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Summary of the workshop

Current development of Free Electron Lasers

Lund 1819 October 1998
Biskopshuset
DESY and MAX-lab

The workshopwas darted onan initi ative from Jochen Schneider at DESY and sporsored by
the European RoundTable for Synchrotron Radiation and Free Eledron Laser. The am was
to present an overview of the status of FreeEledron Lasersin general with some more weight
onthetwo dredions. European and X-ray/VUV. For the initiated people the intention was to
give an updhte of the status of a number of projects and the aurrent development, for those not
so familiar with the FEL techndogy the intention was to give an introduction espedally to the
concepts of SASE FELSs but also to give an appetiser to start thinking in the lines of FELSs.

Closeto 40 rticipants from mainly Europe joined the meeting which was held in Gamla
Biskopshuset (the Old Bishops manor) in Lund. The program started with a section giving an
introductionto Linacbased FEL fadliti es, and the prospects for these & the next generation
of synchrotron radiation sources by Jochen Schneider. The general "problem” of generating
the necessary electron beams for these madines was treated by Jorg Rosdad.

The following sessons were divided roughly into wavelength sections. Each sessonwas

foll owed by adiscussonwith an appanted "provocateur” to kegp people aguing (seethe
summaries below). In the VUV section Steve Milton described the FEL development at APS
and Josef Feldhausthe VUV FEL at DESY.

Storage ring and IR-FEL s were treaed by Marie-Emanuell e Couprie from LURE and Jean-
Michel Ortegafrom CLIO.

Before going to the X-ray sessonthere were five brief contributions from avariety of
European FEL activities.

In the X-ray sesson Roger Carr talked onthe LCLS project at SLAC and Jorg Rosshach and
Jochen Schneider on Tedhniques and Applications for the TESLA X-FEL at DESY .

Copies of the Overheads are published asan
Appendix in aseparate volume!

Fragments from the presentations

Jochen Schneider talked onLINAC driven FELs: The next generation of synchrotron
radiation sources. The synchrotron radiation community consists of 20.000scientists that
use 30 SR fadliti es worldwide. Only the american laboratories have several thousands of
pubicaions from this work. The brightnessof the sources have increased 3 aders of
magnitude every ten yeas. A number of 3" generation X-ray sources arein operation: ESRF,
APSand SRing8, bu they have limitations: The average brilli ance is getting close to the
theoreticd limit, spatia coherenceislimited and the pulselength can na be shorter than 50



ps. The X-ray SASE FEL, like TESLA, will gain 1& in average brilli ance aad will be fully
spatially coherent. Thiswill open upfor anumber of new experiments: phase mntrast
imaging, spedcle spedroscopy etc. The TTF will be apart of EXPO 2000in Hamburg.

Jorg Rosdach talked onThe production of high density eledron bunchesfor X-ray and
VUV-FELs. The FEL scdesthe power as the square of the number of particles, which hasto
be cncentrated in a point-like bunch. The phase space density is enourmous, and the
damping rings at DESY are hopeless The way liesin RF phao guns. There are problems
with spacecharge and coherent SR. With thisin mind burch compresson schemes need to be
developed.

Sephen Miltontalked onThe FEL development at APS. The goal isto study SASE and
pursue demenstration experiments and study new beam charaderistics. The scheduleisto
begin SASE experiments at 500nm in January '99. The upgraded goal is 120nm with pegk
228 MW peek power. A number of unddator sedions later aimed at APSwill be available. A
BNL phaocathode RF gun system will be used andthe injedion LINAC for APS

Josef Feldhaws talked onThe VUV-FEL asDESY. The TESLA Test Fadlity will make a
SASE prodf of principle experiment. The TTF uses a phao Rf-gun and superconducting
LINAC sedions and danar unddators with bult-in focusing. A large effort is st in to the
diagnostics of the FEL light. Techniques of seeding are studied to overcome some of the
instabiliti es.

Marie-Emanuelle Couprie presented an Overview on Storage ring based FELs. The
technique and the laboratories were introduced. Dhe dso described the implementationin
coming projects at ELETTRA and SOLEIL. The development has gone from ACO in 1983to
DUKE and N1JI-1V, which bah lased below 230nm this year. Problems and techniques of
mirror degradation were discussed as well as prospects of Coherent harmonic generation,
using either external laser or an FEL. Results from micro and macro temporal structures,
detuning curve were presented together with opticd cavity and saturation damping
phenomena.

Jean-Michel Ortegamade a presentation onlnfra Red FEL in Europe. He daborated onthe
wavelength region and the aility to lase. Far IR (>100 um) have very few machines. Mid IR
FELsare dl RF LINAC based. They give short pulses, high peak power and large tuning
ranges. 7 fadliti es provide >100hyear to users (Stanford, DUKE, Vanderhilt, Jeff erson,
CLIO, FELIX, FELI) and have produced > 250 pullicaions. Several programsfor > 100 um
have started bu there are limits on the spedral range. Cavity tuning and two colour operation
of IR FELswas discussed. What makes a user fadlity, it's ancill ary equipment and beamlines
was described foll owed by applicationsat CLIO and FELIX.

Bernd Schweizer presented The Dar mstadt cw Free Eledron Laser facility. It is based on
the S-Dalinacwith redrculation. He showed |aboratory layout and experimental sites. The
eledron energy is 2550 MeV, the wavelength 3-10 um and the repetition rate 10 MHz (cw).
Applicaionsin soft tisaue alationwere dso described.

Alexander van der Meer talked onCommissoning the Long-wavelength FEL at FEL1X.
The FEL has $hown lasing upto 300um. A waveguide isinstall ed in the unduator chamber.



Richard Neutze presented What can a hard X-ray FEL do for biology? The next generation
of X-ray sourceswill provide extremeley intense fs pulses. By simulating the molecular
dynamics of a protein interadng with such apulseit is possbleto quantify the structural
information.

Allan Gill espie talked onUltrafast electron and photon beam diagnostics for free-eledron
lasers. Measurement of the FEL opticd micropuse and puse eff ects were shown. He dso
described dfferent techniques, such as DOG (Differential Optical Gating). The method hes
been synchronisationto FELIX from which results were shown.

Abderrahmane Tadjeddine described Vibrational spedroscopy of the solid-liquid interface
byvisible IR SUM (SFG) and difference (DFG) frequency generation using the CL10O-
FEL. The principles of SFG andit's advantages were shown. A FEL is used because of large
tunabili ty, high power anditstemporal structure.

Roger Carr talked onThe LCLS X-ray FEL project at SLAC. The LCLS will usethe
SLAC LINAC, operate in SASE mode and produce wavel ength from 1.5to 15A. It was
propsed in 1992and the design isdore by a mllaboration SLAC-LANL-LLNL-UCLA. The
parameters and charaderistics were described in detall (seetransparencies).

Jorg Rosshach gave apresentation d the Technical aspeds of the TESLA X-FEL projed.
He gave some criteriaon hawv the energy was chaosen and dscussed the pulse dharaderistics.
The ideaof the fan-shaped experimental hall was presented, where the spent beamn isfed into
ordinary unddators. Data on all im portant parameters both onthe acelerator and the phaon
beam were dso shown.

Jochen Schneider presented Applications of the TESL A X-FEL . He made acomparison d
the available flux and krilli ance Different applicaions such as pump-probe experiments, laser
induced microexplosions, combination with neutron scatering and radiation damagein
protein crystall ography were analysed. The DESY CDR with the scientific case of a
superbrilli ant X-ray FEL fadlity is avail able for those interested.

Summary of the discussions

VUV FELS

SeveMilton started ou the discusson by pasing afew questions to stimulate the audience:
- Who are we building VUV FELsfor?

- What do the user really desire: wavelength, coherence, pes or average power?

- Which wavelength range?

- Sedling operationwill it give the stabili ty?

In the discusgon that foll owed the foll owing points could be heard:

Comparing to an ardinary laser. At afew 100nm the FEL capabiliti es exceal the cmommon
lasers. An ardinary laser in thisrangeis not easy to tune while the FEL can be tuned ore order
of magnitude in wavelength by using one unddator and with several unduators an even
larger range can be covered.

In short the advantages are: tunabili ty below 120nm, high peak power < 120nm.

The focusability at saturation d the FEL isvery goodasit operatesin single mode. The TEM
00 mode gives highest gain and is thus the preferred mode.

-4-



It was also dscussed how to achieve the tunabili ty:

Linear energy variations can give afactor of 10 change in wavelength bu one must adjust the
focusing to match the dhanges. It is difficult to ke the lasing by afew 1% energy change. In
principle it can be done, bu in pradiseit isvery difficult.

The stabili ty of the laser might pose aproblem. The dectron beam energy is dableto 1 %o.
The bandwidth of the beamline can in some sense @rrect the fluctuation in wavelength.

A superconducting accelerator opens up aher techniques. It will not respondto changesin
beamloading asit isamuch "slower system”. Thefilli ng timeis 1 psin anorma condtcting
LINAC and 1msin asuper conducting.

What wavelength regions shoud ore am at:
As it isuncertain which experiments that will be performed ore can orly point out potentially
interesting regions: - water window (~2-4 nm)

- Photoionisation (~100 nm range)

A discusson abou the science that islikely to be performed gave hintsinto dff erent
diredions. It is expeded that 1/3-1/4 of current SR-users are interested to use avVUV FEL
fadlity. A new tod must give opportunities for new idess. One comment was "Something
exciting , na seen before must happen!™. It can aso be asumed that there will be unexplored
nonlinea physics gpedroscopy to be dore. One can aso think in terms of more spedfic
samples, pused fields and presaure waves.

Toredly sell the VUV FEL one shoud dscusshighly specific goplications:

- Very low densities/concentrations of samples

- Spedalised environments

- Disposable samples, which also raises ideas and questions in sample destruction issues.

IRFELs

Jorg Rosshach posed the question if there is anything chall enging left with IR FELs. Thereis
always the dchall enge of finding money for a projed of course, bu it was also indicated that a
spedal point isto go to long wavelength and find an applicaion. This meansin the range >60
um. One way could be to first firmly find wsers and then extend their wavelength region o
interest.

The discussonturned into if there ae intensive adivity in the world. The Stanford
biomedicd/chemicd program istotally subscribed. And the groups at Brookhaven are very
adive.

To compete one has to define the key performance and wse that an IR FEL can give or do nd
possess There ae anumber of medicd applications upto 10 un. The fadliti esare in away
inefficient as they only house one user at atime. The lasers soud, though, be @leto have a
large flexibility in puse formers.

One important point is whether there ae any industrial appli cations?



Jefferson lab has 2-3 projeds running. The possble aeas are: change properties of poymers
using near UV, isotope separation, choase the right structure of Si. In this context ancote: "isa
1 KW CW sourceposshble?".

Coming badk to the first question abou chall enge the topic of compact FEL s came up.

What is the definition  compad? A general ideawasthat it is not the accéerator and
unddator that primarily have to be cmmpad. The ejuipment surroundng the machine in
pradise contribute even more to the size of the madhine. | one culd change the shielding, the
RF etc. reductionsin size ould be atieved. Anather ideawas to focus of not producing any
neutron, then the shielding could be reduced. The same gplies for bean stabili ty.

The IR FELs might have a "need for speed”. This means that for asubjead to take-off it needs
some spedl in the development and adivity, and then at a certain pant it takes-off ...

X-ray

Roger Carr took a provocdive stand onthe LCLS, his own machine. How isit posgble to
defend the LCLS which, including user stations, will cost 100M$ with only 1-2 users adive
at atime? Is the SASE physics enough to defend such a project? Are there users out there?

The discusson cameto focus on new things that could be done by such alight source. Or may
be more that nobady redly knows abou the enormous posshiliti es for new science it will
give.

There isthe idea of confining so much energy (no mass that the density is enough to credae
mass If one auld redly face aRibasome this sngle result would be worth all the money. But
in general nobady knows before hand, the LCLS will j ust give new passhiliti es.

Somebody raised the question for any preference for circular or planar polarisation?
The answerswere: bath o ask YOUR usersor nored differencefor crystall ography.

A short time was gent with addressng the subject of quality. The SASE FEL produces
"Instable spikes’, and the questionis how to get aroundthis problem. Will the quality fall by
use of amonachromator. One would need to develop low Z grating to make it work.

Why shoud we develop all this? The high energy physics will develop everything in 10years.
So far the SR community has nat contributed very much to the development of accelerator
tedhndogy, could it now contribute to the development? So far the SR community never had
large macdhine groups and the users gread in dfferent subjects whil e the high energy people
have "organisations".

A large st isto readh saturation, bu can it be dore exrlier? In practise 40 m isnot alarge
cost, you dan't gain any large anourt of money by reading saturation earlier. On the other
hand sportaneous powers go donvn and so cost. Technically it would be very good.

To make better use of the bean from the SASE FEL, the spent beam shoud be put into a
storage ring.



Final program
Current development of FreeEledron Lases
Lund 1819 October 1998

Sunday 18 October

9.00 Welcome Nils M értenson, MAX-lab
To warm you up . Chairman: Nils Martensson
9.15 LINAC driven FELs:. The next generation o J.R. Schneider,DESY

synchrotron radiation sources

10.00 The production d high density electron burchesfor ~ J. Ro3bach, DESY
X-ray and VUV-FELs
¢

10.45 COFFEe WP

VUV Chairman: Wolfgang Gudat
11.15 The FEL development at APS S. Milton, APS
11.45 TheVUV-FEL at DESY J. Feldhaus, DESY
12.15 DISCUSSION: VUV-FEL . Provocateur: Steve Milton
13.00 LUNCH at Restaurang Kulturen @\
]

Storage ring and IR Chairman: Ingolf Lindau
14.15 Overview on storage ring based FELS M.-E. Couprie, LURE
15.00 IR FEL in Europe J.-M. Ortega, LURE
15.30 COFFEE WP
Reports from European FEL activities Chairman: J6rg Rossbach
16.00 Commisgoning of thelong-wavelength FEL at Alexander van der Meer,

FELIX FELIX

The Darmstadt CW FreeEledron-Laser facility =~ Bernd Schweizer, TU

Darmstadt
What can aHard X-ray FEL do for Biology? Richard Neutze, Dep. of

Biochemistry, Uppsala
Measurement of optical and eledron pulseshape  W.A. Gill espie, Univ. of

inan FEL Abertay, Dundee UK
Non linear optical spedroscopy of interfacesusing Abderrahmane Tadjeddine,
CLIO LURE

17.30 DISCUSSION: IR-FEL Provocateur: Jorg Rosdach
19.00 WORKSHOP DINNER at Restaurang Staket, Stora Sodergatan 6




Monday 19 October

X-ray Chairman: Lenny Rivkin
9.00 ThelLCLS X-ray FEL project at SLAC R. Carr, SLAC
9.45 Tednicd aspedsof the TESLA X-FEL project J. Rossdhach, DESY
10.00 Applications oféléhe TESLA X-FEL J. R. Schneider, DESY
10.15 COFFEe WP
10.45 DISCUSSION: X-ray FEL Provocateur: Roger Carr
Summary Chairman: Jochen Schneider
11.30 SUMMARY OF DISCUSSIONS AND THE WORKSHOP R. Carr
J. Rosdach
S. Milton
Afternoon INFORMAL VISITSTO MAX-lab.

Please sign upat the secretary!
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