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* W. Wurth, First Experimental Experence at FLASH

= J.R. Schneider, Trends in X-ray Synchrotron Radiation Research

- D. Bilderback, Energy Recovery Linac Experimental Challenges

" F. Gruener, Design Considerations of table-top FELs

= D.E. Moncton, Inverse Compton Scattering: A Small Revolution in X-ray
Sources and Applications

- E.L. Saldin, Schemes for generation of attosecond pulses in X-ray FELs



User Operation since
August 2005

Photon energy 30-200 eV
b 1013 Photons/Pulse
Free-Electron LASer in Hamburg 105 Pulses (< 100 ‘FS)
Peak power 1 GW

* FLASH performance
* User operation

+ Some experimental results

w. Wurth
Institut fir Experimentalphysik
Universitat Hamburg

W. Wurth| s #2RASA KUY



Spatial profile

Parameter

Wavelength
Pulse duration
Pulse energy

Bandwidth
Divergence

Average Spectrum

intensity (arb.u.)
e e
T o T

photon energy (eV)

Expected (08.04)
15-50 fs

50-150 uJ
at saturation

70-80 prad

Spectral distribution 2Hz/multi-bunch (= 30)

=

-8-bunch operation (At=1 ps) -

[ 1 max
[ average

B single
Measured

32 nm

20-40 fs

up to 130 uJ (mostly 5-10 uJ)
onset of nonlinear regime
0.5-1.0%

< 150 prad

W. Wurth, “First Experimental Experience at FLASH” &R X Z1 k&Y




User operation Aug. 2005-Feb. 2006

User operation
15.08. — 04.09.2005

Accelerator
total available beamtime: Development
16 weeks with 13 user shifts \3%

+ 1 maintenance shift per week L‘«.,II

Down

» 208 user shifts total (12 hour shifts)

14 out of 16 projects had beamtime
2 are scheduled in May' 06 \

Beam

roughly 10-14 shifts/project

Tuning

W. Wurth KD RAZA &Y
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Jochen R. Schneider
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J.R. Schneider, Trends in X-ray Synchrotron Radiation Research, A5/~ XY



Energy Recovery Linac g,,%
Experimental Challenges CHESS & LEPP

Donald Bilderback?%"
!Cornell High Energy Synchrotron Source, *School of Applied and Engineering Physics
Cornell University, Ithaca, New York,
dhb2@cornell.edu

Introduction to ERLs

Start with ERL layout + x-ray beam lines
Look at machine features

Look at the x-ray experiments

Add up the challenges — they are many!
Conclusions

N s

*for the ERL/LEPP/Chess developers team

5% Cornell University
.5 Cornell High Energy Synchrotron Source

FL52006 m Hamburg, Gemmany May 15, 2006

D. Bilderback 5D A5 AF &KUY



Cornell ERL Layout &

Ja.!;.":
(current version, layout still under development) CHESS & LEPP

(= =)
B 870 m >

5 Gev machine, 18 ID beam lines

Freliminary layout view of an ERL upgrade to CHESS in the present CESR tunnel. A new
funnad with a raturn foog wilf be added to CESR. Electrons are infected into
supetconducting cavities at (1) and accelerated to 2.5 GeV (n the first fralf of the main nac,
then to 5 Gel/ in the second half. The green lines show 18 passible beamiineg locations.
Electrons travel around the CESR magnets clockwise and re-anter the linac out of phase.
Their enargy s extracted and the spent elections are then sent to the dump (D)

3 Basic Operating Modes

Hi-flux: 30 pm emittance, 100 mA, 77 pC, 1300 MHz repetition rate
electron energy spread of 2E-4 (5 pm, 100 mA long-term goal)

Two superconducting linacs in
Hi-coherence: 8 pm, 25 mA, 7.7 pC, (5 pm, 100 mA long-term goal) ane tunnsl accelstale the slecirons

to 5 GeV. Person shown for scale.
Ultra-fast: 511 pm, 1 mA, 1 nC, 1 MHz repetition rate

Cornell University
Cornell High Energy Synchrotron Source

FLS200% m Hamburg, Germany May 13, 2006

D. Bilderback 5D A5 AF &KUY



: &
Molecular Imaging Al

CHESS & LEFPP

* Molecular imaging requires much
higher lateral resolution => limit on optics

¢ To go beyond the limit, lens less
diffraction imaging using a
transversely coherent beam is an
attractive alternative

¢ Coherent diffraction imaging is

similar to crystallography, but for
noncrystalline materials

transversely

coherent
¢ Present Status: using a pin-hole to select a
coherent x-ray beam éi'*: ‘].._,_
8 3 i3

e Future ERL sources would change this i 7 |» iyt P
dramatically: i1,

= almost fully coherent x-ray beams i & ;f-—:“ s

= 3,000 fold increase in coherent flux G
e Open up structural science to noncrystalline abi M t al. Nature (1999)
materials s lac et al. Nature .

{ﬂi — soft x-ray diffraction

reconstruction to 75 nm

#ige®) Cornell University Coherent
1¢/ Cornell High Energy Synchrotron Source X-rays

FLS2006 m Hamburg, Gemmany May 15, 2006

D. Bilderback 5D A5 AF &KUY




Design Considerations
of table-top FELs

FLS 2006, May 15, 2006

LMU: F. Gruner, U. Schramm, S. Becker, R. Sousa, T. Eichner, D. Habs
MPQ: S. Karsch, M. Geissler, L. Veisz, J. Meyer-ter-Vehn, F. Krausz
UCLA: S. Reiche

» laser-plasma accelerators

» principal possibility of fable-fop FELs

» possible VUV and X-ray scenarios

» experimental status

F. Gruener KD XATA k&Y




Laser-Plasma accelerators:
“bubble acceleration”

TW laser, drive laser electron bunch:
5-50 fs ' | e.g. 170 MeV (LOA),

rumor: 1.2 GeV (Berkeley)

F. Gruener KD XATA k&Y




Principal possibility for fable-top FELS

simplest estimate: 1d Pierce parameter (no energy spread,
emittance, diffraction, time-dependence)

current : few 100kA
nd. period - v

-
beam diameter (optimal!)

F. Gruener KD XATA k&Y




Start-to-End Simulations

M ]
e

transport/

focusing/
FEL undulator

own 3d GPT, CSRTrack, Spuir;
PIC code Geant GENESIS 1.3

F. Gruener KD ATA k&Y




MIT Center for Accelerator Science and Technology

Inverse Compton Scattering:
A Small Revolution in X-ray Sources and
Applications

David E. Moncton
Massachusetts Institute of Technology

ICFA Hamburg
May 16, 2006

In collaboration with Franz Kaertner. William Graves. and Winthrop Brown

15 May 2006 1

I I I LN ]
I I Masasachusatts Institute of Technology

D.E. Moncton &K@ X514k &Y



MIT Center for Accelerator Science and Technology

Lyncean Technologies Compact Source Concept

A Conceptual Picture of the CLS

(The 30 ¢m ruler in the middle 15 shown for scale.)

Courtesy of Ron Ruth

Injector

Storage Ring

%
Laser / \
"HH

Parameters of Source

Average flux 10! photons/sec
Source size 100 microns

N-rays

*This 1s not a good time now for us to present results because we are in the middle of tune up™—5/11

| B |
15 May 2006 8
U Y

Massachuseltts Institute of Technology

D.E. Moncton &K@ X514k &Y




MIT Center for Accelerator Science and Technology

MIT Inverse Compton Source Concept

k

Focusing
quadupoles

/ \
Caaaaalil TR
(RAAAAL /} i

Solenoid SRF linac

SRF Collimating

chicane

I I Massachuseltts Institute of Technology

Yb-YAG || Yb:YAG Oscillatol]
PT: ampl
F SESA
e =
MultitpassYh:YAG Amplifier
27\ \

£

3m

15 May 2006

D.E. Moncton &K@ X514k &Y




Ty FLS2006 , Hamburg, May 17, 2006
ESY _
NG Schemes for generation of attosecond pulses
in X-ray FELs

E.L. Saldin, E.A. Schneidmiller, M.V. Yurkov

The potential for the development of XFEL beyond stdandard (SASE)
mode of operation.

N 100 fs
0.6 - ] n.] )
0.2 mlt M NAJWJM j J 300 as |
ﬂ,ﬂ’ILJ\ i\ 'n.—*'l rII._.fII._;"ﬂ-\_ k. AL,V al
6 8 10 12 14
t [fs)
High-power (TW level) X-ray pulses oo 5o ¢ ['m 5o 160
Ultrashort X-ray pulses

Saldin KD AZ14k &Y



Q}i@ Generation of attosecond pulses in XFEL

T T H 17
| ,,parasitic mode of operation®/ i
electron LO0 fa EASHE
be=arn cnorgy IC-ray 2wy Me-rmy radlatlon
—"'—I-a,,‘__ Mmoo laros EaAsE FEL monochrometor il
: N '“-.. -
B0 rirm 0.1 nrm T
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Slicing of electron bunch with fs-laser SASE process

The laser-driven sinusoidal energy chirp produces a correlated g |l
frequency chirp of the resonant radiation dw/w o~ 25v/~y. Af- t o] ||
ter the undulator, the radiation is passed through a crystal I|Il
monochromator which reflects a narrow bandwidth. Since the el =
radiation frequency is correlated to the longitudinal position
within the beam, a shorl temporal radiation puise is transmit- Monochromator selects

ted through the monochromator. attosecond X-ray pulses

SSY, Opt. Comm., 237(2004)153

Saldin KD AZ14k &Y



Slotted foil method a

coulomb
scattered e

unspoiled e~

coulomb
scattered e

Iy o AEJE o< t

15-zm thick Be foil E! LCLS |

P. Emma et al_, Proc. FEL 2004 Conf_, p.333

Saldin KD AZ5AK &KLY



FLASH (Free electron LASer at Hamburg)
(TTF/VUV-FELM b 4) R

IRFEIFE—LIRILF— 700 MeV. FEL;EE13 nm TEEx,

o)
compressor compressor experimental
area

4 MeV 150 MeV 450 MeV 1000 MeV

Schneider KD AZ A D —ERZ5| .
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FELEA7>>alb—%, 45mXx68&
FEE 27.3 mm, FvvT712 mm(EE) . #i5 0.48 T (K=1.23)



FLASH ZEE&7R—JL (DESYHR—LR—T&Y),



‘&  FLASH: the VUV-FEL User Facility at DESY

FLASH E—LZ4> (WurthERRS 1k &Y),
REARDE—LFADBRED, KIEZIF—TERY TS,
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FLASHIEEX RFDFEESD (FEA: J. FeldhausEK. HASYLAB)
- E—LIFRI)LF— 700 MeV . KE13 nm ETOFKIRIZEDI,

- 20055 A5 FELXZEERICHEIE, 208D 11— —EIRx1To7=,
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