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Introduction

What kind of diagnostic tools do user need to make efficient use of
FLASH?

U intensity Gas-Monitor Detectors (GMD)
U beam position GMD Split Electrodes

U intensity profile on the sample / focus size Target Depletion

U spectral distribution Photoelectron spectra

U temporal radiation pulse profile, exact timing Non-linear autocorrelation

Due to the SASE specific shot-to-shot fluctuation the users need most this
Information for every single pulse => online, non-destructive

The Atomic Photoionization Process is a perfect candidate for non-destructive,

pulse-resolved photon metrology tools.
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What kind of diagnostic tools do user need to make efficient use of
FLASH?

U intensity Gas-Monitor Detectors (GMD)
U beam position GMD Split Electrodes

U intensity profile on the sample / focus size Target Depletion

U spectral distribution Photoionisation spectra

U temporal radiation pulse profile, exact timing Non-linear autocorrelation
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Intensity / Beam position
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Gas-monitor detectors for online intensity and beam position

monitoring

ion signal
- : intensit
Low particle density => ( y)
Transparent, indestructible K. Tiedtke et al, Gas-detectors for X-ray lasers,
J. Appl. Phys. 103, 094511 (2008)

Single photoionisation:

lon signal

105 hPa (position) N=Np,xnxsx/

N = number of electrons or ions
N, = number of photons

n = target density

s = photoionisation cross
section

/ = length of interaction volume

=on peal
electron signal
(position)

electron signal
(intensity)
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Equation behind the Gas-Monitor Detector

Number of particles detected (electrons or
ions). Average photoionization charge needed Quantum Efficiency

to evaluate. \

Nparticle = @(>) Q@ D = N0 @.E.(>1)

particle photon

/ / Atomic Gas Density (requires temperature

Cross Section and pressure info)

Detection Efficiency

Detector Acceptance Length
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Quantum Efficiency of the GMD
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FLASH GMD
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Two gas monitor detector sets: before
and behind the gas attenuator

THz beamline

L / high resolution

monochromator beamline
fast shutter

online spectrometer
Synchrotron radiation

FEL beamlines beamline
)
"IE.? gas monitor detector
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Beam position monitor (split electrodes)
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Moved the device by 0.5 mm.
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Calibration Measurements of the BPMs
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Two gas-monitor detector sets,
which are 20 m apart, allow on-line
g monitoring of the angle: ~ 1 mrad
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Visual beam position monitor

Micro Channel Plate (MCP)
lons produced by the FEL

FEL beam

Electrodes, to provide a

homogeneous field Repellerplate

Electrical
feedthroughs

ln COlIaborat|On Wlth DESY ZeUthen Kai Tiedtke| XFEL Workshop| 2/15/2010 | Page 11



Visual beam position monitor

In collaboration with DESY Zeuthen
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Improved GMD for shorter wavelengths
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2"d generation GMD with enhanced sensitivity.
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2"d generation GMD with enhanced sensitivity.
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2"d generation GMD with enhanced sensitivity.
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2"d generation GMD with enhanced sensitivity.




2"d generation GMD with enhanced sensitivity.




2"d generation GMD with enhanced sensitivity.




The GMD World Tour 2009 (round robin test )

FLASH, DESY Spring8, RIKEN

CZECH
REPUBLIC
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Round robin test between Spring-8, LCLS, and DESY

First part: EUV-FEL of Spring-8 (Japan)

Comparison between the pulse energy monitor of FLASH with a

cryogenic radiometer of AIST.

by DESY/PTB and RIKEN/AIST
June 23-26, 2009

AIST: N. Saito, M. Kato,

RIKEN: M. Yabashi, M. Nagasono
PTB: M. Richter, A. Sorokin
DESY: K. Tiedtke, P. Juranic
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Experimental set-up at the Spring-8 EUV FEL

AIST cryogenic _
radiometer Spring-8 GMD

FLASH GMD (gas attenuator)
ion ion
detection detection
Aperture
: HH | —_—e. _'HH CEL beam
45
=~ |l .l i + [|]]
Caét Differential Differential Differential
y pumping pumping pumping
electron
detection

SCSS:
spectral range: 51 nm to 61 nm (24.3 eV to 29.3 eV)
pulse energy: up to 20 m)

repetition rate: up to 20 Hz
pulse duration: ~ 100 fs Kai Tiedtke| XFEL Workshop | 2/15/2010 | Page 22



FEL Beamline Layout

Gas Monitor Detector
(RIKEN)

Gas Monitor Detector
(DESY/PTB)

Cryogenic Radiometer
(AIST)

1
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The first results

Date Time (Japan) AIST/GMD
23.06.2009 12:25 0,94549996
23.06.2009 12:30 0,974769845
23.06.2009 12:37 1,034721729
23.06.2009 12:41 1,019547581
23.06.2009 12:48 1,026827426
23.06.2009 12:53 0,953185532
23.06.2009 13:20 0,978404082
23.06.2009 13:30 0,975169773
23.06.2009 13:40 0,94306757
23.06.2009 14:34 1,018131403
23.06.2009 14:45 0,995017069
23.06.2009 14:55 1,023343428
23.06.2009 15:05 1,045446745
23.06.2009 15:10 0,996964191
23.06.2009 15:15 0,972385488

0,993498788
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Everybody is happy
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AIST/GMD Comparison Results

date wavelength | aperture gas laser power corrected ratio
(nm) (MW) AIST/GMD

6/23 56 5 mm Ar 11 - 165 0.993° 0.03
6/23 61 5 mm Ar 225 0.973° 0.02
6/23 61 4 mm Ar 200 0.983° 0.02
6/24 51 5mm Ar 150 0.91

6/24 51 5 mm Ne 130 0.89

6/24 51 4 mm Xe 100 - 130 0.93
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Higher harmonics at 56 nm
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The GMD World Tour 2009 (round robin test)

FLASH, DESY Spring8, RIKEN

Kansai IAP

LCLS, SLAC

VAT California /

Poeatello
P
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SaltLakd City |
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Pulse energy measurements at the LCLS AMO beamline
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Pulse energy measurements at the LCLS AMO beamline

Average photon energy and transmission of the LCLS AMO-beamline.

Photon energy| Target gas| Energy (GMD) | Energy (LCLS | Transmission [%)]
(eV) [mJ] monitor)
[mJ]

2000 Kr 0.271+ 0.04 2.3 11.8+ 1.8
1107 Xe 0.201+ 0.02 1.55 13.0+ 1.0
1107 Kr 0.178+ 0.03 1.33 13.4+ 2.0
1107 Ar 0.239+ 0.04 1.6 149+ 2.2
898 Xe 0.177+ 0.04 1.5 11.8+ 2.4
898 Kr 0.207+ 0.03 1.5 13.8+x 2.1
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Round robin results

IOP PUBLISHING METROLOGIA
Metrologia 47 (2010) 21-23 doi: 10.1088/0026-1 394/47/ 1/003

Radiometric comparison for measuring

the absolute radiant power of a _
free-electron laser in the extreme “ Spring-8
ultraviolet

Norio Saito"2, Pavle N Jurani¢>?, Masahiro Kato'?, Mathias Richter>*,
Andrey A SorokinZ345, Kai Tiedtke2?, UIf Jastrow?, Udo Kroth?,
Hendrik Schﬁgpeﬂ Mitsuru Nagasonoz, Makina Yabashi?,

Kensuke Tono?, Tadashi Togashi>®, Hiroaki Kimura®, Haruhiko Ohashi®
and Tetsuya Ishikawa®

! National Institute of Advanced Industrial Science and Technology (AIST), NMIJ, Tsukuba 305-8568,
Japan

2 RIKEN, XFEL Project Head Office, Kouto, Sayo, Hyogo 679-5148, Japan

* Deutsches Elektronen-Synchrotron, DESY, Notkestrasse 85, D-22603 Hamburg, Germany

* Physikalisch-Technische Bundesanstalt, PTB, Abbestrasse 2-12, D-10587 Berlin, Germany

3 loffe Physico-Technical Institute, Polytekhnicheskaya 26, 194021 St Petersburg, Russia

& Japan Synchrotron Radiation Research Institute, Sayo, Hyogo 679-5108, Japan

Report on
Pulse energy monitoring of X-ray FEL beam by gas-monitor detector
A. Sorokin, P. Juranil, U. Jastrow,

M. Richter, PTB
M. Yabashi, M. Nagasono, SPRING 8
S. Moeller, J. Krzywinski, J. Bozek, SLAC
S. Hau-Riege, LLNL

v

LCLS
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Spectral distribution
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VLS online Spectrometer
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VLS online spectrometer for single pulses

L\ 2
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Collaboration with: BESSY, R. Reininger (SAS), F. Quinn (CLRC) et al. .



