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UCLM group on Fluids and Plasmas at UCLM

- Our group is composed by 6 researchers and 1 technician. Five of us dedicate to theoretical
research and/or numerical simulations. The other one is dedicated to the experimental research
in our laboratory on high energy density matter created by means of an exploding wire
experiment. Lab at UCLM: Initial equipments given by GSI.

- Every member of the group is involved in one or more collaborations:
a) GSI Darmstadt- Germany (HED physics - LAPLAS)- Naeem Tahir

b) State Key Lab. of Explosive Sci. and Technology – China (hydroinstabilities, shocks)- YuanBo Sun
c) ILE- Japan  (hydroinstabilities)-Takayoshi Sani
d) CEA - France (ICF target design and related physics)- Benoit Canaud

e ) Harvard University - USA (colisionless shocks, plasma instabilities)- Ramesh Narayan
f) Instituto Técnico Lisboa - Portugal (colisionless shocks, plasma instabilities)- Luis Silva
g) Linköping University - Sweden (colisionless shocks, plasma instabilities)- Mark Dieckmann

h) University of Buenos Aires - Argentina (Exploding wire experiments)- Luis Bilbao

i) Other groups at UCLM ( numerical simulations)- Juan José López Cela
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Laboratory Planetary Sciences (LAPLAS)

- Collaboration with GSI starts in 2000 with the aim to provide theoretical support to the 
numerical simulation work at GSI. Our contact person at GSI is Dr. Naeem A. Tahir. Around 120 
paper in international journal has been published in 22 years.

- The main subject is the LAPLAS experiment and, in less extent, HIHEX experiment:
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techniques. This is depicted by the arrows in the diagram on the right
hand side of Fig. 3 that shows predictions on the phase diagram of
lead.54 In this way, HIHEX offers a complementary approach to other
drivers to study WDM off the Hugoniot.

For measurements requiring compressed matter at high pressures
and lower temperatures, like those found in the interior of giant plan-
ets, the LAPLAS scheme will be employed. In LAPLAS, a cylindrical
sample is surrounded by a high-Z tamper. A beam-wobbler module
induces a fast rotation of the ion beam in the focal plane, effectively
generating a ring-shaped focus.63 This allows energy deposition into
the tamper cylinder with minimal heating of the sample material in
the center (Fig. 4). Simulations show that the expansion of the heated
tamper will result in a cylindrically symmetric and uniform inward
compression, with near-isentropic compression of the sample material.
Implosion or compression stability is provided by the elasticity and
plasticity of the metallic tamper shell where elasticity determines the
shell stability and plasticity determines the degree of symmetry that
must be provided by the wobbler heating system.64,65

Simulations show that the HED conditions achievable with
LAPLAS are comparable to the interior of planets. For example, com-
putational studies66 predict that, with this scheme, superionic water
can be generated. Superionic water is expected to be prevalent inside
the ice giants Uranus and Neptune.67–69 Moreover, it will be possible
to study the chemical effects of other elements that are abundant in
the interior of icy giant planets such as carbon-hydrogen phase separa-
tion.29 Simulations also predict that iron, at conditions similar to the
Earth’s core and those expected in “super-Earths,” can be produced
with the LAPLAS scheme.70,71

Compared to other compression methods, LAPLAS offers advan-
tages like a slow compression time of several tens to hundreds of nano-
seconds and the absence of Rayleigh-Taylor instabilities during the
compression phase. However, the highest risk associated with
LAPLAS derives from the necessity to control the cylindrical

symmetry in the energy deposition to the percent level. In addition,
measurement of the sample properties through the tamper is difficult,
although on-axis measurements, based on radiography and spectros-
copy, are technically feasible.70

The third experimental scheme under investigation is the stimu-
lated Mach configuration57 that enables generating planar shocks to
study hydrodynamic instabilities, material properties, and phase mix-
ing. Unlike the HIHEX or LAPLAS schemes, where ions travel
through the target, the stimulated Mach scheme exploits the Bragg
peak such that the heavy ion beam is fully stopped in a dense cone
that hosts a cylinder of the sample material. As illustrated in Fig. 5, the
localized energy deposition around the Bragg peak and the special
conical shape of the target generate a planar shock front. This shock
subsequently propagates in the forward direction into the target mate-
rial. When using a FAIR ion beam pulse with 5! 1010 uranium ions,
the temperature in the sample material remains below the melting
temperature, while the pressure remains below 1 Mbar. The material,
therefore, remains in the solid phase and thus allows studies of hydro-
dynamic instabilities in solid materials. With the full FAIR intensity of
5! 1011 uranium ions, simulations predict that the sample material is
liquefied, and thus, one can study the hydrodynamic instabilities in
fluids. The Mach configuration makes use of the energy deposition
from the sharp Bragg peak. This energy deposition can be modified by
fission or fragmentation of the projectile ions, resulting in lower shock
pressures and lower temperatures. Nevertheless, simulations show that
shock-driven instability studies can be carried out over a wide range of
pressures. The Mach configuration also produces significant amounts
of activated debris, and radiation-protection considerations can ulti-
mately limit the experimental repetition rate.

FIG. 3. The HIHEX scheme where ion beams (U28þ or U73þ) heat a material sam-
ple confined between two tampers. The sample heats isochorically with subsequent
isentropic expansion. Using the SIS-100 parameters envisaged for FAIR Day-one
experiments, the HIHEX scheme will be able to fully explore the critical points of
many periodic system metals. Right-hand side: HIHEX predictions for lead for vari-
ous ion-beam intensities.54

FIG. 4. The LAPLAS scheme uses annular heavy ion beams (U28þ) to heat a
material driver inside a cylindrical tamper shell. Subsequent material heating drives
a cylindrical compression of the sample material. Relatively uniform HED matter
can be formed and probed with this technique up to Mbar pressures. The example
shown above70 is a simulation of an iron sample compressed by a tungsten shell
up to a density of 18 g/cm3, temperature of 1260 K, and pressure of 7.6 Mbar using
a 1.5-GeV/u uranium beam from the SIS-100 with a 75 ns bunch of 5! 1011 ions.
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Shell: W

Samples: H,  Fe,  H2O,  C

Annular focal spot: wobbler system, beam 
stoppers, focal spot shaping, full focal spot

Implosion velocity: 105 cm/s

Acceleration: 2x1012 cm/s2



UCLM- GSI join research fields

1) 1D modelling of the implosion dynamics and comparisons with GSI 2D simulations.
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2) Generation of annular focal spot- symmetry:
a) Wobbler system: rotation, frequency, energy 

distribution in the focal spot.
b) Beam stopper in the central region.
c) Shaped focal spot.
d) Full focal spot.

3) 2D behavior of the implosion: 
a) Hydrodynamic instabilities: RTI, and RMI in 

acceleration and stagnation phases, Bell-Plesset.
b) Optimal shell materials. 
c) Interpretation of GSI 2D simulations. 

4) Transient shock waves: formation and decay.

5) Proposal of experiments on HED material science using 
hydro-instatbilities.



Benefits of the collaboration

- Participation in the design of the experiments to be performed at FAIR.

- Possibility to propose new experiments.

- Direct involvement in the realization of the experiments.

- Integration in an international community.

- International visibility.

- Opportunities for PhD students and postdocs.

- Opportunity to conform a more integrated Spanish community on HED physics: mutual 
collaboration, coordinate projects, internal mobility of PhD students and postdocs. GSI support.

- More opportunities for financial support in Spain.
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