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SRFcavity
ÅUsedfor acceleration of electron, 

proton, heavy ion beams.
ÅNormally made by Nb(Niobium)



Low-ʲ ŎŀǾƛǘȅ SRF2009tutorial, H. Padamsee



Flow of SRF cavity

Cavity fabrication

Surface treatment

Performance test 
by vertical test

Cryomodule operation



SRF cavity performance and important parameters

Eacc: Accelerating gradient [V/m]
Qo: Unloaded Q-value

QoҐ нˉŦ Ȅ ¦ κ Ploss

Higher QoҜ Smaller surface loss



Performance limitation(1) ~Defects~

ÅDefectson cavity surface 
lead to quench.

ÅCause of defects
üBad electron beam welding

üScratch

ÅEdge of defect enhance 
magnetic field on surface

Example of pit
Height 15~20um
Width ~200um  

Target
Cavity surface should be defect free



Performance limitation(2) 
~Field emission~
Åmm to sub-mm dust on 

cavity surface could 
become field emitter.

ÅField emission can easily 
reduce Q-value.

Example of field emission calculation (done by Enrico Cenni)

Example of field emission

Target
Dust free assembly is important



J. Mammosser, SRF2009 Tutrial



Cavity fabrication



Nbmaterial

ÅTypically two type of Nbmaterials are used.
üFine grain (grain size: a few to several 10 mm) 
üEasy and stable fabrication

üLarge grain (grain size: from several to more than 10cm)
üDifficulty due to deformation caused by asymmetric grains

üRelatively cheep

H C O N Fe Si Ta RRR

Large grain < 5 < 10 < 10 < 10 < 10 < 10 80 416

Fine grain < 10 40 < 10 40 20 20 100 258

Finegrain diskLargegrain disk

Half-cell made by large-grain disk





CavityFabrication

Cell (male & female)

Beam pipe
˷2

Flange ˷ 2

Support plate˷ 2

Nbdisk
Press to prepare 
half cell

End parts and half 
cell are welded

EBW of equator

Cavity complete!

Each parts are welded by EBW (electron beam welding).



Surface preparation



Surfacepreparation

ÅBulk EP(Electro-

polish)~100um

ÅHeat treatment 800deg x 3h

ÅFrequency tuning

ÅFinal EP ~20um

ÅUltrasonic cleaning with 

detergent

ÅHPR(Ultra-pure water High 

Pressure Rinsing)

ÅCavity assembly

ÅBaking 120 deg x 48h

ÅVertical test

Å Inspections

Heat treatment Pre-tuning

Electro-polishing High pressure rinsing

Cavity assembly Cavity inspection



Bulk EP / CP

ÅCavity surface was damaged after fabrication.

Å> 100 mm of damaged surface is removed by
üEP (Electrical Polishing) or

üCP (Chemical Polishing)

EP acid: 1:9 of HF(49%) and H2SO4(96%)
2Nb + 5SO4

2- + 5H2O ĄNb2O5 + 10H+ + 5So4
2- + 10e-

Nb205 + 6HF ĄH2NbOF5 + NbO2F 0.5H2O + 1.5H2O
NbO2F 0.5H2O + 4HF ĄH2NbOF5 + 1.5H2O

CP acid: 1:1:1 or 1:1:2 of HF(49%), HNO3(65%) and H3PO4(85%)
2Nb + 5HNO3ĄNB2O5 + 5NO2

Nb205 + 6HF ĄH2NbOF5 + NbO2F 0.5H2O + 1.5H2O
NbO2F 0.5H2O + 4HF ĄH2NbOF5 + 1.5H2O



Bulk EP

Å EP is carried out inside a hut.
Å Flow of EP acid and flushing inside 

cavity by ultra-pure water is 
automatically controlled by remote 
valves. 

Amount of removal is 
controlled by integrated 
current.



From poster at STF



Heat treatment

800 degree x 3 hours in vacuum 
furnace

De-gassing (Hydrogen etc.)

Release of stress



Frequency tuning
ÅCavity fabrication
üPress for half-cell

üElectron beam welding

ÅCell shapes differ each others

Ą cell frequencies are different

Ą not flat field distribution

ÅFrequency should be tuned.

Before pre-tuning

After pre-tuning

(Vertical) 
Amplitude of field strength

ÅTune cavity frequency
ÅAdjust frequencies of each-cells
Ąmake flat distribution of field



ЎὪȾὪθ ‐Ὁ Ὄ Ὠὺ

How to measure field distribution?

Network Analyzer

Metallic ball

Bead-pull measurement

Metallic ball pass through cavity and give 
perturbation to field (change boundary condition).

If it run on axis, where Ḣ 0, ɲŦӒ E2



How to change cavity (cell) frequency?

ÅTwo plates push and pull a cavity cell and give inelastic deformation.
ÅRepeat deformation Ą frequency check Ą deformation Ą
ŦǊŜǉǳŜƴŎȅ ŎƘŜŎƪΧ
(Automatic tuning machine has been developed.)



Final EP
ÅFinal EP around 20mm

ÅSometimes apply low 
temperature EP
üSuppress production of sulfide

Prepare final surface for RF 
measurement



Surface after EP-2



Ultrasoniccleaningwith detergent
!ŦǘŜǊ 9tΧ

--- Wash out by ultra-pure water
--- Then, apply ultrasonic cleaning with detergent (15-30min)

Clean-up remains on cavity surface



HPR (Ultra-pure water High Pressure Ringing)

ÅWash inside cavity by 
high-pressure (< 100 bar) 
ultra-pure water

ÅFor example, 6 hours 
washing time for 9-cell 
cavities.

ÅNozzle (or cavity) move 
up and down, while turn 
around.

Wash out dust particles inside 
cavity, which could become 
field emission source



Assemblyfor verticaltest

ÅFlanges are mounted inside class 10 (class 4) clean room.
ÅAssembly work is done very carefully, not to install dust particles into 

cavity.
ÅThey become sources of field emission.



Baking (120 C, 48hours)

Baking by heaters Baking oven (FNAL)



Effect of baking
(120 C x 48 hours)

ÅDe-gassing (especially water)
ÅImprove high field Q-values

One hypothesis of effect of 120 C baking



Performance test
(Vertical test)



ÅVertical test
üMost basic cavity test using 
άverticalέ Ǉƛǘ

üFilled with liq. He
ÅHorizontal test
üTest cavity and/or components 
ǿƛǘƘ άhorizontalέ ŎǊȅƻǎǘŀǘ

ÅCryomodule test
üTest with real cryomodule

Vertical test

Cryomodule test

Horizontal test



Vertical test 
setup

Cavity with 
cancelling coil

Variable input coupler

Transmit antenna and 
vacuum port

Pt

Pref

Pin

Co-axial antennas 
are used for input 
and transmission.



Measurement data & calculated parameters

Measurement data

Pin(raw) Cin Ҝ Pin     : Power meter

Pref(raw) Cref Ҝ Pref    : Power meter

Pt(raw) Ct Ҝ Pt       : Power meter

Ppick(raw) CpickҜ Ppick : Power meter

Decay time(Ű1/2)                      : Oscilloscope

Frequency(f)                           : Frequency counter

Calculated parameters from above measurement data

Qo, QL, Qin, Qt, Qpick

ɓ,ɓin ,ɓt, ɓpick

Eacc, Rs



Measurement(1) ~Decay measurment~

QoG  Rs                          

QtPtZEacc                       
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Pt=2.3mW

Pt=1.15mW

ʆ(1/2)=2.47 sec

Å Decay measurement can 
obtain all parameters.

Å Used for Qt estimation.

Z, G: Fixed numbers obtained 
from calculation.



Measurement(2) ~Measurement Based on Qt~

QoG  Rs    

QtPtZEacc    

Pt/PlossQtQo 

PpickPtPrefPinPloss

 Ppick Pt, Pref, Pin,

=

³=
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⁷⁷

Fixed Qt obtained from decay measurement is used.

Z, G: Fixed numbers obtained 
from calculation.

CƻǊ ǇǊŜŎƛǎŜ ƳŜŀǎǳǊŜƳŜƴǘΧ
üEstimation of Qt is important.
üPrecise Plossmeasurement is 

important.



Phase lock loop is used to catch up cavity resonant frequency, ɲŦ̇0.1Hz



Surface resistance

Rs(surfaceresistance)

1/T˹Inverseof temperature

4.2K

2.0K

BCSresistance

Residualresistance

Pump down

ÅLiq. He at 1atm is 4.2K. 
ÅBy pumping down vapor gas, 

temperature of He goes down.

Rs= G/Qois measured 
during cool-down.
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Rs(surfaceresistance)

1/T˹Inverseof temperature

4.2K

2.0K

BCSresistance

Residualresistance

RBCS (BCSresistance):
Å Exponentialdependenceon

temperature

Rres(Residualresistance): 
ÅWeekdependenceon temperature
ÅContribution from trapped 

magnetic field (Rflux_trap) and 
intrinsic term(R0)

ÅGenerally R0 is smalland Rflux_trap is 
dominant.

млƴʍ

млллƴʍ

мллƴʍ



Qo-Eaccmeasurement

Qo-Eaccmeasurements show most basic cavity performance, 
maximum Eaccand Qo.



Pass-band measurement

2, 8 cell 3, 7 cell

4, 6 cell 5 cell

Pass-band measurement help to understand performance of each cells.



-̄mode уˉκф-mode тˉκф-mode

сˉκф-mode

рˉκф-mode пˉκф-mode

оˉκф-mode нˉκф-mode мˉκф-mode



Quench detection

Pt

Carbon resistor

Quench
άǎŜƭŦ-ǇǳƭǎŜέ

ÅWhen quench happens, 
carbon sensor show 
heat spot.

Å Inside cavity will be 
investigated later. 



More sophisticated cavity diagnostics

Array of Si diode for X-ray detection and carbon resistor 

for temperature measurement

They will rotate around cavity by using pulse motor



Qo-Eacc

Maximum Eacc = 15 ~ 17 MV/m
Eacc was limited by field emission
Large X-ray signals were observed

Example of X-ray mapping

8-9 iris
(150 )

tip (f a several 100um,
a several 10um depth)

Result of X-ray mapping 

330

1cell

2cell

3cell

4cell

5cell

6cell
7cell
8cell
9cell

1-2iris

2-3iris

3-4iris

4-5iris

5-6iris

6-7iris
7-8 iris
8-9iris

Rotating mapping system

Array of Si PIN diode

K. Umemori et al., IPAC10, WEPEC030,  H. Sakai et al., IPAC10, WEPEC028



3rd VT for #2 cavity initial pi-mode (23MV/m)

Array of Si diode for X-ray detection 

and carbon resistor for temperature 

measurement

They will rotate around cavity by 

using pulse motor

X-ray mapping
[no data for 1-3 cells]

Temperature mapping
[no data for 1-3 cells]

P
IN
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u
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u
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V
)

ȹ
T
(
K
)

50 7cell

200 6cell

50 7cell

200 6cell

150

150 4cell 150 4cell 

X-ray and Temperature mapping



T-ƳŀǇǇƛƴƎ όˉ-mode, 23 MV/m) X-Ǌŀȅ ƳŀǇǇƛƴƎ όˉ-mode, 23 MV/m)

7cell 50 down part

EaccvsDelta T (pi-mode 2nd) (50deg) (7cell & 8cell)

expand
7cell 

Quench occur at  

down part of 7cell

Temperature rise at quenchˢІн ŎŀǾƛǘȅΣ оǊŘ ±¢Σ ˉ-mode, >25MV/m)

Observed X-ray trace and also temperature rise at same position!

Quench due to field emission was detected



Surface inspection
Cavity surface is investigated by 
inspection camera, at each step of 
surface treatment. 

defect

Unstable welding bead

Defect free surface is desirable



Local grinding

Beforegrinding After grinding

ÅDefects inside cavity is removed 
by local grinding machine.

ÅCavity performance recover 
after grinding.

Motor head with abrasive sheet 
expand inside cavity and grind surface.


