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Enabling Accelerator Technology: SRF Cavities

ÅHigh quality EM resonators: Typical Q0 > 1010

ÅTens of MV/m accelerating gradients with high 
efficiency, large aperture, and up to 100% duty factor

ÅAccelerator technology for production of high current, 
high energy, high brightness beams

Slowed down by factor of approximately 4x109Input RF power at 1.3 GHz

~1 m Images from linearcollider.org, WIkipedia

Niobium



SRF Cavity Figures of Merit
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Map from Wikipedia. Non-exhaustive facility list.
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Q0 -> Cryogenic Infrastructure, Operating Cost
ð Crucial for high duty factor machines
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Map from Wikipedia. Non-exhaustive facility list.

Pdiss~ Eacc/Q0

ILC (pulsed, <1% DF) ~0.5 W average per cavity
LCLS-II (CW, 100%DF) ~10 W average per cavity

(for fixed Emax)
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Eacc -> Length for Linear Accelerator
ð In low duty factor machines , high gradient with high Q 0 can shrink length
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Map from Wikipedia. Non-exhaustive facility list.

8 cavities
~10 m

ILC@250 GeV: 
~8,000 cavities

Pdiss~ Eacc/Q0 (for fixed Emax)



Motivation State -of -the-Art SRF Technology
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Advances in SRF cavity performance improve the feasibility of building new 
accelerators with unprecedented reach into unexplored scientific frontiers.

Map from Wikipedia. Non-exhaustive facility list.



How to Push SRF Cavity Performance?

1) Improve understanding via surface science

Å Material science tools are essential to understand the nanometer-scale 

structural changes that lead to dramatic changes in performance

6/29/2017Presenter | Presentation Title10

24

the baked Nb has a 
layered structure
that consists of 

1. dirty Nb layer 
and

2. clean bulk Nb.

A. Romanenko et al., Appl. Phys. Lett. 104, 072601 (2014)

Dirty Nb Clean Nb

At the present day, we know

Copper&

Nb&layer&

N"#reconstruc, on# O"#reconstruc, on#



Performance are determined by nanometer scale structure 

of inner surface

RF fields

Helium cooling

RF currents
~100 nm

Niobium 
~3 mm

RF fields

Image from linearcollider.org

<0.1% of 
thickness
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How to Push SRF Cavity Performance? 

2) R&D Cavity Processing and SRF Experiment
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Vertical Test Stands

Fermilab JLab

KEKCornell

Horizontal Test Stands

Cavity Processing Facilities



10/12/16 Sam Posen | Nb3Sn SRF Coatings at Fermilab 13

Superconducting RF Technology

Recent Advances



First XFEL Commissioning Results

PRELIMINARY RESULTS: Energy reach

Â Design accelerating gradient: 23.5 MV/m

Â Average accelerating gradient: 26.0 MV/m 
(after module test and waveguide tailoring)

Â After initial commissioning design gradient almost reached

Â On-going measurement campaign to assess limits and reasons

14

Americas Workshop on Linear Colliders - June 28th 2017 - SLAC

Julien Branlard, DESY

Courtesy N. Walker

L2 L3L1

Mature technology ïCompare to ILC @ 250 GV
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2013 R&D Advance: Nitrogen doping treatment for high Q 0
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Y. Trenikhina et al, Proc. of SRF 2015

Y. Trenikhina et Al, Proc. of SRF 2015



A. Grassellinoet al, 2013 Supercond. Sci. Technol. 26 102001 (Rapid Communication)
A. Romanenkoand A. Grassellino, Appl. Phys. Lett. 102, 252603 (2013)

Improved Q 0 from N -doping
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Å>2x Q0 improvement at 2 K, 16 MV/m

ÅReduced maximum field OK for high duty factor applications



LCLS-II ïHigh Repetition Rate X -Ray FEL at SLAC
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See also talk on Wednesday 
from Andrew Burrill, SLAC



Magnetic Flux ïSensitivity and Expulsion

Å Infusion: low sensitivity to trapped flux

ÅNew understanding of expulsion

ÅPreservation of Q in CM environment
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M. MartinelloŜǘ ŀƭΦ ά9ŦŦŜŎǘ ƻŦ ƛƴǘŜǊǎǘƛǘƛŀƭ ƛƳǇǳǊƛǘƛŜǎ ƻƴ ǘƘŜ ŦƛŜƭŘ ŘŜǇŜƴŘŜƴǘ 
ƳƛŎǊƻǿŀǾŜ ǎǳǊŦŀŎŜ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ƴƛƻōƛǳƳΣέ Appl. Phys. Lett.109, 062601 (2016)

{Φ tƻǎŜƴ Ŝǘ ŀƭΦ ά9ŦŦƛŎƛŜƴǘ ŜȄǇǳƭǎƛƻƴ ƻŦ ƳŀƎƴŜǘƛŎ ŦƭǳȄ ƛƴ {wC ŎŀǾƛǘƛŜǎ ŦƻǊ 
highQ0ŀǇǇƭƛŎŀǘƛƻƴǎΣέ Journal of Applied Physics119, 213903 (2016)

2 K, 16 MV/m, 1.3 GHz



Cavity

Usable 

Gradient* 

[MV/m]

Q0 @16MV/m*     

2K

Fast Cool Down

TB9AES021 18.2 2.6E+10

TB9AES019 18.8 3.1E+10

TB9AES026 19.8 3.6E+10

TB9AES024 20.5 3.1E+10

TB9AES028 14.2 2.6E+10

TB9AES016 16.9 3.3E+10

TB9AES022 19.4 3.3E+10

TB9AES027 17.5 2.3E+10

Average 18.2 3.0E+10

Total Voltage 148.1 MV
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Fermilab Prototype LCLS -II Cryomodule

Spec: 
2.7x1010

Spec: 
133 MV


