
Unexplored sub-picosecond dynamics 
in matter under extreme conditions

“We already know the 
laws that govern the 

behavior of matter under 
all but the most extreme 

conditions” *

Stephen Hawking

Half of the 30 problems of “the 
physics minimum at the 
beginning of the XXIst century” 
are to a greater or lesser 
degree dedicated to high-
energy-density physics.

V. L Ginzburg, 
Nobel prize in Physics 2003

● High energy densities (HED) ←→ high temperatures 
and densities ←→ extreme conditions

● Recent outstanding experiments revealing the Higgs 
Boson and the gravitational waves were associated with 
high-energy-density events

● Extreme conditions:
- energy densities exceeding 104 –105 J/cm3 (typical 
binding energy of condensed matter)
- pressure level of Mbar

● The major part (90–95 %) of baryon (visible) matter in 
Universe is under extreme conditions
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Pressure Temperature Density

Mariana Trough 1.2 kbar ... ...

Earth’s center 3.6 Mbar 0.5 eV 10–20 g/cm3

Jupiter’s center 40-60 Mbar 2 eV 30 g/cm3

Sun’s center 240 Gbar 1.6·103 eV 150 g/cm3

Inertial plasma 
confinement

200 Gbar 108 eV 150-200 g/cm3

White dwarfs 104-109 Tbar 1.6·103 eV 106–109 g/cm3

Neutron stars 1013-109 Tbar 104 eV 1011 g/cm3

LHC 1018 Tbar 1010 eV 1016 g/cm3
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 ...a unique facility 
for frontier experiments on HED 

The FERMI is the first seeded EUV FEL 
worldwide
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This research is aimed at 

1) extending our knowledge of 
the laws that govern the 
Universe

2) accelerating the development 
of the inertial confinement fusion 
technique for production of clean 
nuclear energy 
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