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Overview

Production of deexcitation gamma-ray lines.
The gamma-ray line production code and its shortcomings.

The nuclear reaction code TALYS used to address the shortcomings;
its verification and how we use it.

Examples TALYS calculations.

How the calculated gamma-ray line spectra obtained with the updated
code are used to fit observed solar-flare gamma-ray spectra.



The Variety of Gamma-ray Lines

Nuclear deexcitation lines (0.4 — 7 MeV)
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Energy Reaction
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Gamma-Ray Deexcitation-Line Code

Ramaty, Kozlovsky, & Lingenfelter 1979
Kozlovsky, Murphy & Ramaty 2002

Calculates the expected solar-flare deexcitation-line spec-
trum for a variety of assumed conditions

~100 explicit lines and measured* cross sections
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Unresolved Gamma-Ray Line Continuum

But the bulk of emission from energetic-ion interactions with ambient
material arises from numerous, relatively weak lines, especially from
nuclei heavier than oxygen.

For very heavy nuclei, such as iron, the number of lines can number in
the hundreds, and the number of product nuclei via spallation or fusion
can be very numerous, espicially for higher-energy reactions.

The total number of lines can be so humerous and closely-spaced that
they merge into a quasi-continuum, called the “unresolved-line con-
tinuum”.

In the RKL gamma-ray line code, this component was estimated from
low spectral-resolution laboratory measurements of the total gamma-
ray spectrum for only a few target nuclei and at only a few projectile
energies. In the code, only proton interactions with Ne, Mg, Si and Fe
were included, and the spectra were assumed to be independent of
projectile energy.



TALYS

To provide this information about the unresolved-line continuum, we

have used the global-nuclear theoretical program TALYS. (Koning, Hilaire &
Duijvestijn 2005; Koning & Duijvestijn 2006)

TALYS is software for the simulation of nuclear reactions using state-
of-the-art nuclear models and comprehensive libraries of nuclear data,
developed at NRG Petten, the Netherlands and CEA Bruyeres-le-Chatel,
France.

TALYS attempts to provide a complete and accurate simulation of
nuclear reactions in the 1 keV-200 MeV energy range, through an opti-
mal combination of reliable nuclear models, flexibility and user-
friendliness.

TALYS will also allow us to check our assumptions about those explicit
line cross sections in our code for which complete measurements are
not available and to include lines for which no measurements are avail-
able.
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VERIFICATION OF TALYS

The TALYS authors have verifed its accuracy by comparing calculated
results for a variety of nuclear reactions with experimental data. The
demonstrated success of TALYS is remarkable, but most of these tests

and comparisons dealt with particle-emitting reactions on very heavy
targets.

We have therefore extended the testing of TALYS to those gamma-ray
producing reactions where experimental data are available.
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Improved Explicit Deexcitation-Line Cross Sections

We have used TALYS to provide cross sections for intermediate-

strength lines with no measured cross sections. There now are 250
explicit lines in the code.

TALYS has also improved many “measured” cross sections.
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Cross section (mb MeV-1)

DEPENDENGE OF UNRESOLVED-LINE
CONTINUUM ON PROJEGTILE ENERGY
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DEPENDENGE OF UNRESOLVED-LINE
CONTIUNUUM ON TARGET SPECIES

104

—i
(=)
N

—h

—h
(@)
o

E =30 MeV
— . .

Cross section (mb MeV-1)

—h
o
A

Mg (<-1000)

©
s

1.0
Photon energy (MeV)

10.0




The total gamma-ray deexcitation-line spectrum depends on:
1. acccelerated-ion energy spectrum

2. acccelerated-ion angular distribution

3. ambient abundances

4. accelerated-ion abundances
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USE FOR FITTING OBSERVED SOLAR-FLARE
GAMMA-RAY SPECTRA

For assumed:
1. accelerated-ion spectral index s
2. accelerated-ion alpha/proton ratio o/p

3. accelerated-ion angular distribution

calculate the 16 elemental ambient and accelerated-ion spectra:

1. p + a.on 8 ambient elements (*He, C, N, O, Ne, Mg, Si, Fe)

2. 8 accelerated-ions (3He, C, N, O, Ne, Mg, Si, Fe) on ambient H + He
Do this for a grid of indexes and alpha/proton ratios.

For each combination of s and a/p, find the linear combination of the 16
spectra that best fits an observed spectrum. The fitted relative amplitudes

represent the relative abundances.

The best fit provides the spectral index and alpha/proton ratio.
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ELEMENTAL SPECTRA FOR AGCELERATED 10NS
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