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Where are we?

o Results (or problems)

o Building up (or delayed)

o Recruited (or too few)

o Funded (or too little money)

o = 30 Publications (25 Conference
contributions + 7 Articles)



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

4GLS Free Electron Lasers

Status of the Seeding Experiment at Sparc

Harmonic lasing in an FEL amplifier

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

Ultra-short Pulses from Super-radiant Seeded FEL

The harmonically coupled 2-beam FEL’

Seeding with HHG

Status of the Seeding Experiment at Sparc

Progress over the year - mainly harmonics

Seeding the FEL at SPARC facility

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

Seeding the FEL at SPARC facility

Harmonic lasing in an FEL amplifier

Design of an improved pre-injector for the MAX linac

The Harmonic cascaded FEL

Studies of bunch compression in the MAX-lab recirculator system

Harmonic Lasing in a Free-Electron-Laser Amplifier

A Seeded HGHG Test Bench at MAX-lab

Ideas for Bunch Length Measurements at MAX-lab

Harmonic generation using the Elettra SRFEL optical klystron

Overview of the SPARC FEL experiment

Seeding and harmonic generation in Free Electron Lasers

Future seeding experiments at SPARC

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

MEASUREMENTS AND DIAGNOSTICS ON THE MAX RECIRCULATOR

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

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

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

Simulation studies on the self-seeding option at FLASH
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Marie Labat
General Layout

Sparc Undulator

Magnetic Chicane

e-beam

VUV beam
Femtosecond

Laser IR

IR filter



Marie Labat

Seeding Chambers

Spherical Photodiode

Gas VU+IR

Mirrors

CCD
camera

Interferometric
filter

VUV
spectrometer 8m




Marie Labat

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



coefficient on

Bunching

Marie Labat

Tests on SPARC example

» Seeding with HOHG (H3/5/7): vl
— Saturation Length
— Saturation Power P
— Influence of the seed focusing "
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Luca Giannessi

Results - 1D Code Comparisons for

SPAR
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Luca Giannessi

Code comparison ||
MEDUSA - GENESIS - PERSEO 2D

MEDUSA-GENESIS-PERSEO
1T 1T 1T 17T T T 17 ‘ I \»-\ M

L T
A 2\
s . A _A
7 W/ o e s S /. FE
/ K R

Fundamental-MEDUSA
3rd Harmonic-MEDUSA
5th Harmonic-MEDUSA
—7+—— 3rd Harmonic-GENESIS
—a—— 5th Harmonic-GENESIS

- - = — 3rd Harmonic-PERSEO
- -4+ - - 5th Harmonic-PERSEO

P
s
=
D -
= =
(@) =
O _

5 10 15
z (m)




9.00

9.15

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

Lab status/ reports/issues/questions
(1-2 presentations a 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

11.15

12.45

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

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

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

End



Basic principles of the self-seeding option Velizar Miltchev

J. Feldhaus et al. / Optics Communications 140(1997) 341-352

electron beam bypass demodulated  output
electron beam radiation

1st undulator 2nd undulator

grazing mirrors

i ) EEEEEE
> — . >
i \\/ I EEEEEE
SASE FEL slit ' FEL amplifier
linear regime ST
( gime) grating monochromatic
electron beam x-ray beam electron dump

Schematic view of the self-seeding option at FLASH

 The 1st section operates as a SASE FEL in linear regime

«  After the bypass the micro bunching is reduced by a factor of exp(-c5? k 2 R542/2)
«  The monochromatic photon beam is used as a seed in the 29 section

« The seeding power Pgeep~10kW >> shot noise power Pg,o<100W

« The seed pulse is amplified to saturation in the 2"d undulator section
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Neil Thompson

Regenerative Amplifier FEL

The Concept and relevance to 4GLS

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

— Large outcoupling to maximise output power

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

— The RAFEL is a self-seeded amplifier FEL, not an oscillator FEL
Electron beam shot noise averaged out — good longitudinal coherence

The 4GLS VUV-FEL requirement: temporally coherent FEL pulses over
3-10 eV range (where only low reflectivity optics are available)

gl 2 RAFEL scens the ideal solution
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General layout of the Elettra SRF
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Sverker Werin

Overall

(0] ¢
(Johannes
Bahrdt)

e- source,
compression




Johannes Bahrdt

Modulator Assembly

Magnetic arrays: ESRF

shimming of structures: BESSY =
similar Carriage as for radiator BESSY

Parameters:

period length: 48mm

number of periods: 30

remanence: 1.15T

magnetic gap: 9,5mm (compatible with 500MeV)

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



Sverker Werin

Project line

1 Stage | (+OK)
Alignment, pointing, overall operation,
safety systems, basic e- optics

1 Stage Il (+Laser)
Synchronisation, overlap, stability,
compression, diagnostics, HG

1 Stage Il (+Gun I)
HGHG, full space charge effects




Sverker Werin

Laser systems (gun + seed)

1 Evaluating bids.

AMiernative (A

1 {one) Jaser oscillator
MAX Il ring

Seed pulse, 264 nm

Fiber transport (~50m) 300fs, 100 wd
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Sverker Werin

Compression simulations
(Stage lll) by Sara Thorin

1 AT =300 fs (Red box)

1 | peak = 250A

1 Q=0.08nC

i ¢ x=3.3 mmmrad
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1 ¢ y=2mm mrad
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The boring stuff

o Demands for additional funding
(redistribution of leftovers?)

o Budget, spending excel sheet
o Timeplans




IRUVX-FEL

Intense light beams from the

Infrared to the Soft X-rays are A recent technoboqgical braaktheousgh has allowed develaping ew light sources
the major probe to study the based on Free Blection Lasess (FELS) bn the infeared 1o soft x-ray winelength
electronic properties of Matter rarvgs, flanhing with Samts-second pubias, Lugs cohsress and high beiliancs,
and will Imvolve a very large user procucing wery cellimated beams “Wlumisaring "2 atamic |evel the compeasnts
cemmunity. The development of materiak 1o sbserve both Bl structure and dynamical behaviou

of Free Electron Lasers allows a
new, virtually unexplored, regime
of eaharant light flashing with
femta-second pulies. The IRUWVY
Consortium will join the resources
now In construction and planmed

Im Europe Into a unlque Research
Infrastructure, allowing to offer
novel and powerful complementary
Instruments for the microscoplc and
the dynamical study, as well as an
optimal service to users, prioritising
the development and lacation of the
specific beam lines.

The awea b wnder raphd bechnbal development, with Europe o1 the forefiont
The Imsemion betwesn Mame and Hecmomiqnetic radianen in this regims
b wirnually wneplored. Sune of the art 3* generatien sycheotron soarces wil
b prpasad in paak intensiny by facor of 10% 0%, in weade intangty and in
thisir Short- vime flaching capabilivies by 107 10° down 10 3 fiew femio-seconds,
peihing expaimentsl techniques to new Bontiers. The phodon beamd of
Saft-F ELs will e complebely new qualities compased 1o thede of ymcheotrons
% pharton energhes betwoen 106V and 1 keV. Europe has th unigque chance for
concsolidating its workd leadershap in 4 field of highest relevance.

Seiwnnific challsnges and oppoeounimier wall apen foe 2 wide range of sosntific
druiplines, rangiag from nanosdences, materals and Blomatesials sclences,
plasma physics, mobaoular and duitid, femto- and nano- physics and chemistry,
walloun connictions fo e, eavionmental, xtrophydcal and sarth scenced
and the deswebopment of Bechnobogie: rangisg from mici dectronks bo eneny.
Some nowvel emerging symcheotion Techaiques, Nike Bolographic oeherent
imanging oo witra faed pump-peokse stedies will greatly benefil from the eahanoed
beam peoperties. We can today only imaging some of these opportunities and
it b likedy that the mesl important use of sefl-FELS hive not yet ewen Been
thought ol

Free faciities, in differem and scaled phases of development are imohed in
the progonal One in eperanea FLASH a0 DESY, Harnburg), cne in convinctien
(FERM i@ Elomira, Triveine), Two i advanced techricl  demossimation  and
tichnokogical development phase (9515 ia Danedbury and BESSY in Berin} and oo
b concieptudl phase (Mind b in Lend). Other projects muy enter the dndotem
from The: Betherands, France and Switzerland. FLASH and Blttra ane appooved fod
a bkl cost of 237 ME, & well i the development oosts of 45015 and BESSY fr
Total of 71 ME

Tostal ienphesmie itation bt an estimmatid cott of —GE0ME, & proparasary cest of - 15%
o the comitmuction, and an edimatsd opetation ool of 65- 70 ME
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4.1 First Stage of Harmonic Generation

4.1. Gun laser amplifier and transport :

4.1. PC-gun, production, installation, e-bear M4.1

D 4. 4.1 PC-gun and gun laser is operationa B 4.1 PC-gun and gun laser is operatig@al at MAX-lab

4.1. Undulators +chicane adaption a/o prod I

4.1, Undulators + chicane installation s e M4.2

D 4. 4.2 Installation of optical klystron m 4.2 Installation of @ptical klystron

4.1. Operation of parts up to specs

4.1, Seed laser build up and light on electro iiintien

4.1. 90 nm photons M4.4

D 4. 4.3 Generation of 3rd harmonic photon: 436G

D 4. 4.4 Report 44R
4.z Harmonic Generation of Sub ps and Fo!

4.2. Specification laser parameters (ELETT

4.2. Modelling

4.2. Commissioning of: laser system, e-bea=

D4.! 4.5 Specification of parameters and coi B 4.5 Specification of parameters and commissioning of laser

4.2. Effective harmonic generation, generat Ma4.7

D 4.t 4.6 Generation of sub ps, diffraction an 46G

4.2. Comparison with other methods for CH

D4 4.7 Report 4.7R
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