker 
analysis and optimization of main system parameters.

• Even though we have used the wake calculated for the MBEC 
amplification scheme, our analysis can be easily applied to other 
coherent cooling techniques, for example, to the PCA concept, as long 
as the wake (kick) function is available.
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