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European XFEL Photon Diagnostics

Concepts and Developments

Introduction

Topics, principal collaborators and institutes

A worldwide unigque feature of the European XFEL facility will be the capability of delivering hard x-ray FEL MCP-based detector: Evgeny Syresin, JINR/Dubna/Russia

photons at a high rate of up to 4.5MHz within pulse trains. Specific online photon diagnostics devices with
fast DAQ are required to monitor each pulse, and invasive diagnostics need to withstand the intra-bunchtrain
heatloads. Also, in a recent revision [1] of the X-ray systems layout the x-ray energy range of the facility was

extended to 25keV.

XGMD+XBPM: Kal Tiedtke, HASYLAB/Hamburg/Germany
Grating interferometer: Christian David, PSI/Villigen/Switzerland
Commissioning spectrometer: Alexei Erko, HZB/Berlin/Germany

This contribution explains the current status of concepts and device developments, how they integrate into Undulator commissioning simulations: Gianluca Geloni, XFEL.EU
the updated facility layout, and it reports on several proof-of principle experiments for single-shot wavefront
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Intrusive monitor for pulse intensity and direct 2D beam image

Initial search for signature of SASE, tuning, later gain study:
three (redundancy) directly illuminated MCPs, @14mm

MCP/Phosphor/CCD for transverse intensity profile, @14mm

Large intensity range (requirement [3] is 1nJ — 10mJ) by using the
beamline offset mirrors [4] as attenuators, additional to the beamline
attenuators (diamond,graphite)

Geometrically designed for operation with different offset mirror
settings  very large horizontal translation ranges [-7cm,+9cm]

no offset mirror = direct beam, analyze full undulator

one / two mirrors = attenuate + cutoff Bremsstrahlung > 25keV

Examples: Figure 3: Schematic of the
MCP-based detector

1-mirror / 0.05nm / g;=3.6mrad  x=+ 9cm |
(source: Syresin, JINR)

2-mirrors / 0.4nm / ¢,=3.6mrad / g,=31.5mrad  x=-6.75Cm

(1) One possible method for undulator parameter mismatch (DK) (2) Calculation of the required min./max.
minimization is double segment tuning with a kick to the pixel size for spatial resolution of the
electrons between two successive undulator segments as resulting spontaneous radiation
proposed by Tanaka [5]. Here 20urad kick for various DK/K: min.: detector noise (min. # of photons)
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The final design of the XGMD (absolute pulse intensity monitoring) was fixed: o, puised signay
1) first chamber with simple metal detection plate electrodes and a small-

aperture commercial electron multiplier B 50 Ohm
I oy anode
2) second chamber with huge aperture open multiplier (HAMP) ¥ Q_Ij:w
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Figure 9: Assembly sketch of first XGMD part Figure 10: Schematic of second XGMD part
(source: K.Tiedtke group, HASYLAB) (source: K.Tiedtke group, HASYLAB)

Noninterferometric phase imaging

Phase determination via longitudinal intensity gradient [2]

Test experiment of 3-screen-setup at CXI/LCLS in 03/2011
A.Mancuso, W.Freund (XFEL.EU), G.Williams (SLAC)
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Figure 11: Above: Schematics, workshop drawing and actual assembly
of the screens (Ce:YAG), mirror membranes (Al-coated Si;N,).
Right: Setup of the three cameras outside the vacuum chamber

Interferometric grating method: Single-shot wavefront sensing

Using a Moire technique (fig.12, see below), complete wavefront information can be recorded with an
angular sensitivity down to 10 nrad, corresponding to hard X-ray wavefront distortions smaller than /10.

Determine the wavefront of the FEL itself (even in single-shot),

. . " . beam-splitt |
evaluate disturbing effects of additional optics, and calculate the pﬁ:?ezﬁ;t,i; amp??uadfgerraﬂng
transverse and longitudinal photon source position in the undulator R
Characterize the focal spot size and the wavefront in the beam R >
waist by measuring the divergent beam behind a refractive focusing > camera
devices, here compound refractive lenses (CRLS). > §>
Beamtime in 10/2010 at XPP/LCLS/SLAC, principal collaborators: " = -

C.David (PSI / Switzerland), D.Fritz (SLAC/USA),
and Harald Sinn (European XFEL, WP73)
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Figure 14: Horizontal measurement Figure 15: Left, measured wavefront in horizontal direction (along mirror
of deliberate horizontal source point surface). Right, simulation by Liubov Samoylova (XFEL.EU) based on
movement over s100Oum range mirror surface profiles by LLNL/Jacek Krzywinski
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