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Requirements
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RIB production

• 650 MHz 
• 16 pC per bunch, 
• ≈ 10 µm transverse emittance (normalized)
• pulse length 

o with buncher <150 ps (at source)
o without buncher 10 ps

Infra-Red ERL or THz production

• 650 MHz/n (n=6) 
• 100 pC per bunch, 
• <1 µm transverse emittance (normalized)
• pulse length 

o without buncher 1-10 ps

[Comment: for regime of nC/bunch, a different strategy would be adopted]



RF modulated thermionic source
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• kinetic energy 300 keV (β = 0.78)

• rf modulation frequency 650 MHz, 

• pulse length +/- 16º or +/- 68 ps (136 ps)).

• average current 10 mA

• charge / bunch 15.4 pC

• normalized transverse emittance ~5-10 µm

• duty factor for macro pulsing 0.1-100% (3 W-3 kW)

F. Ames et al., proceedings LINAC’16, JACoW.org



RF modulated thermionic source
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TRIUMF electron source

source in SF6 vessel



photo - gun
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theoretical limits

maximum charge per bunch: 𝑄𝑄 = 𝐸𝐸𝜀𝜀0 A
→ field strength at Cathode for 100 pC and 1 mm laser spot radius:

E > 3.6 MV/m  (present TRIUMF source: 3 MV/m)

emittance from semiconductor cathode:  



cathode properties
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Cathodes
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Cathode Type Typical example Typical QE at λ P(W)xQE(%) for 10 mA

Negative 
electron affinity

GaAs(Cs,F) 8% at 750 nm 1.65 W%

Alkali 
antimonide

K2CsSb 10% at 520 nm 2.38 W%

Alkali telluride Cs2Te 5% at 266 nm 4.66 W%

Photocathode choices for high
(5-10 mA) average current

C. Sinclair (2009)



laser power and vacuum requirements
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K2CsSb cathode
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J. Smedley et al. proceedings PAC2013, Pasadena, CA, USA, 1178 (2013)
BNL, LBNL, Argonne, Stony Brook

commercial cathode from Photonis Inc.



Laser
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Z. Zhao et al. Phys. Rev. STAB 17, 053501 (2014)
Cornell University



towards higher voltage
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R. Nagai et al, Rev. Sci. Instrum. 81, 033304 (2010)
JAEA, KEK

tested up to 550 kV
[Comment: having the HV stack in SF6, 
rather than air, makes this design much 
more compact]



Test Stand towards higher voltage (2)
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C. Hernandez-Garcia, M. Poelker, and J. Hansknecht
IEEE Transactions on Dielectrics and Electrical Insulation Vol. 23, No. 1; February 2016, 418-427

insulator with electrode

operated at 350 kV

field emission studies: possible operation >10 MV/m with He or Kr gas conditioning
M. BenastaniNejad et al. NIM A762 (2014) 135–141 



Summary
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state of the art photo guns can fulfill all requirements for 
RIB, ERL or THz production operation mode for the TRIUMF e-LINAC

most promising solution is a photo gun with a K2CsSb cathode
commercial cathodes may be available

for simultaneous operation of RIB and ERL
2 laser systems with frequency doubled fiber laser operated at 520 nm

Operation at higher voltage than the presently used 300 kV is 
recommended

several examples of successful operation up to 500 kV 
and at higher voltage gradients exist
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Thank you!
Merci
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