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 Retracted cathode gun geometry

SRF Gun
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Idea of the new gun:

• Flexible cathode replacement and processing

• RF-based emittance compensation

Goals of this investigation:

• Is there an emittance compensation effect?

• How large is this effect?

• What are the optimum gun parameters?

• What is the optimum plug position?

• Impact of cathode plug misalignments on the 

beam dynamics?
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 Accelerating mode @1.3GHz

Analysis

• Small focusing component at the cathode

• Accelerating field strength is decreased
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 Force balance at the cathode

Analysis

Fields at the center of cylindrical bunch with 

constant line charge density at any given 

emission stage

(𝑄 = 100𝑝𝐶, 𝐿0 = 2𝑚𝑚, 𝜎𝑟 = 2𝑎 = 0.16𝑚𝑚)
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 Force balance at the cathode

Analysis

SC-defocusing strength:   𝐹𝑠𝑐 𝑟, 𝐿 =
𝐸𝑟
𝑠𝑐 𝑟,0

𝑟

𝐸𝑟
𝑠𝑐 𝑟, 𝑧 −

𝐿

2
=

𝜆0
2𝜋𝜖0

න

0

𝜋

𝑑𝜙 cos𝜙 log(
𝑅− − 𝑧−
𝑅+ − 𝑧+

)

Fields at the center of cylindrical bunch with 

constant line charge density at any given 

emission stage

(𝑄 = 100𝑝𝐶, 𝐿0 = 2𝑚𝑚, 𝜎𝑟 = 2𝑎 = 0.16𝑚𝑚)
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 Tracking with nominal parameters

Simulations

𝑄 = 100pC, 𝜎𝑡 = 7.3ps, 𝜎𝑟 = 0.16mm, 𝜎𝐸0= 5.5eV, 𝜎𝜀0= 0.13mmmrad, 𝐵𝑚𝑎𝑥 = 0.184T
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 Parameter Optimization

Simulations

Optimal parameters for different 

cathode retractions

• ~20% emittance reduction at the optimum

• Relevant parameter is the laser pulse length 
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 Parameter Optimization

Simulations
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Conclusions

 Weak RF-compensation effect

 About 20% emittance reduction at the gun exit – compatible with the analytical estimation

 But, the optimum emittance is very close to the thermal emittance of the gun

 The optimal cathode retraction is at ~0.45mm

 Slightly longer laser pulses are needed for a retracted cathode gun

 No deterioration of the overall beam quality due to cathode retraction

 Simulations with 3D-field maps (not shown here) reveal no impact on the beam dynamics for 

radial misalignments of up to 50um of the cathode plug 


