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Benefits of Higher Efficiency Cavities

* Allow longer pulse
— Higher luminosity

* Less dynamic heat load
— Smaller cryo plant >>> initial capital cost saving
— Less AC power consumption >> operation cost saving

« Enable higher gradient for fixed cryo capability
— Higher energy reach
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Achieved ILC Cavity Performance at JLAB (2008-2010)
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Key Issues

« High efficiency high gradient (HEHG) SRF a
fundamental accelerator physics and technology issue
with applications to ILC as well as many other machines

— High efficiency cavity shape

« “guaranteed” cryo saving
— Reduce field emission up to Epk ~ 100 MV/m

« Critical for all SRF machines, in particular stable operation
— Eliminate Q-slope up to Hpk ~ 200 mT

* Origins still unclear, even for Nb

» Key issue to viability of any “new” material

* Recent progress in high Q, cavity for medium gradient
(Hpk ~ 70 mT) shown good results

— Can these good results extended to high gradient?
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High Efficiency Cavity Shape
Tl el

MHz 1300 1300 1300 1300
mm 70 60 60 60
- 1.98 2.36 2.28 1.98
mT/(MV/ 4.15 3.61 3.54 3.71
m)
Cell-cell % 1.90 1.52 1.57 1.27

coupling

G*R/Q 0?2 30840 37970 41208 36995

20% more efficient as compared to TESLA shape
Keep peak electric field ratio the same

Z. Li, C. Adolphsen, A New SRF Cavity Shape with Minimized Surface
Electric and Magnetic Fields for the ILC, LINACO8 (2008).

R.L Geng et al., Development of Ultra High Gradient and High QO
Superconducting Radio Frequency Cavities, IPAC13 (2013).
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LSF Prototype Cavities

T —

 LSF1-1
— NDb coated Cu cavity

1-Cell 1300 MHz Nb-Cu Coated Cavity LSF1-1
(JLAB/AASC)

Surface Reslstance [Ohm]
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X. Zhao et al., SRF2013, TUP0S83
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LSF Prototype Cavities

« Two single-cell LSF
shape cavities built and
tested

« Large-grain Nb
* Both reached 37-38

MV/m without field
emission

— BCP so far
— EP next to raise gradient
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Impact of Cryogenic Thermal Cycling
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Cavity processing:
BCP 60 um + 800Cx2hr + BCP 20 um + 120Cx9hr
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1.5 GHz
Low-Loss Shape
Large Grain Nb

Cavity processing:

Bulk BCP + 800Cx2hr
Final Processing:

EP 30 um + 120Cx18hr
+ EP 10 um + 120cx18hr.
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Role of Frozen Flux
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“Zero Field Cooling” Test

Bare cavity Magnetic shielding added for vertical test
Standard test configuration Shielding factor ~ 100

Typical ambient field at cavity equator 2-5mG  Ambient field at cavity equator ~ 20 puG
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First Result of ZFC
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Extending High QO from Impurity Doping to High Gradient?

Perfromance of 1-cell Cavity G2 after Nitrogen-Doping
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Other Related Recent JLab Results

P. Dkakal et al., ASC2014, 1LOr1B-05
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Conclusion

- High Efficiency High Gradient (HEHG) SRF an accelerator science and
technology topic of fundamental importance.

 HEHG cavity has unique applications for ILC in (1) higher ILC
luminosity; (2) 1 TeV energy reach; (3) cost saving in construction and
operation.

« HEHG cavity enables higher gradient for CW machine.

* Now after an extensive period (2006-2012) of ILC high gradient SRF
cavity R&D program and more than a year of interruption for SRF
infrastructure upgrade (2012-2013), we are back to high gradient SRF
R&D at JLab. Excellent initial result on HEHG cavities confirms the
upgraded SRF facilities have unique capabilities.

* “Field emission free” up to Epk=100 MV/m achieved in 1-cell.

« Series of testing carried out to study origins of “Q-slope”.

« Excellent results in LSF shape + large-grain Nb cavities achieved.
« Extension of these work to 9-cell requires funding support.
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