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What is Coherent electron Cooling?

Short answer: stochastic cooling of hadron beams with bandwidth at
optical wave frequencies: 1-1000 THz.
Long answer:
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CeC Proof of Principle Experiment

Goal: demonstrate longitudinal cooling of a single Au+79 bunch in the
Relativistic Heavy Ion Collider.

Required e-beam parameters
Normalized emittance, mm-mrad < 5
Relative energy spread� E =E 10� 3

Bunch charge, nC 0.5-1.5
Pulse repetition rate, kHz 78
RMS bunch length, ps 10-50
Peak current, A > 75
Kinetic energy, MeV 14.5
FEL wavelength, �m 30

Hadron beam parameters
Energy, GeV/u 27
Intensity, hadron/bunch 10 9

RMS bunch length, ns 5
Revolution frequency, kHz 78
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CeC Accelerator

113 MHz SRF gun with CsK 2Sb
photocathode. Cathode
operation|weeks.
532 nm drive laser.
Two 500 MHz copper cavities for
ballistic compression to the required
peak current.
704 MHz SRF accelerator cavity.

Demonstrated e-beam parameters
Normalized emittance, mm-mrad 3-4
Relative energy spread� E =E 3 � 10� 4

Bunch charge, nC 0.03-10.7
Pulse repetition rate, kHz 78
RMS bunch length, ps 10-500
Kinetic energy, MeV 14.5
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113 MHz SRF gun with warm CsK2Sb photocathode

Operating temperature, K 4
CW voltage, MV 1.25
Maximal charge, nC 10.7

Normalized emittance for a 600 pC, 400 ps e-beam

Projected emittance, mm-mrad 0.57
Slice emittance, mm-mrad 0.35
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CeC PoP Accelerator Performance

Achieved parameters of thee� beam.

Parameter Design Status Comment

Species in RHIC (GeV/u) Au+79 40 Au+79 26.5 to match e-beam
Electron energy (MeV) 21.95 14.56 linac quench
Charge per e-bunch (nC) 0.5-5 0.1-10.7 X
Peak current (A) 100 50-100 X
Bunch duration (psec) 10-50 12 X
Normalized emittance (�m ) < 5 3-5 X
Energy spread, RMS (%) 0.1 0.1 X
FEL wavelength (� m) 13 31 new IR diagnostics
Repetition rate (kHz) 78.18 78.18 X
CW beam (� A) < 400 150 X
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Puzzle of the CeC Run 18

R =
I overlap � I separated

I separated

Evolution of the bunch lengths for interacting

(blue trace) and witness bunches (orange and

green traces).

Heating of ion beam was occurring only with

a perfect overlap of the beams and high FEL

gain. Reducing the FEL gain eliminated the

heating.
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Puzzle of the CeC Run 18

Bunch spectra have demonstrated a
broadband PCI gain peaking at
� 0.4 THz in an uncompressed beam.
Bunched beam spectrum has a peak at
10 THz.
The measurements were con�rmed
through simulations done by SPACE
and Impact-T. Beam pro�les showing the dependence

of the structures on charge per bunch.
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Plasma-Cascade Instability (PCI)

Plasma-Cascade Instability|

longitudinal plasma oscillation with periodically varying plasma frequency:
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Goal of 2019

Demonstrate generation of electron beam with parameters satisfying or
exceeding requirements for the CeC demonstration experiment.

As a result of optimization we were able to achieve the IR signal only factor two

above shot noise level.

The optimized set-up has rather 
at response of the noise on the variation of the

solenoid current leaving su�cient headroom for optimizing other beam parameters.
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PCI applications ! ACeC

Changing CeC ampli�er: FEL ! PCA

Mechanical design of the new CeC
system is completed.
New laser system is procured and
commissioned.
All new vacuum chambers with beam
diagnostics are built and installed.

All solenoids are designed,
manufactured, delivered and
underwent magnetic measurements.
Assembly of the ACeC can be
completed during this year.
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Conclusions

Accelerator delivered the beam with parameters suitable for the
CeC PoP experiment:

Normalized emittance as low as 0.35 mm-mrad for a 600 pC bunch
was measured.
Relative energy spread 3� 10� 4 was demonstrated.

We were unable to demonstrate the imprint of the hadrons on the
electron beam due to the discovered Plasma-Cascade Instability.

The development of the PCI was experimentally con�rmed in the
dedicated studies, and methods for its suppression were developed.

The PCA-based CeC system will be tested during Runs 20-22.
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Thank you for your attention!
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Plasma-Cascade Instability (PCI)

Plasma-Cascade Instability
Longitudinal plasma oscillation with periodi-

cally varying plasma frequency:
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FODO

Betatron motion in a FODO cell:
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