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Abstract

This paper presents numerical simulation results of heating and compression of matter using intense beams of
energetic heavy ions. In this study we consider different beam parameters that include those which are currently
available at the heavy ion synchrotron, SIS18 at the Gesellschaft fiir Schwerionenforschung (GSI), Darmstadt and
those which will be available in the near future as a result of the upgraded facility. In addition to this, we carried
out detailed calculations considering parameters of high-intensity beam which will be generated at the GSI future
Facility for Antiprotons and Ion Research (FAIR facility) that has been approved by the German Government.
These simulations show that by using the above ion beam parameter range, it will be possible to carry out very
useful studies on the thermophysical properties of high-energy density (HED) states in matter. This scheme would
make it possible to investigate those regions of the phase diagram that are either very difficult to access or even
are unaccessible using the traditional methods of shock waves. Moreover, employing a hollow ion beam which
has an annular (ring shaped) focal spot, it would be possible to achieve a low entropy compression of a test material
like hydrogen, which is enclosed in a cylindrical shell of a high-density material such as lead or gold. These experiments
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will enable one to study the interiors of Giant planets, Jupiter and Saturn as well as to investigate the problem of

hydrogen metallization.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The Gesellschaft fiir Schwerionenforschung
(GSI), Darmstadt is a unique laboratory world-
wide that has the capability to generate intense
heavy ion beams at a heavy ion synchrotron
facility, SIS18 which has a magnetic rigidity of
18 Tm. Currently, this facility can deliver a
uranium beam with an intensity N =4 X
10% ions, having a particle energy of a few hundred
MeV/u. The particles are delivered in a single
bunch which is a few hundred nanosecond long. It
is expected that when the upgrade of the SIS18 will
be completed, the beam intensity will be increased
to 2.5 x 10" ions per bunch while the bunch
length will be reduced to about 50ns and the
particle energy will be 197MeV /u [1]. The full-
width at half-maximum (FWHM) of the Gaussian
beam intensity profile along the radial direction,
which for the calculational purposes is considered
as the effective beam diameter will be 1.0 mm.

GSI is also in the process to establish a new
accelerator facility named Facility for Antiprotons
and Ion Research (FAIR) that would include
construction of a new synchrotron SIS100, which
will have a magnetic rigidity of 100 Tm. The SIS18
will be used as injector for the SIS100 and four to
eight bunches from the SIS18 will be transferred to
the SIS100 consecutively, where the ions will be
further accelerated before the beam is finally
delivered onto a target. The SIS100 beam will
therefore consist of 1-2 x 10'> uranium ions
with a wide range of available particle energy
(400 MeV /u—2.7 GeV /u). The bunch length corre-
sponding to this energy range is expected to be
90-20 ns.

Recently, a letter of intent (LOI) named high-
energy-density matter Generated by Heavy Ion
Beams (HEDgeHOB) [2], has been written by the

members of the GSI Plasma Physics Group
together with more than 100 international colla-
borators from about 30 universities and scientific
institutions from all over the world. In this LOI,
two different schemes have been proposed to study
the problem of high-energy-density (HED) states
in matter using the intense heavy ion beams that
will be generated at the FAIR facility. In the first
scheme named Heavy Ion Heating and Expansion
(HIHEX), the material is isochorically heated by
the beam. The heated material can then expand
isentropically and depending on deposited energy,
will reach different interesting physical states from
that of an expanded hot liquid, critical point
region and two-phase liquid—gas region to strongly
coupled plasmas and warm dense matter (WDM)
states. These states are either very difficult to
achieve or are unaccessible using traditional
methods. An additional advantage of the HIHEX
experiment compared to some traditional methods
is that it is not limited to a specific type of target
material, but any material of interest like for
example, metals, minerals or oxides can be studied
[3]. In case of the exploding wire experiments
which are somewhat similar to the proposed
HIHEX scheme, on the other hand, one is limited
to use conductor material only [4]. In addition to
that, due to the large flexibility in beam spot size
and geometry, one may use plane as well as
cylindrical geometry in these studies.

The second type of experiments named Labora-
tory Planetary Sciences (LAPLAS) are designed to
achieve low entropy compression of a sample
material like hydrogen, using a hollow beam that
has a ring-shaped (annular) focal spot. Numerical
simulation and analytic modeling have shown that
using the beam parameters that will be available at
the future FAIR facility, it will be possible to
achieve the physical conditions that are expected
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