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Enabling Accelerator Technology: SRF Cavities

A High quality EM resonators: Typicg/>Q10°

A Tens of MV/m accelerating gradients with high |
efficiency, large aperture, and up to 100% duty fact
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SRF Cavity Figures of Merit

Higher energy gain per length
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Higher Cryogenic Efficiency
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SRF Accelerators Around the World T Upcoming
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Map from Wikipedia. Neaxhaustive facility list.



SRF Accelerators Around the World T Upcoming
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Q, -> Cryogenic Infrastructure, Operating Cost

~800 W/W
at 2 K
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E_.. -> Length for Linear Accelerator

d In low duty factor machines , high gradient with high Q , can shrink length
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Motivation State -of-the-Art SRF Technology

Advances in SRF cavity performance |mprove the feaS|b|I|ty of building [
accelerators with unprecedented reach into unexplored scientific frontie
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How to Push SRF Cavity Performance?
1) Improve understanding via surface science

A Material science tools are essential to understand the nanometer-scale
structural changes that lead to dramatic changes in performance

A. Romanenko et al., Appl. Phys. Lett. 104, 072601 (2014)
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Performance are determined by nanometer scale structure
of inner surface
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How to Push SRF Cavity Performance?
2) R&D CaV|ty Processmg and SRF Experlment
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Superconducting RF Technology

Recent Advances




I First XFEL Commissioning Results

European
XFEL ]| PRELIMINARY RESULTS: Energy reach
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Design accelerating gradient: 23.5 MV/m
Average accelerating gradient: 26.0 MV/m

(after module test and waveguide tailoring)
After initial commissioning design gradient almost reached
On-going measurement campaign to assess limits and reasons
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2013 R&D Advance: Nitrogen doping treatment for high Q
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Improved Q , from N -doping
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A >2x Q, improvement at 2 K, 16 MV/m
A Reduced maximum field OK for high duty factor applications

. . . : ‘""Ifermilab
A.Grassellinet al, 2013Supercond Sci. Technol. 26 102001 (Rapid Communicat®n
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LCLS-II'T ngh Repetltlon Rate X Ray FEL at SLAC

See also talk on Wednesday
from Andrew Burrill, SLA
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Magnetic Flux 1 Sensitivity and Expulsion

: e Magnetic Flux |
A Infusion: low sensitivity to trapped flux | .. " Tiapping
A New understanding of expulsion s
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Fermilab Prototype LCLS -Il Cryomodule

Usable Q0 @16MV/m*
Gradient* 2K
[MV/m] Fast Cool Down
TBYAES021 18.2 2.6E+10
TB9AES019 18.8 3.1E+10
TB9AES026 19.8 3.6E+10
TB9AES024 20.5 3.1E+10
TBOAES028 14.2 2.6E+10
TB9AES016 16.9 3.3E+10
TB9AES022 19.4 3.3E+10
TBOAES027 17.5 2.3E+10
Average 18.2 3.0E+10
Total Voltage | 148.1 MV T
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