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Undulator Commissioning spectrometer for the European XFEL

Requirements

Photon based calibration scan of K vs. gap for each segment

acquire spectrum (scan mono, sort by E,) for different gap settings of a single
segment at one given E,

gap range: 10mm — 40mm (SASE1)

minimization of AK between pairs of segments

target: AK->0 among all segments (no taper)

K-precalibration in magnetic lab to AK~10 (gap tuned with micron accuracy)

Adjustment of phase

General requirements

large acceptance: ~12mm spot size, due Photon Core range
to large distance to undulator energy range
two parallel beams for quadrupole kick SASE1&2 3-25 keV 5-18 keV

method (~25mm horizontal)
retractable for FEL operation

SASE3 0.28-3 keV 0.4-2 keV

compact design, due to space limitations
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Requirements

Required accuracy of K-measurement
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single bunches (FEL) up to full bunch train (few undulator segments)
bunch charge 1nC

electron energy 10 GeV or 14 GeV (17.5 GeV)

electron beam energy jitter < 2x10-4

energy chirp < 2x104

electron energy measurement resolution < 2x104 (bunch / averaged):
high relative accuracy / high reproducibility

beam position jitter / pointing stability
minimum requirement: 30 um/ 0.5 prad
electron energy scan over +/- 1.5% (within ~10s)
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Si 111 crystal reflections
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---- channel cut crystals for high accuracy
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XFEL | Raytracing (Shadow / XOP)

2-bounce case: 4-bounce case (Bartels geometry):
without second monochromator stage second monochromator stage

(or 2nd stage rotated out of beam) higher energy resolution (for 111 reflection)
easier to adjust with harmonic Bragg reflections
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Energy versus vertical (dispersive) position: Si 111; E,,=12.4 keV
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Setup (concept)

Retractable screen/detector

Retractable detector

Rotary stage

Pink beam 2-bounce beam

4-bounce beam

Si 111 channel cut crystal
(asymmetric)
Mounting block

with water cooling
Second monochromator stage

Pumping port Beam blocker for Bartels geometry
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before mirrors and other optical elements which limit the acceptance
after beam separation
close to the undulator K-Mono 2 in XTD6

o ! T

XTD2 / SASE1

K-Mono 1 in XTD2
50m behind
beam separation

K-Mono 3 in XTD10

BPMs for e-energy behind beam dump

measurement
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Only the radiation of two adjacent undulator segments is examined.
Between the segments a quadrupole kick deflects the electron beam
by ~ 20 prad

The intensity profiles of the two segments are spatially separated and
can be directly compared. When observing the radiation produced by
a single bunch, the energy jitter effect disappears. Due to the low
Intensity a sensitive detector, e.g. an x-ray CCD, is mandatory.
[Takas]hi Tanaka, Undulator Commissioning Strategy for SPring-8 XFEL, Poster,
FELO9

Averaging of up to 2700 bunches of one bunch train increases the
signal to noise ratio. The requirements to DAQ are quite relaxed (10Hz
frame rate). However, this integrating mode implies availability of long
bunch trains of spontaneous radiation for undulator commissioning.
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undulator segments adjustment

= tilt & offset (relative to electron beam trajectory) -

" gap

Undulator Commissioning spectrometer for the European XFEL

european | PhOtoNn-based commissioning of the undulators
XFEL ] using spontaneous radiation
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