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Tradeoffs
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Photocathode QE vs. lifetime
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How can we relax these tradeoffs

to provide more flexibility for injector designers?
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Photocathodes for SRF Guns:
Integration Challenges  Heat Leaks

e Contamination

CATHODE

SRF CAVITY (2-4 K)

CRYOVESSEL
(300 K outside)
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Superconducting Cathode (BNL)

Input Coupler Solenoid
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. . Sekutowicz, et al., “Nb-Pb superconducting RF-gun” )
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Isolated Cathode with Choke Joint (BNL/AES)

Folded Quarter Wave
Choke Filter

0.5 Cell Cavity

Fundamental Power
Coupler (FPC)

Cathode Assembly

Helium Vessel
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Isolated Cathode, Stalk Radius Discontinuities (NPS/Niowave)

Coaxial Power

Cathode _ Coupler/Beam Tube

Liquid Helium

Niobium Cavity Reservoir
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Hybrid DC/SRF (Peking University)

100KV DC gun and 3+1/2 cell cavity

Colorado State University Zhao & Liu, Proc. ERL 2009 USPAS - June 2013



Photocathode Lifetime vs. QE
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Jensen & Montgomery, J. of Comp. and Theo. Nanosci. 6, 1754-1769 (2009).
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Dispenser Photocathodes (UMD/Calabazas Creek)
Self-Healing Cathodes to Extend Lifetime

Nickel-Assisted

Ciatrialic Birash Photoemitting Surface

Sintered Tungsten Disk
1T mm thick

0.254mm Stainless
Steel Sleeve

1.27cm
»

Cs Source Material

- - : - 1 Gen: Cs2Cr0q4
. 27 Gen: Cs:Bi

1.27 cm

E.J. Montgomery, Ph.D. Dissertation, UMD (2010)

. . J.C. Jimenez, M.S. Thesis, NPS (2010) )
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Diamond-Amplified Photocathode (BNL/NRL)
Isolate and Amplify

Primary beam/~ ~ ——— RF cavity

Photocathode
Laser ___—Diamond
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Diamond Field Emitter Arrays (Vanderbilt)
Laser? Laser? We don'’t need no stinking laser!

. . Jarvis, et al., Proc. FEL 2008
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ac Y-845/Y-646B Gridded Thermionic Dispenser Cathodes

_ J.C. Jimenez, M.S. Thesis, NPS (2010)
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Emittance Compensation Concept

Apply Linear Focusing:
Stronger kick to larger-radius slices

f

Focusing realigns slices in trace space,

reducing projected emittance

Colorado State University B.E. Carlsten, NIM A 285 313-319 (1989) USPAS - June 2013



Photocathodes: Need for Transverse Uniformity to Linearize Forces
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Photocathodes: Need for Transverse Uniformity to Linearize Forces
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Photocathodes: Need for Transverse Uniformity to Linearize Forces
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Photocathodes: Need for Longitudinal Profiling to Linearize Forces
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Photocathodes: Need for Longitudinal Profiling to Linearize Forces
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Photocathodes: Need for Longitudinal & Transverse Profiling to Linearize Forces
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Uniformly-Populated 3D Ellipsoid:
Uniform density in each slice - Linear radial force
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Luiten et al., PRL 93 094802 (2004)

Parabolic line charge density - Linear longitudinal force
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3D Laser Pulse Shaping

Laser
Tl Beam
Li, et al., PRL 100 074801 (2008)
Blowout Regime
Laser
K A ~10s fs
O &l -
(up to ~100pC)

. . M i, etal.,, PRL 100 244801 (2008
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Blowout Regime

diagnostic screens

50/100 um movable slit
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mirror box rf deflector

FIG. 1. Layout of Pegasus blowout regime experiment.

Deflector off
L ————————————— e —————

Deflector on

1.3 mm

FIG. 2 (color online). Beam images after vertically focusing
lens and rf deflector; cases with deflecting voltage off and on.
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