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SASE3 & SQS Performances 2 

   
 
High repetition rate:  
                  < 27000 pulses/ sec 
 
 
 

 
 
High data collection rate 

Multi-particle coincidences 
 
 

European XFEL 

SQS Scientific Instrument 

Non-linear phenomena 
1017 – 1018 W / cm2 

Time-resolved studies 
low jitter (<10 fs) 

Imaging experiments 
Spatial coherence 

Atoms Molecules Clusters 

 ΔT = 2 – 100 fs   

hν = 260 – 3000 eV P = 0.2 – 11.0 mJ 

Coherence: 0.96 
SASE3 

Lin./Circ. Pol. 

Split & Delay 
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Photon beam transport systems 
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European XFEL 

SQS Scientific Instrument 
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§  direct beam         à     Small Quantum System (SQS) 

4 

30 – 50 µm 0.5 – 3 keV (optimized) 
0.25 – 0.5 keV (reduced) 

§  monochromatized       à     Spectroscopy @ Coherent Scattering (SCS) 

SQS  (1 µm) 

SQS Scientific Instrument 

Photon beam transport systems 

SQS  (1 µm) 

Top view 

Side view 
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plane 
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SASE3 

SCS 

SQS/SCS II  

PP 
Laser 

SQS 

General Layout of SASE3 Area 

SQS Scientific Instruments 
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6 General Layout of SQS Scientific Instrument 

SQS Laser Control 

PP Laser 

SQS 
Experiment Area 

NQS 

AQS 

REMI 

Diagn. 

Diagn. KB 

SQS Scientific Instruments 
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7 KB focusing optics (in coll. with WP-73) 

SQS Scientific Instruments 

M. Meyer, XFEL UM2015         

NQS AQS 
KB 

monochromatic 

direct 

F2 F1’ F1 HFM VFM 
-445 -43 -2.8 -1.8 0 0.35 2 Relative position (m) 

Call for Tender 
Dec. 2014 

Delivery 
Dec. 2016 

  Requirements 
n  3 interaction points 
n  ≤ 1 micron focus 
n  variable focus size 
n  high transmission 
n  large wavelength range 

  Challenges 
n  Bendable mirrors 
n  Length 800 mm 
n  Large bending range 
n  Slope error 50 nrad 
n  Cooling system 
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8 Simulations for KB optics  (Mechanical benders) 

SQS Scientific Instruments 

T. Mazza 
WP85 Perfect shape only for ONE position 

Bending range: VFM 600 – 1100 m 
          HFM 400 – 850 m 

Focus size 

50 nrad 

100 nrad 

F1 
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Transmission Focus size 
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9 AQS experimental chamber  (F1 and F1’) 

SQS Scientific Instruments 

MBES 
XUV 

VMI 

Molecular beam 

HReTOF 

Atoms & Small molecules 
Molecular beam 

Vacuum: 10-11 mbar 
Focus: ≤ 1 mu à 50 mu 

 

Spectrometer 
 
HReTOF 
 
VMI 
 
MBES 
 
 
XUV – Spectr. 
1D Imaging 
 

Acceptance 
 
< 0.5% of 4π	

 
       4π	

 
> 50 % of 4π	

 
 
< 1 % of 4π	

 

Resolution 
 
E/ΔE > 104 

 
E/ΔE = 102 

 
E/ΔE = 102 

 
 
E/ΔE > 104 

 

AQS  
Atomic-like Quantum Systems 

Design: 
H. Zhang 
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10 AQS experimental chamber (F1) 

SQS Scientific Instruments 

Velocity Map Imaging Spectrometer 

New Design (in coll. S. Deinert, DESY) 
Segmented Parabolic Repeller 

  E / ΔE = 102 over 500eV range  
Delay Line Detector  or   Phosphor screen 
Enabling TOF – Coincidence Measurements 
 

VMI assembly 

5 HR  
e-TOFs 

AQS  
First Interaction Point F1 
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11 AQS experimental chamber (F1) 

SQS Scientific Instruments 

High-Resolution electron Time-Of-Flight 

d4 

d2 d3 

d1 

collection efficiency 
vs  
resolution 

FEL 

G
as

 in
le

t V1, V2, V3, V4:  
4 voltages 

Final Design (A. DeFanis) 
4 element TOF 

 E / ΔE = 104    (Detector limited) 
0.1 % of 4π acceptance 
3 eTOFs in dipole plane 
2 eTOFs in non-dipole plane 

VMI assembly 

5 HR  
e-TOFs 

AQS  
First Interaction Point F1 

M. Meyer, XFEL UM2015         
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12 AQS: Second Interaction Point F1’ 

In-‐Kind	  Contribu.on:	  
J.	  Nordgren,	  J-‐E.	  Rubensson	  	  
Uppsala	  University,	  Sweden	  

Op.mized	  Design	  
Spectral	  resolu-on:	  10	  -‐	  50	  meV	  	  
Spa-al	  resolu-ons:	  2	  µm	  
Single	  pulse	  sensi-vity	  

New	  detector	  development	  	  
MCP	  with	  mul--‐parallel	  delay-‐line	  
readout	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (WP-‐75)	  	  

SQS Scientific Instruments 

M. Meyer, XFEL UM2015         

Guiding Field 
10-4 T 

MCP 

2 m 

In-‐Kind	  Contribu.on:	  
R.	  Feifel,	  Uppsala	  University,	  Sweden	  	  

3.6 m 

Design	  Parameters	  
Spectral	  resolu-on:	  E	  /	  ΔE	  =	  102	  	  
Retarding	  Mode	  
Transmission:	  90	  %	  of	  4π	

Single	  pulse	  sensi-vity	  
Op-mized	  magnet	  design	  (ion	  –	  electrons)	  



TDR_2012 SQS 

13 NQS Experimental Chamber (F2) 

Multi-photon Atomic Photoionization SQS Scientific Instruments 

 
Cluster, Nano-particles, Bio-molecules 

Cluster source, liquid jet, aerosols 
Vacuum: 10-9 - 10-10 mbar 
Focus: ≤ 1 mu à 50 mu 

 

COLTRIMS Cluster 
sources DSSC 

eTOF ionTOF 

Spectrometer 
 
2D detector 
    DSSC 
 
COLTRIMS 
 
Electron TOF 
 
Ion TOF 
 

Acceptance 
 
variable 
 
 
    4π	

 
<5% of 4π	

 
    4π	

 

Resolution 
 
< 5 nm 
 
 
E/ΔE = 102 

 
E/ΔE > 103 

 
E/ΔE > 102 

 

NQS  
Nano-size Quantum Systems 

Design: 
H. Zhang 

M. Meyer, XFEL UM2015         
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DSSC (1 M Pixel Detector Module)  
DEPFET Sensor with Signal Compression 

(WP-75)  

DSSC &  PMCS 

SQS Scientific Instruments 

M. Meyer, XFEL UM2015         

Porro et al. 
NIMA624,  

509 (2010) 

n  Energy range:    0.5 – 6 (25) keV 
n  Dynamic range  

   > 6000 photons/pixel/pulse @1 keV 
n  Single photon sensitivity  

5 σ @ 1 keV (5 MHz) 
5 σ @ 0.5 keV (≤ 2.5 MHz) 

n  Number of storage cells: 576 

n  Metal and metal oxide clusters  
      (Al, Ti, Fe, Co, Ni, Pd, Ag, W, Pt, Au, Pb,…) 
n  Log-normal mass distribution, µ ~ 102 – 103 

atoms 
n  Source UHV compatible 
n  Specific design for SQS @ European XFEL 

PMCS  
Pulsed Microplasma Cluster Source 

(U Milano)  

He / Ar 
Diff.Pump. 

Rotating 
Cathode 

Cluster 
Beam 

Pulsed valve 
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15 Contribution from User Groups / User Consortia 

n  SQS-REMI:   Reaction Microscope 
U. Frankfurt, MPI Heidelberg 
R. Dörner, R. Moshammer et al. 
 
 
n  HR-VUV spectrometer 
U Kassel, A. Ehresmann et al. 
 
n  Cristal Spectrometer 
FU Berlin, E. Rühl et al. 
 

Add-on equipment 

n  COMO 
State-, size-, and isomer-selected samples 
of polar molecules and clusters 
CFEL Hamburg, J. Küpper et al. 
 
n  Pulsed Microplasma Cluster Source 
U Milano, P. Piseri et al.  
 
n  Mass-selected Cluster source 
U Rostock, K.-H. Meiwes-Broer et al. 

SQS Scientific Instruments 

M. Meyer, XFEL UM2015         

Spectrometers Sample delivery systems 
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16 Schedule for SQS Scientific Instrument 

SQS Scientific Instruments 

M. Meyer, XFEL UM2015         

U Frankfurt 
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European XFEL 

SQS Scientific Instruments 

Thank you for your attention! 
M. Meyer, XFEL UM2015         


