MAX- '/ab Lund HZB Helmholtz

Laser Centre * Zentrum Berlin

***

EURO FEL

*
*

Femtosecond VUV-Pulses with Variable Polarization
from Coherent Harmonic Generation
at the MAX-lab Test FEL

Johannes Bahrdt, Helmholtz-Zentrum Berlin

23.03.2011




Free Electron Laser Test Facility at MAX-lab
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Laser System

3rd harmonic 263nm
100 ud per pulse
optical delay stage for 3rd harmonic 263nm
temporal overlap 500 uJ per pulse
‘ pulse length 10 ps

jitter < 300 fs
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Recirculator
total energy:
400 MeV
compression >
gun energy: 1.6 MeV, RF: 3GHz
pulse length: 10ps, rep. rate: 2Hz
o phase to zero crossing: 25
Filip Lindau (emittance opztimization)
charge: 100pC and smaller
emittance: 4mm mrad




Undulator System

Radiator type Apple Il Chicane type electr. Modulator type planar
Period length 56 mm # of magnets 4 Period length 48 mm
# of periods 30 Gap 15 mm # of periods 30
Min. gap 12 mm B-max 02T Min. gap 10 mm
K-max 4.3 K-max 4.3

BESSY / HZB undulator group



Photon Diagnostics
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THz Diagnostic for Bunch Compression Optimiziation

InSb bolometer
QMC Industruments Ltd.
100GHz -1 THZ

THz signal used for bunch
compression optimization

Ideal phase for compression 30
Optimized acceleration phase for
recirculating linac structure
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Cherenkov Fibres

o
o

losses [arb.units]

-35)

45}

o
T

e

thermionic gun

rf gun

=
Ul
T

|
N
T

) ) Nno screens
horizontal I circular

aperture

N
a1
T T T

S
screen 1

W Vv screen 2

W{v::reen 3

X [m]

Non destructive
beam position monitor

4 Cherenkov signals give
X- and y- position
(not calibrated)

EPICS variables are logged

Walter Gottmann
Jochen Kuhnhenn et al.



Overlap of Seed Laser and Electron Beam

Transverse overlap

simultaneous detection
of electron beam and
seed laser position

Yag screens upstream and
downstream of modulator

CCD cameras
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. . beam

undulator .
radiation - .

Longitudinal overlap

Electro Optical Sampling
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Coherent Radiation at Funda

Modulator Seed
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Coherent Radiation at 2"d Harmonic

Seed

Modulator 263 nm
263 nm

Radiator
133 nm

Coherent signal
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Coherent Radiation at 4t" Harmonic

Variable Polarization
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Coherent Radiation at 2"d and 3" Radiator Harmonic

Seed
Modulator 263 nm

263 nm

Radiator
133 nm

Coherent signal
42nm and 66nm
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Dependence on Modulator Setting
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Dependence on Laser Energy and Chicane Setting
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Estimation of Pulse Length

coherent signal (arb. units)
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No significant variation of A4,
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Transverse Coherence

FEB-17 Full CCD 40x400 two frame sum (120s exposure)
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a = slit width
D = slit separation
z = distance to image plane

v = fringe visibility

double slit experiment
double slit 1m upstream of spectrometer
wavelength 133nm
coherent radiation dominates
= spontaneous radiation

Jorg Schwenke

v=0.3
work in progress:
separation of source size

and partial coherence



Signal Averaging

S E
= i
o i
- B
% ]
120 130 140 150
100 T
. (b) A
= i
2 10
@) f.
1
120 130 140 150

Wavelength (nm)

Averaged spectra are broader
than single shot spectra,
higher stability required
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Stability Issues
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Reasons for signal fluctuation:
- jitter of bunch arrival time
- jitter of bunch transverse position

Stabilization via:
- EOS based arrival time stabilization
- (movement of optical delay stage)
- klystron modulators lock to 50 Hz
- still to be done:
jitter gun-linac klystron
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N. Cutic et al., FEL 2010
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