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Introduction

This study aims to determine the preliminary design parameters for
the International Muon Collider Collaboration (IMCC) liquid-lead target
exposed to volumetric heating rates up to (1017 W/m3) and energy deposition
pulses on the order of nanoseconds. Under such conditions, previous studies
and experiments have shown the formation of shock waves and splashing
within the liquid target. The study employs the Mie-Grüneisen and Tait
equations of state, starting from the distribution of the thermal source within
the target.

1 Physical Model

The intense thermal deposition and short deposition time generate a
compressed, high-pressure fluid region that expands through the domain in
the form of shock waves [2]. This deposition in the fluid is modelled as a
high-pressure region at the initial time. The pressure within the volume
is estimated using the following Mie-Grüneisen equation of state. Using the
value of the thermal source, the overpressure required to initialize the problem
is obtained as,

p = pref +
γ

V
(E − Eref).

The fluid motion is solved using the Volume of Fluid (VOF) method,
assuming an inviscid three-phase mixture of liquid lead, lead vapour, and
argon.

∂
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(αqρq) +∇ · (αqρqv) = Γq.

∂(ρv)
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+∇ · (ρvv) = −∇p + fv.
The mass generation term Γq is defined only for the liquid lead and lead
vapour phases, according to the cavitation model by Singhal [3], in which
phase change is allowed below a pressure threshold. The compressibility of
lead is modelled using the Tait equation of state (EOS), which is widely used
in underwater explosion (UNDEX) simulations [1].
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Since the Tait equation is independent of temperature, the energy equation is
not solved, and the cavitation pressure is assumed constant at 10Pa. Argon
and lead vapour are modelled with constant physical properties, derived using
the ideal gas law at reference pressure and temperature. The physical model
is solved in ANSYS FLUENT, where the chosen equation of state (EOS) for
lead is implemented via a User-Defined Function (UDF).

2 Results

The computational domains used are 2D configurations designed to model
possible layouts of Beam Intercepting Devices (BIDs). To limit the
propagation of shock waves to the surrounding structures, an argon buffer is
interposed between the interaction zone and the structure. The simulations
were carried out using a configuration that we call Lead Bottom Stream
Target (LBST) configuration. A PISO scheme and a time step of 1× 10−8s
were used for the numerical setup. The following figures illustrate the
boundary conditions (BCs) and simulation results for a beam interaction
area with a diameter of 10mm and an overpressure of 5GPa, resulting after
a thermal deposition of 107J/m3.

Figure 1: BCs (left) and contour of lead volume fraction with pressure isolines indicating the shock-wave region (right).

The plot below shows the behaviour of pressure and velocity over time at
various points within the fluid domain.

Figure 2: Pressure (indicating shock-wave passage) and velocity profiles over time at selected probe locations; time origin (t = 0)
marks the onset of energy deposition after the flow reached steady state (0.8826s).

3 Conclusions

This preliminary study investigates the propagation of shock waves within
Beam Intercepting Devices (BIDs) caused by high-power beams. The results
highlight that the shock wave period is on the order of 1 × 10−5s and
show the magnitude of the major physical variables such as pressure and
velocity. They also reveal additional physical phenomena that require further
investigation, such as cavitation in liquid metals. Future analyses will focus
on implementing a temperature-dependent cavitation model and comparing
different EOS for liquid metals.
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