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Optional target 
chamber for  
expt. staging 

Helmholtz Beamline at the European XFEL  

Laser Options (~0.1 – 10 Hz) 
~PW, 150J/150 fs  DPSSL 
~PW, 30 J/30 fs  Ti:Saph 
~kJ, ~1-10 ns shaped 

Pulsed Magnets  (1 ms, ~50 T) 
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Helmholtz Beamline-XFEL:  Ultra-intense & High-energy Lasers 

Extreme radiations 

Extreme pressures Extreme particle beams 

  effects and problems to be investigated:

  - deformation of light cone, birefringence, polarization effects
  - nonpertubative QFT in strong laser fields
  - photon-photon scattering
  - electron-positron pair creation (in vacuum), ...
 

Avetissian [14]: 10  W/cm
Popov [15]:      10  W/cm
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Strong Fields  
Extreme currents 



             Mitglied der Helmholtz-Gemeinschaft Page 4 
                                                                                         Prof. T.E. Cowan ● Institute of Radiation Physics ● www.hzdr.de      503. WE-Heraeus, Bad Honnef, 13.04.2012 

1) Synchronized X-ray pulse:  

   ~1012 ph/pulse, 0.1%, ~150 fs, coh.       

2) Sample modification: 

   - Isochoric heating (Laser or XFEL) 

   - Laser-driven particles & radiation 

   - Laser-driven shocks 

   - Ramped cold compression 

   - w/ or w/o pulsed High-Magnetic field (50 T)  

3) XFEL-based probing:  
   - Bragg & Laue Diffraction 

   - Absorption Spectroscopy  

         XAS, XANES, EXAFS 

   - Radiography, PC Imaging 

   - Thomson scattering 

   - XPCS 

   - Faraday rotation 

4) Laser-based probing:  
   - proton radiography 

   - interferometry, VISAR, FDI 
   - XUV, X-, g-ray backlighting    

   - fs-electron diffraction 

   - X-ray spectroscopy  

  absorption, self-emission 

European XFEL 
X-ray Pulse 

Helmholtz Beamline-XFEL:  New Experimental Capabilities 

  XFEL-based probing  faster, brighter (focused), coherent 

(~10 – 
  150 fs) 

(~ few ps) 
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Helmholtz Beamline-XFEL:  New Scientific Opportunities 

• Extending the scope of HED science at European XFEL 
  extremes of P, T,  r, j, B- & radiation-fields 

• Exploring new regimes of Strong-field Physics  

• Particle- and radiation-driven Dynamic & Non-equilibrium 
Processes in materials, chemical- and biological-systems 

• Fundamental physics of ultra-intense laser-matter 
interactions for societally-relevant applied research 

• Hard x-ray spectroscopy (XMCD, XAS) in magnetic materials 
and strongly correlated electron systems at high fields (50 T) 
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Helmholtz Beamline at European XFEL -- Proposed Funding 
 

Website:    www.hzdr.de/hgfbeamline 

http://www.hzdr.de/hgfbeamline
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Helmholtz-Beamline at European XFEL – User Consortium 
 
 

Helmholtz Partners:     T.E. Cowan, U. Schramm   (HZDR) 
   E. Weckert  (DESY) 
   Th. Stoehlker  (HI Jena) 
 
European XFEL Contact: Th. Tschentscher 

Website:    www.hzdr.de/hgfbeamline 

http://www.hzdr.de/hgfbeamline
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Helmholtz-Beamline at European XFEL – User Consortium 
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Helmholtz-Beamline at European XFEL – User Consortium 
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Germany:  20 
 CFEL, DESY, EMMI-GSI, GFZ-Potsdam, GSI, HI-Jena, HZDR, MBI, 

MPIK-HD, MPQ, OncoRay, Uni Bayreuth, TU Darmstadt, TU Dresden, 
Uni’s Frankfurt, Freiburg, IOQ-Jena, LMU-Munich, Rostock, Siegen 

 
Europe:  24 
 PSI (CH); FZU-PALS (CZ); CLPU-Salamanca (ES); IRAMIS-CEA, CEA-

Arpajon, LULI, CELIA-Bordeaux, UPMC (FR); Univ Pecs (HU); Uni 
Roma (IT); MUT-Warsaw (PL); JIHT-RAS (RU); Stockholm, Umea, 
Uppsala (SE); Edinburgh, IC, QUB, UCL, Oxford, Plymouth, SUPA, 
Strathclyde (UK); European XFEL 

 
Asia:   8 
 IOP-CAS, Peking Univ., Univ. Shanghai, SIOM (CN); Tata IFR (IN); 

ILE-Osaka, JAEA-Kansai, Univ. Kyoto (JP); 
 
US:  11 
 Carnegie Inst. Wash., General Atomics, LANL, LBNL, LLNL, ORNL, 

Ohio State, Rockefeller Univ, SLAC-LCLS, UCSD, UNR 

Helmholtz-Beamline at European XFEL – Institutions & Topics 

>85 Groups, 63 Institutions, ~360 faculty/scientists,  ~300 students 

Faculty/Groups 86 

Institutions 63 

Faculty/Staff/Students  678 

Structural dynamics – Materials / Bio 21 groups 

Relativistic Laser Matter Interaction 32 groups 

Magnetic Materials* (recent)   2 groups 

High Pressure Physics 16 groups 

Strong field & nuclear physics 16 groups 

Warm dense matter 26 groups 

  Nr % % 

DE HGF 74 10.9 33.3 

DE 152 22.4 

EU UK 73 10.8 33.9 

FR 39 5.8 

ES 29 4.3 

SE 28 4.1 

CH 10 1.5 

CZ 10 1.5 

PL 10 1.5 

RU 10 1.5 

HU 9 1.3 

IT 6 0.9 

XFEL 6 0.9 

Asia CN 94 13.9 17.8 

JP 22 3.2 

IN 5 0.7 

US US 101 14.9 14.9 
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Helmholtz-Beamline at European XFEL – Partner Contributions 
 
 

 
 

Partial List, 15.03.12 



  

Thomas Tschentscher, European XFEL,  

Hamburg, 13/11/2011 

Surface building near SASE 2 12 

PW/kJ laser transport 

(undergroud canal) 

Access 

Truck, large items, cran 

Access to XHEXP 

SASE 2 area 

(12 m below ground level) 



             Mitglied der Helmholtz-Gemeinschaft Page 13 
                                                                                         Prof. T.E. Cowan ● Institute of Radiation Physics ● www.hzdr.de      503. WE-Heraeus, Bad Honnef, 13.04.2012 

Helmholtz Beamline-XFEL 

SASE2 
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Helmholtz Beamline-XFEL:  PW Laser Options 

Ti:Sapph 
30 J / 30 fs / 1 Hz 
6 J / 30 fs / 10 Hz 

Diode-pumped CaF2 
200  J / 150 fs / 1 Hz 
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Helmholtz Beamline-XFEL:  kJ-class Laser Options 

Diode-pumped Mercury (LLNL) 
60 J / 10 Hz 

STFC CLF Dipole  
10 J / 10 Hz 
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High fields for science 

 
Module design of the 

50 MJ capacitor bank of the HLD 
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Helmholtz Beamline-XFEL: X-ray Magnetic Absorption & Scattering 

- Full magnetic field history (XMCD, XAS) in single macropulse train  
- Allows much higher fields (50 T), versus at ESRF  
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Helmholtz Beamline-XFEL:  Scientific Case 

• Extending the scope of HED science at European XFEL 
  extremes of P, T,  r, j, B- & radiation-fields 

• Exploring new regimes of Strong-field Physics  

• Particle- and radiation-driven Dynamic & Non-equilibrium 
Processes in materials, chemical- and biological-systems 

• Fundamental physics of ultra-intense laser-matter 
interactions for societally-relevant applied research 

• Hard x-ray spectroscopy (XMCD, XAS) in magnetic materials 
and strongly correlated electron systems at high fields (50 T) 
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Background:  Science using kJ and PW lasers 
 

• Nova, Vulcan, LULI, Phelix, Omega, NIF,  
LIL, Jupiter, Trident, Gekko XII, … 

 
 

   hard x-ray backlighting is an essential component of many 
experiments – complex targets, constraints on rep-rate, brightness, 
techniques, and quality 

    
   laser-drivers at 4th generation XFEL will be revolutionary 
     
        from shot-per-hour/day/year      to ~Hz rep-rate, shot-on-demand 
  
    from “demonstration”      to “precision & systematic” exploration 

Helmholtz Beamline-XFEL: Scientific Case 
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Targeted sessions on: 
 
• Materials at extreme pressure 
• Dynamics of particle damage 
• Ultra-intense laser-matter interaction 
• Strongly magnetized plasmas (lab astrophyics) 
• Electron transport 
• Particle Acceleration…. 
 

Broad interest in use of future 
Helmholtz Beamline at XFEL  

Helmholtz Beamline-XFEL:  Scientific Case 
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XFEL combined with a high-power laser drivers will  

open a new frontier of Science at Extreme Conditions 

Diffractive imaging 

Shock 

X-ray absorption for Melt, 

Chemistry 

Thermodynamic states 
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X-ray scattering => structure, 
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Courtesy G. Collins 
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XFEL will enable measurements of the structure factor in dynamic 

compression experiments  

Liquid diffraction will be 

required for melt curves, 

coordination, bonding 

dynamic compression requires 

single shot or signal avg. 

Coordination of complex 

fluids 

X-rays 

Undulator 

Argon at  

1 GPa 

300 K 

Radial distribution 

function in for compressed 

liquids 

J. Eggert, 02 

Eggert measured the  

Distribution function for H2O Coordination # obtained from g(r ) 

This provides absolute density 

determination 

This combined with XANES or EXAFS will provide detailed bonding 

for complicated systems 
Courtesy G. Collins 
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Phase contrast and Coherent diffractive imaging on XFEL will connect 

atomic to mesoscale behavior of matter 

With sufficiently high beam coherence (i.e. high spatial resolution), 

Phase Contrast imaging  Coherent Diffractive imaging 

Shock front @ 2 m 

resolution 

Shock front @ 50 nm 

resolution 

Phase-contrast 

imaging (near-field) 

Coherent-diffractive 

imaging (far-field) 

XFEL beam 

Fresnel 

Zone 

plate 

Order-sorting 

aperture 

Shocked 

sample 

Laser 

drive 

In-line x-ray microscopy 

Single-pulse imaging:  

105-107 ph/pulse 

(resolution dependent) 

CCD or 

image plate 

Courtesy G. Collins 
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Isochoric Heating Compression 

• Ramped (~kJ, ~ns) cold 
compression to TPa  

Al 

Helmholtz Beamline-XFEL:  extending HED Science at XFEL 

• Short-pulse laser-driven  

• XFEL-driven 
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Isochoric heating with ultra-intense short-pulse lasers 

Pulsed external ~MG magnetic transport inhibition 
Bakeman et al., Megagauss XI (2007) 

http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf 
 

Interface shock heating in heterogenous targets 
Sentoku et al., Phys. Plasmas 14, 122701 (2007) 

Isochoric heating with laser-accelerated protons 
Patel et al., Phys. Rev. Lett. 91, 125004 (2003) 

Electrostatic-confinement of hot electrons using 
reduced-mass targets 

Perez et al., Phys. Rev. Lett. 104, 085001 (2010) 

 ultrafast, focused, intense x-ray probe  

Self-generated magnetic confinement of hot 
electrons and enhanced heating  

Rassuchine et al., PRE 79, 036408 (2009) 

http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
http://conferences.theiet.org/mg-xi/mgxi-final-v7.0.pdf
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Extreme States of Matter at High Compression  

Courtesy G. Collins 

- fracture & deformation 
- shock dynamics 
 

- isentropic compression 
- core hybridization 
    “kilovolt chemistry”  
      
- “materials by design” with Rostock, Oxford, DESY, Edinburgh, LLNL, 

LANL, LCLS, LULI, CEA, CELIA-Bordeaux, IOE-MUT 
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Helmholtz Beamline-XFEL: Xray Science up to 4 Mbar and beyond 
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  effects and problems to be investigated:

  - deformation of light cone, birefringence, polarization effects
  - nonpertubative QFT in strong laser fields
  - photon-photon scattering
  - electron-positron pair creation (in vacuum), ...
 

Avetissian [14]: 10  W/cm
Popov [15]:      10  W/cm

2

27 2
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absorptive: pair production

• Vacuum birefringence: 
Th. Heinzl, R. Sauerbrey, et al., Opt. Commun. 
267, 318 (2006) 

Strong Field Physics 

(H. Gies group, HI-Jena) 
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Strong Field Physics  

with IOQ-Jena, HI-Jena, HZDR, LCLS. 
other concepts:  MPIK-HD, Oxford,  
LLNL, GSI, Umea Univ, LMU-Munich  

T. Heinzl, et al, Opt. Com. 267 (2006) 318 

E.g., Birefringence of QED Vacuum 

highest intensity 

at 15 keV, 
1022 W/cm2 

 
~3.5 10-5 

 
 

~3 10-10 
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Channel cut Si 400 crystal 

Realization –  channel-cut Bragg crystal polarimetry  

I. Uschmann et al, “Determination of high 
purity polarization state of x-rays,”  
ESRF expt. (2010) 
 
(5 x 10-10 polarization) 
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Dynamics of particle-induced damage  

 GOAL:  Predictive understanding of ion-
induced damage, by experimental bench-
marking & validation of MD calculations of full 
dynamics 
 
• Ion implantation damage  
 
• Fast neutron damage  
 

Ion-induced damage: 
• knock-ion cascade   
• local melt 
• refreezing 
• residual defects 

 
• also, electronic heating  
(electron-phonon coupling) 

 
 

XFEL Beam 

with PSI, ORNL, HZDR, 
LANL, LLNL, ILE-Osaka, 
HiPER, ELI 
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Dynamics of particle-induced damage  
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Ultra-Intense Laser-Matter Interactions 

Rapidly growing community of PW laser research worldwide…  

Penelope, Phelix, Polaris, Draco-PW, 
Vulcan, AstraGemini, SCAPA, Jupiter, 
Trident, Omega-EP, PETAL, ILE, ELI, 
LFEX,… CILEX  

Many prospective applications… 
• Compact accelerators 
• Table-top light sources 
• Isochoric heating 
• Fusion Energy 
• Radiation research in Oncology 
• Ultrafast Science 

  Physics inside of solid-density plasma: 
 
particle transport, filamentation, ionization dynamics, extreme self-fields, 
return currents, e-e & e-i relaxation, heating, resistivity, magnetic diffusion, 
… 
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1013 A/cm2,  > 1000 T, 1013 V/m, ~keV solid density   

Extreme Ex 

Electron transport & strong fields in laser-driven targets  

Extreme current densities, magnetized current filaments, and strong 
quasi-static resistive fields in ultra-intense laser-matter interactions 

 Current filamentation 

Important Questions: 
- return-current generation, neutralization  
 (ionization, resistivity, heating) 
- filament formation & propagation 
- particle & energy transport 
- quasi-static resistive fields   
- magnetic diffusion (relaxation, >6 ps) 
- e-e & e-i equilibration 
- material dependence 
- dependence on laser-intensity…… 

• Extreme transients & gradients 
• Transition through cold-WDM-hot 
• Extreme magnetizations 

 
 Ultrafast probing of B, Z*, je, Te, 
inside solid-density plasma, time & 
space resolved 
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Helmholtz Beamline-XFEL:  Filamentation instabilities 

Y. Sentoku et al, PRE 65, 046408 (2002);  PRL 90, 155001 (2003) 

 

Affects laser-accelerated 
proton beam quality at 
highest laser intensities…. 

P Antici et al, JPCS 244, 022016 (2010);  
Y Sentoku et al, PRL 107, 135005 (2011); 
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Helmholtz Beamline-XFEL:  Proton beam filamentation 
 

Proton beam disruption for thinnest targets 
Palmer et al, PRL accepted… 

Rayleigh-Taylor , or Relativistic electron filamentation ? 
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Extreme Ex 
5000 Tesla quasi-static field  x-ray Faraday rotation imaging 

dzBnK ze 2l

with K= 2.629×10-13 M.K.S. units. 

B-field imaging in solid-density plasma by x-ray Faraday rotation 

Channel-cut Si cyrstals:  
I. Uschmann et al, HI-Jena 

Apply to filamentation... 
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Self emission 
spectroscopy t 

~ 5-10 ps 

Bulk electron temperature  
Tbulk ( x, y, t ) 

Locally-averaged spectrum 

with D. Thorn, T. Stoehlker (HI-Jena, GSI), M. Harmond, S. Toleikis (DESY) 

Ionization dynamics & heating by 2D space-resolved XAS  

European XFEL  
X-ray Pulse 
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Detailed simulations of “shock” heating in CD2/Al/CD2:  Lingen Huang, T. Kluge, M. Bussmann, et al. 
and planning for HZDR/LLNL/STFC experiment:   B. Ramakrishna, R. Shepherd et al.  

Shock heating at material interfaces 

Longitudinal Electric Field Deuteron Density 

1020 W/cm2    150 fs  

based on:   
“Isochoric heating in heterogenous solid targets with ultrashort laser pulses,”  
Y. Sentoku, A. Kemp, R. Presura, M. Bakeman, T.E. Cowan, Phys. Plasmas 14, 122701 (2007) 



             Mitglied der Helmholtz-Gemeinschaft Page 40 
                                                                                         Prof. T.E. Cowan ● Institute of Radiation Physics ● www.hzdr.de      503. WE-Heraeus, Bad Honnef, 13.04.2012 

Additional prospects at European XFEL 
 
 • Structural Biology  membrane protein functionality in radiobiology 

- Fahmy, Barty, Dubrovska, Sakmar et al, (HZDR, CFEL, OncoRay, Rockefeller, …) 

•  High-field X-ray Magnetic Circular Dichroism   
- XFEL allows use of ms-duration pulsed magnets 
~50 T pulsed magnets added to HGF Beamline 
 

•  Magnetized solid-density plasma & Compressed Matter  

ce
ll 

m
em

b
ra

n
e

 

Metal-ATPases 

Rhodopsin 
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Summary 
 
Helmholtz Beamline at European XFEL will provide many  
New Scientitic Opportunities 
 
 • Matter at extremes of P, T,  r, j, B- & radiation-fields 

• New regimes of Strong-field Physics  

• Particle- and radiation-driven structural dynamics 

• Physics of ultra-intense laser-matter interactions 

• Hard x-ray spectroscopies at highest magnetic fields  

  laser- & high field-drivers at XFEL will be revolutionary 
     
    from shot-per-hour/day/year      to ~Hz rep-rate, shot-on-demand 
     
    from “demonstration”      to “precision & systematic” exploration 
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Thank you for your attention 


