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Context

* The tradition in the Radiation Effects on Semiconductors
community is to identify ions by their Linear Energy
Transfer (LET) and treat that parameter as a nearly
complete descriptor of an ion

* For very high energy ions (above the Coulomb barrier),
nuclear reactions occur. The highest energy ions have
very low LET, but can deposit huge amounts of energy

* The details of the energy deposition from a reaction
depend critically on the fragmentation pattern of the
target nucleus

* These fragmentation patterns are poorly known.
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Current Fragmentation Validation
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Cribbed from: Geant4 and its validation,

L. Pandola, 9t Topical Seminar on Innovative Particle and
Radiation Detectors, Siena (ltaly), 2004.
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Heavy lon Breakup
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Energy Deposition in Intermediate-Energy Nucleon-Nucleus Collisions
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Bloomington, Indiana 47405
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* Very little data published

on complete fragmentation
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and
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Department of Chemistry, University of Mavyland, College Pavk, Maryland 20742

fragmentation information (Received 24 February 1959

A global study of the mass, energy, and angular distributions of all products formed
in collisions of 180-MeV protons with 27Al is reported. These data are compared with
calculations based on intranuclear-cascade-plus-evaporation, preequilibrium hybrid,
and semiempirical models. It is found that there is evidence for enhanced energy deposi-
tion in nucleon-nucleus collisions relative to predictions of intranuclear cascade calcula-
tions. In contrast, preequilibrium calculations produce stronger energy damping, more
consgistent with observed data.

PACS numbers: 25.40.-h
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Kwiatkowski results — 1
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Kwiatkowski results — 2
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FIG. 2. Fragment angular distributions for the mass-
es indicated, d%c/dQdA, from the 180-MeV p + ?TAl
reaction. Dashed lines are predictions of the intranu-
clear-cascade-plus-evaporation code (Refs. 2 and 3);
solid lines represent a smooth average of the data
(closed circles). The calculations predict no significant
yield for A =717.
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FIG. 3. Laboratory energy distributions, d3c¢/
dQUdE dA, for fragments with A=7, 16, and 22 in the
180-MeV p + 27Al reaction. Points represent data ob-
tained at laboratory angles of 20 (closed circles), 40
(open circles), and 70 (triangles) deg in the laboratory
system. Lines are predictions of the intranuclear-
cascade-plus-evaporation code (Refs. 2 and 3).
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Compare Geant4 to Kwiatkowski

* Run 180 MeV protons i
using LHEP-BIC thSiCS 180 MeV Protons on ~ Al

Comparison of Geant4 & Kwiatkowski
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Detail of oxygen results

180 MeV Protons on 27Al

Comparison of Geant4 & Kwiatkowski
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New data with G4-JQMD

180 MeV Protons on ZZAI

Comparison of Geant4 JQMD & Kwiatkowski
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Discussion of problem

* Intermediate mass fragments are the key: light fragments
are lightly ionizing, and the heaviest bits are very slow
due to momentum conservation.

* Although these systems are not necessarily thermalized,
if one pretends they have a nuclear temperature, it is

about 30%-50% too low

* Since this is in the scale factor for an exponential, it
results in orders of magnitude error in rate of events for a
given energy deposition

* Current solution: scale all depositions due to the events
up 50%. It’s really ugly, but it works (sort of).
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Why is the deficit critical?

* High-energy heavy
fragments deposit a lot of

energy locally

* High-energy heavy
fragments create collisions
cascades and may create
inter-element short circuits

* High-energy light
fragments spread energy
around, less likely to create
an upset
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So why am I giving this talk?

* Right now, our community is the only ‘consumer’ of this
information

o If we don’t make an effort to attract some interest, no
one else will

* There is a lot of interesting physics in the fragmentation
process, and it is related to similar problem facing the
high-energy physics community

* Accurate SEU modeling is doomed unless we solve this
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