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progress, and future upgrades

 Beam dynamics optimizations for UED applications
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Advantages of cryo-RF guns
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Target applications

Ultra-compact X-ray Free Electron Laser (UCXFEL)
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J. Rosenzweiq et al., New Journal of Physics, 2020
J. Rosenzweiq et al., Instruments, 2024

 C-band (5.712 GHz), cryogenic operation (77 K)
240 MV/m launch field

* Predicted sub-100 nm rms emittance at 100 pC
 Matched linac compensation to ~50 nm
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Target applications

Ultra-compact X-ray Free Electron Laser (UCXFEL) High-brightness source for MeV UED
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 C-band (5.712 GHz), cryogenic operation (77 K)
240 MV/m launch field

* Predicted sub-100 nm rms emittance at 100 pC
 Matched linac compensation to ~50 nm

 Femtosecond temporal resolution
* High transverse coherence (brightness)
 MeV-scale operation mitigates space charge
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CYBORG: Normal conducting cryo-RF gun

« CYBORG (CrYogenic Brightness-Optimized Rf Gun) beamline at MOTHRA Lab (UCLA)
« C-band (5.712 GHz) half cell cavity with demountable back plane (upgradable for insertable cathodes)
* 120 MV/m at ~80 K achievable with ~0.8 MW power
* Helium compressor cryo-coolers
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(CYBORG) Lawler et al., Instruments, 2024

G. E. Lawler®, A

Improving Cathode Testing with a High-Gradient Cryogenic Normal
Conducting RF Photogun
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Dark current studies and first photoelectrons
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Dark current studies and first photoelectrons
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Load-lock integration for advanced cathode testing

Load-lock at MOTHRA will enable testing of advanced cathodes (high field, low temperature
environment)
INFN cathode plug modified for C-band compatible geometry

Load lock CAD model and
integration with cryostat
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Load-lock integration for advanced cathode testing

Load-lock at MOTHRA will enable testing of advanced cathodes (high field, low temperature
environment)
INFN cathode plug modified for C-band compatible geometry

Load lock CAD model and Assembled load lock behind cryostat
integration with cryostat
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Load-lock integration for advanced cathode testing

* Load-lock at MOTHRA will enable testing of advanced cathodes (high field, low temperature

environment) INFN-style
* INFN cathode plug modified for C-band compatible geometry cathode plug

C-holder
(cathode
grabber)

RF gun Backplane

E
. =~ Target cathodes:
N -+ Near-threshold semiconductors
(Cs,Te)
* Nanostructured / small-area
emitters for ultrahigh brightness

Load lock CAD model and Assembled load lock behind cryostat

integration with cryostat
13



Beam dynamics optimizations for UED operation

Simulation Constants

Charge: 16 fC
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Optimization results for UED operation
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Optimization results for UED operation

Laser spot size at cathode (a) 40 um (b) 1.2 um
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dedicated bunching cavity
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Beam evolution for an optimized solution

1 1
! i i Sample position
6 | I
200 - ! !
5_ 1 i
- I
— | 1
é 41 £ 1001 | i
~— E 1
Q 5 | Q) ] I I
3> : : 01 | i
21 : ! ] : i
| . : Sample position ! . i
1- I Solenoid : 20 - i Solenoid i
I l ! !
%0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
z (m) z (m)

« 35 meV MTE, 1.2 ym emission area, 100 fs
initial pulse

« Compression and emittance preservation
compete during transport

Solenoid

Sample position

* Optimized solutions are highly promising
for MeV UED 0.0 0.5 1.0 1.5 2.0 2.5

z (m)

17



Summary and Next Steps

* Initial commissioning and beam tests of the compact
cryogenic C-band photoinjector platform (CYBORG)

* Reduced dark current observed during cryogenic operation

 Beam dynamics optimizations predict promising MeV UED
operating regimes

* Load-lock integration to enable advanced cathode testing

18



Thank you for listening!

Questions?
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