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First User Experiments
at the VUV-FEL at DESY

Josef Feldhaus

* Overview of the facility
 Status and characteristics of the VUV-FEL

* First user experiments: overview and some examples



The VUV-FEL at DESY

TESLA Test Facility
(TTF 1, 1995-2002)

TTF 2

experimental hall




VUV-FEL Overview

RF gun Diagnostics Acceleratinthructures Collimator

Undulators

Bunch Compressor

Laser Compressor
5MeV 127 Me 370 MeV 445 MeV

diagnostics

* 30.08.2004: tunnel closed for
commissioning

« Jan 2005: first lasing at 32 nm
* Aug 2005: first user exper.
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Start-up 2004/5

2004 March-June injector commissioning
2004 June-August final installations in the tunnel

2004 September start commissioning of entire machine
5 accelerator modules - 800 MeV - ~10 nm

22.12.2004 first electron beam through undulator
14.01.2005 first lasing at 32 nm, single bunches, 2 Hz
30.06.2005 ~30 uJ pulse energy at 32 nm, close to sat.

June-Aug. 2005 commissioning of photon beamlines

end of July 2005 first experiments, start of user operation



Producing high peak current

3 harmonic
cavity

Space charge forces
prevent high peak current
at low energy

3rd harmonic cavity corrrects
non-linear energy chirp

Off-crest operation introduces energy
chirp for bunch compression
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Photon diagnostics for FEL commissioning

Detector Unit F2
(apertures, detectors, mirror)
Intensity + beam profile
+ diffraction (coherence)
+deflection into spectrometer

Detector Unit F1
(apertures + detectors)
Intensity + beam profile

+ double slits (coherence)

Beamline for
synchrotron radiation

from dipole magnet
pulse “arrival time”

(evaluated with streak
camera in exp. hall)

|

Grazing inidence
grating spectrometer
with intensified CCD

On loan from Uni Padua
Single shot spectrum

“Octopus”
(MCPs + photodiodes)
In coll. with JINR, Dubna
Intensity + beam profile




First Lasing at 32 nm
achieved on January 14, 2005

FEL beam on a Ce:YAG Single shot diffraction
crystal 20 m behind the Image of a double slit
undulator (10 pulses) (30pm wide, 150 um apart)

Frame # = 23256 14:11.59 21. Jan. 2005

shadow of wire from | "
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First spectra of FEL harmonics
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VUV-FEL performance 1 max

[ average
— - B single
Spectral distribution e ‘
o 8-bunch operation (At=1us) -
) '
=40
:
L
0 _
g 1 i l
Em 'y |
! B
Spatlal profile =1 j L T
[I— 2Hz/multi-bunch (< 30)
1 T e e S A O . 1

Waralength [

Parameter Expected (08.04) Measured

Wavelength 30 nm 32 nm (27, 45 nm at lower int.)

Pulse duration 15-50 fs 20-40 fs

Pulse energy 50-150 pJ up to 130 pJ (mostly 5-10 pJ)
at saturation onset of nonlinear regime

Bandwidth 0.8% 0.5-1.0%

Nivarcaanca 7020 11irad < 180 1irad



Example of a good SASE run

15 yd=—>
Mean pulse energy ()

O pid—>

40 pd —

Maximal pulse energy ()

20 pd —

Oyl —

TITHZ. TITT =5 H -, LHEREY __RME _ALT

rms energy fluctuations

30 % —

P




VUV-FEL operation statistics

User operation
01.01. — 04.11.2005 15.08. — 04.09.2005

Down

AccDevelop _ Down

) Off
Accelerator

Tuning



Main issues and current activities

Quite stable FEL beam possible at ~15-20uJ average, > 50 yJ peak,

but often unstable with < 5uJ average, large fluctuations
and low pointing stability

Main issues for FEL tuning:

* Injector and bunch compression (laser, alignment, LLRF)
* Electron beam optics of entire machine
 Electron beam diagnostics (no BPMs until recently)

* Orbit in the undulator (incl. losses, magnets, BBA)

A large amount of FEL oriented machine studies is required
to improve the performance of the FEL.




VUV-FEL User Experiments

30 proposals submitted in 2002

29 proposals approved in Sept. 2002
200 scientists involved from

60 institutes and

11 countries

Available beam time heavily overbooked

- Maximise beamtime and efficiency

Beam switching between as many stations as possible

Many groups have formed collaborations
(18 projects, 16 are ready and will have had beam by Feb. 2006)

Some experiments can be combined at one exp. station
Different projects can use the same exp. system
More frequent, short runs; must be well prepared




Experimental area of the VUV-FEL
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Pictures of the experimental floor




VUV-FEL schedule, revised 5. August 2005

User experiments

FEL studies

A A A A

A

week dates
January 1 03.01.-09.01. [VUV FEL commissioning, 30 nm, single bunch
2 10.01.-16.01.
3] 17.01.-23.01.
4 24.01.-30.01.
February 5 31.01.- 06.02. VUV FEL commissioning. 30 nm, single bunch
6 07.02. - 13.02. Jcontinue and get saturation
7 14.02.-20.02.
8 21.02.-27.02. JFEL Studies, evil. incl. reaching shortest wavelengths
[March 9 28.02. - 06.03. [Shutdown for installation of beamline components into the tunnel and interlock tests
10 07.03. - 13.03. Jwork on modulators?
11 14.03. - 20.03.
12 21.03. - 27.03. JFEL Studies. evil. incl. reaching shortest wavelengths
April 13 28.03.-03.04.
14 04.04.-10.04.
15 11.04.-17.04.
16 18.04.-24.04.
17 25.04.-01.05.
May 18 02.05. - 08.05.
19 09.05. - 15.05. [Commissioning of mono beamline including diagnostics: HASYLAB 2 Shifts per day
20 16.05. - 22.05.
21 23.05. - 29.05. |LLRF studies at moderate gradients,
June 22 30.05. - 05.06.
23 06.06. - 12.06. [Maintenance incl. MBK + addl. Klystron/Modulator (Choroba)
24 13.06. - 19.06.
25 20.06. - 26.06. |[Commissioning of BL2 and monochromator beamline and photondiagnostics
26 27.06.-03.07.
July 27 04.07.-10.07. [High gradient studies incl. Cryo and LLRF
28 11.07.-17.07.
29 18.07.-24.07. |FEL studies
30 25.07. - 31.07. JII-02-052 FEL, W. Wurth
August 31 01.08. - 07.08. J11-02-048 FEL, M. Richter and P. Zeitoun: 3-JRA2
32 08.08. - 14.08. JAccelerator Studies (e.g. HOM studies cav. alignment) or FEL studies
33 15.08. - 21.08. |Beamline commissioning BL and PG (Martins)
34 22.08.-28.08. JlI-02-037 FEL, I1-02-042 FEL, , I1-02-052 FEL
September 35 29.08. - 04.09. |II-02-037 FEL, [1-02-042 FEL, 11-02-047 FEL or PG commissioning (Martins;
36 05.09. - 11.09. [Maintenance €.9. modulators
37 12.09.-18.09.
38 19.09. - 25.09. |LLRF Studies
39 26.09. - 02.10.
October 40 03.10.-09.10. JFEL studies
41 10.10.-16.10.
42 17.10.-23.10. |J11-02-054 FEL, 11-02-050 FEL, [1-02-049 FEL R. Lee, P. Zeitoun
43 24.10.-30.10. JII-02-047 FEL, I1-02-050 FEL, [1-02-049 FEL R. Lee, P. Zeitoun
November 44 31.10.-06.11. JII-02-047 FEL, I1-02-050 FEL, [1-02-049 FEL R. Lee, K. Sokolowski-Tinten
45 07.11.-13.11. [I1-02-044 FEL, 11-02-050 FEL, I1-02-049 FEL R. Lee, K. Sokolowski-Tinten
46 14.11.-20.11. |FEL studies
47 21.141.-27.11.
December 48 28.11.-04.12. | 11-02-041 FEL, I1-02-046 FEL
49 05.12.-11.12. | 11-02-041 FEL, I1-02-046 FEL
50 12.12.-18.12. |I1-02-045 FEL, 11-02-043 FEL, I1-02-052 FEL
51 19.12. - 25.12. |11-02-045 FEL, [1-02-043 FEL, 11-02-052 FEL
52 26.12. - 01.01. [Maintenance
January 06 1 02.01.-08.01. | FEL studies
2 09.01.-15.01.
3 16.01. - 22.01. |1l-02-052 FEL, [1-02-050 FEL, 11-02-051 FEL
4 23.01. - 29.01. JII-02-052 FEL, 11-02-042 FEL
February 06 5} 30.01.-05.02. JII-02-049 FEL, R. Lee, R. Fedosejevs, 1-02-042 FEL
6 06.02. - 12.02. J11-02-039 FEL, 11-02-047 FEL

A




User experiments

Areas of Proposed Research

Femtosecond time-resolved experiments
- synchronisation FEL - optical laser
- chemical reactions
- magnetism dynamics
Interaction of ultra-intense XUV pulses with matter
- multiphoton excitation of atoms, molecules, clusters...
- plasma physics
Investigation of extremely dilute samples
- free radicals
- mass selected clusters
- ions
High-resolution spectroscopy
- nanometer focus
- meV-resolution photon and photoelectron spectroscopy
of surfaces and solids with nm resolution



Wavefront measurements

# Wave front (o =113 & Wave front

Wavefront behind the ellipsiodal mirror of BL2: quite well aligned
(left) and with significant astigmatism due to misalignment (right)
(P. Zeitoun et al.)



lonization of rare gases P B
A.A. Sorokin'2, S.V. BobasheV?, K. Tiedtke3, and M. Richter?

Photon Radiometry

'Physikalisch-Technische Bundesanstalt, Berlin @g

loffe
Physico-
Technical
Institute

linear detector %

?|offe-Institute, St. Petersburg
SDeutsches Elektronensynchrotron, Hamburg

open multiplier

Used as online
Intensity monitor

1 mm

entrance aperture
drift section

extraction :;_/
optics

FEL beam
differential +
pumping < >
homogeneous

extraction field



Quantum Efficiency of the TTF 1 Gas-Monitor Detector:

lon-Current Signal of Xenon
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Photoionization Signal vs. Photon Intensity P B

Photon Radiometry
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Beam Size Measurements at the Microfocus Beamline
of the New VUV Free-Electron Laser in Hamburg ... P

Photon Radiometry
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TOF Spectra of Neon: Space Charge Effects
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Ti:Sa OPCPA laser for pump-probe experiments

Seed Laser Burst-Mode Pump Laser
@ 1.3 GHz
PLL
13.5 MHz

Y SHG o con] [Rom

Plezo amplifier j'g- U E

El b I _ Nd:YLF oscillator

Ti:Sapphire oscillator

= photocathode laser

* o
t=8ps -
E=1nJ L= g
’ : - i 0 125J
angle tuned
grating stretcher s grating compressor
7 .
Optical Parametric Amplifier
* installed at DESY in 2004 partially funded by EC (XRAY FEL PUMP-PROBE)

 laser system developed by MBI Partners: BESSY, DCU, DESY, MAX-lab, MBI, LURE




Synchronisation of optical laser and FEL

S. Dusterer, H. Redlin et al.
Streak camera measurements

« Laser-FEL arrival time |

Time axis

~ 150 ps

arrival time in ps
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Pump-Probe Experiments in the Gas Phase
M. Meyer et al.
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Pump-Probe Experiments in the Gas Phase

M. Meyer et al.
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Angle-resolved photoemission -

Nanospectroscopy
L. Kipp et al.

Photoelectron analyzer
SPECS Phoibos 150
Basler A102f camera

Preamplifier




Angle-resolved photoemission
L. Kipp et al.
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Figure 2: Angle resolved and angle integrated (solid lines) photoelectron spectra of the TiTez valence band, taken at h = 38.5 eV

and sorted according to mereasing FEL-mtensity from (a) to (f). Photoemission mtensity 1s represented 1 a linear gray scale with
dark corresponding to high mtensity.



Photoemission of using TiTe, 3rd harmonic
L. Kipp et al.
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High energy density experiments
R.W. Lee et al.

Ablation of Si,
illuminated by optical laser pulse

K. Sokolowski-Tinten et al.

Ablation of carbon coating on Si

R. Sobierajski et al.



Summary of user experiments

~ 12 user experiments had first beam
4 experiments for technical developments were performed

Most experiments are very complex and include many
components =

— groups formed collaborations
— teams are much larger than at synchrotron radiation facilities

First reports are very promising:

— commissioning of most experiments was quite successful
although often difficult with present FEL beam conditions

— most experiments have taken first useful data demonstrating
that their concepts work; data are currently evaluated

Thanks to good preparation and very intense user support

Continuing implementation of data acquisition and diagnostics



VUV-FEL operation after 2005

The commissioning of the
FEL is by far not completed

until end of 2006 - stable, reproducible operation from ~ 15 - 60 nm
- operation with long bunch trains (up to 800 us)

~ end of 20067 - install module ACCG6, repair ACC5, replace ACC3

+ 3rd harmonic RF system (FNAL, spring’07 ?7?)
- 1GeV - 6.5 nm - seeding operation
2007? -two-undulator seeding (?)

- further extensions (FIR, exp. stations, ...)

alternate periods of FEL commissioning/improvement

and user experiments

e.g. 4 weeks commissioning, incl. 1 week photon beamlines and diagnostics,
4 weeks user operation

under discussion



