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10. Lorentz Detuning
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Frequency detuned by Lorentz force

∆f

L large

C　 large

　　　　　　 lowerfc =
1

2π LC

( )2 21
4L S SH Eσ µ ε= −
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Frequency and Phase Control by Piezo tuner

fRF

Lorentz detuning can be 
compensated 
with Piezo tuner control

fC

Resonance
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Tow components of Lorentz Deformation

S

2
2

kk
0

k
mode

k

K
BA

aa

acc
acc

l

E
ld
fdE

F
Fd
ld

ld
fdfff

+=

+≈=∆ ∑∑
=∆

δδ

Ｋｊａｃｋｅｔ Ｋtuner

ＫcavityF F

Ｆｚ

Ｆｒ

Noguchi’s slide in the 1st ILC school 

2.913.7μmFine Tuning Stroke

(1360)6201490HzΔf (30MV/m)

170050026N/μmKtuner

589626N/μmKjacket

608013N/μmKS

1.833N/μmdF/dl

370320320Hz/μmdf/dl

0.0510.0470.047N/(MeV/m)2B

(1.2)0.50.5Hz/(MeV/m)2A

STF Ball ScrewSTF Slide JackTESLA Blade　　

Rigid Stiffness at Jacket and Tuner are also
Very important against the Lorentz Detuning.
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Lorentz Detuning Compensation Tuner System @ KEK

1) Use well established technology
2) Rigidity during handling
3) Wide Range Tuning Design                               
4) Easy Replacement
5) Less heat loss
6) Less X-ray Damage
7) Keep the possibility to move out of vacuum chamber

Screw Ball Tuner

Mechanical resonance

Locate both tuners around 
100K shield

Coaxial screw ball tuner

NO BCD yet for ILC!
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Comparison of Lorentz Force Deformation between 
different cell shapes

0.12 µ

0.34 µ0.11 µ

0.16 µ

0.40 µ0.07 µ

ICHIRO TESLAHalf Cell Models
with 2.8 mm Niobium Wall

Loaded with Surface Stresses
(Excited to 40 MV/m)

Constrained in Axial Length

-2.4 kHz -2.1 kHz
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Eacc=38MV/m
Optimization of   Stiffener Location against Lorentz Detuning

by H.Yamaoka
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69Hz

207Hz

343Hz

476Hz

137Hz

260Hz

313Hz

569Hz

Calculation of longitudinal mechanical resonance 
w/wo He vessel　 by H.Yamaoka

Naked Cavity With He Vessel
SUS t3mm

Fixed point
Free for longitudinal Fixed point Free for longitudinal
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Mechanical Design Cavities Mechanical Resonance of a multi-cell cavity

TESLA structure

Transverse modes

60 Hz

152 Hz

250 Hz Longitudinal mode

The mechanical resonances modulate frequency of the accelerating mode.
Sources of their excitation: vacuum pumps, ground vibrations…
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Microphonic080225-07891 / Piezo sweep 5 - 2 kHz
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Mechanical Resonance Scan (0 – 2kHz)
FFT of the mixer signal
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1.3ms

f=250Hz

Frequency  change

∆L ~ ∆f

368Hz/µm

Principle of the Lorentz Detuning used mechanical resonance

∆L

Cavity Lorentz detuning

Compensation by ∆L
3.4µm 

@31.5MV/m

Excite mechanical 
vibration mode
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fM = 250Hz
4.0ms

2.0ms

1.0ms

We can compensate the LD by exciting mechanical vibration with a fM = 200-500Hz.

1.5ms
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Comparison of Tuners (Now NO BCD  for ILC)

Screw Ball tuner Saclay-II

Blade Tuner Jack tuner
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Structure of the Screw Ball Tuner

shrinkshrink expand
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0.1Piezo

Motor

END plateHe vesselEnd plate80K or out of  Vac. 
vessel

Piezo

Motor

138036.4

320320368

0.1Resolution
[Hz]

~3000Piezo tuning range

0.06gf/µm, 0.1WMotor driving power

Lever typeTwistSlide JackyCoaxial ball screwTuner mechanism

Beam tubeHe vesselOut of Vac. vessel80K or out of vac. 
vessel

Location

Saclay-IIBladeJackScrew Ball

Comparison of Tuner Designs

[ ]  Hz/ mdf
dl

µ

[ ] N/ mdF
dl

µ
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f=1300.133847MHz, Phase =20O by I-Q Phaser 
with right Pk input power pattern, No Piezo

17MV/m
17MV/m

I-Q Phaser

Flat top

立上げ
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Pezo on
FB off
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Simulation Result for the Static

Static PulseMechanical 
Pulse response

-2000Hz40MV/m

-1240Hz31.5MV/m

-281Hz15MV/m
Should be smaller

~ -1000Hz ?40MV/m

~ -600Hz ?31.5MV/m

-138Hz15MV/m
Scaled the result of STF0.5

Similar to TESLA Cavity


