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Introduction Method

The MHD model is based on the concept of the constrained Hamiltonian as
introduced by Dirac, and developed by Todorov and Komar. Effective nucleon-
nucleon potentials are given in a non-relativistic form (e.g. as a function of 3-
distance). Clearly the challenge then is to cast nucleon (and thus nuclear)
equations of motion which are nevertheless manifestly covariant. In moving from
1 a Wigner-picture 6-N dimensional quasi-phase space to Minkowski space, we see
A promising simulation theory for this type of problem presents itself in the so-called Quantum Molecular . the number of degrees of freedom obviously increase by 2N. Thus, 2N equations
Dynamics (QMD), in which a first-principles approach is taken with regard to system description with no a pnon . of constraint allow us to uniquely define the world-lines for each particle in the
need for scaling of results or in-model fitting of experimental data. As is seen with prekus af
implement this approach to ion scattering, the major difficulty in making use of these QMI
inclusion of particle interactions in a covariant manner. To address this difficulty, we turn to the
Hamiltonian formahsm of Dlrac as developed by Todorov, Komar, Maalyama, and other&

Simulation of the nuclear reactions induced by heavy ions impinging on material represents a long-standing
difficulty for calculations associated with radiation exposure in the space environment. Common approaches to
this problem are difficult to implement as event generators for simulation due to the structure of the formalism.
Typical model results are either quasi-analytic expressions for total cross section as a function of CM energy. or
simulations in which nuclei are expressed as collections of non-interacting nucleons, removing any coherence or
fragment formation information.
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: rrf _In its nt f(jl‘m, this model makes use of the free-particle nucleon-nucleon
. 200<KEA00MeV _ } 2 o elastic cross sections to describe successive particle collisions, with no inclusion of
1 e o _inelastic channel probabilities. We recognize that this is insufficient for a full
T KE < 200 MeV i - ! description of the system, both in terms of the inclusion of inelastically produced
i e —— I i = re products, and the alteration to some form of in-medium cross section set. This
b = \wr . mﬁjsu g = : addition is necessarily going to be made, and the current approximation has been

Prolon Cener of Mass Scattering Angle (Degrees) _ made not as a philosophical decision about the system under study, but rather as a
first-order approximation made for simplicity as the theory is developed and the

code validated.
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= Because of the reliance of this method on semi-classical Hamilton-Jacobi theory,

E WITH an Carbon Fragment in the Final State Pauli blocking, fragment coalescence, and any final state interactions are included
1200— AIKE formally rather than being a natural consequence of the central theory. Pauli
blocking is included such that a particle cannot scatter back into a state with
momentum below the Fermi level in its original nucleus. Coalescence is achieved
300 > KE > 200 MsV/ through an again tedi but y calculation of i ial possibilities
based on proximity with regard to spatial coordinate (4-vector) and momentum,
Jj e effectively working towards a minimization of “coalescence volume” in Minkowski
E J;J‘” space. Final state interactions are included by allowing further collisions and
L\,‘j‘ﬂ‘L - interactions between any after the initial set of reactions characteristic of the two

e i ’f?,Mﬁ\LE W KE>300 MeV nuclei passing through the overlap or “fireball” region, including interactions
P T R [T P VI T T e e between product fragments.
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First integreation into FLUKA hopefully Fall ’04 release (or
next) -




