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Background

Emittance：3～10nm.rad；

Bunch length：3～6mm；

Current：200～400mA；

Electron density increases

Touschek lifetime decreases

Lifetime 
decrease

3rd generation light source

Users needs

Less radiation
Higher harmonic cavity is 
one of the options

Landau 
damping

Damp multi-bunch 
instability

Stable 
beam

Higher harmonic cavity’s function:
1.Increase lifetime (single bunch)
2.Damp the multi-bunch instability
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Mechanism of the higher harmonic cavity
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SSRFSSRF
RF 

Superconducvity
RF 

Superconducvity

SC HHCSC HHC

D
esign

Im
port

integrate

Innovation

Shanghai Cryogenic Superconducting RF 
cavity technology key-laboratory

R
F 

system
Prototype cavity

Technology
HR

Increase lifetime
Control bunch length

Damp instability
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World wide HHC

3.5-3SC31500DevelopingPassiveLSSRF

3-2SC31500DevelopingPassiveLNSLS-II

3---31500DevelopingPassiveLDiamond

2.52SC31500DevelopingPassiveLPLS

0.9~1.91SC31500CommissioningPassiveLBessy-II

2.02.72SC31500OperationPassiveLElettra

2.42.22SC31500OperationPassiveLSLS

0.511.81NC31105OperationPassiveLDAFNE

0.9~1.91.54NC31500OperationPassiveLBessy-II

1.91.55NC31500OperationPassiveLALS

0.831NC5500OperationActiveSSuper-ACO

1.51.54NC31500OperationPassiveLMAX-II

0.81.71NC4202OperationP->ALAladdin

0.752.01NC3270OperationPassiveLUV-SOR

0.81.71NC4211OperationP->ALNSLS VUV Ring

Energy
(GeV)

Effect 
Factor

Cavity
NO

TypeN
Frequency 

(MHz)
StatusModePurposeFacility
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Outline

1. Cavity design

2. Cavity fabrication

3. Cavity test

4. Cavity system
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1 Design

• SC/3rd/Passive

• Shape: Low loss/HOM propagate out

• Codes:
MAFIA、SuperFISH、CLANS、 CST etc。
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Shape optimization

Frequency difference VS iris radius
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Single cell cavity shape
• freqency 1498.987MHz
• FM TM010

• voltage 0.5MV
• Temp. 4.2K
• R/Q 83.0Ω
• G*(R/Q) 22328
• Esp/Eacc 2.04
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HOM
longitudinal mode Q
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Double cell

多束团不稳定性阈值

横向阈值：554.5 ohm/m
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Fluted pipe
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Enlarged beam pipe
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CLANS/CLANS calculation
All the HOMs can propagate to the 
HOM damper, so that the HOM 
impedance can stay under the 
threshold.
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----18.37367492322.2710

----111.04370122313.209

53.38 kΩ0.0556.32212.840.00370562172.398

53.46 kΩ0.0457.72209.550.00371962169.857

----527.33133502081.386

482.40(kΩ/m)12.503552003.74106.57166521969.675

482.40(kΩ/m)0.432531838.30372.87187371834.514

482.40(kΩ/m)1.652501768.23578.94213631790.903

482.40(kΩ/m)7.624471732.1638.57132991712.912

----6.50130051699.081

RshRsh(w)QFreq 
(MHz)Rsh(o)QFreq 

(MHz)Mode

With ferriteWithout ferrite
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Two “double cell” solution

<6W5.1W5.1W15W15WStatic loss

25W
（5MV/m）22W（4MV/m）22W（4MV/m）77W(4MV/m）

120W（5MV/m）135W(7.5MV/m)RF dissipation
(4.5K)

-45.3W/65W43W/65W100/150W150W/150WRefrigeration power

-± 500 kHz± 500 kHz± 500 kHz± 500 kHzTuning range

-R⊥<130 kΩ/mR⊥<130 kΩ/mR⊥<554.5 kΩ/mR⊥<554.5 kΩ/mTransverse HOM

-fr·R//<7.0 kΩ·GHzfr·R//<7.0 kΩ·GHzfr·R//<118.1 kΩ·GHzfr·R//<118.1 kΩ·GHzLongitudinal HOM

90.888.4×2=176.888.4×2=176.883×483×2R/Q（Ω）

5E7
(5MV/m)

Q0>1E8
（3MV/m）

Q0>1E8
（3MV/m）

Q0>1E8
（5MV/m）

Q0>1E8
（7.5MV/m）

Q
(moduel test,4.5K)

7E7
(5MV/m)

Q0>2E8
（5MV/m）

Q0>2E8
（5MV/m）Q0>1E8Q0>1E8Q

(Vertical test)

5MV/m4MV/m3MV/m5MV/m7.5MV/mgradient

niobiumNb/CuNb/CuNiobiumNiobiummaterial

0.5MV0.4MV300kV 
（Max 500kV）

0.4MV
（Max 0.5MV）

0.75MV
（Max 1MV）Voltage/cell

0.5MV0.8MV0.6MV 
（Max 1MV）

1.6MV
（Max 2MV）

1.5MV
（Max 2MV）Nominal voltage

-35kHz+64kHz--HHC working freq

400mA,
1.9GeV,
1.5MV

400mA, 2.4GeV,
2.6MV

330mA, 2.0GeV, 
2.4MV

200mA, 3.5GeV, 
4.5MV

200mA, 3.5GeV,
4.5MVLight source

BESSY-IISLSElettraSSRF 2 double-cellSSRF double-cell
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Outline

1. Cavity design

2. Cavity fabrication

3. Cavity test

4. Cavity system
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2 Fabrication

• “punching－welding” method for niobium cavity
• Quality control（frequency/depth/shape）
• “N3＃”cavity’s mechanical polishing



2003 Feb, 2009

Fabrication（1）－punching

Circular 
plate

position
center

Make
hole punch

break annealing

trimming

temperature：740±20°C
Vacuum:1E-5torr

Duration time: 24hrsgood
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fabrication（2）－trimming

Knife positioning 1st cut 2nd cut Smoothen 
edge

Length 
adjust

Half cell 
finish
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fabrication
（3）

－beam pipe 
and end 
flange
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fabrication（4）－welding
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Frequency 
measurement

0.08-1.21497.79Nb-NX
3＃

0.04-0.621498.37Nb-TD
1＃

0.23.251502.24Cu
3＃

2nd

batch

5.785.381584.37Nb-NX
1＃

2.030.151529.14Cu
2＃

2.029.961528.95Cu
1＃

1st

batch

Error 
percentage

(%)

Error
(MHz)

Freq
(MHz)N.O.

Frequency is improved in the 2nd batch.
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Neck gap
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Depth measurement

3.2843.3993.3763.3473.5432.9343.104Point 
8

2.8182.7752.8622.8802.8992.7862.705Point 
7

2.7572.7312.8312.7612.7902.7662.663Point 
6

2.7792.7702.8322.7752.8342.7782.684Point 
5

2.7852.8732.7612.7612.8012.7962.716Point 4

1.7830.4530.4282.3792.6922.5762.168Point 
3

1.9871.9111.9951.9031.9792.0712.065Point 
2

1.9031.9221.9231.8311.8932.0091.839Point 
1

铌平
均

日C09日C08宁C07宁C06日C05日C04

Inner neck gap＝neck gap － neck depth
Results
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Surface 
treatment

grinding

3.0 mm3.0 mmBE83.0 mm3.0 mmAE8

3.0 mm3.0 mmBE73.0 mm3.0 mmAE7

2.9 mm3.0 mmBE63.0 mm3.1 mmAE6

3.0 mm3.0 mmBE53.1 mm3.1 mmAE5

3.0 mm3.0 mmBE43.1 mm3.1 mmAE4

3.0 mm3.1 mmBE33.1 mm3.1 mmAE3

3.0 mm3.0 mmBE23.1 mm3.1 mmAE2

3.0 mm3.0 mmBE13.0 mm3.0 mmAE1

抛后厚度抛前厚度测量点抛后厚度抛前厚度测量点

顺时针36h30min18日8:2516日19:55

逆时针35h20min16日19:5515日8:35 1498.350
MHz

1498.650
MHz

逆时针40min14日17:4014日17:00

抛后频率抛前频率方向用时结束时间开始时间

Only beginning!
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Outline

1. Cavity design

2. Cavity fabrication

3. Cavity test

4. Cavity system
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3 Cavity test

• Field mapping
1.system establishment
2.Test the 1.5GHz copper prototype cavity
3.Test the 800MHz aluminum cavity

• Vertical test 
• “Nb-NX 1＃”cavity @ KEK
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Field mapping system
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Reference to: TONG D, DESY M-87-05/M-87-06
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Software&hardware

Step motor

56BYG

Network analyzer

E8357

Motor control 
GPIB cable

interface

(PCI, USB)

Function realization

(dll, VISA)

User interface

(Labview7.0)

Init

Set

MEAS

Post M

Exit

Initialization

Set parameters

Measurement
Motor one step,
Measure once

Field +/-
Calculate R/Q

exit

Programming flow
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HHC prototype measurement

• Perturbing object

• 1500MHz copper 
prototype cavity
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Fundamental 
mode
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Monopole mode（1）

E(norm)-tm03
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Monopole mode（2）

E(Norm)-tm05
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Monopole mode（3）

0.784.889553.984.1871tm010

21.724.56220.153.7708tm009

1.563.962145.993.7052tm008

8.083.364830.683.2753tm007

2.073.27209.533.2390tm006

3.063.001028.922.9925tm005

7.412.92600.072.9201tm004

46.382.804529.532.7998tm003

42.782.792752.602.7831tm002

93.321.5159106.791.5295tm001

R/Q
(ohm)

Freq
(GHz)

R/Q
(ohm)

Freq
(GHz)

CLANSmeasured
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Dipole mode（1）

E03-disk
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Dipole mode（2）
E05-disk
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Dipole mode（3）
E07-disk
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Vertical test

• Took place at STF, KEK, under supervision of 
Prof. Kenji Hosoyama.

• “Nb-NX 1＃” cavity, without any surface 
treatment.
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Vertical test theory
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Decay time
β>>1 β~1
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Coupling factor
• Inner conductor was 

pulled out from the 
cavity for 12mm, to 
adjust the coupling 
factor to near 1.

• τ=5.948msec
• f0=1500.85681 MHz
• QL=6.055E+12
• Q0=2.8E+8
• βin=4.04。
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Q0~Eacc
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Outline

1. Cavity design

2. Cavity fabrication

3. Cavity test

4. Cavity system
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4 HHC system consideration

• Double cell
• voltage
• HOM

• Cryogenics
• Tuning system
• ……

HOM damperHOM damper

taper taper

Cavity cell

Thermal 
transition

Isolation vaccum

Thermal 
transition

Helium 
vessel

bellow
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Future

• The previous study is for the Higher 
Harmonic Cavity (HHC).

• SSRF phase-I project will finish in May, 
2009.

• Higher harmonic cavity is part of the SSRF 
phase-II project, starts in this year.
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You can refer to following paper:

1. MA Guangming, ZHAO Zhentang, LIU Jianfei, Design of a Higher 
Harmonic Cavity for the SSRF Storage Ring , Chinese Physics C, 
vol 32 (04): 275-279, 2008. 

2. MA Guangming, ZHAO Zhentang, High Order Mode Studies of 
Bell-shaped Prototype Cavities, Chinese Physics C, vol 32 (12): 
1012-1015, 2008.
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• Thanks!
• Danke schön!

• 谢谢！


