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X-ray Gas Monitor (XGM) setup
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X-ray beam

Developed at DESY
in the group of Kai Tiedtke

Big brother
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I B 20 European XFEL g P

Operators



Operation of X-ray gas monitors at European XFEL Theophilos Maltezopoulos, X-ray Photon Diagnostics 3

Locations of XGMs in the tunnels
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XGMD
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HAMP
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XGMD fast signal up to ~ 18 keV ... then only HAMP !!!
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XGM equations

Number of ions created per pulse in the XGMD: N Number of photons per pulse

ph
Oph Photoionization cross section
ZyGMD Length of Faraday cup (27.8 cm)
N: . = Npn * aph(hw) * 2XGMD * Patom Patom Target gas pressure
ron kxT k Boltzmann constant
T Temperature

lon current measured by Faraday cup of the XGMD:

Lion = Nion * Ty * Qph(hw) * Npulses * Rre’p * e

Cph lon mean charge

Ty Transmission of Ni mesh in front of the Faraday cup (80%)
Npuises Number of pulses per train

Rrep Train repetition rate (10 Hz)

e Elementary charge

L J | European XFEL . .
From A. Sorokin and K. Tiedtke
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Cross sections

Theophilos Maltezopoulos, X-ray Photon Diagn

ostics
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Total cross section =
photoelectric cross-section + scattering cross-section
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Forbidden for Krypton
1644 eV - 1707 eV
1883 eV - 1963 eV
13409 eV - 15382 eV

Forbidden for Xenon:
635eV - 765 eV

881 eV - 1005 eV
4569 eV - 5664 eV

> 34.4 keV
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Cross sections for Kr
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Overview paper: Total cross sections from 100 eV up to 100 keV:
Atomic data and nuclear tables 38 1-197 (1988) with 20000 data points
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¢+ B3CH1 - Phys. Rev. 132 728 (1963)
XGMD data tables (DOOCS)

0,001

L

Measured up to 25 keV

Cross section [Mb/atom]

L

Extrapolated
‘s upto 42 keV

10000
Photon energy [eV]

L J | European XFEL

100000

0,015 !
0,014 k 1

0013 k ﬂ
0,012 }

0,011 E h
0,01 F }{
0,009 p }I
0,008 p

J \

Cross section [Mb/atom]

=]

10000 15000 20000

Photon energy [eV]



Cross section [Mb/atom]
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Cross sections for Xe

Overview paper: Total cross sections from 100 eV up to 100 keV:
Atomic data and nuclear tables 38 1-197 (1988) with 20000 data points
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Plans for measuring photoionization cross-sections > 25 keV

Absolute calibrated source =g Travel XGMD Bolometer
BAM PTB line B8 at BESSY Il from 8 keV up to 60 keV, but only 107 photons/sec, not enough for XGMD,
for 30 keV only ~ 1 Xe ion / sec, corresponds to ~ 1018 A NIM A 467 703 (2001)

Synchrotron with monochromator =g Trave| XGMD ==  Bolometer

PETRA Il line PO1 at DESY from 2.5 keV up to 80 keV, with up to 1012 photons/sec, for 35 keV
about ~ 10° Xe ions / sec, corresponds to ~ 1013 A, at the edge for an XGM DESY homepage P01

European XFEL —)  TraVel XGMD =)  Bolometer

Measure directly at XFEL, but Bolometer measures main line and harmonics, thus we have to suppress
the fundamental photon energy and measure the harmonic background on the bolometer,

or we use a monochromator, which we do not have above 24 keV, or 3@ harmonic, but difficult.
Additionally, Bolometer can only be installed in a hutch, thus sufficient transmission is needed

(has to be practically realized above 30 keV, theoretically ~ 70 %).

I B W European XFEL
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XGM operation at 20 keV with HAMP as single-shot detector
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Single-shot

SASEL1 at 20 keV with 254 pulses per train
16.09.2022, proposal 900307, run 101,
statistics over 2893 train

correlations coefficients
around 0.98 - 0.99
as good as with XGMDs

XTD9 single-shot pulse energy (u))

I B W European XFEL

T T T T
200 400 600 800 1000

XTD2 single-shot pulse energy (uJ)



Operation of X-ray gas monitors at European XFEL Theophilos Maltezopoulos, X-ray Photon Diagnostics 11

HAMP intra-train non-linearity
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SASES3 at 780 eV with 120 pulses per train
13.04.2023, proposal 900349, run 6 and 8

Intra-train non-linearity
only for > 10 pulses per train
and only if HAMP signal > 2 mV
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HAMP operation reach limit at 4.5 MHz (0.22 us) repetition rate
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Maybe use electrons instead of ions

for HAMP ?7?7?
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XFEL operation at hard X-rays
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Summ ary: Basic concept of XGM (integrational and pulse resolved signal)
Extrapolation of photoionization cross-section data
Above 18 keV operation with HAMP with excellent single-shot correlations
Strategy to suppress intra-train non-linearity and limit at 4.5 MHz

XGMs operated successfully up to 30 keV

Outl 00 k: If we get ~ 10° photons/pulse at 50 keV, with Xe after last resonance,
we would get 138 ions/pulse (maybe still acceptable with HAMP)
corresponds to 1.35*1015 A (1 pulse/train and 10 Hz), below XGMD resolution,

but at 100 pulses/train we would have 1.35*10-13 A
which is at the edge of the XGMD resolution.

Publications: m A A. Sorokin et al., J. Synchrotron Rad. 26 1092 (2019)
Th. Maltezopoulos et al., J. Synchrotron Rad. 26 1045 (2019)
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