Lorentz Force Detuning Studies at STF (Phase—1.0)
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Introduction

We have already presented the result of Lorentz Force
Detuning at STF (Phase—1.0) in several conferences.
— TU3RAIO4(E. Kako), TUSPFPO75(Kirk) @PAC09

— TUPPOOO07(Kirk), TUPPOO21(E. Kako) @SRF09

Since last year, we do not do a cryomodule test with a
high power klystron.

Therefore, the same result will be presented here again
using the above presentation.

I already reported the similar presentation at TILCO9.
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Superconducting rf Test Facility (STF)

Valve Box %ﬁ 6-m Cryomodule

Tesla-like Cavities for STF Phase-1.0

Started in April 2005’
— Completed in Mar. 2008’
— Cool-down in May 2008’
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Four 9-cell cavities in the STF tunnel Cryomodule Cross-section
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Purpose of STF Cryomodule Test

 To check the performance as a total
superconducting cavity system, and to find out
the improvement points for the future project.

 To confirm a stable pulsed operation at higher
fields, and to compare the achieved E . .., in the
cryomodule tests with the results in the vertical
tests.

 To demonstrate a compensation of Lorentz force
detuning by a piezo tuner, and to establish the
effectiveness of an improved stiffness in a cavity
support structure.
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Stiffness of STF-BL Cavity-Tuner System

95 N/ pum 290N/ um
T (endplate, cylinder, flange) (slide-jack, piezo)
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STF Baseline Cavity ; Improved Stiffness
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STF Baseline Cavity TTF Cavity

Stiffness of Cavity Sys. 72 KN/mm 22 KN/mm
Lorentz Detuning AFf=-150 Hz Af=-500Hz
at flat-top
from E. Kako LCWS10 & ILC10 @Beijing

(27/Mar/2010)

Input Port
$40 — $60

Estimation
at 31.5MV/m
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Mechanism of Slide-Jack Tuner

Invar rod

Bellows

Fixedend Free end

The Piezo performance was good for the pulse operation using a function generator,
although it was not good for the manually slow operation due to some friction.
We are investigating the cause by checking the movement at the room temperature.
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Mechanical Oscillation (Two Modes Model)

Very roughly speaking, the fast mode is mainly contributed to the Lorentz Detuning
4 before 500psec and the slow mode after 500 psec.

Oscillation
Amplitude Slow mode
(Xy) (several hundred Hz)

Offset Compensation

\ Fast mode
(~kHz)

1.5 msec. Time

v

Piezo Compensation
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Adjustable parameters for compensation
of Lorentz Detuning

f eeor - Initial offset of cavity frequency

0)

Vi, - Driving voltage of Piezo actuator

fpie,o - Driving frequency of Piezo actuator

taelay - T1ming difference between RF pulse and Piezo action

If two parameters are fixed within these four parameters,
we can obtain matrix data for optimum region of Piezo action.

other parameter

one parameter
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Observatlon of Lorentz Detuning

FB Off
| Piezo Off
| No pre-detuning

= sl Pieso Off e
| | | | e J = |+ | Pre-detuning (~300Hz) | (™

T 30.5MVin

I VPieZOé

. | F.B. Off j » | F.B. Off

I Piezo ON(500V/300Hz/0.8msec) WS10 & I Piezo ON(500V/350Hz/0.2msec) 10
el e Pre-detuning (~300Hz) | (27/Mar/2010) 1 Pre-detuning (~360Hz)

5




KExample of measurement for Q; & Af

We usually use the pulse-shortening method for the measurement of Lorentz Detuning.
It takes about 10minutes to take data for one parameter of Piezo action.
But it will be much faster for S-1 Global project!
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Lorentz Force Detuning (1)

Observation of Lorentz-detuning frequency

-360 Hz,
Pre-detuning, in advance
by a Slide-jac Tuner
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Evaluation of Lorentz-Detuning
by pulse-shortening method

Papam. #2 for B.L. C/#2 Cavity at 31.21MV/m (1480psec) ('08/11/18)
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Lorentz Force Detuning (3)

Compensation of Lorentz-detuning by Piezo Tuner

A f [Hz]

500 Nov., 2008
400 | Pre-detuning _ C/#2 Cavity, Eace=30.6 MV/m
300 _ fiuthefitil s SN N SN S ]
200 _
04 < +/-50 Hz
-100 : : : ]
-200 | —8— Piezo / 500V / 260Hz / 0.6ms
1 —— Piezo / 500V / 300Hz / 0.4ms
-300 | —e— Piezo / 500V / 350Hz / 0.2ms
_400 || —=— Piezo / 500V / 400Hz / 0.2ms 1at Flat-top
500 | —@— Piezo OFF I s 320 Hz
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Time [usec]
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[Hz]
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-200f
-300f

-400L

tdelay

Piezo Compensation @)

f5¢=1300.500000MHz, Feed Back Off |22

0.6msec
0.8msec

foffset/Vpiezo/fPiezo = 300Hz/500V/250Hz 1.0msec

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m
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pulse width [usec] pulse width [usec]

f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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Piezo Compensation @

tdelay
0.2msec
f4c=1300.500000MHz, Feed Back Off |
0.8msec
foffset/Vpiezo/fPiezo - 300HZ/5OOV/300HZ l_Omsec
Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m

400 h H H H h H H "5440
[ i : ; ; s ; : S}

1420

1400

1380 |-y

[ ; i ; ; 1360
Y S T S S S VS W— —

ool j i j j j i i 1340 j i j i j i i
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600

pulse width [usec] pulse width [usec]

f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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tdelay
0.2msec

Piezo Compensation 3

f5c=1300.500000MHz, Feed Back Off | o0.6msec

0.8msec

300Hz/500V/350Hz 1.0msec

foffset/V piezo/ fPiezo

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m
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f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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tdelay
0.2msec

Piezo Compensation @

f5c=1300.500000MHz, Feed Back Off | o0.6msec

0.8msec

foffset/Vpiezo/fPiezo = 300HZ/5OOV/4OOHZ 1.0msec

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 31.4MV/m

~ 400 - - - - - - - L1440 - - - ; - T -

N [ : : : : : ; i o) ; i i i i ? ?
S

30 Q s 1 i 1 z 1

H ; i ; i : i
S o TR T B e
<T200f ;

100 1400

100} 1380
-200f
. 1360
% S S S NN S S S — '
77| S R S EVE U I S S R J277] S E U S EU I R S RV R
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
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f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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Optimum condition of Piezo action @

£5¢=1300.500000MHz, Feed Back Off | 1ot/ Viieno=300H2/500V

Piezo Criteria for Lorentz Detuning of STF B.L. C#2 at 31.4MV/m Piezo Criteria for Lorentz Detuning of STF B.L. C#2 at 31.4MV/m
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Comparison between STF and other labs

for Lorentz Force Detuning

(comparison of required Piezo Stroke)
A at Eacc=31.5 MVim and Flat-top =1.0 msec
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Required piezo stroke for compensation at 31.5 MV/m in Tesla-like cavity
was reduced ~50 % of that in the Tesla cavities.
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Pulse stability test

2900 Pulses Stability of Lorentz Detuning for B.L. C/#2 Cavity (30.9MV/m) F B ON
071]41 0_ : : : : : : : : . .
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Summary

Piezo compensation at STF Phase—1.0 was successtul
within £30Hz.

Optimum condition of Piezo operation was relatively wide.

High power operation with Piezo compensation was stable
at 30MV/m over 3 hours twice.

DAQ system of LLRF was useful for measurement of
Lorentz Detuning.
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Thank you for your attention!

H. Hayano, k. Kako, S. Noguchi, M. Sato,
T Shishido, K. Watanabe, Y. Yamamoto(KEK)

We already presented these results in detail at PAC09 & SRF09!
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Back-up slhides



300k

tdelay

Piezo Compensation ®

f5¢=1300.500000MHz, Feed Back Off |22

0.6msec
0.8msec

foffset/Vpiezo/fPiezo = 360Hz/500V/250Hz 1.0msec

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m
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pulse width [usec] pulse width [usec]

f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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-200

-300

tdelay

Piezo Compensation ®

f5¢=1300.500000MHz, Feed Back Off |22

0.6msec
0.8msec

foffset/Vpiezo/fPiezo = 360Hz/500V/300Hz 1.0msec

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m x10° Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m
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pulse width [usec] pulse width [usec]

f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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tdelay

Piezo Compensation @

f5¢=1300.500000MHz, Feed Back Off |22

0.6msec
0.8msec

foffset/Vpiezo/fPiezo = 360Hz/500V/350Hz 1.0msec

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m x 103 Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m
~ 200 ] 1 v 1 v T L4940 :
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= é i i
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0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
pulse width [usec] pulse width [usec]

f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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-200

-300L

Piezo Compensation

f5c=1300.500000MHz, Feed Back Off
£, trset/Vpiono/ Epieso = 360H2/500V/400Hz

Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m

i . . . . R S R R R
400 600 800 1000 1200 1400
pulse width [usec]

1600
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x 103 Comparison of L.D. between Piezo conditions for STF B.L. C#2 at 30.8MV/m
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f feor - Initial offset of cavity frequency

fpieso - Drive frequency of Piezo
Vpieso - Drive voltage of Piezo
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pulse width [usec]

taelay - Time difference between starting time of Piezo action and RF pulse
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Optimum condition of Piezo action @

£54=1300.500000MHz, Feed Back Off | 1ot/ Viieno—=360Hz/500V

Piezo Criteria for Lorentz Detuning of STF B.L. C#2 at 30.8V/m Piezo Criteria for Lorentz Detuning of STF B.L. C#2 at 30.8V/m
¥ 165.32 Af [Hz]
13 AN S Q- S R e e
13
N 89.69  163.59
100 :
E e N e
q<_i 75 | |
50 36 | 139.89
55 - : ’ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0
63.75
25 g e NG N R
50 . optmum region
-67.82 | -39.92 \-18.23 | 12.06
11 e (e e ‘ ......... ’ ............ ........... . ........................
) 380 400 450 |
. Z ; : ; ; : ; ; :
““ecy'50.403 e 28030 fPiezO[H ) IS EE I IS I TS PN PN N N
0.2, 240 200 225 250 275 300 325 350 375 400 425 450
f eeor - INnitial offset of cavity frequency Foinn [FZ]

fpieso - Drive frequency of Piezo
Vpieso - Drive voltage of Piezo

taelay - T1me difference between starting time of Piezo action and RF pulse
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Schilcher & Brandt’s Method

Schilcher

.zf{
Vi
the case of QJ; 3 1, win € wy and Aw € wy, we obtain the approximation

d Ve o e D Ve L Biwp ¥ 1
de v Vi A ewig B L0 Hypwypa Eya

) ig defined on intervalls with continuous funetion f{#4 In

Brandt

Aw = @ — mmg sin(@ — ). 4.37)

Only the phase difference between input and output
to cavity is effective!
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Best Compensation #1 @C/#2 (2008/11/20)

Param. #6 for B.L. C/£2 Cavity at 30.80MV/m (1500pusec) (*08/11/20)

/

200

Ab [Hz
L ]

| pulse'shortening_________5_____'_____‘___5—__"_'____________

L e . | » : Brandt’s method

7/ AT R N S I R R R B B
200 0 200 400 600 500 1000 1200 1400 1600 1800 2000

time [lsec]
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Best Compensation #2 @C/#2 (2008/11/20)

ST — — pulse-shortening | .. -

H H . > H "

; ; . | ® : Brandt’s method| |
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E E ot E E ]

L A S AP R R * L
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=00 i b S memnes e g e P M b o = 2 4o 1 e e e e e
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Param. =7 for B.L. C/Z2 Cavity at 30.80MV/m (1500p1sec) (*08/11/20)

L
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600 800 1000 1200

R R
1400

1600 1800 2000
time [lsec]
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Best Compensation #3 @C/#2 (2005/11/20)

Param. =8 for B.L. C/#2 Cavity at 30.80MV/m (1500psec) (*08/11/20)

R pulse-shortening_________E________,_____';__'_'E__‘__'___________
i . | ® : Brandt’s method| |- . :

- ! ! [ [ [ [ [ .

E97] SV RN EUUDUE SN RV SRR EVUDUE R S S
2005 200 400 600 800 1000 1200 1400 1600 1800 2000

time [lsec]

These two results are consistent each other.
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Summary of 100 pulses for B.L. C/#2 Cavity at 30.5MV/m (*08/11/19) Param. #23 for B.L. C/#2 Cavity at 30.84MV/m (1480usec) (08/11/19)
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fotiset / Vpiezo ! Tpiezo ! taelay
Parameter ai;ﬁjg:’fejrkl%’ép p;ﬁf:s‘g’tjgf%g;r Q, for 100p | v for 100p | Q for p.c. | v for p.c.
#23 360Hz / 500V / 250Hz / 0.6msec
5.0% 13.4° 1.38x10° -1.8Hz 1.38x106 15.9Hz
#27 360Hz / 500V / 300Hz / 0.4msec
5.2% 11.3° 1.38x10° 21.0Hz 1.38x10° 16.8Hz
#30 360Hz / 500V / 350Hz / 0.2msec
5.6% 13.6° 1.38x10° 15.0Hz 1.38x10° | -18.2Hz
#33 360Hz / 500V / 400Hz / 0.2msec
5.6% 8.6° 1.38x106 60.0Hz 1.38x106 12.1Hz
#35 360Hz / 400V / 350Hz / 0.4msec
5.6% 12.7° 1.39x106 -7.5Hz 1.38x106 8.3Hz
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Cavity Voltage Equation

d’ Q, .o, d S
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Example of the calculation for the transient response

Q,=1.49x10’, f, , =0Hz, Af, _=0.5Hz/lsec, 180Hz/370Hz

Input data (frequency)

tan'¥W=-2Q, Af/f,

Input data (degree)
Output data (Vi)

~
~

Output data (Pcayiy) 5.
=
<]

Input

=
TTTT

node. +.slow.mg

750 1000 1250

DETPSI%ITIME

Time [nsec]

VC%TIME

N\

SN

\

P ———"

11 I | i I I
750 1000 1250

DEG%TIME

1 .755 - _’IOOO
Time [nsec]

RED

AB ENY) Efast&slow®d
slow mode 2DODE—RNBET D,
| I7Td | IJ;OO‘O-I 1250 1500 nlx;”bl I’IOOO ﬂat-’[Op_C“CiSbW:E— R@&ﬁ
: DELTAF%TIME B ‘ e ‘- - §$L/\ fast(?.",iﬁ\< 7:;60
% Time [nsec]
RE®
fast modeld BRFEICXT L T
g~ ZF .
N~ | ERWCEIBLOL T

e — A . slow modeld sine 7

Zzed3d2E80£9%,

750 1000 1250 1500 1750 2000
Time [usec]
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Example of the calculation for the transient response®

Q,=1.49x1 0°,f_ =0Hz, Af =0.5Hz/|isec, 180Hz/370Hz

init Input
No offset e Id: . i
P =100 E I i
Q,=1.49x10", f . =0Hz, Af, = =0.5Hz/usec, 180Hz/370Hz Sa00f _— I
Sk
04T 300 F ™ I....______“ l
E : \ -400 : L1 T - I |I I L1 W“ﬁ%
=~ o0n o 200 400 I 600 s00 1000 1200 1400
{ ; bELTAF(1500)% TIME:1500) Time [used/
Ousec ~ Of I I
0 E— 10
40Uk it I |
\ \\ /l =20 \\ : i
-0.2 <] E S | 1
/500usec -S0% . '
I / 40 I *
-0.4 I \ 1 Oousec / 0 200 400 | 600 800 1000 1200 1400
I pa / IPETPSI: 1500)% TIME:1500) Time [useq/
0.6 i \ L./ P Lo IF TS | ——— I
-{). I g / = ___E —
\ 0.75 - // i - *
i 5T / I I
0.8 0.5 E I 1
I / 025F / ' :
/ 0 200 400 | 600 800 1000 1200 1400 |
| VCr:1500)%TIME(1500) Time [useq/
1.2 : . () Fr——
002 o4 as os 1 12 14 16 2 f | |
ReV,. o :\ :
3 -a0f i \-. I
40 F . |
E 1 | 1 1 1 | 1 |I 1 1 | 1 1 1 1 -ﬁ 1
0 200 400 600 800 1000 1200 1400
DEG(:1500)%TIME(:1500) Time [usec/
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Example of the calculation for the transient response®@

Q,=1.49x10°, f, , =400Hz, Af,  =0.5Hz/usec, 180Hz/370Hz
0 04T

ImV

04"
06t

0.8F

+400Hz offset

- \ p00puse
épg@_e;__,,f

\\

/
. /
v
0 02 04 06 08 I 72 14 16
ReV .

= 10° =
Q,=1.49x10°, f, =400Hz, Af

~ 4002
SEE

=0.5Hz/usec, 180Hz/370Hz

pETPSI(: 1500)% TIME(:1500)

Input

1 1

1 1

I 1

1 1

\ L] | |

» b< l

R 1

0 200 400 1 600 800 1000 1200 1400
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""-\ I I

N | I

1 1

| ] | |

| i
1 _ .

| = 1 1 | 1 1 1 Il 1 1 1 1 1 | 1 1 1
0 200 400 | 600 800 1000 1200 1400 |

Time [Useq]
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// I 1

| [ |

/ | |

l l

0 200 400 | 600 800 1000 1200 1400 |
| VC1500)%TIME1500) Time [\seq]

=~ |

o i \.. i

| TN [

= "

0 200 400 600 800 1000 1200 1400

DEG(:1500)% TIME(1500) Time [|sec]
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No offset

+400Hz offset
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Comparison between experiment and
calculation

-20H
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No offset +400Hz offset
Q~1.49x10°, f,, ~0Hz, Af,  —0.5Hz/\1sec, 180Hz/370Hz Q,=1.49x10°, £, =400Hz, Af, =0.5Hz/\isec, 180Hz/370Hz
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x L Bl |
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Example of the calculation for the Piezo compensation

QL=1.49x106, f. .=200Hz, Af _ =0.5SHz/usec, 180Hz/370Hz

init Input
™ i I
= 200
_ 4n6 _ _ . L \ I I
Q;=1.49x10", f. . =200Hz, Aflnput—O.SHz/psec, 180Hz/370Hz s ~ I
5T
w04 [ %\ 0 o o ) .i ) T —— "_
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| |
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{ / : ﬁ E I .
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Comparison between experiment and calculation
for Piezo compensation

+200Hz offset
Q, =1.49x10°, f, . =200Hz, A, =0.5Hz/usec, 180Hz/370Hz
30 . H . T T r r
SR
s L ] i |
PN S b FVREAERER
<t I suEBR>Yz1L—23
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