The Small Quantum Systems - SQS Instrument
at the European X-Ray Free Electron Laser European

T.M. Baumann, A. De Fanis, P. Grychtol, M. lichen, T. Mazza, Y. Ovcharenko, H. Zhang, P. Ziolkowski, and M. Meyer XFE
European XFEL GmbH, Holzkoppel 4, 22869 Schenefeld, Germany

Scientific Scope: Small Quantum Systems (SQS) SASE3 Soft X-Ray Beamline Beam Transport and KB mirrors |
N Two source positions High transmission. 5 —
Atomic Multi-Photon lonization Multi-Particles Coincidences | =yl m  Monochromator. Built by FMB Oxford. _ F2
e CrH e _ — e':m" t“""?' : e:emn sw'lgh g™ w= D m  Pink beam from undulator.. Substrates polished by JTEC. S4f
direct sequential B S RN S eiectron ben Three focal points in SQS (F1, F1’, F2) =
+ nnnmnn  undulator i electron dump e p T
2€ e’(2) C hv _ g XSDUZI Bendable mirrors. =3
: XS2 g - . < 1 pum focus in F1. IS
At : o o I 2|
e (1) SR S XD :
A+ - \ kc — I —— @ . Mirror profile Elliptical bendable 2 11
§ \ . o — Clear aperture 800 x 20 mm
B -1 Mirror length 1000 mm 1000 mm 0 ' ' '
A hy' s - 0 1 2 3
At A LINAC SASE2 SASE1 : Mirror width 58.77 mm  52.71 mm photon energy (keV)
Mirror thickness 45 mm 42 mm Intensity on sample @1mJ, 10fs
Molecular Dissociation Dynamics || Imaging of molecules & nano-objects 100ms 100 ms Photon energy 250 — 3000 eV Substrate material Si single crystal Eli | |
| PAD ) A ’ Wavelength 4.8-0.4nm Roughness <0.3nmrms F2
_..m:I Mi— 99.4 ms Pulse energy 0.2-11.0mJ Tangential shape error <2 nmPV 10
Particle iniecti Diffraction | * 8 ﬁ =mmmml ‘ Peak power 50 - 120 GW Tangential slope error < 0.1 prad rms Side view S Source w2 HME WM g g NE R
> a lce@‘mn pattem & . ﬂ f Average power 3-300W Slope error (focus F1) 50 nrad MT M2 cuwa M L [| I g: 18
o | . i ———— T - -+ e BTC1,6 I =10
S ‘ _ L / N\ Pulse width 2-100fs Slope error (focus F2) 250 nrad Ms [ 5
c a4 / N\ X-ray photons _ _ N BTC2 I | ‘ I k=
iy B FEL pulse i f..»:fr"z_u;.s;f}\..\,\__f-—f-f;_-:-?"?{-x.\__ n 2-100fs Coherence time 03- 1'8'3 it el 9.0 mrad T s ™ e )
'\ — _ | l.\‘ | \ ) ‘ PhOtonS / pUISe 0.1-2x10 Focal Iength 3m 1.8 m _ _ﬂ/ﬁﬁ — ;+?_;_xt::i_i{:%:—__,_g_ SQ‘S\. BTC4 I \ ‘ \ I ‘ 10
R(A_ B) N T - FEL Repetition rate 10 Hz Sagittal radius > 10 km . ? . TN — I | ‘ | I o
P TSR N process Pulses per train 2700 _ _ _ _ — e . , , ., Scs e 0 : ; 5
Mirror orientation Facing up South e W 474 42 s it e wMsass aar photon energy (keV)
Overview of the SQS Instrument
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Developed with A. Koch, et al. (XFEL WP-74) FEL total pulse energy measurement. » Differential pumping. » Differential pumping. Spectral distribution of FEL ¢  Spectral encoding.
Details see poster 36. Developed by K. Tiedtke, et al. (DESY) *  Optical laser In-coupling.  Clean-up slits. - . - »  THz streaking.
e Clean-up slits. 2 FELimagers. » Developed with J. Liu, et al. (XFEL WP-74).
e 2 FEL Imagers. * Optical laser In/Out-coupling.
F1 Spectrometers Nano-sized Quantum Systems (NQS)
VMI spectrometer £l d| S
BE  Electron and ion spectrometer. ectron and lon pectrogcopy
B Energy resolution E/AE = 100. Double VMI spectrometer with conical electrodes
M High energy (E < 500 eV). BE  Electron kinetic energy up to 150 eV.
B 41 sr acceptance. BE 4 11 sr acceptance.
W Operation with MCP and phosphor = Full view angle for the scattering detector is max. 60°.
screen or delay-line anode. B Operation with MCP and phosphor screen or delay-line anode.
Electron TOF spectrometers Options: Magnetic bottle spectrometer [2], Scienta analyzer [7].
BE  Up to 6 electron spectrometers.
—  lEELON EnEel § SV B ke Single Shot Scattering Imaging
B®  Energy resolution E/AE = 10000. DSSC-DEPFET sensor [9]
A n ngle 0.14% of 4 . . :
- M?Igpc;[gteccio? gle 0 °0 B®  Single photon resolution for 0.5 keV at 2.5 MHz and 1 keV at
' 4.5 MHz.
B Detection efficiency 100% from 0.5 keV to 10 keV.
F1' Spectrometers Bm  Detector size 210x210 mm? composed of 1024x1024 pixels.
Magnetic bottle electron spectrometer [2] Wl Pixel size (hexagonal) 236x272 pme.
B Electron spectrometer. B®  Dynamic range >6000 photons/pixel/pulse @ 1 keV.
B Resolution E/AE = 100. B 800 frames / bunch train, 10 Hz read out frequency.
BN Acceptance angle 90% of 4 . Fast C(_:D detector [8] _
M Single pulse sensitivity. B®  Single photon resolution for 0.5 keV to 1.5 keV.
B 2 mlength. mm  Detection efficiency 70% from 0.25 keV to 0.6 keV and 90%
B MCP detector. from 1 keV to 6 keV.
1d imaging XUV spectrometer [3] BN Detector size 57.8x22.8 mm? composed of 1920x960 pixels.
B Spectral resolution 10 — 50 meV. Wi Pixel size (hexagonal) 30x30 pm?.
W Spatial resolution 2 pm. B Dynamic range 1000 photons/pixel/pulse @ 1 keV.
B Single pulse sensitivity. W 200 Hz reado_ut frequency.
VMI performance test (PO4@Petra lll) [12] B MCP detector with surface concept MCP-based scattering detector
Ar 2p photoelectrons multi delay line anode. B Detection efficiency 15% from 0.5 keV to 1.5 keV. 5
VMI settings KE = 30 eV Bl Detector size 75 mm in diameter. L -
hv = 260, 270, and 280 eV Bm  Spatial resolution 30x30 umz. "
: . ‘ : B Dynamic range 1000 photons/pixel/pulse @ 1 keV. :
hv=280eV, KE = 30, 32 eV hv=270eV, KE = 20, 22|eV 2000 . | | ,
. B 50 Hz readout frequency.
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< g 000 AE/E ~ 3% BE  He droplet cluster source [6]. 5 degrees of freedom. 7
g ZZZ B Metal cluster microplasma source [4].
. o | Controlled molecules (COMO) [5].
200 . ] Moderate temperature oven for metallic vapors.
, 2606V, KE = 10, 12 eV ol e, Atomic or molecular supersonic jet.
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Optical Pump-Probe Laser Status of the Instrument

Non-collinear Optical Parametric Amplifier (NOPA) developed by M. Lederer et al. (WP-78).

Assembly and test of individual components is ongoing at Hera South labs.

sync via fiber 4.5MHz 1MHz 200KkHz 800nm, ) )
and OBC 5
o @ : . - 15-300fs Experlment_hutch r_ead_y in September 2017,
J’ ?MHZW*' - E prechirp Instrument installation in the hutch from October 2017.
1030nm burst-mode 5 First FEL beam possible from January 2018.
Soliton all-fiber CPA c . q q q c q
seeder front-end [13 14] Beamline and instrument commissioning in the first quarter of 2018.

User operation starts in the second quarter of 2018,
Pump-probe laser scheduled to operate second half of 2018.
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it 800 s burst) Clean-upslits, &, CCD I8 Relerences
1 3 2 1 e S|k | [1] REMI: R. Démer, G. Kastirke, M. Schoffler, L. Schmidt, et al., (Goethe-Universitat Frankfurt).
2 ; o : \Q)%; : ATISE [2] Magnetic bottle spectrometer: R. Feifel, et al., (University of Uppsala).
3 02 1 20 G - [3] XUV spectrometer: J.E. Rubensson, J. Nordgren, et al., (University of Uppsala).
4 o : = . [4] Metal Cluster Source: P. Piseri, et al., (Universita‘ di Milano).

[5] Controlled Molecules (COMO): J. Kupper, et al., (CFEL).

[6] Rare gas cluster source: T. Moéller, et al., (TU-Berlin).

[7] Scienta detector: K.-H. Meiwes-Broer, et al., (Universitat Rostock).
[8] Fast CCD: Doering, et al., Rev. Sci. Instrum. 82, 73303 (2011).

[9] DSSC detector: M. Porro, et al., Nucl. Inst. Meth. B, 624, 509 (2010).
[10] GMD: K. Tiedtke, et al., J. Appl. Phys. 103, 094511 (2008).

Laser in-coupling
Motorized laser in-coupling mirrors. _
Mirrors vibrationally decoupled from chamber. 1
Two screens to monitor FEL beam.

Electron-lon coincidence measurement. Fragment energies of few eV. : : ) _ _ [11] FEL Imager: A. Koch, et al., Proc. SPIE 9512, 95121R (2015).
SaiaEe 26 TR s reien 6f £l I ngm ment mgr lution of 0.05 Differential pumping between KB and AQS. Differential [12] PO4 @ Petra Il team: J. Viefhaus, et al., (DESY).

OMpIEte S momentum reconstruction ot a on momentim resoiution of .4o a.u. Breadboard installed within AQS chamber. pumping [13] Pergament et al., Optics Express 22, 22202 (2014) .
charge reaction fragments. Will be used in F1 focal position. Mirror mount apertures [14] Pergament et al., Optics Express 24, 29349 (2016).
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