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* First measurements at SACLA
* Next generation setup
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2534 GeV.
SwissFEL CDR, technical report, April 2012 3BIm 466 m

Athos Undulators
1Zx4m;gap 24 -85 mm
h=dimmK=1-22 L= 58
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l Callimation Aramis Undulators
12x4m; gap32-55mm -—
ho=18mm; K=1.2, L,=58 m
273m 28 m
z=17m; E=130.4 MeV, 80m 210m 3.0 GeV 500 m
330 MeV, 2.1GeV: 2.1-5.8 GeV,
. . . Goals for the SwissFEL photon pulses:
Requirements for photon diagnostics i i
Operating Mode X-Ray Pulse length Arrival Time Stability
FEL pulse length measurements
Standard 20fsrms 20fs rms Standard
FEL vs experimental laser arrival time measurements  [eraripiie S P mode
Non |nvaS|Ve measurements Attosecond 60 as rms 5fsrms Upgrade
. . . d
Online measurements on single-shot basis Wide Bandwidth 1565 rms 20fs ms mocs
Wavelength 1TA-7 A
Seite 2

4/9/2015 Ishkhan.gorgisyan@psi.ch



ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

e PALM based on THz streak camera (/U

Pulse Arrival and Length Monitor (PALM)

() NS
Parabolic{Mirror ETOF2

ith H
Thz Radiation

X-Ray

Photon pulse and relative arrival time measurement using THz streaking
Electron time-of-flight spectrometers measuring the electron spectra
THz generation using LINbO, crystal

Pulsed Xe gas jet delivered by a piezovalve

41912015 Ishkhan.gorgisyan@psi.ch Seite 3



e PALM based on THz streak camera (/U
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THz streak camera concept to measure the arrival time and length of the photon pulse

Electrons
X-ray Beam

Electron electron TOF

IR Beam/THz Field

KEelectron = Ephoton - Binding Energy +W
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(5 PALM based on THz streak camera
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FEL Pulse 1:
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Measurements with prototype PALM at SACLA hard X-ray FEL

>

YV V V VY

Used 5 keV, 6 keV, 7 keV, 8 keV, 9 keV, 10 keV 12.4 keV photon energies
At most of the energies we measured with and without monochromator
Experimental laser: 800 nm, ~7 mJ, 3-5% intensity jitter

THz generated using LiNbO; crystal

Frequency 0.52 THz, field strength SMV/m

Xenon pulses used for high photoionization cross-section
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Issues to address

» Uncertainty caused by the shot-to-shot spectral width jitter
of the photon pulses

> |Improvement of stability of the generated THz beam
» Achieving higher efficiency of THz generation

» Estimation for Gouy phase shift effect in focused THz beam

» Handling large FEL arrival time jitter relative to the
experimental laser

» Improving the measurement accuracy
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T Next generation PALM T

The new design allows more flexibility and measurements with improved accuracy
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Standard operation mode

THz beam

Chamber eTOF

X-Rays .

N

eTOF Xegasjet  oTOF

» The two interaction regions give the streaked and unstreaked electron
spectra from the same FEL pulse

» This excludes the uncertainty induced by the spectral width jitter

» Measurements performed on single-shot basis
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Large dynamic range mode

a) Photon pulse at the maximum
of vector potential

b) Photon pulse at the
zero crossing

» For FEL measurements with large arrival time jitter

> Two THz pulses are phase-shifted by 90° with respect to each other

> At least at one of the interaction regions the FEL is measured with high accuracy
» Third interaction region is required or for the single-shot measurements
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High resolution mode

THz pulse 1

THz pulse 1

Pulse 2 Pulse 1

» Low-frequency weak-field THz pulse gives the rough arrival time of FEL

Arrival time

» FEL pulses arriving at the linear part of high-frequency strong-field THz
pulse are measured with high resolution

» Not all FEL pulses can be measured in this mode
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* PALM developed at PSI for FEL pulse measurements

* Prototype setup is tested at SACLA with hard X-ray FEL

« Successful measurements already proved the concept

* Next generation PALM is designed based on the first results
 Higher resolution is expected with the new design

* Flexible design allows different measurment modes
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Gouy phase shift - Gase jet TH 5
>
1 DZ L _ T
P = — tan %—% S
L Epl Z1 Z2 0 z
Z, Rayleigh length
Gouy phase shift effect on the FEL pulse length measurment [Téa,c; =72+ Oﬁ”}

Here o is the gas jet rms duration
g.t

2
8,z

- : (z—z,)
The gas jet transverse size G(z) =exp| — > 0

OO

Phase shift along the gas A . = —tan [2272VH (] const (o

] zp O &%

Contribution to the pulse length O, = Ap. | @, where w,,_is THz frequency
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