10. Lorentz Detuning
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Frequency detuned by Lorentz force

delta f [Hz]

Frequency Detuning during RF Pulse
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Frequency and Phase Control by Piezo tuner

Lorentz detuning can be :
compensated | | | RF S|g"na|8 at 35 MV/m

with Piezo tuner control Vear i
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Tow components of Lorentz Deformation

df

Af:ZakészZak5fk+—ﬂF

Al=0 I F
df BEZ,
dl K,

mode

=AEZ_+

Noguchi’s slide in the 1st ILC school

tuner

AWM AN

Rigid Stiffness at Jacket and Tuner are also
Very important against the Lorentz Detuning.

» F cavity F <
AAAVAYAYA
TESLA Blade | STF Slide Jack | STF Ball Screw
A Hz/(MeV/m)> 0.5 0.5 (1.2)
B N/(MeV/m)? 0.047 0.047 0.051
df/dl Hz/pam 320 320 370
dF/dl N/pam 3 3 18
KS N/pam 13 80 60
Kjacket N/pm 26 96 58
Ktuner N/pam 26 500 1700
Af (30MV/m) Hz 1490 620 (1360)
Fine Tuning Stroke HIm 3.7 1 29




Lorentz Detuning Compensation Tuner System @ KEK

1) Use well established technology T
2) Rigidity during handling [ (S¢rew Ball Tuner

3) Wide Range Tuning Design —> Mechanical resonance
4) Easy Replacement }

5) Less heat loss Locate both tuners around
6) Less X-ray Damage — 100K shield
7) Keep the possibility to move out of vacuum chamber

Coaxial screw ball tuner

NO BCD yet for ILC!




Comparison of Lorentz Force Deformation between
different cell shapes
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Optimization of Stiffener Location against Lorentz Detuning

Eacc=38MV/m by H.Yamaoka
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Calculation of longitudinal mechanical resonance
w/wo He vessel by H.Yamaoka

Naked Cavity With He VesseIA/S S tamm

Fixed point . :
g Free for longitudinal Fixed point Free for longitudinal

207Hz 260Hz




Mechanical Resonance of a multi-cell cavity

> Transverse modes

250 Hz Longitudinal mode

TESLA structure

The mechanical resonances modulate frequency of the accelerating mode.
Sources of their excitation: vacuum pumps, ground vibrations...
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Mechanical Resonance Scan (0 — 2kHz)

FFT of the mixer signal

Microphonic080225-07891 / Piezo sweep 5 - 2 kHz
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Principle of the Lorentz Detuning used mechanical resonance

Jﬂlﬂﬂ Fﬁ ﬂWJﬁlﬁﬁn

,UUU i i

Excite mechanical ! \U u /
vibration mode \'
Frequency change
1.3ms
v | AL ~ Af ) _
@31.5MV/m | Compensation by AL

368Hz/um

Cavity Lorentz detuning




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

.0ms

f,, = 250Hz

1.0ms

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

Screw Ball tuner

Saclay-II

Blade Tuner
1_r _;_." _!L;_ S "S\ ' N




Structure of the Screw Ball Tuner

Worm/worm Male of ball Female of ball

screw
gear _:-\\hs / 178 ./S/crew
N H—F - /’f
n

| ‘l | expand 1-
| 1 ]-shrink

| handll
Transforms azimuthally rotation in a
longitudinal motion

 shrink

/\

Elastic blade

1.35 um/1000pulse (for Pulse motor)




Comparison of Tuner Designs

Screw Ball Jack Blade Saclay-I1
Motor 80K or out of vac. | Out of Vac. vessel He vessel Beam tube
: vessel
Location :
Piezo 80K or out of Vac. End plate He vessel END plate
vessel
Tuner mechanism Coaxial ball screw Slide Jacky Twist Lever type

Motor driving power 0.06gf/um, 0.1W

Piezo tuning range ~3000
Resolution Motor 0.1
[HZ] Piezo 0.1
df
a [Hz/ym] 368 320 320
dF
o [N/um] 36.4 80 13
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f=1300.133847MHz, Phase =20° by I-Q Phaser
with right P, input power pattern, No Piezo

&0 FrT T T
||

=1 1-Q Phaser

1wl

OmV QuCh2° 1.00 V QM 400ps “A Chd S 3.00v, | |
00V S - -
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Succeeded L.D compensation (@ 17.35MV/m by Piezo single shot
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Phase [Degree]

Phase variation in 30 minutes operation @ 17MV/m
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Simulation Result for the Static

Old Model (Asymmetric) [New Model {Symmelric)

Axial Force Deformation (Tuning) 15 o -
%o | th 1l; tio
Axial Spring Constant (Measured) 48 N/u [ = ij.'ver Sl — ]
Axial Spring Constant (Assumed) [ 48 N/u
Axial Tuning Sensitivity (Measured) 0.32 kHz/u™
Axial Tuning Sensitivity (Computed) 0.37 kHz/u 0.38 kHz/u
Lorentz Force Deformation (Detuning) |
Static Detuning @40 MV/m (Computed) -2.0 kHz
Static Detuning Coefficient (Computed) -1.3 Hz/(MV/m)?
Maximum Radial Expansion @40 MV/m (Computed) 0.16 u
Axial Length Contraction @40 MV/m (Computed) 14
Sum of Axial Forces @40 MV/m (Computed) 49 N

Stati Mechanical . Pulse
atic Pulse response
Scaled the result of STF0.5 SUIEAO IS
15MV/m | -281Hz 15MV/m -138Hz
31.5MV/m | -1240Hz Should be smaller 31.5MV/m

40MV/m | -2000Hz 40MV/m




