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Stiffness of STF-BL Cavity-Tuner System
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STF Baseline Cavity ; Improved Stiffness
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Mechanism of Slide-Jack Tuner

Invar rod
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Bellows

Fixed end 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
A before 500psec and the slow mode after 500 psec.

Oscillation
Amplitude Slow mode
(X,) (several hundred Hz)

Offset Compensation

Fast mode
(~kHz)

1.5 msec. Time
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Piezo Compensation
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Adjustable parameters for compensation
of Lorentz Detuning

f eeor - Initial offset of cavity frequency

Vpieso - Driving voltage of Piezo actuator
fp
taelay - Timing difference between RF pulse and Piezo action

. Driving frequency of Piezo actuator

1€Z0

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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Observation of Lorentz Detuning

F.B. Off
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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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measurement timing:
100, 200, 300, 400, 450, 500, 550, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1480usec
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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)

Piezo Condition :

V ieno/ Tpiezo/tieze = DO0V/250Hz/0.2msec

piezo

~

measurement timing:

100, 200, 300, 400, 450, 500, 550, 600, 700, 800,

900, 1000, 1100, 1200, 1300, 1400, 1480pnsec
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tdelay

Piezo Compensation @

f5;=1300.500000MHz, Feed Back Off | 2ms

0.6msec

0.8msec
foffset/VpiezolfPiezo - 300HZ/500V/250HZ 1.0msec

o [z

AJ{ detuniy

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 :.fMU
300 | !
i 1420}
200
o}
100} > !.MJ_
-200f
i 1360
-z00f
Y] T S N VR R S SR S FE971 I E U N S SR S S S
0 200 400 600 300 1000 1200 1400 161 o 200 400 600 300 1000 1200 1400 1600
pulse width [usec] pulse width [usec]

f et - Initial offset of cavity frequency
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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Piezo Compensation @

fse=1300.500000MHz, Feed Back Off |27

0.6msec
0.8msec

f ffset/Vpiezo/fPiezo = 300Hz/500V/300Hz 1.0msec

(0)

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 et - Initial offset of cavity frequency
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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Piezo Compensation @

fs:=1300.500000MHz, Feed Back Off | o.6msec

f

(0)

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

a 200 400 600 800 1000 1200 1400 1600
pulse width [usec]

O
fpieso - Drive frequency of Piezo

Vpieso - Drive voltage of Piezo

f et - Initial offset of cavity frequency

ffset/V piez0/ fPiezo = 300Hz/500V/350Hz 1.0msec

1:delay
0.2msec

0.4msec

0.8msec

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]

taelay - T1me difference between starting time of Piezo action and RF pulse
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1:delay
0.2msec

Piezo Compensation @

fs:=1300.500000MHz, Feed Back Off | o.6msec

0.8msec

300Hz/500V/400Hz 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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pulse width [usec] pulse width [usec]

f et - Initial offset of cavity frequency
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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Optimum condition of Piezo action @

£3=1300.500000MHz, Feed Back Off |1 oo/ Vpieno=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
Not measured here = ~ 1.2
Q
. g | 16856 Af [Hz;]
]% ] e G ey B I SRS S SN S
S, ] _3_: N
109 4 - 5 :
] h —19;19 27.84 132.7
_ i ()8 I BN S
50 -
o T AT K> - : \ i :
............. 0.6 _ . : : : O .
0 L T N
--------- - -113.45 -86.19 | -48
-150
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11 0.2 . . . ___________ .
Y 0 Ll i Ll Ll i Ll Ll | L L Ll i el i Ll Ll Ll | Ll L1
‘ 0,% J 200 225 250 275 300 325 350 375 400 425 450
f et - Initial offset of cavity frequency Tpiezo [HZ]

fpie,o - Drive frequency of Piezo
Vopieso - Drive voltage of Piezo

taelay - Time difference between starting time of Piezo action and RF pulse
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2000 pulses data

1410

Qp

Af [Hz]

Af

peak field at flat-top
(ADC counts)

2009 Pulses Stability of Lorentz Detuning for B.L. C/#2 Cavity (30.9MV/m)

Pulse stability test

F.B. ON

During the high power test,
one situation was kept for 16 minutes

at the driving condition of Piezo.
(V siesof Fotens/tpieso = BOOV/350Hz/0.5msec)
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1 Lorentz Detuning for B.L. C/#2 Cavity ("08/11/20)
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We will try the stability test for a longer time in S1-Global project!



Summary

Piezo compensation at STF Phase-1.0 was successful
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, E. Kako, S. Noguchi, M. Sato,
T Shishido, K. Watanabe, Y, Yamamoto(KEK)

We will present these results in detail at PACO09!
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tdelay

Piezo Compensation &

f5;=1300.500000MHz, Feed Back Off | 2ms

0.6msec
0.8msec

foffset/VpiezolfPiezo - 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
100 | Q
[ Iy . | D S— — SRS NS S S
500 |
200 1400l
[ T S e
o 5 1380 _
-100f
: 1360
-200f
99 R S N VR R S SR S P77 I E N N S S S E S
o 200 400 600 300 1000 1200 1400 1600 o 200 400 600 300 1000 1200 1400 1600
pulse width [usec] pulse width [usec]

f et - Initial offset of cavity frequency
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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tdelay

Piezo Compensation &

f5;=1300.500000MHz, Feed Back Off | 2ms

0.6msec

0.8msec
foffset/VpiezolfPiezo - 360HZ/5OOV/3OOHZ 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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o 200 400 600 300 1000 1200 1400 1600 o 200 400 600 300 1000 1200 1400 1600
pulse width [usec] pulse width [usec]

f et - Initial offset of cavity frequency
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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Piezo Compensation @

tdelay
0.2msec
f5:=1300.500000MHz, Feed Back Off | oo
0.8msec
foffset/VpiezolfPiezo = 360HZ/500V/350HZ 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]

f et - Initial offset of cavity frequency
fpieso - Drive frequency of Piezo
Vpieso - Drive voltage of Piezo

- i
400 600 800 1000 1200 1400 1600

pulse width [usec]

taelay - T1me difference between starting time of Piezo action and RF pulse

TILCO9 @2009/4/18 (Sat)

21



tdelay

Piezo Compensation

f5;=1300.500000MHz, Feed Back Off | 2ms

0.6msec
0.8msec

foffset/VpiezolfPiezo - 360HZ/500V/400HZ 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
~, 500 - - - - - - 4440
N I | ; : H 3 : Q
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a0k j i \ i j i j 1340 i i j i i i j
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 et - Initial offset of cavity frequency
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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Optimum condition of Piezo action @

f5=1300.500000MHz, Feed Back Off |1 oot/ Vpieno=360HZ/500V

0.

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
> 1.2 i
2 i
hese three points I :
nE P £ | 165.32 Af [Hz]
f% __ ................... § T s : . _ ............................
R 0 I R S T =
N TS . e e ; 89.69  163.59
E T e osf g 1 @
o 73] RO ., e, e, - ; i s
Lsod | T KL e - . . :
I |l [T e 0.6 B . . - S ..........................
0 -} . . .
-25 0.4 i ] —
-50 1um region
- -18,23 | 12.06
1.1 [/ ] — — . ........................ . ............ ..
0. 1 200 225 250 275 300 325 350 375 400 425 450
f .ot - Initial offset of cavity frequency Ipiezo [HZ]

fpieso - Drive frequency of Piezo
Vopieso - Drive voltage of Piezo

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

Schilcher

a

The solution for V{{} = ( ; i defined on intervalls with continnous function f{#1 In

the case of Q@ 2 1, wim € wo and Aw € wg, we oblain the approximation

d /vy o o -0 Ve df Rpwygp 0 1y
de Ve ) o A ey B L0 Rypwypm e

Brandt

Aw = ¢ — mmg Sin(@ — ). 4.37)

Only the phase difference between input and output
to cavity is effective!

TILCO9 @2009/4/18 (Sat) 24



Best Compensation #1 @C/#2 (2008/11/20)

Param. 76 for B.L. C/#2 Cavity at 30.80MV/m (1500usec) (*08/11/20)

E S . S N K pulse-shortening_________,?______'_____,___5-_"_'____________
F jﬁm . |  : Brandt’s method

"y N
. ; ; : ; ; B T T R R

7% TR AN NS SN SN N SN S it St S

i
=

- g i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 . i .I . I. 1 i 1 1 1
‘mﬂ 200 400 600 800 1000 1200 1400 1600 1800 2000

fime [Wsec]
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Best Compensation #2 @C/#2 (2008/171/20)

2200t

Param. #7 for B.L. C/#2 Cavity at 30.80MV/m (1500pusec) (*08/11/20)

L i i a [ i i i
g ; ; o 2l ; ; ;
SRR TR T A . - W30 OO R B
-5 -t ; e e g e R T
: | | | | | i
- a a : . a . . R

°: pulse-shortening_________E_____,___‘___.__-.,5__'_____'_'_______
i | e : Brandt’s method| | |

1 1 i 1 1
200

1 i 1 1
400

1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1
600 800 1000 1200
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1800 2000
time [sec]

I R |
1600

26



Best Compensation #3 @C/#2 (2008/11/20)

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

_ﬂmmmmmim °: ptﬂse-Shortenin.“mmimm+;j;;mmm
‘ . | o : Brandt’s metho | |

’ ek : - i i e S A
SR i R Pty LTS TVPITE THOS S H
7 SRR JRPN SPSRPARUNIN PSR 1 S S, S ST WM. S st f SRS SRS

O T I RV N A B B AR S P
2005 200 400 600 500 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)
1440
ID 12343 Ql i
i Entrie 10 n
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RNIS 2510 fa20r
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1380 L ® [ 2t L I )
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L I - — 17340_ L L L L L L L L L - L L L L L L L L L L L L L L L
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QL23 “’(jf pulse width [usec]
' D 12345 w %f
: 100 = [
= 5o ‘.’ -0.846542 463.763
1.832 £ 00 -
7.429 S
}-]-._“ 3001
) - (mean,! r.m.s.) = (15.8651Hz, 25.4950Hz)
200
77777777 100F \
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C e & &
-100F S
-200f
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QIEVI/NV AT X VILLFEIV) o~ C
),

fotrset / Vpiezo / Tpiezo / tdelay
Parameter a&;"‘lli‘;g'epfe;klfggp P;ﬁ{:;"ggf‘i‘lgof;r Q, for 100p | v for 100p | Q; forp.c. | vy for p.c.
#23 360Hz / 500V / 250Hz / 0.6msec
5.0% 13.4° 1.38x10° -1.8Hz 1.38x10° 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 1.38x10° 8.3Hz
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Cavity Voltage Equation

d_2 QL 0o, d
qe VO (i

V(t)+oV(t) = U(t)

N~/

~ ~ o~ t . tan
V =V, +(V, -V, ) exp(~ =) exp(j——"-1)
T, To

Equi-angular Spiral

FHORBIREICELT—ETHIBZSBMNICHEITIN, TS5TRVWEEREES T2
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Example of the calculation for the transient response

Q,=1.49x10° f,_ =0Hz, Af

Input data (frequency)

tanW=-2Q, Af/f,

Input data (degree)

Output data (V)

Output data ((PCavity)

=0.5Hz/usec, 180Hz/370Hz

Input

: fast-mode +.slow.mode

f N\

- slow mode

0 250 300 750 1000 | J.'I."ﬁ-O 1500 1750 2000

DELTAF% TIME Time [usec]
\\
N
1 1 1 1 mmﬁ
0 250 300 750 1000 1250 1500 1750 2000
DETPSI%TIME Time [usec]
ﬁ,
//
0 250 300 750 1000 1250 1500 1750 2000
VC% TIME Time [usec]
Fr—
= \
= \\
‘|\|||\|||\||\|||imﬁﬂﬁ
0 250 500 750 1000 1250 1500 1750 2000
DEG%TIME Time [usec]
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Example of the calculation for the transient response®

QL=1.49x106, f. =0Hz, Af  =0.SHz/|lisec, 180Hz/370Hz

init Input
No offset e 4: . i
6 E—IOO; | ]
Q,=1.49x10, f_.=0Hz, Aflnpm=0.5HZ/psec, 180Hz/370Hz 5 00 - I
Lo 04 <300 - I
S \ 400 ¢ Lo e— +
:: C | 1 1 1 | 1 1 L | | 1 1 1 | 1 H
=~ ook 0 200 400 1 600 so0 1000 1200 1400
{ a beLraF:1500% T10E:1500) Time [used]
Ousec ~ O0f I ]
0 _— -0t I i
\ §" g \\ : :
0> \ ; g --05 \ I i
ha I500usec 30¢ N J
. / 40 & | -
0.4} N 1500(is6¢ / 0 200 400 | 600 800 1000 1200 1400 |
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Example of the calculation for the transient response®@

Q,=1.49x10°, f, =400Hz, Af, =0.5Hz/\1sec, 180Hz/370Hz
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Comparison between experiment and
calculation

No offset +400Hz offset
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Example of the calculation for the Piezo compensation

Q,=1.49x10°, f,  =200Hz, Af, _=0.5Hz/usec, 180Hz/370Hz
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Comparison between experiment and calculation
for Piezo compensation

+200Hz offset
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