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SRF Cavities at CornellSRF Cavities at Cornell
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SRF Cavities at Cornell: CESRSRF Cavities at Cornell: CESR

Challenge is to store high currents
stably (ampere) rather than achieve 
very high energy

Example: CESR
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SRF Cavities: Engine for Accelerators SRF Cavities: Engine for Accelerators 

500 GeV cm 
energy

>20,000 cavities!

Challenge is to reach 
very high energy 
while maintaining 
good beam quality!

Example: ILCILC
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RF cavity 
Inside He vessel

HOM absorber
���� Damp Higher-
Order Modes

Frequency tuner
���� Adjust cavity 
frequency

Input Coupler
���� Couple RF 
power into cavity

Cryogenic system
���� Bring cavity to 2K

15 feet
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Why superconducting? Wall LossesWhy superconducting? Wall Losses

RF power Wall losses:Wall losses:
Surface currents (∝∝∝∝ H) 
result in dissipation 
proportional to the 
surface resistance (Rs):

2

2
1 HR

ds
dP

s
diss

�
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Superconducting vs. Normal Conducting CavitySuperconducting vs. Normal Conducting Cavity

• TESLA
• superconducting cavity
• niobium 
• 1.3 GHz
• 2 K (LHe)

• one cell from NLC
• normal conducting cavity
• copper
• 11.4 GHz
• water cooled

Fundamental differences due to difference in wall losses.
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1.5 GHz

Exponential drop

Residual resistance

Compare with Cu: RCompare with Cu: Rss ~ 10 m~ 10 m��

)/*(2 TTconst
BCS

CefR −−−−∝∝∝∝

More resistance 
the more 
nc electrons are 
excited.

More resistance the 
more the electrons are 

jiggled around.
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The Real WorldThe Real World……

3 MV/m

45 MV/m
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Vertical Cavity TestsVertical Cavity Tests

• Work horse of cavity 
studies is the vertical 
test arrangement.
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ThermometryThermometry

• Cover cavity exterior with special thermometers to 
detect heat dissipated by defects
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MicroscopyMicroscopy

• Use an SEM and Auger Analysis to 
examine the cavity interior.
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Electron 
multiplication

Thermal 
breakdown

Electron 
field 

emission

High field Q-
reductionLimitation:Limitation:

Solution:Solution: Improved 
cavity shape

High-
purity Nb

High-pressure 
rinsing

Electropolishing, 
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temperature 
baking, …
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Multipacting: Solution
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Electrons drift to equator, where electric filed is ≈ ≈ ≈ ≈ 0.
���� MP electrons don’t gain energy.

���� MP stops.

350-MHz LEP-II cavity (CERN)
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Problem 2:Thermal Breakdown (1980s) 
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0.1 – 1 mm size 
particles can cause 
TB!
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Thermal Breakdown: Solutions
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Problem 3: Field Emission (1990s) 

Micron size particles cause FE.
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Field Emission: Solutions (I)

BCP = HF + HNO3 + H3PO4

� Rinsing of cavities 
with up to 1000 psi
ultra-pure water 
jets removes many 
particles.

• High Pressure Water Rinsing (HPR):

• Buffered Chemical Polishing (BCP):

� Etching removes 
damaged surface 
layer (100 µµµµm)
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Field Emission: Solutions (II)

� In some cases applying of high 
power can cause the destruction 
of field emitters and improve the 
cavity performance. 

���� Reduction of field emission after
the cavity is installed in the 
accelerator

• High-Power Processing:

• Clean Room Technology:

�All cavities and vacuum 
components are cleaned 
and assembled in clean 
rooms.
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How to get high fields? A Recipe
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2006

3 MV/m

45 MV/m
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Reentrant Cavity Shape

42=
accE
pk

H
8.37=

accE
pk

H

old new
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Reentrant Cavity: World  Record Gradient

2K

108

109

1010

1011

0 10 20 30 40 50 60

Qo

Eacc [MV/m]

Eacc=51.22MV/m
Qo=5.88e9

Cavity production by Cornell, cavity treatment and test by KEK.
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International Linear ColliderInternational Linear Collider

500 GeV, 16000 s.c. cavities

Cornell ERLCornell ERL

5 GeV, 400 
s.c. cavities

44--GLS ERL GLS ERL 

0.6 GeV, >30 s.c. 
cavities

LHC, CERNLHC, CERN

XFELXFEL

20 GEV, 800 s.c. 
cavities

Proton DriverProton Driver

8 GEV, 336 s.c. 
cavities BESSY FELBESSY FEL

2.3 GEV, 144 
s.c. cavities

CEBAF UpgradeCEBAF Upgrade

BNL ERL BNL ERL 
Electron Electron 
CoolerCooler

CERN SPLCERN SPL

KEK ERL KEK ERL 
Light SourceLight Source

RIARIA

Shanghai Light Source Shanghai Light Source 
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Superconductor at T>0, H>0
Nonlinear BCS Theory

Vertex Penetration at Grain 
Boundaries?
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200 MHz RF CavityFlux Penetration at Grain 
Boundaries

Surface Roughness     Field Emission 
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Basic SRF research, SRF for CESR, Neutrino 
factory/ µµµµ-Collider, ILC, Cornell ERL, …Cornell ERL, …



52Matthias Liepe June 12, 2006

Fun in the Newman BasementFun in the Newman Basement


