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Megaproject XCELS 

XCELS - world most powerful laser infrastructure that will be built at  

the Institute of Applied Physics in Nizhny Novgorod  
to study the properties of matter and vacuum in the presence of extreme light  

	

XCELS+ 

XCELS 

ELI-DC 

XCELS - Exawatt Center for Extreme Light Studies 

Ascent to the highest intensity of light, 
"the Extreme Light" www.xcels.iapras.ru 

http://www.xcels.iapras.ru/
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Laser source for XCELS  

XCELS is based on the 200 
Petawatt (2 × 1017 Watt) laser 
facility that exceeds the 
current record power level by 
100 times. It comprises 12 
amplification channels, each 
producing a laser   pulse with 
400 J energy and 25 
femtosecond pulse duration.  

A specially designed focusing system  provides 
the ascent to the highest intensity level of 1025 - 
1026 W/cm2 by combining 12 laser beams. The 
resulting energy density in the focal area 
attains 1012 J/cm3, several orders of magnitude 
higher than in the center of the Sun. 
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Key technologies behind XCELS laser facility 

The XCELS laser facility is based on the technologies developed at the Institute of 
Applied Physics in Nizhny Novgorod and the Russian Federal Nuclear Center in Sarov  
and implemented in PEARL and FEMTA, the world’s first petawatt parametric lasers 

FEMTA PEARL-10 

Large aperture nonlinear crystals 
and optical gratings provide 
amplification and compression of 
laser pulses to multipetawatt level 
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New science with XCELS 

The main goal of XCELS is to study new science and applications at the 
emerging interface between high-field physics and high-energy physics 
 

ionization 

relativistic electrons 

             probing vacuum 

relativistic ions 

EM cascades 

vacuum breakdown 

radiative losses 

gamma sources 

XCELS+ 

XCELS 
ELI I-III 

Electromagnetic cascades in 
vacuum can be produced by  

laser light 
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Prospects for fundamental research and applications 
 

•Ultrarelativisitic laser-
matter interaction 
•Exotic states of matter with 
ultrahigh energy density, 
laboratory astrophysics 
•Phenomena of nonlinear 
quantum electrodynamics in 
the presence of ultraintense 
laser fields; ultradense 
electron-positron plasma 
• Study of space-time 
structure of vacuum 
•Nuclear optics 

1028 W/cm2 

10 nm 

 
•Ultracompact particle 
acceleration 
•Directed brilliant gamma-
ray sources 
•Material diagnostics and 
metrology with picometer 
spatial and subfemtosecond 
temporal resolution 
•Advanced particle and 
radiation sources for 
medicine, pharmacology, 
radiography, nuclear 
inspection and processing  
 

Electron acceleration with rate 1 GeV/cm 

Directed -ray source with 10 GeV quanta 

300 MeV protons from thin foils  
for hadron therapy 

Generation of giant attosecond pulses 
for probing of quantum vacuum 

XCELS - Exawatt Center for Extreme Light Studies 
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Megaproject XCELS 

World Renown Scientific Schools 

 

• Lasers  
   (A.M. Prokhorov, N.G. Basov) 

 

• Nonlinear Optics  
  (R.V. Khokhlov, V.I. Talanov) 

 

•Plasma Physics  
  (V.L. Ginzburg, A.V. Gaponov-Grekhov) 

 

•Theory of Extreme Light Interactions  
  (L.V. Keldysh, N.B. Narozhny) 
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International Collaboration 

The main contribution of foreign partners is supposed in the form of  
high-tech research equipment for the laser complex and research laboratories 

The Ministry of Education and Science of France 
The Commissariat of Atomic Energy of France 
Thales (France) 
The Nuclear Energy Agency of Japan  
High Energy Accelerator Research Organization KEK (Japan)  
Center for Antiproton and Ion Research-  FAIR (Germany)  
 

 

 
Extreme Light Infrastructure - ELI (Europe)  
Lawrence Livermore National Laboratory (USA) 
Los Alamos National Laboratory (USA)  
Fermi National Accelerator Laboratory (USA)  
Rutherford Appleton Laboratory (UK) 
The John Adams Institute for Accelerator Science (UK) 

 

Interest to collaborate  from: 

XCELS International Advisory Committee was founded in December 2011 

Gérard Mourou – Chair, Ecole Polytechnique, France  
Christian Barty – Lawrence Livermore National Laboratory ,USA  
Paul Bolton – Kansai Photon Science Institute,  Japan 
Maria Douka – European Commission  
Bjorn Manuel Hegelich – University of Texas at Austin, USA 
Dino Jaroszynski – SCAPA ,University of Strathclyde, UK 
Kazuoshi Koyama – KEK, Japan 
Thomas Kuehl – GSI Helmholtzzentrum, Germany  
Thierry Massard – Commissariat of Atomic Energy, France  
Wolfgang Sandner – Director General of ELI 
Toshiki Tajima – International Committee for Ultraintense Lasers, ICUIL  
 
 
 

G.Mourou, Chair of XCELS IAC 

T.Tajima, Chair of ICUIL W.Sandner, Director General of ELI 
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International Expertise 

“The expert group encourages the Russian 
authorities to timely implement the first stages 
of the XCELS project, in order to demonstrate 
the feasibility of the project to the potential 
partners and to keep up with the dynamic 
international evolution of high-power lasers. “ 
Dec. 20, 2013 
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MoUs with European Partners 
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ELI + XCELS = Joint Pan-European Infrastructure ? 

XCELS – 4th Pillar of ELI ? 


