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The problem

* |In circular accelerators, bunch passes each
station several times, and its parameters
(energy, compression) can be tuned

* |n the linear accelerators, each bunch travels
through the machine only once, and we have
no other chance to correct it

e \We can not correct the bunch which was
measured, we have to estimate corrections for
the subsequent bunches
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 WWe can estimate the corrections for the next

bunches
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Beam stability
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 Beam stability decreases with the higher LLRF
feedback gains
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LLRF system architecture
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LLRF system architecture
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Energy feedback

* Bunch energy depends on the amplitude of the
RF field

* Bunch energy is measured by difference In
arrival time of the bunch (w.r.t reference
synchronization source)

* Energy fluctuations are converted to the arrival
time changes in the bunch compressor

* Arrival time Is measured by Bunch Arrival time
Monitor (BAM)
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Bunch compression
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 Bunch compression makes the electrons of different
energies travel over different ways.

* This converts energy changes to arrival time




Bunch Arrival time Monitor (BAM)
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Laser pulses modulation

Electronic

Amplitude of laser pulses generated by the
reference synchronization system (MLO) is

modulated by the arrival time of the traveling
bunch
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Laser pulses modulation
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The amplitude of the correct in time bunch is
same as the amplitude of the unmodulated
pulses, due to zero-crossing
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Laser pulse amplitude
measurement
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Signal from photo diode is sampled using two
ADCs, with clock signal shifted in phase
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Laser pulse amplitude

measurement
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Compression feedback

 Bunch compression depends the phase of the

RF

fleld

 Bunch compression is measured by the pyro-
electric detector (PYRO)

* PYRO is located after the bunch compressor

ang

e AMm
pro

It measures CSR radiation from it
nlitude of generated electric pulse Is

portional to the compression of the bunch

which generated radiation in the bunch

compressor
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Installation at FLASH

1UBCZ iDbBCz2 4DBC3 18ACCT

accz | acca acca | aces | acce | acer

SImMeon
D5P

SImMcon

DSF

SIMLon
D&P

« BAMS: e PYROs:  Electronic devices:
- 1UBC2 - 3DBC2 - ACB2.1
~ 3DBC2 _ 4ADBC3 (for BBF)
- SimconDSP
- 4DBC3 (for LLRF)
- 18ACC7
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ACB 2.1

 VME-based board for processing signals from
beam detectors

— 1x Virtex-ll Pro FPGA

- Up to 4 ADCs
(LTC2206, 16-bit, 125 MSPS has been used)

- 3x AD9510 clock distribution chip

- 1x SFP interface
(for transferring correction to LLRF system)
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Analog Front-end
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Results — Arrival time jitter
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Results — Correlation of 2 BAMs

BAM.SERVER/4DBC3:0:Float0 vs BAM.
SERVER/18ACC7:0:Float0
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Results - SASE
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Results - SASE

THATCH =

01 3.411 5.626 2.246 0.462 0.768  0.013
- 02 3.236 7.830 2.807 0.441 0.770  0.014
I 0.76792 I —0.013933 Start Stop | H1 | Hist 803 2,622 7.295 3.403 0.407 0.763 0.015%
04 6.570 8.846 4.130 0.387 0.756  0.014
05 6.570 9.673 4.562 0.350 0.753  0.013
|221 |5ll | o FU-UUUBB359 06 7.360 10.102 4.974 0.349 0.737 0.013
07 4.552 9.766 4.993 0.382 0.744  0.013
| 221 | 1 | -0.093958 | 2 08 7.711  10.008 5.750 0.294 0.740  0.013
09 4.376 9.997 5,783  0.285 0.743  0.013
10 7.798 12.170 6.041  0.291  0.750  0.014
< 20 pulses > Samples # = 197 11 4.903 12.217  6.297 0.314 0.752  0.013
T 12 5.429  11.038 5.949 0.310 0.752  0.013
: 13 7.18¢ 10.985 6.138 0.315 0.740  0.014
5 4 14 5.517 11.050 6.263 0.314 0.751  0.014
5 15 6.219 11.283  6.248 0.317 0.742  0.014
24 4 16 6.570 11.371 5.942 0.353 0.729  0.014
17 8.237  10.731  5.920 0.342 0.740  0.014
3 4 18 6.219 10.722 6.105 0.325 0.729  0.013
- i i i i i 19 5.605 12.721 5.676 0.366 0.733  0.013
203547 203647 203747 a0:35:47 a0:39:47 20:40:47 2041 gg g:égg ig:égg g 32; 3 ggg g ;;i g gig
I LRI 22 8.062 10.331 5.892 0.318 0.732  0.013
23 6£.570 12.633 5.824 0.349 0.729  0.012
24 7.096 10.33  5.738 0.329 0.733  0.013
25 7.623 10.494 5.765 0.309 0.731  0.013
2 4,991 12.194 6.022 0.301 0.744  0.013
27 6.131 11.317  6.237  0.345 0.746  0.013
28 8.676 10.299 5,906 0.361 0.744  0.013
29 §.939 12.0019 5.997 0.324 0.739  0.013
30 6.395 10.594 6.304 0.286 0.738  0.013
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Next steps

 BBF system has been developed in the the
VME technology

* |t was tested with the VME LLRF system, but it
can provide control corrections to the new
UTCA LLRF System (using SFP fiber optic link)

* The next natural step for BBF Is upgrade to
UTCA, to have system compatible with the rest

of FLASH electronics
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UTCA upgrade

* Laser pulses are generated with the frequency
of 216 MHz

« ACB 2.1 was able to sample with frequency of
108 MHz (every second laser pulse)

 Bunches are generated in FLASH with
frequency of 1 MHz — so every 108-th laser
pusle was modulated

* In the new solution will sample every pulse with
the rate of 216 MHz
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UuTCA BBF Upgrade

Newer FPGA Virtex-Il Pro Virtex-5

Remote firmware update No Yes

Diagnostic interface RS-232 USB
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UFMC25v2 block diagram
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BAM FMC Mezzanine board
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BAM FMC Block diagram
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Actual sampling scheme

VoA : 9,25 ns :
% >

J\N Time
'
S ADC 1
\_
/ADC 2
108 MHz sampling
Every second laser pulse is sampled
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New sampling scheme

VoA : 4,63 ns :
- >

Time

)15

ADC1

[

ADC 2

(

216 MHz sampling
We do not have to look for modulated pulse,

all pulses are samplec
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Signal distribution

Voo

Peak value

Photodiode signal

FPGA
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Clock clock ‘[
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Signal distribution with 2 ADCs - “T” distribution Is
weak point
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Solution - Faster ADC

VA - 2,31 ns:
>

Time

y
roc |
ADC
432 MHz — only one ADC is needed,
but ringing may affect the baseline sample
- RFTech
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Solution - Even faster ADC

J\f I J\{r I \]\f 1 k/\/\Time
i : : >
¢ ADC
N

632 MHz sampling — avoids sampling the baseline
In the ringing area
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The End

Thank You
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