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Technology Challenges for Technology Challenges for 
SRF Guns as ERL Source SRF Guns as ERL Source 

in View of BNL Work in View of BNL Work 
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What are we building?What are we building?
R&D ERL operating at 703.75 MHz, 0.5 AR&D ERL operating at 703.75 MHz, 0.5 A
SCRF technology for both the injector and accelerating LinacSCRF technology for both the injector and accelerating Linac

Operating planOperating plan
Generate and accelerate electrons with normalized emittance of Generate and accelerate electrons with normalized emittance of 
< 50 < 50 µµmrad,  energy ~ 20mrad,  energy ~ 20--40 MeV (140 MeV (1--2 passes)2 passes)
Decelerated the electron beam to few MeV and recover the Decelerated the electron beam to few MeV and recover the 
energy back into the RF field energy back into the RF field 

Test the concepts for very high current ERL with Test the concepts for very high current ERL with multiple multiple 
operating modes, operating modes, 

351.875, 0.5 A, 1.4 nC/bunch351.875, 0.5 A, 1.4 nC/bunch
9.383 MHz, 0.2 A, 21nc/bunch (RHIC freq, application to 9.383 MHz, 0.2 A, 21nc/bunch (RHIC freq, application to 
electron cooling) electron cooling) 
11--20 Hz, start20 Hz, start--up modeup mode
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ChallengesChallenges
SCRF Gun DesignSCRF Gun Design

Geometry optimization for best emittanceGeometry optimization for best emittance
•• Cathode recess, solenoid requirementsCathode recess, solenoid requirements

Choke Joint design for retractable cathodeChoke Joint design for retractable cathode
Cathode insertion method and geometry concernCathode insertion method and geometry concern

Photocathode, CsKPhotocathode, CsK22SbSb
Lifetime due to vacuum conditionsLifetime due to vacuum conditions
Operation at cryogenic temperaturesOperation at cryogenic temperatures
Secondary emission, capsule designSecondary emission, capsule design

Laser, 2Laser, 2ndnd or 3or 3rdrd Harmonic of VanadateHarmonic of Vanadate
multiple repetition rates desiredmultiple repetition rates desired
1010’’s Watts of Laser power requireds Watts of Laser power required
StabilityStability
Pulse shape and durationPulse shape and duration
Not commercially availableNot commercially available



Andrew BurrillAndrew Burrill
ERL Workshop 2005ERL Workshop 2005

SCRF Gun DesignSCRF Gun Design

703.75 MHz 703.75 MHz ½½ cell cell 
Niobium photoinjectorNiobium photoinjector

Retractable CsKRetractable CsK22Sb Sb 
photocathodephotocathode
1MW RF power 1MW RF power 
producing  ~2 MeV producing  ~2 MeV 
electrons at 0.5 Aelectrons at 0.5 A
RF focusing provided by RF focusing provided by 
recessed cathoderecessed cathode
Optional Solenoid and Optional Solenoid and 
bucking coilbucking coil
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SCRF PhotoinjectorSCRF Photoinjector
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Quarter wave choke jointQuarter wave choke joint

Considered option of Considered option of 
incorporating FZR incorporating FZR 
choke jointchoke joint
Alternate, Tunnel Alternate, Tunnel 
Dust quarter wave Dust quarter wave 
choke selected to choke selected to 
simplify design and simplify design and 
fabricationfabrication
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Choke Joint TestingChoke Joint Testing

Leverage SCRF technology at BNL by Leverage SCRF technology at BNL by 
modifying our 1.3 GHZ fully SCRF gun to modifying our 1.3 GHZ fully SCRF gun to 
accept a modified QW choke jointaccept a modified QW choke joint

Allow us to investigate maximum field in cavityAllow us to investigate maximum field in cavity
Study multipactingStudy multipacting
Preliminary testing of diamond samplePreliminary testing of diamond sample
Possible investigation of CsKPossible investigation of CsK22Sb Sb 
photocathodephotocathode
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CsKCsK22Sb photocathode in SCRF Sb photocathode in SCRF 
GunsGuns

Issues:Issues:
Lifetime of Lifetime of 
photocathode affected photocathode affected 
by vacuum levelby vacuum level
Cesium contamination Cesium contamination 
of SCRF cavityof SCRF cavity
Thermal isolationThermal isolation
Interface of cathode to Interface of cathode to 
gun

Solutions:Solutions:
No vacuum No vacuum 
degradation during degradation during 
operation like NC gunoperation like NC gun
Secondary emitter Secondary emitter 
capsulecapsule
Actively cooled Actively cooled 
cathode stalkcathode stalk
Proper design and Proper design and 
engineering

gun
engineering
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Photocathode inserted in CavityPhotocathode inserted in Cavity
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Cathode insertion deviceCathode insertion device
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Photocathode deposition systemPhotocathode deposition system
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CsKCsK22Sb photocathodeSb photocathode
Lifetime studied under UHV conditionsLifetime studied under UHV conditions
Current density comparable to ERL requirements studiedCurrent density comparable to ERL requirements studied
High Charge per bunch testing plannedHigh Charge per bunch testing planned
Recipe optimization being completedRecipe optimization being completed

Laser WavelengthLaser Wavelength CsKCsK22Sb QESb QE Desired currentDesired current Laser power Laser power 
requiredrequired

532 nm532 nm 3%3% 200 mA/ 500mA200 mA/ 500mA 15 W/ 38W15 W/ 38W

355 nm355 nm 9%9% 200 mA/ 500mA200 mA/ 500mA 8 W/ 17 W8 W/ 17 W
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Diamond CapsuleDiamond Capsule

Dual benefitsDual benefits
Electron amplificationElectron amplification
Protects gun from Protects gun from 
cathode and cathode cathode and cathode 
from gun

Diamond

CsK2Sb

Cathode 
Stalk

from gun
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Capsule challengesCapsule challenges

Develop method of bonding diamond to Develop method of bonding diamond to 
metal for UHV capsulemetal for UHV capsule
Develop method of attaching CsKDevelop method of attaching CsK22Sb Sb 
cathode to stalk and subsequently to cathode to stalk and subsequently to 
Diamond assembly, all under UHV Diamond assembly, all under UHV 
conditionsconditions
Test modified capsule in 1.3 GHz SCRF Test modified capsule in 1.3 GHz SCRF 
gungun
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Laser OptionsLaser Options
Laser WavelengthLaser Wavelength CsKCsK22Sb QESb QE Desired currentDesired current Laser power Laser power 

requiredrequired
532 nm532 nm 3%3% 200 mA/ 500mA200 mA/ 500mA 15 W/ 38W15 W/ 38W

355 nm355 nm 9%9% 200 mA/ 500mA200 mA/ 500mA 8 W/ 17 W8 W/ 17 W

Coherent Paladin, 8W, 355 nm, 80 MHz 15 ps pulse length

http://news.thomasnet.com/images/large/2004/08/454674.jpg
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New Laser OptionNew Laser Option
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Diamond Amplification optionDiamond Amplification option
Laser Laser 
WavelengthWavelength

CsKCsK22Sb QESb QE SEYSEY Desired Desired 
CurrentCurrent

Laser Power to Laser Power to 
CathodeCathode

532 nm532 nm 3%3%

3%3%

9%9%

9%9%

00 0.5 A0.5 A 38 W38 W

355 nm355 nm 00 0.5 A0.5 A 17 W17 W

355 nm355 nm 5050 0.5 A0.5 A

532 nm532 nm 5050 0.5 A0.5 A 0.7 W0.7 W

0.35 W0.35 W
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ConclusionsConclusions

SCRF Gun design for high average SCRF Gun design for high average 
current c.w. operation is proceeding wellcurrent c.w. operation is proceeding well
Numerous challenges before arriving at a Numerous challenges before arriving at a 
turnturn--key systemkey system

All the key pieces are in placeAll the key pieces are in place
Research is actively engaged in all aspectsResearch is actively engaged in all aspects

Expect to begin ERL operation in 2007Expect to begin ERL operation in 2007
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Gun SimulationsGun Simulations

Optimization with Optimization with 
respect to cathode respect to cathode 
recess, gun cell recess, gun cell 
length, beampipe length, beampipe 
diameter and diameter and 
implications on the implications on the 
injections section of injections section of 
the ERL must be the ERL must be 
considered.considered.
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Emittance from Gun to Linac Emittance from Gun to Linac 
EntranceEntrance
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Current Cavity GeometryCurrent Cavity Geometry
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