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* Introduction to coherent electron cooling (CeC)
and code SPACE

» Simulations of CeC
* Algorithm and Verification
* Modulator
* Free-electron laser (FEL) amplifier
* Kicker
» Plasma-cascade amplifier (PCA)
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CeC: Modulator, Amplifier, Kicker
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SPACE

 Parallel, relativistic, 3D electromagnetic Particle-
in-Cell (PIC) code

» Simulations of relativistic particle beams, beam-
plasma interaction and plasma chemistry

 Benchmarked with MAD-X, ELEGANT and
Impact-T

e Electrostatic module
* Traditional PIC method
« Adaptive Particle-in-Cloud (AP-Cloud) method

,_,--'~~‘-'1-:_;.I“ U.S. DEPARTMENT OF A
@ EN ERGY NE‘IIE)?g ls!g%‘k‘/!TE O"RY

|



Algorithm: Extract Signal

 Two simulations with identical initial distribution
 One without ion, one with ion
* Take difference
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Super Position Principle
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Verification
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Modulator: Beam Envelope
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Modulator: Density Modulation

] — At0.6 M
x10- -~ At1.2 m
20 At1.8 m
At2.4 m

13 A3 m

RN
o

o O

Number of electrons (1/m)

BROOKHFAEN

NATIONAL LABORATORY



[ 1 . 27-[
Bunching Factor Tope ¥
p— e ‘topt
5] -6
18210 ‘ 2,5X10
e =0-:x offset
® 1.6+ 3 @
g N y offset T o
-] s, ) 6.,
E 14’ “/ E o’.
£ = ..,
1.2 -3 - -3
< AN < 15 \“
- | ~, —_ hCS
"9 1 \," -'9 Q§~
&) *, O
T 0.8 B, ® ..,
L . w1 ‘a,
", g )

8 0.6 ‘/"% 8 ~b~
< v, < “a
O 04+ ~a, O el .
- Va, c 05 ‘o
@ 02 - @ “w

. ’.,o Q.c..

0 I 1 1 I 0 1 I

0 05 1 15 2 2.5 0 5 10 15
Transverse offset (m) x 107 lon Velocity / Electron Velocity Spread

Dependence on
Transverse offsets

"5, U.S. DEPARTMENT OF
g ) 4 ENERG
S

Dependence on
Longitudinal velocity

BROOKHFAEN

NATIONAL LABORATORY



FEL: Beam Envelope (GENESIS)
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FEL: Shot Noise (GENESIS)
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FEL: Growth of Signal (GENESIS)
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Kicker: Beam Envelope
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Kicker: Cooling Time
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 Realistic calculation of cooling time should include
random Kkicks from surrounding ions and electrons
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PCA: Beam Envelope
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PCA: Spectrum of Gain
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PCA: Initial Density Modulation
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PCA: Initial Velocity Modulation
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PCA: Beam Dynamics
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PCA: Central and Edge
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Conclusion

« SPACE simulations have been benchmarked with
theory and other codes

 Start-to-end simulations have been performed for
CeC with FEL and cooling time has been
predicted

* PCA process has been explored and
characterized

« Simulation study will continue supporting CeC
design and experiment
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Thank You
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