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Microscopic processes for
the stopping problem
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High temperature (classical limits), relevant to Coulombic MD

dE (Ze) “d_k”
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(Integrals of V_, are not convergent here)

Weak-coupling, linear response is
inadequate for large Z

— quantum RPA
--=-- combined model
—— T-matrix with k(v)
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MD simulations include details of the velocity-dependent
dynamical screening in strong coupling

Pure repulsive Coulomb, Z=-10, =1 OCP v/vy=4.3

Time averaged over 102 fs, in strong-coupling limit
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Thus, we are in a serious bind: we need to solve the dynamical guantum many-body problem!

This creates a viable “dynamical QND” that, while being imperfect, is tractable, testable, and improvable.







— ™ 20ev

— % 50ev
— SRIM (cold C)

SRIM dE/dx dataset did
not include dropoff
for small v




ddcMD dE/dx : SRIM dE/dx
no straggling : no straggling

SRIM dE/dx dataset did
not include dropoff

500keV proton loses 10% energy in 1um.
Variance in transverse v equals a 1-2° deflection.

2MeV proton loses 1% energy in 1um, sees a 0.2° deflec







*The bound electron stopping is
dominated by the C?* charge state.

Free electron stopping is in a
partially degenerate gas




ddCMD
-=== residence time
---- negative energy

Cretin
— ground state
—— excited states
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—— ddcMD w/ small ball

—— Cretin w/o continuum lowering
—— Cretin w/ continuum lowering
- --- Thomas-Fermi
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Z=4 nucleus-electron pair potentials

— Kelbg potential. Z=6
— Potential from exact pair density matrix, Z=6




Semiclassical molecular dynamics for strongly coupled Coulomb systems
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Trotter expansion:

G~ G/RET o, RV /2=l o~ (/BT o= G/RVT/2

Here, H = % + V(x), and FT indicates the action of the multidi-

mensional Fourier transform.
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v=0.0312 ¢, at 0 and 20 as
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