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Outline

European XFEL Location and Synchronization Overview

Optical Reference Distribution
Master Laser Oscillator

Fiber link stabilization

Endstations
Laser-to-RF: Control RF phase
Laser-to-Laser: Control Laser timing

Bunch Arrival Monitor; Measure bunch arrival time
Summary
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The European XFEL and DESY in Hamburg, Germany
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Why is the synchronization optical

Ideal for all-optical slave laser locking e.g. pump-probe-laser etc.
High resolution elektron bunch arrival time measurement available
High precision laser-to-RF phase comparator available

Low loss in single mode fibers for long distances ~ 0.3dB / km

Low loss in polarization maintaining fibers ~ 0.8dB / km
21 km installed at European XFEL, about 6 km at FLASH
Quite expensive but ...
No timing error due polarization mode dispersion

No polarization correction necessary
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System Overview

Cezary Sydlo on behalf of the LbSync Team

Master Laser Oscillator
MLO

Free-space distribution
FSD

Humidity and temperature
stabilized synchronization
room

t Optical reference distribution ’Ehrough the accelerator facility

I BN W European XFEL

| Remote locations Required point-to-point stability: 10 fs
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Installation Overview

Master-Synchronization Room

= Two Master-Laser-Oscillators

» For redundancy

Sub-Synchronization Hutch

W Synchronized from Master

» By two Links for redundancy

W Up to 24 Link-Stabilization-Units ® Up to 20 Link-Stabilization-Units

Sync Room
2X Master Laser

|_Sub Sinc Hutch J
i —
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Optical
Reference
Distribution
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Master-Laser-Oscillator
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Origami 15 from OneFive

Spectral power density
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1
measured
0.8 ideal
0.6 FWHM ~ 15nm
0.4
Optical

“*[ spectrum

o .

1493 1513 1533

Wavelength (nm)

1553 1573 1593

M Compromise between timing resolution and optical bandwidth

® High repetition rate of 216.667 MHz (1.3GHz / 6)

1613

M Locked to the Master-Oscillator (1.3GHz with GPS frequency standard)

¥ Low phase noise, low amplitude noise

L | European XFEL
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Master-Laser-Oscillator: Overview

MicroTCA 4 Crate } -------- .

ur(k)

L— FMC20 — —— PZT4 ——

Y

| Analog Filter

| ‘—{ Photo Diode
- === | Detection Scheme }— ------- \

Analog Signal g 1.3 GHz AM-PM effect!

Low Latency Link

: 3 PRI 81.25 MHz
............................... - 116 -~ MO

Courtesy: M. Heuer
(Controls & FW)
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Master-Laser-Oscillator: Locking

1 ADC Powe a5
it \ d 0.7
= : 1 L
e 0.6
J =il o =
= ” 0.4 %
S 03 8
(7]
o 022
= <

0.1
2 4 6 8 10 12 14
Optical power, [mW]

12 AM-PM coefficient 500

- 400
E _ 300 ~
s 8 ‘ 200 o°
oh Y 100 R
S 6 e [0 =2
S i | §-100 =
E -200 <
B o -300 <

-400
0 =500

2 4 6 8 10 12 14
Optical power, [mW]

] | European XFEL

81.25 MHz/ 48 = 1692606 Hz

1300 MHz Channel RF2 Harmonic —
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Locking with a Photodiode

® Low amplitude noise required

» MLO: Origami 15 v
W Calibrate for AM-PM effect!
1Q detection in FW => phase shifter

¥ Convenient for installation phase

Amplitude insensitive set-up
like Laser-to-RF in preparation
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Master-Laser-Oscillator: Phasenoise

Master Oscillator & Master Laser Oscillator
1 I

MR T T T e e s Integrated Phasenoise
o0l ek — Lo 12.10m {3
B I O B o et et ¥ 1KHz — 1MHz
-110 —— 1 1 1 —t——+++r 30
%120'\\ (LA T T R » MO: 5.1fs, MLO: 4.1fs
E ool O A L e E m 100HZ — 1MH2
© ol ol AT I -
- B I - » MO: 7.4fs, MLO: 9.6fs
§ 10— RINGNS
T 10| /’T’WMS
R RIS R ALy
e S0 52 21 a0 I2I.6IH"'0 Next steps
180 26.4 8.'4 2.7 2.9 2'5. :::

10Hz B lOOHZ I I lkHZ T Hllﬂni(HZI B lOOkHZ B 1 MHz

Frequency, [Hz] B Replace MO power-amp

» DONE on 16.8.

= Improve MLO lock
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Link-Stabilization-Units: Principle

Analog Signal
Low Latency Link |
PCle

Courtesy: M. Heuer
(Controls & FW)
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‘Endstation

Optic

IR

al Déla); Line
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Installed fibers influenced by
temperature, humidity, vibration

The balanced optical cross-
correlator (OXC) detects timing
changes

The pulse propagation time
through the stabilized path is
held constant by a fiber
stretcher and a motorized
optical delay line.

A lot of custom optomechanics

Learned a lot from operation

at FLASH!
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Link-Stabilization-Units: Out-of-loop measurement

vosl ~ Fiber exposed to realistic conditions
E. 0.00 ——— ............... oy ................... ...................
> : : : : : : : : ’
E ~0.05 pate™ . T AL
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= Prototype tested under realistic for meaningful results

® Partly uncompensated fibers at link end exposed to air flow, vibration, etc
¥ Worst case estimation for operation of endstations in rack installations

I B Y European XFEL

13



Precision Large Scale Synchronization System at the European XFEL Cezary Sydlo on behalf of the LbSync Team 14

Link-Stabilization-Units: Installation in MasterSyncRoom

" Reference distribution

M MLO in operation

M 13/18 Links in operation
(max. 44)

B 21 km of PMF installed

Opticalltable

' Superinvar) ¥ Preliminary Results
I

® Slope around 5mV/fs v
® Noise 0.1mV RMS 1MHz v
® In-loop jitter < 0.2 fs RMS v

M Observe up to 200 ps/km
drift compensation

I B Y European XFEL
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MTCA based control electronics: Infrastructure footprint

¥ VME based system at FLASH W MTCA based system at XFEL
M 4x 42HE racks M 1x 42HE racks
W 2 MLOs + 16 Links W 2 MLOs, up to 32 Links

I B Y European XFEL
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MTCA based controls: Concept

Fiber link controls challenging

® Low piezo resonance frequency
of about 18kHz

M Long response time possible
of up to 40 us

Solution

M 6" order state space controller

r ul Y
—0——>0— C(s) E P(s)(-1-e Sr)
» Can be also useful for lasers
Yim P.(s)e™*

i ® Include Smith predictor

L | European XFEL
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MTCA based controls: Results

10
5 Ypid (t)
Upid (1)
* I qug(t)
=, — Uiqg(t)
[}
ap 0
s j
Courtesy:
-5t M. Heuer
| |
0 20 40 60 80 100 120

Time [ms]

Example: Coarse tuning step (observed up to 10x / h @ XFEL)

¥ When piezo fiber stretcher reaches limits a motorized delay line drives

LQG implementation in 6™ order state-space controller
outperforms conventional PID control

L | European XFEL
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Endstations

L | European XFEL
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Laser-to-RF: Reference Module Optical (RefmOpt)

™ Optical Re-Synchronization RefmOpt
of the 1.3GHz for LLRF Optical Reference

W LLRF cable drift compensation Unstabilized RF

Stabilized RF
-

¥ High Resolution

W Expected Drift < 3fs / 48h

M 8/9 Units installed (max. 10)

HHH s

Rack Installation

I BN W European XFEL



Precision Large Scale Synchronization System at the European XFEL

Cezary Sydlo on behalf of the LbSync Team

Laser-to-RF: Short term performance at XFEL
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European XFEL

Detector noise < 2fs (up to 125kHz)

20

11 fs out-of-loop jitter (MO vs. MLO):

MLO-to-MO lock
(has poor MO power amp)

250m unstabilized RF cable
260m PM fiber link

Phase comparator in tunnel

9.6 fs in-loop jitter

Up to now low bandwidths used

Need new measurements due to

replaced MO power amp
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Laser-to-RF: Long term performance at XFEL

0 15 ' | ' ' ' P e v ™. W i a6
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A3 (247m), A4 (295m) and A8 (611) compensate 15ps of RF cable drift !

All stations are in the main linac tunnel, but experience similar drift

¥ Drift dominated by (common) media shaft

L | European XFEL @
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Laser-to-Laser

™ Synchronization of external
Laser systems

M Injector laser, Pump-probe laser,...

¥ Engineered set-up
» “One size fits all”

» Simplified mainainance

Balanced cross correlation

Sensitivity up to 20mV / fs

Out-of-loop jitter < 10fs RMS

SFG -
backward DCM NLC DCM s
5 =5 Joer
Laser input DCM DCM e
/ NS
=
Reference¢
Reference :_-_-“3
input S
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Bunch Arrival Monitor from “Special Diagnhostics”
laser pulses n n | n ® Bunch Arrival Time Measurement

from fiber link |E0M|n n f n u
h mﬁ M 6/7 Units installed (max. 8)

beam K
pick-up 1 M Forseen for arrival time feedback

4

N

Beamline Installatio BAM Front-End Rack Installation

I B Y European XFEL
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Bunch Arrival Monitor: Resolution

LowCh:f:aj::::;:alduriwSc.nn 100pC bUnCh Charge ReSO|UtI0n nOt Optlmum yet
y % ® Amplitude noise to high (x2)
1'2. o 2 —
b ¢ — W Electronic noise
u:s?num 4n$on S0000 GO0 mﬁnoh - :EI:IJIM Q0000

» Filters underway

Charge Sensitivity Resolution M Electromagnetic Interference

0
(pC)  (fs/%) (1s) » Needs improvement

50 120 24.0 ® Signal too low (x1.5 — x2)
100 84 16.8 » Changed Rack placing
140 67 13.4 » Cable about 3dB/m @ 40GHz
200 38 7.6
450 27.8 5.6
I European XFEL | o
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Bunch Arrival Monitor: Overview

GUN
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L | European XFEL
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Bunch Arrival Monitor: Results

-Il--r---l
z itk gl BAM 47m
BCO
BAM 181m
BC1
BAM 203m

BAM 393m

Expected compressions confirmed

W BCO: 2, BC1: 8-10, final arrival time jitter is 20 fs RMS without feedback

Helped already to track down a source of unstabilities
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Summary

Optical Synchronization in operation and ready for future expansion
Still issues come up, get identified and solved

Sub 10 fs for the synchronization already achieved

First user experiments in 4 weeks!

More to come ...
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Thank you on behalf of (core) LbSync group (MSK/DESY)

E

Please visit also the tutorial:
“Integrated Photonics to the rescue of Femtosecond Beam Diagnostics”
by Franz Karnter (CFEL) at 11am

I B Y European XFEL
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