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Discussions

• How to simplify the description of CeC for easier 
understanding by general public?
Use Stochastic cooling to popularize CeC
-High freq
-initial force: Debye radius may exceed beam size
(pick up, larger than that in SC ---size of chamber)

-electron as information carrier
-Ratner’s description: imprint signal, amplify,

phase condition for decelerating of ion 



• How conventional eCooling, CeC and stochastic cooling compare to 
each other? What are the disengages or advantages of each scheme? 
Requirements for quality for e-beam? What are the requirement for 
accelerators for these schemes?

CeC—energy spread of e-beam, freq for microbunches, orders 
magnitude faster in cooling rate, not determined by bandwidth, but by 
saturation, average current lower than conventional e-cooling beam

e-beam is information carrier 
instability of plasma: limited by space charge effect 

Analogy with stochastic cooling: CeC and optical stochastic cooling is 
fundamentally different from the stochastic cooling in signal pickup 

Discussions (con’d)



• Source of initial noise or modulation in beam
Laser noise characterization 
– FEL community has studied this a lot, Six ICFA workshop on uBI
– It’s well known that initial noise in laser can be strongly amplified 
– Source of noise on a laser (have good diagnostics to identify modulations)

• ripple in EOM
• multiple mode
• nonlinear amplification

Need to study e-beam dynamics out of cathode

• On macro aspect, RF field velocity gradient or longitudinal 
space charge induced correlated field gradient, may hurt the 
feedback from e-beam to ion beam

• Need excellent diagnostics

Importance of Low Noise and High Beam Quality



• Tenability of the CeC?
For stochastic cooling, the cooling rate is (taking mixing and 
noise into account)

Cooling remains possible despite very poor 
signal-to-noise ratios (1/U «  1).  All we have to 
do is to choose g small enough (g ~ g0  =  1/(1 
+  U) s: 1/U), which unavoidably means slow 
cooling  (x £ NU/2W).  In other words, we have 
to be patient and give the system a chance to 
distil a signal out of the noise. (D. Mohl)

Tuning knobs in CeC:
-beam current
(but avoid saturation)
-strength of chicane
-focusing strength



• Is experimental demonstration of CeC at RHIC is necessary for the 
progress of CeC?
Are simulations sufficient as proof of principle?

Is it necessary? ---depend on cooling rate you suggest, if not high cooling 
rate then it’s out of interest

Experimental verification is very important. Numerical characterization of 
noise is very limited, hard to sort out numerical signal from physical signal

– Experimental demo is absolutely needed for any future CeC
– Beam quality is most important, understanding and control noise is 

critical
– Experiment is necessary to test the predictive power of our simulation 

codes
– Theory and simulation can give guidance and insight, but are limited by 

their assumptions (especially about microbunching and noise 
amplification)

Importance of PoP Experiment



Gennady Stupakov’s comments:

• Strongly support  initiating CeC experiment and 
eventually reaching successful result

• Initial negative result—definite understanding of what’s 
going on there

• Perception of accelerator community:
– Overly complicated project and over-sold
– Can only be done by experimental demonstration
– Will be helpful for other approaches, generating quiet 

beam



Summary

• Understanding and control of beam quality and noise 
in beam is critically important for the success of CeC
PoP and future projects

• The recent finding of noise effect on beam is 
important for deeper understanding and study for 
these topics

• PoP experiment is necessary to verify the theory and 
simulation for future CeC application with any type 
of amplifiers



Challenges in Numerical Simulation of 
Microbunching



Numerical Observation of Microbunching Instability

100K particles
Single turn
No quiet start

1000K particles
Single turn
With quiet start

Elegant tracking results

(Tennant and Douglas, 2012)

(Nissen et al., 2014) 
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Evolution of Longitudinal Phase Space

quiet start 1 turn

2 turn 3 turn

4 turn 5 turn

Elegant tracking 
Results 

(100K particles)



Microbunching Gain in CCR
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• Lattice functions for CCR

• Staged microbunching gain spectrum for one pass through CCR

(C-Y Tsai et al.)



Microbunching Behavior for the Two Example Arcs
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Ø Microbunching gain along the arc

Ø Microbunching gain spectrum at the end of the arc 

Example 2Example 1

Example 1 Example 2

(C-Y Tsai et al.)



(C-Y Tsai et al.)

Simulation parameters that generate convergent gain results 


