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Facility & Infrastructure

* Optical Synchronisation System
» Locations of Arrival Monitors



Between FEL & Optical Lasers
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By courtesy of Jost Mueller, representing the
Laser-based Synchronisation team, DESY MSK.
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Optical Synchronisation System at EuUXFEL

Free-Electron Laser Facility, 3.5km

Injector LINAC Experimental Hall

GUN— Al — AH1——|BCO— L1 —BCL— L2 —|BC2— L3 ——

A A A

L

RF Clock Optical Clock Sub Distribution

up to 24 x LSU up to 20 x LSU

optical reference distributed via length-stabilized optical fiber links and used for

O laser locking (injector, pump-probe, ...)
QO RF re-synchronization (REFM-OPT) By courtesy of Jost Musll e

. . . . y courtesy of Jost Mueller, representing the
O bunch arrival time dlagnOStICS (BAM) Laser-based Synchronisation team, DESY MSK.
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Optical Synchronisation System at EuUXFEL

U * 1.5 km apart U

BAM 1 BAM 2 & 3 4 &5 + same arrival time behaviour expected BAM 6 &7
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RF Clock Optical Clock Sub Distribution
| MO s MLO | ~
up to 24 x LSU up to 20 x LSU

« MLO: 3fs(rms) 7
. optical link (3.5 km): \Esfs (rms)

« SLO synchronization: 1.3fs (rms) > 6 fs (rms)

. optical link (1 00 m): 0.3fs (rms) By courtesy of Jost Mueller, representing the
Laser-based Synchronisation team, DESY MSK.

» PPL oscillator: 5fs (rms)
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Technical Concept

 Improvements



Bunch Arrival Monitor (BAM)
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Bunch Arrival Monitor (BAM)
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BAM: Critical Components

Choice of Electro-Optical Modulator: Phase Shifters ON, Light on
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BAM: Critical Components

Choice of Electro-Optical Modulator:

Compromise between

RF bandwidth, V1T & optical properties §

LiNbO3
+/- Vr 3.8V to 4.5V, typically

+ uniform E/O coefficients in laser bandwidth

+ high damage voltage damage threshold

Semiconductors

+ Small Vmr

W
)
o

Ol

- Large wavelength dependence
of E/O coefficients

- Large wavelength dependence of V11
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BAM: Critical Components
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BAM: Critical Components
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BAM: Critical Components

Pickup RF Limiter EOM,
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& Non-Linearity from non-ideal transmission curve



BAM: Critical Components

251 -
+ZOGHZEOM@
8 Steeper élope
©
Pickup RF Limiter EOM, |5,
40GHz 26GHz, 25dBm 35GHz _g'
: - ©
é 1 25[
3 —e—40GHz EOMW/ 26GHz limiter )
2 .| Stronger ol
‘over- $
rotation’ £
Limiter response 0 ‘ : : ‘ R w L
0 10 20 30 40 50 60 70 -
Time (ps) _§
40 T
35 2 1
—— Real %
30 —s—|deal » osjpump/distortion
i) [
m 25
? Flat leakage I . | | | | | | ‘ ! |
N e B S B o= anu 0 10 20 30 40 5 60 70 8 9 10
z =
2 Kink {,-4-4 Time (ps)
= 15
0 |
S 10 .//: .. .
. | R RF Limiter (PIN diode), drawbacks
- 1l
0 Asemm i Semiconductor with AM-to-PM effect (= falsely detected timing change)
*# loss 1 dB !
s / L \ Signal distortion due to limited response time of EOM
20 25 30 35 40

-5 0 5 10 15
Input power (dB)
https://www.everythingrf.com/community/what-is-an-rf-limiter
DESY. M.K.Czwalinna - Upgraded BAMs@European XFEL — International Beam Instrumentation Conference 2019, Malmé, Sweden Page 14

& Non-Linearity from non-ideal transmission curve



Measurements at FLASH,
With bunch charge noise spectrum

BAM: Critical Components

Arrival time spectrum, without IBTLF, FLASH
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BAM: Signal Scan

/No distortions in modulation signal anymore

/With larger the voltage increasing slope steepness

But, with larger voltage,

» Decreasing dynamic range

= Decreasing modulation depth:
Q Finite laser pulse width (1.5s to 2ps)

O Phase slippage between RF and laser group velocity
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Technical Concept

e Performance Evaluation



BAM: Signal Scan

Sensitivity of arrival time detection & its charge calibration
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BAM: Signal Scan

Laser pulse train readout & procession in FPGA
(high-pass filter scheme).
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BAM: Signal Scan
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Laser pulse train readout & procession in FPGA

(high-pass filter scheme).

! Single-shot Resolution (fs) "
o

1

(=

&

o
<

N
a

N
o

—_
o

w

International Beam Instrumentation Conference 2019, Malmd, Sweden

2
ADC2
¥ 16bit/
i 216 MSPS
? ADC's
- . - — < ADC1

OLaser ® 0.25 % (single shot ampl. resolution)

Resolution: o, = slope - 6|, = 2.82 fs

I
1
1
|
1
\

With Amplitude noise = 0.25%
= = = With Amplitude noise = 0.10%| -

Future improvements

100
Charge g (pC)



BAM: Signal Scan

Laser pulse train readout & procession in FPGA

(high-pass filter scheme).
2
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BAM: Signal Scan

Laser pulse train readout & procession in FPGA

(high-pass filter scheme).
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First Results

* Accuracy of Arrival Time Measurements



BAM: Measurement Accuracy

Pulsed operation (RF ~ 1ms, 10Hz)
QO 27000/ sec

‘ 600 ps ||H”“M”"H "“MN““HW Q e- bunches 220ns spaced
t}mmw'_ : A O 100ms separation

t

<100 fs
m X-ray pulse
FEL l
process t
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BAM: Measurement Accuracy

(1
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Residual arrival time jitter
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ReSid ual arrival time jitter 015 1932M.TL, XFEL; Date = 20190425
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Summary & Outlook

U0 BAMs with single shot resolution of <3fs @250pC
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