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Goals

Remote cavity tuning at FLASH and test stands

— Remote and simultaneous frequency measurement of all cavities
(no need to go into the tunnel)

— Make use of standard RF distribution system, klystron, LLRF
system, Master Oscillator etc.

Check tuner step motors under warm conditions to
exclude mistakes of connectors, wires and software

Tuning of the cavities at the 1.3 GHz after cool down
Relax the cavities to initial frequencies before warming
up

Test of the procedure with warm SC cavity

— low power from klystron
— checking the frequency range and resolution

FLASH commissioning in March/April 2010

— Check of tuner motors
— Tuning of the cold cavities



Measurement conditions

Warm Cold
Quality Factor 1.0e4 3.0e6
Frequency range [MHZz] 1298.0 +/-0.4 1300.0 +/-0.4
Frequency step from pulse to pulse [kHz] | 10 0.5
Measurement points (RF pulses) 80 1600
Frequency sensitivity [KHZ] 25 1




Requirements
for the Frequency Sweeping System

Sweeping with constant reference frequency — 1.3GHz
from Master Oscillator

Frequency range from -2.4 MHz to +0.4 MHz relative to
1.3GHz

Freguency resolution at least 0.5 kHz

Standard methods for field detection by diagnostic ADCs
using DOOCS



Schematic of the RF Station
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Hardware and Software
of the Measurement Setup
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Measurements: Warm SC Cavity on a Table
Frequency sweep (-2MHz; -20MHz) with step 10kHz

a0 Cavity on the table - wide range scan
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Measurements: Warm SC Cavity on a Table
Frequency sweep (-2MHz; -10MHz) with step 10kHz

Matlab interface

DOOCS panel




Integration with LLRF Control System

. New version of firmware for frequency sweeping
. Created DOOCS freqguency sweeping procedure server

. Operator Interface

. Automated data logging

Fregency Sweeping
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FLASH Commissioning: ACC1

 Cavities 3 & 4 no change of frequency

 Motor current needs to be raised 40%
Rep— ACCL1 spectrum, initial sweep
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FLASH Commissioning: ACC23

The frequencies are mirrored with respect to 1.3GHz (i. e. wrong sign)

ACC23 spectrum, initial sweep

Frequency Sweeping
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FLASH Commissioning: ACC45
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ACCS5: cavities 2 & 8 no changes on frequency
Motor current needs to be raised 50%

ACC45 spectrum, initial sweep
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First RF on ACCS5 after cavity tuning, 09.04.2010
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FLASH Commissioning: ACCG67

ACCTY: bad signals, wrong cabling

ACCY7: cavity 3 and cavity 6 are interchanged

ACCG67 spectrum before tuning

ACCG67 spectrum after fine adjustment

Cavity 1 Cavity 2 Cavity 3 Cavity 4 cavity 1 cavity 2 cavity 3 Cavity 4
L1 1] L1 L1
0.7 s 0.3 0.25 t{;v - Il.gl;‘ - - []9‘ [.;5_
i 0,641 0.2+ 0.154 37;Hfﬁfi[jﬁ i i 6. 4.4 \
0.4+ 0.1 2 F 4. r
0.2t 0.1+ E =, ‘L 2 = 2/J
0.2+ E 0.05F 1. 25 ' '
0. : :‘ 0. ml!m 0_‘ = : 0.5 (N 0. .l O.F_"d'"l:"” = EI. 0 .' i, \\_‘La
185. 195 21 245 260 44 82 of -5, =1 3 7. .
TTF2. RHZLLRF CONTROLLEHHSWEBﬂDltes?LENHu;MLERGBWEEP[}CCG?/FREQ_VECTOR [ TiF2. RH/LLRF A LEnﬂnﬂ!lGIﬂEwEEPchcca?;FREQ_VEETOR (8]
[1 [1 [1 [1 [1 [1
i 0.2F 0.7 0.9 6. 6.7 T
0.61 0. 0.4 0.8 ol Sk
0.4+ 0. 0.4 2.- 2.4
0.2} 0. 92 0.2 SN
0. |\|!\|| it 0. - --iun-n - 0_ \quh il (1} T - K . i 0. =
354. 262, 27 185. 195, « -6, - e e A o e O =6 0 B 2.
[]LRF CONTROLLEH]SWEBﬂU}mesrLENHu&M[GRGBWEEP[}CCG?/FREQ,VECTOR i TTF2.RH/LLRF.CONTROLL ENASRE EFL/M@S7 CONTROVLERUSWE EPL ACCG7/FREQ_VECTOR [1
Cavity 9 Cavity 10 Cavity 11 Cavity 12
Cavity 9 Cavity 10 Cavity 11 Cavity 12
[1 L] L1 [1 [llo-
9. g [ 10.T
6.+ 6.+ 4.1 ol 2 20.+
4.+ St 2 i /7 |' ilde 5. 10.5
2.+ 2.+ v ! g LB 0_-||||||1|:.—.. 0.
0.5 Loy 0. MIII‘IHII MM{ el L1 0.5 CTRETN ¥y as=2 -4.5 -=1. 2. 4.5 =3 o q.
—260 T LR 210./-220./" 180. Sz -24 235, 210 TTF2.RA/LLRF. cONTROLLEuﬁ!ﬂsElﬂl&ssvzinﬂnﬂ11EIDEWE£PE3CCﬁ?!FREQ_VECTOR [l
TTF2.RA/LLRF. c0NTROLLEWMEBmmaWMMLMWEEPmeewFREQ_VECTOR L m [l
[1 [1 ¢ [17 [1 20. 12. ZS'E 12.F
m.g 1.4 7 /ﬂzz &: : ]5% s%
12.£ E |74 8.+ 6. : :
E 0.81 E L 10.
4.E 0-4-: / 4’5 2. I z 0. [ oL ELLLL LT T 0.~ i T B
0.1 1 0. sl 0. il =S 0_ ¥ Sl
e > % fea RidLiee ton TRBLLEuﬂzufEl&l&ez7jinnaﬂ!lﬁlﬁawEEPf}ccsr!;afo_vfcrua )

330 -300.  -285. 305 =

-360. 80
ez RHT]_LRF CONTRULLEWMEBM(W.CENM[MWEEPLP\CCG?/FRE(‘.LVECTOR L

*n
3



QK

Documentation

ACC2 0472010 commissioning

31000 shaps will cause a diference of 25 KHZ
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Conclusions

Automated and simultaneous scan of many cavities speed up setup
of FLASH, and modules where commissioned within two days
iIncluding software debugging

Developed important procedure for large scale machines like XFEL &
ILC

Cavity characterization in wide range of frequency £20 MHz with high
resolution 0.1 kHz

Safe solution for warm cavities — possible measurement of very small
field gradient (only 10kW forward power per cavity at CHECHIA and
CMTB)

No need for hardware change for the sweeping procedure (RF
reference signal from MO)
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