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Where are we?

Results (or problems)
Building up (or delayed)
Recruited (or too few)
Funded (or too little money)

> 30 Publications (25 Conference 
contributions + 7 Articles)



Simulation studies on the self-seeding option at FLASH

High harmonic seeding and the 4GLS XUV-FEL’, 

SIMULATIONS FOR THE FEL TEST FACILITY AT MAX-LAB WITHIN EUROFEL

DESIGN OF A NEW PREINJECTOR FOR THE MAX RECIRCULATOR TO BE USED IN 
EUROFEL

MEASUREMENTS AND DIAGNOSTICS ON THE MAX RECIRCULATOR

Undulators for a Seeded HGHG-FEL Test Bench at MAX-lab

Future seeding experiments at SPARC

Seeding and harmonic generation in Free Electron Lasers

Overview of the SPARC FEL experiment

Harmonic generation using the Elettra SRFEL optical klystron

Ideas for Bunch Length Measurements at MAX-lab

A Seeded HGHG Test Bench at MAX-lab

Studies of bunch compression in the MAX-lab recirculator system

Design of an improved pre-injector for the MAX linac

Seeding the FEL at SPARC facility

Seeding the FEL at SPARC facility

Progress over the year - mainly harmonics

Seeding with HHG

Ultra-short Pulses from Super-radiant Seeded FEL

Harmonic lasing in an FEL amplifier 

Status of the Seeding Experiment at Sparc

4GLS Free Electron Lasers 

Inducing strong density modulation with small energy dispersion in particle beams and the 
harmonic amplifier free electron laser 

Simulating HGHG with Genesis 1.3 – An unofficial guide

Inducing strong density modulation with small energy dispersion in particle beams and the 
harmonic amplifier free electron laser

Harmonic Lasing in a Free-Electron-Laser Amplifier

The Harmonic cascaded FEL

Harmonic lasing in an FEL amplifier 

Inducing strong density modulation with small energy dispersion 
in particle beams and the harmonic amplifier free electron laser

Status of the Seeding Experiment at Sparc

The harmonically coupled 2-beam FEL’

Simulation of emission and propagation of coherent synchrotron 
radiation wave fronts using the methods of wave optics



9.00 Introduction, Mid term review, issues for the GA and PSC, 
Sverker Werin

9.15 Lab status/ reports/issues/questions 
(1-2 presentations à 15 min per subtask)

DS 4.3 Implementing a HHG laser as seed in a HGHG-FEL
Marie Labat CEA/SOLEIL
Luca Giannessi ENEA

DS 4.4 Seelf seeding technique
Velizar Miltchev UNIHH/DESY

DS 4.5 Physics issues and model development for ERLs
Neil Thompson USTRAT/CCLRC

Refreshment break

DS 4.2 Harmonic generation of sub ps and fourier limited pulses
Mauro Trovó ELETTRA/ENEA

DS 4.1 First stage of harmonic generation
Johannes Bahrdt, BESSY
Sverker Werin, MAX-lab

11.15 Economy and recruitment, timeplans, future steps and meetings, 
end of the project, Sverker Werin

12.45 End
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GENESIS under SRW

• Equation of motion setting the dynamics of 
the electrons used in Genesis 1.3 

Implemented in SRW
• Equation of evolution of the electric field 

inside the undulator used in Genesis 1.3
Implemented in SRW

• Wave front propagation of the seed and/or 
the output FEL radiation by SRW

Marie Labat



Tests on SPARC example

• Seeding with HoHG (H3/5/7):
– Saturation Length
– Saturation Power
– Influence of the seed focusing 

Pin=100 kW
E- Beam Parameters:
• E = 200 MeV
• σγ = 0.2 %
• σe =1 mm-rms
• I =100 A
• ε = 5.11 nm.rad

Marie Labat



Results Results -- 1D Code Comparisons for 1D Code Comparisons for 
SPARCSPARC

104

105

106

107

108

0 5 10 15

MEDUSA
PERSEO
PROMETEO

Po
w

er
 (W

)

z (m)

Fundamental
265.151 nm

101

102

103

104

105

106

107

108

0 5 10 15

MEDUSA
PERSEO
PROMETEO

Po
w

er
 (W

)

z (m)

3rd Harmonic
88.384 nm

101

102

103

104

105

106

107

0 5 10 15

MEDUSA
PERSEO
PROMETEO

Po
w

er
 (W

)

z (m)

5th Harmonic
53.030 nm

Luca Giannessi



Code Code comparisoncomparison IIII
MEDUSA MEDUSA -- GENESIS GENESIS -- PERSEO 2DPERSEO 2D
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Basic principles of the self-seeding option
J. Feldhaus et al. / Optics Communications 140(1997) 341-352 

• The 1st section operates as a SASE FEL in linear regime
• After the bypass the micro bunching is reduced by a factor of exp(-σδ

2 kL
2 R56

2 /2)
• The monochromatic photon beam is used as a seed in the 2nd section
• The seeding power PSEED~10kW >> shot noise power PSHOT≤100W
• The seed pulse is amplified to saturation in the 2nd undulator section

Schematic view of the self-seeding option at FLASH

Velizar Miltchev
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Regenerative Amplifier FELRegenerative Amplifier FEL
The Concept and relevance to 4GLSThe Concept and relevance to 4GLS

Gain is very high (~10,000%) Gain is very high (~10,000%) --
–– Low reflectivity optics OKLow reflectivity optics OK

–– Large Large outcouplingoutcoupling to maximise output powerto maximise output power

Cavity Q is low and gain guiding of FEL interaction dominates Cavity Q is low and gain guiding of FEL interaction dominates --
–– Cavity just provides a seed pulse for next passCavity just provides a seed pulse for next pass

–– The RAFEL is a selfThe RAFEL is a self--seeded amplifier FEL, not an oscillator FELseeded amplifier FEL, not an oscillator FEL

Electron beam shot noise averaged out Electron beam shot noise averaged out →→ good longitudinal coherencegood longitudinal coherence

The 4GLS VUVThe 4GLS VUV--FEL requirement: FEL requirement: temporally coherent FEL pulses over temporally coherent FEL pulses over 
33--10 10 eVeV range (where only low reflectivity optics are available)range (where only low reflectivity optics are available)

a RAFEL seems the ideal solution

Neil Thompson



1D TD Simulations:1D TD Simulations:
Spectral development (0.4Spectral development (0.4µµm detuning)m detuning)
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Neil Thompson
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General layout of the Elettra SRFELGeneral layout of the Elettra SRFEL

Hutch with new 
arrangement 

Front 
mirror

Back 
mirror

Seed laser

OPTICAL KLYSTRON
Harmonic

Mauro Trovó
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OverallOverall

OK
(Johannes 
Bahrdt)

e- source, 
compression

Seed
laser

Gun 
laser

Sverker Werin



Johannes Bahrdt, BESSY, Berlin Annual Meeting of the EURO-FEL Project, Daresbury, November 6th-7th, 2006

Modulator Assembly

Magnetic arrays: ESRF
shimming of structures: BESSY
similar Carriage as for radiator BESSY

Parameters:
period length: 48mm
number of periods: 30
remanence: 1.15 T
magnetic gap: 9,5mm (compatible with 500MeV) 

Johannes Bahrdt



Project Project lineline

StageStage I (+OK)I (+OK)
AlignmentAlignment, , pointingpointing, overall operation, , overall operation, 
safetysafety systems, systems, basicbasic ee-- opticsoptics
StageStage II (+Laser)II (+Laser)
SynchronisationSynchronisation, , overlapoverlap, , stabilitystability, , 
compressioncompression, , diagnosticsdiagnostics, HG, HG
StageStage III (+Gun II)III (+Gun II)
HGHG, full HGHG, full spacespace charge charge effectseffects

Sverker Werin



Laser systems (Laser systems (gungun + + seedseed))
EvaluatingEvaluating bidsbids..

Sverker Werin



CompressionCompression simulations simulations 
((StageStage III) by Sara ThorinIII) by Sara Thorin

∆∆T = 300 T = 300 fsfs (Red box)(Red box)
I_peakI_peak = 250A= 250A
Q = 0.08 Q = 0.08 nCnC
εε_x_x = 3.3 mm = 3.3 mm mradmrad
εε_y_y = 2 mm = 2 mm mradmrad

Sverker Werin



The boring stuff

Demands for additional funding
(redistribution of leftovers?)
Budget, spending excel sheet
Timeplans







Task N°/
Deliv. N°

Task Name

4 DS4: Seeding and Harmonic Generation
4.1 First Stage of Harmonic Generation

4.1. Gun laser amplifier and transport
4.1.2 PC-gun, production, installation, e-beam

D 4.1 4.1 PC-gun and gun laser is operationa
4.1.3 Undulators +chicane adaption a/o prod
4.1.4 Undulators + chicane installation

D 4.2 4.2 Installation of optical klystron
4.1.5 Operation of parts up to specs  
4.1.6 Seed laser build up and light on electro
4.1.7 90 nm photons

D 4.3 4.3 Generation of 3rd harmonic photons
D 4.4 4.4 Report

4.2 Harmonic Generation of Sub ps and Fou
4.2. Specification laser parameters (ELETTR
4.2.2 Modelling
4.2.3 Commissioning of: laser system, e-bea

D 4.5 4.5 Specification of parameters and com
4.2.4 Effective harmonic generation, generati

D 4.6 4.6 Generation of sub ps, diffraction an
4.2.5 Comparison with other methods for CH

D 4.7 4.7 Report

M4.1
4.1 PC-gun and gun laser is operational at MAX-lab

M4.2
4.2 Installation of optical klystron

M4.3
M4.4
4.3 G
4.4 Re

M4.6
4.5 Specification of parameters and commissioning of laser 

M4.7
4.6 G

4.7 Re

j f m a m j j a s o n d j f m a m j j a s o n d j f
2006, Halvår 1 2006, Halvår 2 2007, Halvår 1 2007, Halvår 2 20



Task N
Deliv. N

Task Name

4.2 Comparison with other methods 
D 4. 4.7 Report

4.3 Implementing a HHG Laser as Se
4.3 Simulations and Modelling of see
D 4. 4.8 Report: Simulation and mode
4.3 Design of the microchicane for in
4.3 Preparation of the gas jet interac
4.3 Tests of HHG in gas at CEA
D 4. 4.9 Report: Test of HHG in gas a
4.3 Construction of the microchicane
4.3 Microchicane available
4.3 Installation and tests of the TiSa 
4.3 Commissioning of the gas jet cha
4.3 Tests of HHG in gas at SPARC

4.3.1 Installation of SPARC undulators
D 4.1 4.10 Installation of undulators an
4.3.1 Installation of the microchicane a
4.3.1 Test of microchicane and optical
4.3.1 Test of synchronisation 
4.3.1 Commissioning of the HHG seed
D 4.1 4.11 Commissioning of the HHG
4.3.1 HHG seeding hardware installed
4.3.1 Radiation characterisation. 
4.3.1 Exploitation of tunability perform
4.3.1 Characterisation of the radiation 
D 4.1 4.12 Report: Charactersiation of 

4.7 Repor

lation and modelling of seeded FEL configuration

M4.9

4.9 Report: Test of HHG in gas at CEA
M4.10

4.10 Installation of undulators and test of HHG

M4.11
4.11 Commissioning of t

M4.12

4.12 Repo

j f m a m j j a s o n d j f m a m j j a s o n d j f m a
2006, Halvår 1 2006, Halvår 2 2007, Halvår 1 2007, Halvår 2 2008, 



Task N°
Deliv. N

Task Name

4.4 Self-seeding Technique
4.4. Simulation of self-seeding with toler

D 4.1 4.13 Report: Simulation and analysi
4.4. Analysis of technical requirements
4.4. Technical design of diagnostics & fe

D 4.1 4.14 Technical design of diagnostic
4.4. Construction and tests of diagnostic
4.4. Construction of feedback system

D 4.1 4.16 Report
4.5 Physics Issues and Model Developm

4.5. Seeding and harmonic 3D theory & 
4.5. Investigation of novel methods of se

D 4.1 4.17 Report: Model and method dev

M4.13
4.13 Report: Simulation and analysis of self-seeding for VUV-

M4.14
4.14 Technical design of diagnostic

M4.15
4.16 Rep

4.17 Rep

j f m a m j j a s o n d j f m a m j j a s o n d j f m
2006, Halvår 1 2006, Halvår 2 2007, Halvår 1 2007, Halvår 2 2008


