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Coherent Electron Cooling Project

Electron beam is generated by 113 Electron Beam Parameters for CeC
MHz SRF gun with photocathode driven * Gunenergy 1.1 MeV

by a 532 nm laser. Two 500 MHz copper Beam charge 1-5 nC

cavities provide energy chirp and beamis Final beam energy 14.6 MeV

compressed to desired peak current.
After compression beam is accelerated

by a 704 MHz SRF cavity and merged into

CeC PoP structure having three helical

undulators.

* Normalized emittance ~0.3 mm mrad
Energy spread 1033
Pulse repetition rate 26 (78) kHz
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Cathode

FPC

Laser cross Solenoid

/gho‘tocathode end assembly
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CeC SRF Gun
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Cathode insertion manipulator

Quarter-wave cavity

4 K operating temperature

Manual coarse tuner

Fine tuning is performed with FPC

4 kW CW solid state power amplifier

CsK,Sb Cathode is at room temperature

Cavity field pick-up is done with cathode stalk
Up to three cathodes can be stored in the garage
Design gradient 22.5 MV/m
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Record Beam Generated by SRF Gun
Operating in CW Mode

* Bunch charge exceeds 3 nC
 Beam full energy 1.6-1.7 MeV (CW), >2 MeV (pulse)

* We have demonstrated electrical field at time of emission exceeding 21 MV/m

Charge, pC 3900
E, MV/m 5 5-7 6.5 12 21
Frequency 1.3 GHz 1.3 GHz 500 MHz 200 MHz 113 MHz
Cathode Cs,Te Pb Nb Cu CsK,Sb
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Diagnostics for Low Energy Beam

* Integrating current transformer (1.25 nV s/nC)

 Two beam profile monitors with 1.3 megapixel cameras
* Pepper-pot in front of the second profile monitor

* Two BPMs

* Low power beam dump with Faraday cup
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First Beam Observation

Emission was observed over 100 degrees span.

We have found that beam charge is limited by space
charge forces

EIaser Q QE

375n) 0.5nC 0.3%

1 0.66nC 0.15%

6w 1.24 nC 0.05%

Measure area(Ch) After 50% laser spot size increase we were able to
observe 3 nC charge.

DCa0] |
1.00 Vdiv

We have increased pulse repetition rate from few Hz to
5 kHz (laser max) and observed 15 QA current.

‘ 1.00 nV's
0 mY offset 100 ns/div
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CaV|ty Phase Scar
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Cavity phase scan is consistent with last year measurements and simulations.
More than 180 degrees range is due to the long laser pulse (40° of RF phase).
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Post-Installation Improvements

* Long conditioning cycle with molybdenum puck
to suppress multipacting in the FPC area

* Helium discharge cleaning to reduce dark
current

 Added port for QE monitoring inside the garage

 Added NEG getters to improve vacuum during
cathode transfer

e Used mask for the cathode deposition system
and developed automated start procedure to
overcome multipacting zone the cathode stalk

e Re-built cathode launch system

BROOKHFAVEN

AAAAAAAAAAAAAAAAAA




Modified Cathode Launch System




Cathode QE Evolution
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Beam Current During Radiation Survey

RHIC/Systems/CeC/Inst/cecictChgSum.logreq 05/04/2017 11:07 - 05/04 15:26

File Window Markers Analysis

CEC ICT Timed Charge Sum
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QE Map after Month of Operation

QE Map
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QE Map

Laser Ho, mm Vo, mm H range V range N layers
FPower, mW —|Measure Iris Fulse width, ns
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QE Map two days later (June 9)

QE Map
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QE Map

June 11
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June 12

QE Map
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Emittance of 150 pC Beam

Measure | Get Bekgr | [Save Datal

Injector Emittance Measurement

Solenoid LEET1and 1st Profile Monitor | Exposure | Gan [ s | Data | Trigger |
10 0 79MONO_12 external
Solenoid Range, A N Ekin, MeV Emittance, mm mradIBeta-funcIion, mIApha—functionI
Current, A Horizontal 0.2335 9.6697 36.8767 Isol =-4.100 A -
4,3000 0.2000 11 1.1100 Vertical 0.2237 15.3332 58.0500
0.1 — 600
0.09} O X
a,
¥ {500
0.08} axfit
UYﬁt
0.07
1400
. 0.061
£ 0.05} 300
o
© 0.04}
200
0.03 1
0.02 X
‘ 100
0.011 N .
0 : L > s 0
1.9 2 2.1 2.2 2.3 2.4
Inverse focal length, 1/m X, mm
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170 pC

Camera Image Processing Get Image . ,
IPosmon, mm| Sigma, mm I
Camera | Exposure | Iris | Gan |  Trigger | DataFormat | Get Bekgr Horizontal 0.0494 0.1119

cs2-inj.yag2-cam | v| 10 53 0 external [ vl MONO_12 [~v] Save Data | Vertical 0.6029 0.8777
10000 =3 - 800
8000 .
Y .. Beamsize 1.0 mm
6000 - .
Divergence 0.31 mrad
4000 600
oo I 00346] R.m.s. emittance 0.31 mm mrad
Index: 724
[R.G.BJ:(0.9922 0.7843 0.1961] " Normalized 0.95 mm mrad
6 g 0
€
& 400
>
[X,Y]: [-1.626 0.6229] [X,Y]: [1.661 0.6229]
Index: 171 Index: 299
[R,G,B]: [0.06275 0.4706 0.8549] [R,G,B]: [0.01961 0.6392 0.7882]
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Injector Emittance Measurement

400 pC

Measure | Get Bckgr | Save Datal

Solenoid LEBT 1 and 1st Profile Monitor =] Exposure | Gan | Iris | Data | Trigger |
10 0 80 MONO_12 external
Solenoid Range, A Ekin, MeV Emittance, mm mrad|Beta-function, m]Apha—functionl
Current, A Horizontal 0.2934 10.4421 36.3652 Isol =-3.900 A '|
4,1000 0.2000 11 1.1100 Vertical 0.4204 12.8063 45,8295
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430 pC

Camera Image Processing Get Image

IPosition, mml Sigma, mm ]

Camera I Exposure I Iris I Gain I Trigger I Data Format | Get Bckgr Horizontal 0.1874 0.0931
cs2-inj.yag2-cam | v] 10 55 0 external [ »] MONO_12 [+] Save Data ] Vertical 0.8063 0.8580
4 x10* ]
3.5 - 1400
= Beam size 1.2 mm
o
> <1200 H
= Divergence 0.27 mrad
[
2 2} .
= 1w R.m.s. emittance 0.32 mm mrad
1.5
) Normalized 0.98 mm mrad
-4 -2 0 2 4 £ 800
£
Y, mm B
. >
10 & 10
n 600
X: 0.173
8f x:-1.107 Y: 9.449e +04
El Y: 6.098e+04 [
3 1X:1.488
© 6 |Y: 4.984e+04 |1 400
> L - -
§ 4f :
I 200
2 b
0
=5 0 5
X, mm
oxice of Nuclear py, i
BROOKHFVEN

NATIONAL LABORATORY



640 pC

Measure | Get Bckgr | Save Datd

Injector Emittance Measurement

Solenoid LEBT 1 and 1st Profile Monitor | Exposure | Gain | s | Data | Trigger |
10 0 79MONQO_12 external
Solenoid Range, A N Ekin, MeV Emittance, mm mradlBeta—function, mlApha—functionI
Current, A Horizontal 0.5071 13.3675 43,9625 Isol =-3.750 A 'l
9500 0.2000 11 1.1100 Vertical 0.5043 13.7556 47.1970
0.25 —— 2000
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Camera Image Processing

640 pC

Get Image

{Position, mm| Sigma, mm

Camera | Exposure ] Iris Gain | Data Format | Get Bekgr Horizontal 0.2564 0.1019
cs2-inj.yag2-cam 10 55 [~vImonNOD_12 [+] Vertical 0.7487 0.7137
Save Data
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Beam size 1.3 mm

Divergence 0.29 mrad

R.m.s. emittance 0.37 mm mrad
Normalized 1.2 mm mrad
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Best Achieved Emittance

Sigma“ vs Uf
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The beam size was measured on
the first profile monitor with scan
of the gun solenoid. Beam kinetic
energy is 1.04 MeV, beam charge
0.5 nC. Normalized emittance is
0.32 mm mrad.

Presented at IPAC’17




* We have demonstrated the record parameters for the SRF gun

 Warm cathode contributes to high QE and high beam charge

* Low frequency of the gun allows to generate electron beam close to
conditions in a DC gun and fully utilize available field gradient

 Good vacuum inside SRF gun provides long lifetime for the cathode
Camera Image Processing
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