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ABSTRACT

The primary objective of the work presented here is to
experimentally ~determine the production cross-sections of xenon
isotopes in proton induced reactions on barium targets by
irradiation experiments using the low and high energy accelerators
in Europe. For this purpose, both the "thin" and thick" target
irradiation techniques have been employed. The proton energies
used for these irradiations fall into two categories: (a) low (12
to 45 MeV) and (b) high (600 to 2600 MeV).

Based on the cross-section data covering a wide range of
proton energies, obtained as a direct result of the present
studies, excitation functions for the production of xenon isotopes
in all energy regions are constructed.  The excitation functions,
thus obtained, can be used to calculate the SCR and GCR cosmogenic
xenon production rates in moon and meteorite samples with the help
of existing theoretical models. Her?e, SCR production rates of
xenon isotopes on the lunar surface’ material are calculated and
the production rate estimates are discussed together with the
Cross-section measurements.

-

The outline of the thesis is as follows.

Chapter 1.  Description of the energetic particles (GCR and SCR)
in  the interplanetary  space and  their  interaction  with
extraterrestrial matter. Relevance of the simulation experiments
in determining the cosmogenic production rates is emphasized and.
the various processes conlribming to. xenon in an extraterrestrial

sample are briefed.
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Chapter II.  The mass spectrometric techniques are discussed in
this - Chapter, and the lunar rock samples studied here are
described. Also discussed ‘are the cosmic ray simulation

irradiation experiments.

Chapter III. The results obtained in the low energy cross-section
measurements are discussed. SCR xenon production rates in lunar
- surface material are elaborated. = The results of the lumar reck

xenon measurements are also discussed in the later parts of this

Chapter.

Chapter IV. Here the results obtained in the high emergy thin
target proton irradiation experiments are discussed. The
production rates of xenon isotopes measured in the dierte (R =5
cm) and gabbro (R =26 cm) spheres (thick target experiments) are

also discussed in this Chapter.

ChapterV.  Conclusions.  In this concluding Chapter the results
obtained during the course of the present work are summarised and
the  cosmochemical applications of the present results are

discussed.

The results obtained in this study can be summarised as follows.

Our xenon production cross-section measurements on Ba
targets in the proton energy range of 12 MeV <E <45 MeV show that
in this low-energy range there is a significant production of

. . 129 131 132
Xenon isotopes. The isotopes Xe, ~Xe and ""Xe are produced

with larger abundance compared to the other xenon isotopes. For
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example ét ~24 MeV the productlon cross-sections of 'ZXe, 131Xe

and 132Xe are, respectively, 2.53 £0.38 mb, 3.62 +0.54 mb and 1.01
+0.15 mb, compared to the cross-section values of 0.25 +0.04 mb
for ®Xe and 0.03 #0.004 mb for MXe. . The relatively higher
production cross-sections of these isotopes at proton energies of
~24 MeV indicate that pre-equilibrium o-emission reaction channels
involving barium targets are operational and these reactions

131 132
Xe, and Xe.

favourably produce isotopes e,

The SCR production rates of xenon isotopes in lunar
surface material are estimated -using the cross-sections measured
by wus as input parameters in. an existing model. These
calculations show that the SCR xenen production rates estimated by
us are ~ a factor 2 higher than the estimates available in
literature. The surface production’ rates of Xe estimated in
the present calculations are 0.55 x107" cc-SLTP-,.g*I..M»a'l.pme»a'1
compared to the Hohenberg et ;1.,(197'8) values of 0.283 x107"°
ccSTP.g'l.Ma'l.pmea"l. This discrepancy is due to neglect of Xe
production by low energy protons (E <60 MeV) in the earlier
calculations. In an effort to deduce: the solar cosmic ray produced
Xe spectra in documented samples from oriented lunar rocks 61016,
64435 and 79215 the Xe concentrations measured in these rocks are
deconvoluted into its constituent components. Qur results show
that in these rocks there are qualitative indications for the
‘production of xenon isotopes 129Xe, Blye and 32y by SCR
protons. The SCR xenon spallation spectra deduced from these
rocks is (large errors are associated with these numbers).

12930 Blxe 32xe = 0.04 230 :1.00
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"'In the high energy region, the production cross-sections
for ’x‘ehon isotopes on Ba targets (thin target irradiations) at.
proton energies of 600 MeV, 800 MeV, 1200 MeV and 2600 MeV are
determined.  In the eneﬁgy range 600 MeV to 1200 MeV the
production cross-sections of xenon isotopes remains more or less
constant but at energies higher thén 1200 MeV the production
cross-sections  decrease  substantially. The '°Xe production
cross-sections at 600, 800, and 1200MeV are, respectively, 54.5
+3.8 mb, 854 6.0 mb and 65.5 £5.0 nib which are higher in
comparison to the cross-section valx]e of 31.2 £2.3 mb at 2600 MeV.
More significantly, the relative yields (spallation Spectra) for
the production of xenon isotopes change considerably in the proton
energy region of 600 MeV <E <2600 MeV and this change is in such a
way that the heavier isotope productions are enhanced with respect
to the lighter xemon isotopes. The '“’Xe/"*°Xe and Blxe/*Xe
isotopic ratios at 2600 MeV are, 1.420 and 1 9()1 as compared o
1.131 and 1.229 at 600 MeV. ’

In the ‘“thick-target" experiments, we here found that
xenon isotopes produced from barium glasses irradiated inside
small sized bodies (i.e. diorite sphere,' R =5 cm) do not show any
variation as a function of depth. "Based on these measurement, we
conclude that the depth profiles for the production of cosmogenic
xenon iSotopes in small meteoroids (size ~5 cm) in space are
-essentially flat.

Our results (thick target) from the measurement of Ba
glasses irradiated inside gabbro sphere (R ~25 c¢m) shows that
there is a significant production of xenon isotopes from the

secondary particles in the thick target bodies having radii, R ~25

(iv)



‘cm. Thé' size effects aré most pronounced in the case. of isotope
3l¥e. The pfoductioh 'rate$~ of léIXe measured in Ba glass salﬁples
kept near the surface and near the center of the gabbro (R =26 cm)
mock-up- meteoroid are, 7:65 +1.15 ‘zmd 4.6 +0.70 (both quantities
in units of x10"%cSTP.g'.Ma™).  The corresponding values for
isotope  '®Xe are 1.68 026 and 232 035 (in units
xlO"OccSTP;g'l.Ma'l). The enhanced production of this isotope is

attributed to (n,00) reactions on B4 and (n,2n) reactions on

B2Ba target nuclide.

The production of xenon isotopes in proton induced
reactions in extraterrestrial objects like moon and meteorites can
be  evaluated  fairly  accurately using the Cross-section
measurements obtained from the present study. For the first time
we have a C.onsis,tentr set of xenon production cross-section
measurements covering a wide range of energies 12 MeV <E <2600
MeV. However, it may be noted that, in the intermediate range
(iie. ~60 to 200 MeV), we had to use theoretically estimated
cross-sections as there are no experimental xenon cross-sections
available.  In quantifying the cosmogenic production of xenon in
moon and meteorite samples as well as deducing the other xenon

components in these samples, this data base provided in this work

is an important contribution.
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