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 NQS “Nano-size Quantum Systems” 

Scientific Instrument 

Bio-molecules Nano-particles 

Clusters 

N x hn 

2 - 100fs 

SASE 3: 250 – 3000 eV 

0.2 – 11 mJ 

1014 photons/pulse 

1018 photons/s    
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Experimental Hutch 

DIAGN. 

FOCUSING 

OPTICS 

EXPERIMENTAL 

CHAMBERS 

REFOC. 

OPT. 

DIAGN. 
DUMP 

F2  

 3 m 

1017  1018 W/cm2 

 

F1  

 1 m 

1018  1019 W/cm2 
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High Precision 6-axis Motorized Base 

Maximum payload 1500 kg  

Max foot print: 2100 x 1500 x 350 mm approx.  

Tripod uncoupled system  

Kinematic scheme   

Axis Traveling range Resolution Reproducibility 

X  50 mm 1 m 5 m 

Y  50 mm 1 m 5 m 

Z 
 92 mm 

 58 mm 
1 m 5 m 

Rx  1 1 m 5 m 

Ry  1 1 m 5 m 

Rz  1 1 m 5 m 

Technical specification 
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NQS Endstation  

Vacuum: 10-9 - 10-10 mbar, Focus: ≤ 3 m  50 m 

•  Single shot scattering imaging  

•  Photo-electron spectroscopy 

•  Photo-ion spectroscopy 

• Time resolved pump-probe (XUV-XUV, IR-XUV) exp. 

Option:  Fluorescence spectroscopy 

  

Main chamber 

 

Target delivery 

system 

Scattering  

detector 

 

QMS 

 

New Port leveling base  

 

VMI spectrometer 

 

TOF spectrometer  

 

Baseline equipment: 

            - Even-Lavie valve and/or Parker valve  

               (T. Möller et al., TU-Berlin) 

            - pulsed microplasma cluster source (PMCS) 

              ( P. Piseri, Università degli Studi di Milano) 

Options:  

• Controlled molecular beam  (J. Küpper et al., CFEL) 

• Nano-particle source (J. Schulz et al., WP-79)  

• Liquid jet (J. Schulz et al., WP-79)  

Target delivery system 

soft X-ray 
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Single Shot Scattering Imaging 

DSSC camera: base line equipment 

Detector  

Development 
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DSSC – DEPFET Sensor  

  Information from Monica Turcato (WP-75) 

Mattia Donato, Poster 75  

M. Porro et al, IEEE Trans. Nucl. Sci., Rev. Sci. Instrum., 59 (6), 3339  (2012) 

Central 

Hole 

1 Mpixel Module 

Parameter  Value 

Energy range  

(optimized for) 
0.5 – 6 keV 

Detection efficiency 100 % 

Detector size  210 x 210 mm2 

Number of pixels 1024 x 1024 

Sensor pixel shape Hexagonal 

Sensor pixel size  204 x 236 m2 

Dynamic range 
 5000 @ 0.5 keV 

> 10000 @ 1 keV  

Resolution 
Single photon down to  

0.25 keV 

Frame rate  0.9 – 4.5 MHz 

Stored frames/train 800 

Vacuum conditions  10-6 mbar 

LADDER 

QUADRANT 
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Single Shot Scattering Imaging 
MCP stack with hole in the center 

Day-one solution 
Parameter  Value 

Energy range  0.5 – 2 keV 

Detection efficiency 15 – 5 % 

Detector size  75 mm in diameter 

Number of pixels  1000 x 1000 

Spatial resolution 75 x 75 m2 

Dynamic range < 1000 @ 1 keV 

Resolution 
Single photon down to  

0.25 keV 

Read out noise 
1e- rms  

(sci. CMOS camera)  

Frame rate  100 Hz 

Hole in the center 3 mm in diameter 

Vacuum conditions <10-9 mbar (UHV comp.) 

SQS team              T. Möller et al.  

& 

C. Bostedt et al., J. Phys. B: At. Mol. Opt. Phys. 43, 194011 (2010) 

D. Rupp, Ph.D. thesis, TU Berlin, 2013 
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  Information from Friederike Januschek (WP-75) , Poster 47 

P. Denes et al, Rev. Sci. Instrum., 80, 083302 (2009) 

D. Doering et al, Rev. Sci. Instrum., 82, 073303 (2011)   

Fast CCD camera 

Option for Day-one  Parameter  Value 

Energy range  0.25 – 6 keV 

Detection efficiency 
 50% @ 250 – 600 eV 

 94% @ 1 – 6 keV 

Detector size  57.6 x 28.8 mm2 

Number of pixels 1920 x 960 

Sensor pixel shape Rectangular 

Sensor pixel size  30 x 30 m2 

Dynamic range 1000  above 0.5 keV 

Energy resolution,  262   4 eV 

Resolution 
Single photon from 

1 keV (3.9) 

Read out noise 30 e- rms (high gain) 

Frame rate 
120 Hz FS mode 

60 Hz FF mode 

Hole in the center 1.8 mm in diameter 

Vacuum conditions  10-6 – 10-7 mbar 

Single Shot Scattering Imaging 

Detector  

Development 

Fast CCD image & Fe-55  
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  Information from Markus Kuster (WP-75)  

Large-area pnCCD chip  

pnCCD detector 

“Low Speed” Imagers for 10 Hz Applications  
Single Shot Scattering Imaging 

Parameter  Value 

Energy range  0.03 – 25 keV 

Detection efficiency > 80% @ 0.7 – 613 keV 

Detector size  78 x 78 mm2 

Number of pixels 1024 x 1024 

Sensor pixel shape Rectangular 

Sensor pixel size  75 x 75 m2 

Dynamic range >6000  @ 1 keV 

Resolution 
Single photon from 

50 eV to 25 keV 

Read out noise 6 e- rms (high gain) 

Frame rate Up to 150 Hz 

Minimum center gap 2 mm 

Vacuum conditions 
Goal < 10-8 mbar  

(UHV comp.) 

Detector  

Development 

L. Strüder et al., Nucl. Instr. Meth. Phys. Res. A 614, 483 (2010) 
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Scattering Detector Options 

Parameter DSSC Fast CCD pnCCD MCP stack 

Detector size, mm2 

210 x 210  

4 quadrants  

4 ladders in quadrant  

57.6 x 28.8 78 x 78  75 

Pixel size, µm2 204 x 236 30 x 30 75 x 75 
Spatial resolution is 

expected to be 75 x 75 

Number of pixels 

1024 x 1024 

4 quadrants  

4 ladders in quadrant 

1920 x 960 1024 x 1024   750 x 750 

Detection efficiency 100% for 0.5 – 6 keV 
>50% for 250 – 600 eV 

>94% for 1 – 6 keV 
>80% for 0.3 – 12 keV 

15 – 5 %  

for 0.5 – 1.5keV 

Single photon resolution 
0.5 keV at 2.5 MHz 

1 keV at 4.5 MHz 
 > 1 keV yes, in whole energy range - 

Dynamic range 

photons/pixel/pulse 

6000 (up to 12000) 

at 1 keV 

1000 

at 0.5 keV 

5x104 at 0.2 keV 

5x103 at 2 keV 
expected to be 1000 

Read out noise, rms ? 30e- 
Low gain  – 25 e- 

High gain – 3 e- 
1 e- (Andor camera) 

Read out frequency 
800 frames/ bunch train 

10Hz 
60 Hz Up to 150 Hz Up to 100 Hz 

Min. center gap 2 x 2.5 mm2 
hole  -  1.8 mm 

active area -  2.4 mm 
< 2 mm 

hole  -  3.0 mm 

active area -  6.0 mm 

View angle 
0.2 - 35 at 300 mm 

0.06 - 12 at 1000 mm 
1.0 - 24 x 1.0 - 12 

at 65 mm 

3 - 67 at 20mm (min.) 

0.9 - 36 at 65 mm 

0.6 - 25 at 100 mm 

0.2 - 9 at 300 mm 

2.5 - 30 
at 65 mm 

Angle resolution 
0.052 at 300 mm 

0.016 at 1000 mm 
0.026 

at 65 mm 

0.21 at 20mm (min.) 

0.066 at 65 mm 

0.043 at 100 mm 

0.014 at 300 mm 

0.044 
at 65 mm 

Vacuum, mbar 10-6 - 10-7 10-7 - 10-8 10-9 - 10-10 10-10 - 10-11 

Bakeable  No No Yes Yes 

Availability - first day - first day 
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Baseline equipment 

Photo-electron Spectroscopy  

VMI spectrometer with conical electrodes 

► electron kinetic energy range from 0 to 150 eV (200 eV) 

► 4 sr acceptance 

► resolution is better than 4% 

► full view angle for the scattering detector is max. 60 

High resolution eTOF spectrometer (AQS) 

► electron kinetic energy range from 5 to 5000 eV 

► 0.2% of 4 sr acceptance 

► E/E  104 at 800 eV 

Photo-ion Spectroscopy  

Standard Wiley-McLaren TOF spectrometer  

►operate with the scattering detector & VMI spectrometer  

► mass resolution: 

• above 1000 amu for the thermal ions (VMI&TOF mode) 

• above 25000 amu for the thermal ions (TOF mode only) 

 

 

 

 

 

 

V. Lyamayev et al., J. Phys. B 46, 164007 (2013) 
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Options 

Photo-electron Spectroscopy  

double VMI spectrometer 

high kinetic energy range VMI spectrometer (AQS) 

magnetic bottle (R. Feifel et al., U Göteborg) 

 SCIENTA analyser (K.H. Meiwes-Broer et al., U Rostock)  

Photo-ion Spectroscopy  

Magnetic deflection TOF (B-TOF) spectrometer   

►mass resolution: 

• possible to distinguish ions with energies between 1 eV and 1 MeV and  

charge states between 1+ and 30+  

• the spectrometer is very flexible (changing the magnetic field) 

• compatible with TOF and VMI spectrometers 

Thomson parabola (E. Rühl et al., FU-Berlin)  
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Rare gas clusters 

Metal clusters   

Even-Lavie valve Parker  valve 

Max. rep. rate – 1 kHz 

Max. stag. pressure – 100 bars 

Temp. range –  4  375 K 

Pulse duration – min. 13 s    

Max. rep. rate – 250 Hz 

Max. stag. pressure – 82 bars 

Temp. range –  200  380 K 

Pulse duration – min. 300 s    

 - rare gas clusters : Ne, Ar, Xe 

- He nanodroplets 

- doped He nanodroplets   

Pulsed microplasma cluster source  

 - Metal and metal oxide clusters  

      (Al, Ti, Fe, Co, Ni, Pd, Ag, W, Pt, Au, Pb,…) 

- Log-normal mass distribution, μ ~ 102 – 103 atoms 

 

 

Target Delivery System - Baseline Equipment 

Cold head 

Expansion 

chamber 

Doping 

chamber 

Diff. Pumping 

stage 

(T. Möller et al., TU-Berlin) 

( P. Piseri, U Milano) 

Diff.Pump. 

Rotating 
Cathode 

Cluster 
Beam Pulsed valve 

He / Ar 

He droplet source 

Pulsed microplasma cluster source 
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