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Overview
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WP8.1: Femtosecond Timing and Synchronization

WP8.2: Longitudinal Feedback and associated Diagnostics

WP8.3: High Harmonic Generation (HHG) Laser



Femtosecond Timing and Synchronization
Lead by DESY
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Beam based Feedback results
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With Beam Based Feedback
running in ACC1 and ACC39

rms = 5 fs

No Beam Based Feedback
Learning Feed Forward ON

rms = 74 fs

ΔA1/ A1~10e-4

Δφ1< 0.03O
LLRF 

Regulation 
Performance

• rapid fluctuations averaged out

• resolution of BAM ~ 10 fs for single shot 
can be reduced to ~ fs for macro pulse

Inloop measurement
behind first BC

Courtesy: H. Schlarb & Team, DESY



Beam based Feedback results
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Exit of linac & out-of-loop

• Both intra-train FB on
• MIMO controller
• Repetitive pkpk deviation < 100fs 

< 22 fs 

Gun ACC1 3rd ACC2 ACC3 ACC4 ACC7

~ ~Laser

BC2 BC3

Latency of system

Courtesy: H. Schlarb & Team, DESY



System overview
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Courtesy: S. Schulz, DESY



Overview at FLASH

2 Master Laser Oscillators (RF locked to MO)
Free-space distribution system to 16 ports
Optical Links: 6 stabilized OXC & 1 passive
Front-ends

4 Bunch Arrival Time Monitors (BAM)
OXC for Injector / TiSA Lasers
3 RF lock for TiSA (EO/HHG/PP)
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Courtesy: M.K. Bock, DESY



Installation
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0-5V, servo motor 



Master Laser and distribution
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•Integrated timing jitter < 5 fs
in the interval [1 kHz; 10MHz]

• Mechanically robust, easy 
to maintain

Courtesy: S. Schulz, DESY



Laser to RF conversion
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Test of RF circuit performanceDirect conversion + temp. stab.
Detectors at 1.3GHz & 216MHz
Baseband mixing scheme (no calibration)
VM for remote shift of MLO timing

Drift performance:

Temperature stabilization 0.002deg rms
PkPK 20 fs due to vibration of 2m cable Courtesy: K. Hacker, DESY



Developments

Patrick Gessler | 3rd IRUVX-PP Annual Meeting, 21 - 23 March 2011, Helmholtz-Zentrum Berlin 11

3 generation of opto-mechanics
typical in loop jitter ~ 1-2 fs rms (also smaller)

Courtesy: M.K. Bock, DESY



Installation at FERMI

System integrated and running for seven months
Master laser running 24/7 w/o big problems and 
minimal maintenance
2 Laser Links, 3 BAM Links, 1 EO Link
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Courtesy: M. Ferianis & Team, Elettra 



Link Stability
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Courtesy: M. Ferianis & Team, Elettra 



Direct seeding demonstration

Developed a prototype for direct seeding of 
regenerative amplifiers of main laser system
Studied applications for seeding the different  ultrafast 
lasers at the seeded FELs 
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OMO Pulse 
from 
Fibre link

Fibre 
Stretcher

Preamp Pulse 
picker

Main 
amp

Compressor Frequency
Doubler

To Regen 
Amp

Main sub-units of the prototype
Courtesy: M. Danailov & Team, Elettra



Installation at ALICE ERL
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Link Return

An 100m optical clock distribution system based on 
the propagation of ultra-short optical pulses has been 
installed at Daresbury Laboratory on the ALICE ERL.

Courtesy: S. Jamison & Team, STFC



Locking of the Injector Laser (PSI)

Two Color Balanced Cross-Correlation between the SwissFEL 
250 MeV Test Injector Gun Laser (Ti:Sa) and the Optical 

Master Oscillator (ErFL)
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Courtesy: V. Schlott & Team, PSI 



Aging and reliability studies
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Courtesy: M.K. Bock, DESY 

Damage due to 
metallic contamination

Courtesy: R. Kraehenbuehl
(Huber+Suhner)

Courtesy: S. Ruzin, DESY 

Incoupling efficiency due to
motor movements
of the delay stage

Instablities of pump laser siodes



Industrialization: RF Extraction

Feasibility study including literature survey and optimized prototype 
design has been done with IRUVX support, Goal: “<10fs drift/jitter”
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stabilized 
link

fs pulses over opt. 
fiber

remote
station
of stab.

link
short 
fiber

harmonic extraction 
receiver



Industrialization: RF Link
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Scheme RF link



Industrialization: RF Link
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Error between in-loop and out of loop ~ 0.8fs rms, 4.8 fs pkpk, 
(30 m long fiber in laboratory, not stabilized, only monitored)

In-loop / 2

Out-of-loop

difference

• Overcomes AM-PM conversion in photo-detectors
• Several advantages compared to OXC link (low opt. power, monitoring possible, simple disp. comp.)
• Low cost version link with still high performance 

38 hours



Tutorial given by leading Experts
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Workshops

3 Workshops on Timing and Synchronization
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Longitudinal feedback and associated diagnostics
Lead by STFC
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Compression Control in Frequency Domain

The four-stage single shot grating spectrometer for 
the wavelength range 4 µm to 400 µm has been 

developed, commissioned and installed at FLASH
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layout of the device
one stage with grating,

ring mirror and line detector
Courtesy: S. Wesch, B. Schmidt, DESY



Compression Control in Frequency Domain
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test measurements comparing with bunch shapes from TDS 
show very good agreement with measured spectra

TDS bunch profile expected spectrum

measured spectrum

Courtesy: S. Wesch, B. Schmidt, DESY



On-line Bunch Profiling in Time Domain

Electro-optic prototype on ALICE ERL in use with control room operation
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Spectral decoding 
results for 40pC bunch

Courtesy: S. Jamison, STFC



On-line Bunch Profiling in Time Domain
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New compact electro-optic monitor installed at FLASH 
location : after first bunch compressor

EO front-end designed at PSI

commissioned
with well defined bunch shapes

TDS profile
EO monitor

Courtesy: J. Breunlin, B. Steffen, L. Wissmann, DESY



Development of an 11GHz X-Band Linearizer
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Accelerating cell

Axial Coupling cell

Tuners

RF probe
location

The structure is 
designed for 
brazing

A π/2 biperiodic cavity: 17 cells copper
prototype  NIM: A 586 (2008

p = 13.121 mm
h = 2 mm
r2 = 4 mm
gap (coupling cell ) = 1 mm

bruno.spataro@lnf.infn.it



Feedback Software Developments
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Courtesy: M. Lonza & Team, Elettra

(Open Loop)

Energy Jitter
Simulated

(Closed Loop) 



High Harmonic Generation (HHG) Laser
Lead by MAX Lab
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Verification of HHG source performance for 
FEL seeding radiation
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Experimental setup

Courtesy: E. Mansten, S. Werin, MAX-Lab

f = 2 m focusing mirror

adjustable aperture

20 mm gas cell
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polarizerλ /2 plate
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Verification of HHG source performance for 
FEL seeding radiation
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Number of HHG photons
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[C. Erny et al, 

submitted]
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Verification of HHG source performance for 
FEL seeding radiation
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Number of HHG photons

perture

20 mm gas cell movable
mirror

Al

Al

mirror

XUV-CCD

ret
e

mort
cepS-

V
UX

Al

[C. Erny et al, 

submitted]

Take home message:

The energy and pointing stability of an 
HHG source is good enough for FEL 
seeding!

[C. Erny et al, submitted]

[A. Azima et al, Proc. of FEL 08, page 
235, 2008.]



Thank You!

I’m looking forward to continue 
the collaborations in the future!
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