
Superconducting Cavity for 

ERL Main Linac

M.Sawamura

JAEA

T.Furuya, K.Umemori, T.Takahashi, 

S.Sakanaka, T.Suwada

KEK

H.Sakai, K.Shinoe

Univ. of Tokyo

3/12/2007

Mini-Workshop for ERL under the collaboration meeting between CLASSE and KEK 



outline

• Introduction

• Designed Cavity

– Dipole (incl. BBU simulation)

– Monopole

– Quadrupole (eccentric flute)

• Measurement of Eccentric flute

• Conclusion



Strategy of cavity design for ERL

HOW about the TESLA cavity …
– HOM damping is not enough for ERL operations

– Loop-type HOM coupler has heating problem for the CW 
operation

TESLA cavity is not adequate for ERL operations

Need L-band superconducting cavity optimized for ERL

Policy of KEK-ERL cavity design
– Suppress dipole modes as strong as possible

– No monopole modes around multiples of 2.6 GHz

– Damp quadrupole modes

– Keep Rsh of accelerating mode as high as possible 



HOM requirement
[I.V.Bazarov et al., EPAC04 p2197, 

M.Liepe, Proc. of the 11th workshop on Superconductivity (SRF2003)]

• Dipole mode (BBU)
– HOM requirement for 100mA beam current

• Monopole Mode (Heat load)
– 100W heat load

• Quadrupole Mode (Quad. BBU)
– HOM requirement for 100mA beam current






 Ω
×<









GHzcmf

Q

Q

R
2

5 104.1

[ ]Ω<







 2500Q

Q

R






 Ω
×<









GHzcmf

Q

Q

R
4

6 104



KEK-ERL model-2 cavity

42.5 Oe/(MV/m)Hp/Eacc3.0Ep/Eacc

289 ΩQo x  Rs897 ΩRsh/Q

3.8 %Coupling1300 MHzFrequency

1)  Cavity cell shape

� Iris diameter 80mm, elliptical shape at equator 

� Cavity diameter 206.6mm

2) Large beampipe with microwave absorbers

� Beampipe diameter 120mm & 100mm

3) Eccentric fluted beampipe

� Damp quadrupole HOMs

Parameters for accelerating mode



Dipole mode

• New cavity cell shape and large beampipe damper is 

effective for HOM damping

• HOM impedances are one order smaller than BBU 100 

mA threshold for KEK-ERL model-2 cavity

TESLA cavity shape + Loop-type HOM couplerTESLA cavity

TESLA cavity shape + Large beampipe damperKEK-ERL model-1 cavity

New cavity shape + Large beampipe damperKEK-ERL model-2 cavity

KEK-ERL cavity

Impedances are 

calculated by MAFIA

TESLA cavity

Impedances are from

TESLA and TTF design

report



Einj = 10 MeV, Eloop = 5 GeV, Eacc = 20 MV/m

HOM-BBU threshold current
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HOM frequency randomization (MHz)

simulation by BI

KEK-ERL Model-2

BBU threshold are significantly improved

More than 600mA is possible for KEK-ERL model-2 cavity

(Calculation performed by R. Hajima and R.Nagai, JAEA)
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BI : developed at Cornell

BBU-R : developed at JAEA



Monopole mode

No monopole modes around 

2.6GHz and 5.2GHz, within 

+/- 40MHz

Need to avoid resonant 

excitation for the case of lower 

frequency ERL operations.

100W at 100mA

100W at 10mA
KEK-ERL model-2 cavity

Around 2.6 GHz

Around 5.2 GHz



Loss Factor

• Including loss factor for accelerating mode (2V/pC)

• Calculated from only cavity shape, not including RF absorber

• For 3ps bunch length, loss factor of HOM is 12-2=10V/pC. 
Power is 10V/pC×77pC×0.2A=154W. 

1ps



Eccentric-flute Basic Idea for Quadrupole damping

Dipole-like

cutoff bp=84mmD+flute 20H*100W  F = 3271.373 MHz                                                                          cutoff bp=84mmD+flute 20H*100W  F = 3469.787 MHz                                                                          

• Quadrupole in Beam Pipe

Shift FLUTE

TE21 can transmit 

as TE11?



Cross-section of Electric field

• Quadrupole is transformed to Dipole with eccentric-flute

Calculation with 

MAFIA

Eccentric-flute

normal flute



Fourier Component of Electric Field
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• Both modes（M-,E-boundary） are transformed to Dipole
modes.

• After transformation to Dipole,  flute is not necessary？
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Comparison of 3 types of eccentric flute

• A little difference among 
3 types

• Considering fabrication

We adopt

type of no shift & bend 
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Beam pipe view on the FLUTE side

Check: Multipacting

Surface treatment

Affect into other modes (fundamental, dipole)



Quadrupole of Model2

Eccentric

flute

Model

2-3

Reverse 
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Model
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LBPSBP

8π/9→ field in end cell opposite eccentric flute is excited 

Qext would be lowered by optimization of eccentric flute parameters or 

adoption of eccentric flutes on both sides.
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Transverse field due to FLUTE

• Does eccentric flute affect  fundamental field?
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Ration of transverse/longitudinal forces
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Measurement of low power model 

with eccentric flute 

Eccentric flute consists of 7 pieces. 

The flute angle can be changed from 0 to 45 degree by 5-degree step. 

The flute length and depth are also variable.

TESLA type cavity Eccentric flute



Loaded Q with eccentric flute

Without eccentric flute, no field inside the beam pipe far from the cell. 

With eccentric flute, field transmits through the beam pipe.

Loaded Q varies with ferrite position 

⇒ Ferrite sheet(15cm long, 2mm thick) might be unsuitable for absorber.

(μr’=5.10,μr’’=6.29 @2GHz)

[ref. KEKB μr’=0.964,μr’’=5.93 @2GHz]
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Field Polarization in Beam Pipe

θ

ferrite plate

Field inside the beam pipe is DIPOLE mode.
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Loaded Q for two degenerated modes

RF drive / pickup

perturbation

Perturbation can separate TE211 mode into 2 modes.

⇒ Eccentric flute is effective for both modes.

Flute angle = 25 deg
0
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• For 45-deg flute angle

⇒ TE211E mode hardly couple with eccentric flute.

⇒ This corresponds to calculation.

Loaded Q for two degenerated modes (cont.)
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ERL main input 

coupler  (v.11) (*)
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M8タップネジ穴×８
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T-barから先検討中
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Cold window Warm window
e- pickup

真空引き流れ
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アラインメント用 ピン

成型ベローズ(外径φ119,内径φ95)
ピッチ6.6mm,6山,± 8mm

成型ベローズ(外径φ37,内径φ26)
ピッチ3mm,13山 ,±5mm

ベローズ部詳細検討中

メカ的な設計はcold & warm間では大体OK.

特に内導体を動かすロッドを導入。さらにそれを冷却ガスを

流すパイプとして使用。

◎検討項目

１．ヘリコを締めるための冶具及び工具の検討は必要。

　　実際ネジなどを締めるときは相当難しいと思われる。

２．ベローズの熱計算、static及び、dyamicな

　　power lossに伴う温度上昇

　　現在、ANSYSを用いて検討中。最終的には温度定点の最適化を行う。

３．cold window下流の長さの最適化。

　　RFの位相などを含めてセラミック上に

　　電場のpeakが来ないようにする。

４．t-bar及び、door knobの設計。

　　今回便宜上T-barを用いた絵を描いてあるが、

　　RFのband幅や電場などの計算を別途行う。
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・20kW CW input power

・variable coupling 
・gas cooling
・double ceramic of same size 

・disk type ceramic window (HA997)

・60Ω impedance

Vac
Air

ERL main input coupler design



Alternative design of ERL main input coupler 

• Easy assembly

• No dry N2 for suppressing condensation of the inner conductor

• Compact input coupler
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ベローズ部詳細検討中
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Change ceramic window position 

Vac
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Ceramics are under fabrication and component tests will be done this summer.



Conclusion

• Model2 cavity satisfies HOM damping criteria of 
monopole and dipole modes for 100mA.

• Eccentric flute is effective for damping quadrupole 
modes, but needs more investigation.

• Nb single-cell model of mid-cell shape only, and that of 
end-cell shape with coupler ports and eccentric flute, and 
9-cell model are in production.

• RF Characteristics of HOM absorber will have to be 
investigated later on.


