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1.3 GHz elliptical 9-cell cavity



Pill Box Cavity

L : Inductance

C : Capacitance



Pill Box Cavity



Modes in pill-box cavity



TM-modes in pill-box cavity

Bessel function



Bessel function

Bessel function

Root of Bessel function



TM010 mode in a pill-box cavity  



TM010 mode in a pill-box cavity  



TM010 mode in a pill-box cavity  



TM010 mode in a pill-box cavity  



Pill-box cavity  to real cavity



Pill-box cavity  to real cavity



Single-cell cavity



Single-cell cavity



Cell shape design



Example: CEBAF upgrade



CEBAF upgrade cell-shape comparison



Trend in TM-mode cavity design



New advanced shape for ILC



Cell-shape parametrization



R-iris 



R-iris 

Pre-tuning is difficult for multi-cell cavity



Intuitive understanding 
for controlling E-peak and B-peak 



Re-entrant shape : The world-record holder of highest Eacc



RF test of LL-shape single-cell cavity
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RF Test of LL single-cell cavity / Eacc = 53.5 MV/m

Press  release
’05 28th Sept. NHK news, “Good morning Japan”
’05 12th Oct. Nikkan Kogyo News
’05 21st Oct. Energy News Weekly
’05 1st  Nov.   Daily Yomiuri
’06 24th Jan. Nihon Keizai News

Eacc = 53.5 MV/m was achieved.
This had been the world record until RE 
single-cell cavity reached beyond. 



Series RF tests of LL single-cell cavities

ICHIRO shape + KEK recipe
FE and Q-slope removed

Mean = 44 MV/m.
Sigma = 6 MV/m. 

Eacc [MV/m]

Repeated tests removed
Mean = 44 MV/m.
Sigma = 7 MV/m. 

All tests
Mean = 38 MV/m.
Sigma = 9 MV/m. 

Eacc [MV/m]

Eacc [MV/m]
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RF test of RE-shape single-cell cavity
fabricated by Cornell Univ.

This cavity reached Eacc > 60 MV/m. I believe this cavity might 
be the world-record holder of highest Eacc. Sorry, I could not 
find the plot, that I, F. Furuta, and K. Saito measured at KEK… 



Multi-cell cavities



Multi-cell cavities



Multi-cell cavities



Pros and cons of Multi-cell cavities



Coupling between cells



Coupling between cells



Pass-band mode analysis



Pass-band mode : Frequency



Field flatness

If cell-to-cell coupling is weak, field-flatness is easily 
broken by mechanical deformation of cells.



Field flatness after pre-tuning of LL 9-cell cavity
π mode frequency  1298.774 MHz

Field flatness = 98 %
(after pre-tuning)

Cell-to-cell coupling is as small as 1.6%, but no problem in pre-tuning.
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Field flatness = 0.1 %
(as delivered to KEK)

Field flatness (min/max)        Freq. target 1298.141 (MHz) @R.T.
Cavity       as delivered / after pre-tuning       as delivered  / after pre-tuning

1st 0.1%       /       98%                        1298.774    /    1298.547

π mode frequency  1298.547 MHz



RF Test of LL 9-cell cavity

Hard barrier around 29 MV/m.
This might be caused by MP at enlarged 
beam-pipe

8th Vertical Test (V.T.)

LL 9-cell 1st Cavity  #0 w/o 
HOM

MP in cell

No Q-disease was found.



Mechanical design



Mechanical design



Mechanical design

These mechanical resonant modes are also closely related to the microphonics.



Optimum stiffener-ring positioning



TESLA design cavities
Operation at 31.5 MV/m

LL 9-cell  cavity

Already fabricated.

STF Phase 1

Operation at high gradient

STF @ KEK

RF Test of LL 9-cell cavity in Cryomodule



I Q measurement by LLRF
(LL 9cell cavity in cryomodule)

Pt
(Transmit power)

(Generator power)
Pg

LL -9-cell cavity

Q of SC RF cavity ~ 10**10. This means the resonant 
frequency of cavity should be controlled within a few Hz 
taking into account the vibration of cavity.



High-power RF Test of LL 9-cell cavity in cryomodule

18 MV/m
Pt (Cavity : transmit power)

Pref (Coupler : reflection power)

Pg (Coupler : forward power)
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High-power RF Test of LL 9-cell cavity in cryomodule
Phase measurements (LLRF)
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Mixer voltage (mV)

∆f [Hz]

1mV/1Hz

+/- 500Hz range
~0.5mV/Hz

Mixer Output Signal @ 25dBm (Pg) 

Mixer output V
Measurement
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Microphonics is ± 3mV,
which corresponds to ± 3Hz in frequency and ±0.5O in phase variation.

Evaluation of Microphonics (LL 9-cell cavity in CM)
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