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Main Themes 

From our charge: 
Explore recent work in injectors, especially... 
 
• RF, SRF, DC guns 

– Performance, limitations, operational experience 

• Cathode development 
– Black magic or science? 
– Roughness  
– Operational experience / frustrations 

• Laser development 
– Power (more or less) solved 
– Need: Stability, synchronization, reliability 
– Shaping 
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Performance of DC and SRF guns 

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 3 



Performance of DC gun 

• DC gun concept mature and robust  works 
really well 

• Cornell work on LCLS-II parameter shows 
versatility of DC gun system. 

• JAEA and KEK are both working on the high 
voltage and high gradient frontiers. 

• Interesting idea with Funneling to maximise 
cathode standing time 
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A. Bartnik (Cornell)  - DC Gun / Injector 
Met specification for LCLS-II FEL Injector 
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Q (pC) Ipeak Target (A) Ipeak (A) εn Target (95%, mm) εn (95%, mm) εn,th /εn 

20 5 5 0.25 H: 0.18, V: 0.19 60% 

100 10 11.5 0.40 H: 0.32, V: 0.30 80% 

300 30 32 0.60 H: 0.62, V: 0.60 70% 

 
• No emittance 

asymmetry 
 
• Met LCLS-II spec at all 

charges 
 

• Same SRF settings for 
all charges 

 



Cornell DC Gun / Injector 
Good agreement when using real laser profile 
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N. Nishimori (JAEA) – DC gun for cERL 
Pushing the limit of DC voltage  
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N. Nishimori (JAEA) – DC gun for cERL 
Pushing the limit of DC voltage  
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The gun is now running reliable for two years for cERL 
at 390 kV and generated electrons for LCS exp  
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M. Yamamoto (KEK) – Small(est) 70 mm gap DC gun 
for 6.9 MV/m gradient 
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Experimental observation of a 
trip voltage memory phenomenon  
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Possible model to explain memory effect, 
stimulated desorption 
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Funneling 
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E. Wang (BNL) – Demo for a Funneling DC gun at 50 
mA to maximise cathode standing time 
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E. Wang (BNL) – Demo for a Funneling DC gun at 50 
mA to maximise cathode standing time 
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SRF guns 
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SRF guns 

• while DC guns show robust performance with ERL 
parameters, SRF gun concept still lacking demo at 
high current and/or low emittance 

• Progress at BNL on solving multipacting issues  
generation of first beam with 704 MHz gun 

• Progress at HZDR on reaching high gradients in 
SRF guns  valid stable source for ELBE user 
facility driving multiple experiments 

• What do we need to do to get reproducible SRF 
performance at high gradient  low emittance?  
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W. Xu (BNL) - Commissioning of 704 MHz gun and MP-
free cathode stalk design 
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2.9 MV/0.082 m = 35 MV/m 



Design, construction of a new, MP-free cathode stalk 
with Ta cathode tip  beam ops 
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J. Teichert (HZDR) – Results from beam measurements 
with SRF gun II at ELBE 
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Results from thermal emittance and longitudinal 
phase space measurements 
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Results from thermal emittance and longitudinal 
phase space measurements 
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Results from thermal emittance and longitudinal 
phase space measurements 
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Subsystems - Photocathodes 
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Photocathodes 

• Main goals related to photocathodes: 
1. Correlate growth and performance 
2. Prepare reproducible performance 
3. Mitigate degrading effects 

• All this by employing state-of-the-art material science techniques 
in-situ and in-operando at synchrotron radiation sources 

• Popular  
– substrates are Mo, Ta 
– cathode materials are Cs2Te, CsK2sb, NaKSb (S20) during ops and Cu 

and Mg for commissioning ( need multiple drive laser 
wavelengths) 

• Industry interested in producing off-the-shelf cathodes, sealed 
CsK2Sb cathode from Photonis ($$$$ USD) and triode like gated 
therminonic emitter from Far-Tech.  
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M. Schmeißer (HZB) – Photocathode R&D for 100 mA, 
low emittance SRF gun for bERLinPro 

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 26 



Preparation of first CsKSb photocathode with in-situ 
XPS to reveal chemical composition of film 
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J. Smedley (BNL) - Solving the surface roughness 
problem of alkali antimonide photocathodes 
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goal < 1 nm 



Z. Ding (Stony Brook) – In-situ XRR to reveal surface 
roughness of sequential, co-deposition and sputter 

grown CsK2Sb photocathodes 
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QE at 532 nm 
for sputtered 
cathode 



Z. Ding (Stony Brook) – In-situ XRR 

11.06.2015 ERL 2015 | WG1 Injectors | Summary | A. Bartnik and T. Kamps 30 



E. Wang (BNL) – Multi alkali photocathodes at 
cryogenic temperature for  

BNL 114 and 704 MHz SRF guns 
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E. Wang (BNL) – modeling emission from cathode 
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L. Jones (ASTEC) – Understanding of the p-GaAs(Cs,O) 
activation layer with energy spread measurents 

• Several layer models proposed: 
– Dipole Layer (DL) model, applicable to ‘thin’ layers, and the  

– Hetero Junction (HJ) model, applicable to ‘thick’ layers 

• Method: Very slowly activate cathode, interrupt and measure 
long. energy distribution with a parallel plate retarding 
analyzer 
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J. Smedley (BNL) – CsK2Sb cathodes from Photonis 
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X. Chang (Far-Tech) – high peak/average current 
source based on triode like thermionic cathode 
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Subsystems – Drive Laser 
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S. Zhang (JLAB) - Drive Laser Challenges 
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• The state-of-the-art laser techniques can provide enough 
average and peak power for 100s of mA photoguns,  

• Still need better: 

– Stability  

  long term phase drift, pointing 

– Versatility 

  more flexiable rep rate & pulse structure control 

  e-beam noise control by optical modulation 

– Spatial/temporal shape 

  robust, high power (passive and active) shaping technique 

– Reliability 

  run 24/7, resistance to environmental disturbances 

 



J. Maxson (Cornell) - Laser shaping with SLM 

• Simple shaping method demonstrated 

• High current -> more work needed to surpass 
thermal damage threshold (e.g., just cool it?) 
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Conclusions 

• There is a robust choice for an ERL class 
injector  DC gun 

• We need more demo and test experiments to 
push limits of the SRF gun concept 

• Photocathode R&D is now strongly benefitting 
from material science methods  departing 
from alchemy 

• From the drive laser we expect more results 
on control of laser parameters in the future. 
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Thanks 

• to all speakers, participants, the LOC and PC… 
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