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Analysis of statistical properties of FLASH radiati onin
spectral domain to characterize pulse duration
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High resolution spectrometer at the PG2 beamline
(Resolving Power > 10.000)
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High Resolution Spectrometer in the PG2 beamline

Spectrometer mode Of operation M. Martins et al., Rev. Sci. Instrum. 77 (2006) 115108
N. Gerasimovaet al., J. Mod. Opt. 58 (2011) 1480
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High Resolution Spectrometer in the PG2 beamline

Spectrometer mode Of operation M. Martins et al., Rev. Sci. Instrum. 77 (2006) 115108
N. Gerasimovaet al., J. Mod. Opt. 58 (2011) 1480

Undulatg
pg2 Imaging Crystal + ICCD
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Exit Sli

Monochromator:
SX-700 design

> Free choic_e of best compromise_ between f|l.-JX # High erxibiIity
and resolution on the same grating by varying cff
> Slitless # Accept whole beam precise « average bandwidth
measurements: « central wavelength

> Precise calibration

Natalia Gerasimova | Page4



High Resolution Spectrometer in the PG2 beamline

M. Martins et al., Rev. Sci. Instrum. 77 (2006) 115108

Spectrometer mode of operation !
N. Gerasimovaet al., J. Mod. Opt. 58 (2011) 1480

pg2 Imaging Crystal + ICCD

10m \-b|
Exit Sli > . Focus
PG2

> Resolution > 10.000
measured in 1st diffraction order,
low-resolution grating * high harmonics

* linear regime of operation

> High sensitivit #
9 y « work in high diffraction orders
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High Resolution Spectrometer in the PG2 beamline

FLASH photon energy distribution (via DAQ)
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Spectrometer software and Data Aquisition: Vladimir Rybnikov
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Analysis of statistical properties of FLASH radiati onin

spectral domain to characterize pulse duration
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Number of spikes / number of modes

Linear regime

Number of spikes per frequency unit  (no energy chirp): N ~ 0.64*Th / (2*77)
Tb — bunch length
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Number of spikes / number of modes

Linear regime

Number of spikes: Ns ~ 0.7*M,
M = 1/02, number of modes

Th ~ M*tc, tc — coherence time
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Number of spikes / number of modes

Linear regime

15000

Window energy
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. 10000

0 1000 2000 05 1 1:5 2

Intensity, a.u

5000}

8 1
142 14.3 14.4 145 146 147 148 M = 1/0-2
Wavelength

Single shot (filtered)
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Statistical Analysis code: Svitozar Serkez
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Number of spikes / number of modes

Integrated intensity
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Spectral coherence / second order correlation funct lon
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Spectral coherence / second order correlation funct lon

Saturation

Linear regime
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Spectral coherence / second order correlation funct lon
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Spectral coherence / second order correlation funct lon

Saturation

Linear regime

15000 3500
l |
Bandwidth 1.9% FWHM
. 10000 ;
=3 3
© ©
= =
= =
= c
2 r=.
= =
5000}
0
14.2
8000 v T 3000
EEIEICI-; """" """""""" """"" """"" """" ' m- ......... ......... o DL R B
40[]0..2 ........ ...... A B Foeeenns o : : : :
: ; b : : 1000 feeemieeenneens A NN~ Pt o
2000_ ........ . e T R e e e e e e s . . . =, N
0 : i i 1 " i 0 : i L i i
098 0985 099 0995 1 1.005 101 1015 1.02 1.025 098 0985 099 093 d 1.005 1.01 1015 1.02
oo Sofw
. . | 1.06 : . ! : , : —
experimental ' : : : : experimental
theoretical for~ T=25 fg 1.04 : : theoretical for T=30fs
: : o 102- ......... x ......... ......... ......... ......... ......... L
1 > - —- . ; — ] § : : : : _: : :
i i 1 i i i 0.93 i i 1 i 1 i 1 L
09y 2 s lls 8 10 12 14 16 0 2 4 6 g 10 12 14 16
Correlation distance (Awm) x 10"

Correlation distance (Aw) x 10"
ioti i . i -
Statistical Analysis code: Svitozar Serkez Natalia Gerasimova | Page 15 DESY
‘o



Analysis of statistical properties of FLASH radiati

spectral domain to characterize pulse duration

Energy Chirp

Longitudinal phase space
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LOLA measurements : Christopher Behrens _ _
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Analysis of statistical properties of FLASH radiati onin

spectral domain to characterize pulse duration

Energy Chirp

Longitudinal phase space
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Spectral coherence / second order correlation funct lon
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