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Hot gluons and strings inside SX-8 supercomputer

Maxim Chernodub

Laboratoire de Mathématiques et Physique Théorique, UMR CNRS 6083,

Université de Tours, Parc de Grandmont, 37200, Tours, France

In recent years research on very hot and
superdense quark—gluon plasma became a major
development in the theory of strong interactions,
Quantum Chromodynamics. This very exotic form of
matter is likely to be formed in heavy ion
collisions at Relativistic Heavy Ton Collider in
Brookhaven, USA. In forthcoming vyears other
powerful experiments will join the international
race towards new discoveries in physics of the
plasma. These are ALICE experiment at the Large
Hadron Collider in CERN (located at the boarder
between France and Switzerland), Facility for
Antiproton and Ion Research experiment at GSI
(Darmstadt, Germany), and Nuclotron—based Ion
Collider facility (Dubna, Russia)

The quark—-gluon plasma is a state of matter
which existed in the very early Universe when our
World was just hundreds microseconds old. The
experiments show that this state of matter has
unexpected properties. For example, the plasma
turns out to be a perfect liquid rather than a
weakly interacting gas of quarks and gluons

The plasma can be studied directly, at heavy
ion accelerators, and indirectly, via numerical
simulations using modern computer facilities. It
is difficult to overestimate significance of
numerical simulations for the plasma research.
The total costs (building, running, maintaining,
and analyzing the data) of the real experimental
facilities are many orders of magnitude higher
compared to the costs of numerical lattice
simulations. On the other hand both approaches
provide important and valuable information about
the properties of this exotic state of matter.

Computer simulations at SX-8 supercomputer at

RCNP have revealed that the quark—gluon plasma

contains monopole—like and
vortex—like magnetic objects
made of  gluons. These

gluomagnetic objects (which

are of a topological nature)

form chains: the monopoles and antimonopoles are
connected to each other by the vortex segments (as
illustrated in the Figure above). The magnetic
defects may exist in various forms depending on
the temperature T of the system, as shown in the
Figure below (the temperature is given in units
of  the temperature T, = 170

MegaElectronVolt ~ 2 000 000 000 000 Kelvin

critical

corresponding to the deconfinement transition).

condensate liquid _1 gas
| . \ —
0 1 2 - /T

c

The computer simulations show that the
magnetic defects provide a large contribution to
the energy density and pressure of the gluon
plasmall]. The thermodynamical significance of
the magnetic objects indicates that the
quark—gluon plasma contains a developed network
of the magnetic flux tubes

Although our understanding of the strongly
interacting plasma is getting much better, many
mysteries — mostly related to exotic transport
still remain

properties of the plasma -

unsolved. The research using the supercomputer
will provide further valuable developments to

resolve these mysteries

[1] M. N. Chernodub, Atsushi Nakamura, V. I.
Zakharov, Phys.Rev.D78, 074021 (2008); M. N.
Chernodub, Katsuya Ishiguro, Atsushi Nakamura,
Toru Sekido,
Proceedings of Science LAT2007, 174 (2007)

Tuneo Suzuki, V.I. Zakharov,
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