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Introduction

In order to increase the primary beam intensity in next generation of radioactive ion
beam installations, the production of targets capable of dissipating high beam power,
especially for molten targets, is a major challenge. In that context, a direct molten loop
concept was proposed for short-lived isotopes by EURISOL. To validate this concept a
target prototype was designed and assembled, called LIEBE, in the ISOLDE operation
environment. In this work numerical studies of a proton beam falling on the liquid lead
target LIEBE was modeled using the MCNP code. The proton flux distribution after
the impact was evaluated and maps were produced.

The LIEBE target
At present, LIEBE is a prototype liquid metal ion beam target aimed at solving issues
of accommodating a high-power beam and ensuring adequate extraction of short-lived
radioisotopes. LIEBE will use a lead-bismuth eutectic circulating in a 200 °C - 600 °C
temperature loop. The eutectic will be driven by an electromagnetic pump to an irra-
diation chamber, where it will be subjected to the high-power proton beam. Irradiated
eutectic will then fall through a grid, which will fragment it into 0.4 mm diameter
droplets, into the diffusion chamber. Diffusion chamber is designed to accommodate
fast extraction of radioisotopes from the falling metal droplets. Excess heat deposited
by the proton beam will be removed in the water cooled heat-exchanger.

Figure 1. the LIEBE target, black line represents the proton beam line

LIEBE target CAD conversion to MCNP input
The conversion was done using the SALOME software McCAD module, which is a
Monte Carlo CAD-based modeling program used to convert CAD drawings to the MCNP,
TRIPOLI and Geant4 codes geometries. Nevertheless, before the conversion, the CAD
model needed to be manually decomposed

Figure 2. the LIEBE target decompositions

and since the CAD model of the LIEBE target was complex and detailed many elements
of the model needed to be also manually modified. These modifications were primarily
spline and torus surface approximations with cylinders and planes.

Figure 3. the LIEBE target approximations

Proton flux maps of LIEBE target
A proton beam falling on the liquid lead target LIEBE was modeled using the MCNP
Monte Carlo code for simulating the proton beam interaction with the target. FENDL-
3.1 cross-section data library has been used. The proton flux distribution after the
impact and resulting nuclear reactions were modeled.

Figure 4. Monoenergetic (70 MeV) proton beam distribution cross sections in the LIEBE target,
[#/cm2/s]

Conclusions
Preliminary results revealed that the developed model is suitable for further and more detailed simulations, which would enable to quantitatively evaluate possible doses and interactions
in the microscopic scale. From the produced dose rate maps it can be seen that a part of the protons penetrate under the LIEBE target construction. Therefore, from a radiation
safety perspective, certain biological safety measures should be evaluated. Also the proton beam windows position should be evaluated and modified so that more protons hit the
required place in the target.


