Lunar and Planetary Science XXXII (2001)

RECOIL OF SPALLATION XENON: HOPE FOR DATING PRESOLAR SIC. R. Mohapatra', S. Merchel™*,
U. Ott*, U. Herpers® and. R. Michel®, *Max-Planck-Institut fiir Chemie (Otto-Hahn-Institut), Becherweg 27, D-55128
Mainz, Germany (ott@mpch-mainz.mpg.de), “Universitat zu Koln, D-50674 Koln, Germany; *Universitat Hannover,
D-30167 Hannover, Germany; “present address: Bundesanstalt fiir Materialforschung und —priifung, D-12205 Berlin,

Germany.

Summary: We have determined the recoil range
of spallation **Xe produced by irradiation with 1200
MeV protons in a Ba glas target to be 0.185 pm. The
inferred range in silicon carbide is 0.16 pum, which
indicates that loss due to recoil out of um-sized SiC
grains should be moderate only — unlike the case of
spallation neon. Determining a model presolar expo-
sure age for presolar SiC grains via their content of
spallation xenon seems feasible, therefore.

Introduction: A great deal has been learned over
the past decade or so from the study of grains pre-
served in primitive meteorites [1,2]. This is especially
true for nucleosynthesis in the stellar sources of these
grains and formation conditions in the outflows of
those stars; and it is especially true for the grains of
silicon carbide most of which (> 90 %) have their ori-
gin in carbon stars. Compared to this, direct informa-
tion regarding the age of these grains is sorely lacking.
It had been hoped that cosmogenic neon produced
during exposure of the grains to the cosmic radiation
while in interstellar space would provide a means to
determine a presolar cosmic ray exposure age [3,4].
However, an experimental determination of recoil
losses of spallation Ne from SiC grains in the size
range of the presolar ones [5] indicated losses to be
much larger than assumed in [3,4]. Adding to a number
of other problems connected with the approach, these
recoil losses - exceeding 90 % for grains of size < 2
pm - effectively make it impossible to use spallogenic
Ne for age dating except for possibly the very largest
grains. It was suggested, however, that for spallation
Xe produced on the abundant Bain presolar SiC grains
the situation regarding recoil loss might be less critical.
Here we report on a determination of the recoil range
of spallogenic Xe produced in a Ba glass target by ir-
radiation with 1200 MeV protons.

Experimental: The recoil range of spallogenic Ne
determined via direct measurement of the retained
spallogenic Ne in the grains [5] was found to be in es-
sential agreement with earlier measurements of recail
ranges using the simpler catcher foil technique. Be-
cause of this plus because of the fact that catcher foils
existed from previous irradiation experiments aimed at
determining cross sections for production of spallo-
genic Xe the catcher foil technique was employed.
Here we report first data obtained on catcher foils from
an irradiation experiment using 1200 MeV protons
(dose 2.3x10™ p cm? at LNS/Saclay [6]. In the ex-

perimental setup two identical Ba glass targets (Ba
content 40% by weight, 8% atomic; density 3.5 g/cm3,
thickness 3.25 mm, weight 2.01 g) were sandwiched
between two Al catcher foils. Xenon in target
BGS1152 had been measured by [7]. Xenon in catcher
foil CS1141 is a record of recoil from this target emit-
ted in backward direction.. Because of the identical
nature of the two targets, CS1151 which contains recoil
nuclei emitted in forward direction from target
BGS1153, at the same time is a measure of forward
recoil from BG1152. Naoble gases from the two catcher
foils were analyzed by standard noble gas mass spec-
trometry.

Results and Discussion: Results for **Xe in the
catcher foils are listed in Table 1, together with the
results of [7] for Ba glass target BGS1152.

Table 1. Amounts of spallation ***Xe [10%? cm? STP)|
in catcher foils (this work) and in Baglass (from [7]).

catcher target catcher
Cs1141 BGS1152 CSs1151
0.0783 24723 0.826

The effective recoil range can be calculated from
the relative amounts of spallation **Xe in the target
and in the forward/backward catcher foils using the
equation given in [8] (see also [9]). The result for the
recoil range in our Ba glass is 0.185 pum, which ac-
cording to the range-energy relations given by the
TRIM program of [10] corresponds to an average re-
coil energy of ~630 keV and a range in SIC of 0.160
pm. Such a range is about three times shorter than es-
timated by [5] based on the observed recoil range of
“Ne and an approximate AA/A proportionality in the
lower mass range. It is, however, similar to the ~ 0.11
um range estimated in [9] based on the assumption of
proportional momentum transfer at low and high
masses coupled with the range-energy relations of [10].

The major outcome of the experiment is shown
graphically in Fig.1, which shows the calculated reten-
tion of ***Xe in spherical SiC particles as a function of
grain size. The important observation is that in the
grain size range analyzed for noble gases by [4] losses
are quite moderate, with retention in the range 40 to
90%. We have not included range straggling in the
calculations shown in Fig. 1, but as shown in [5], inclu-
sion of straggling noticeably changes the results for
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low retention (<20%) only. As a consegquence and as
suggested in [5], recoil loss should not be a critical
factor in determining an age for presolar SiC particles
viatheir content of cosmogenic ***Xe.
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Fig. 1. Retention of spallogenic **Xe (recoil range
0.16 um) retained in spherical SIC grains as function of
grain size. A, B, C etc. refers to the size of the KJA,
KJB, KJC etc. grain size fractions analyzed for their
Xeby [4].

Potential other problems with the cosmogenic ap-
proach [5] involve the correct production rate for cos-
mogenic Xe, the possibility of loss of spallogenically
produced noble gases (probably less critical in the case
of Xe than in the case of Ne) and how to correctly de-
rive the abundance of the cosmogenically produced
component. Also here the case of Xe is probably less
fraught with problems than that of Ne [5], but till it is
not without its share of problems. In the simplest case
Xe in SIC is a three-component system comprising a
component of s-process origin (Xe-G; [4]), one of ap-
proximately normal isotopic composition (Xe-N; [4])
plus the spallogenic component [5].

The composition of Xe-G seems fairly well estab-
lished [11], especially with the new set of precise neu-
tron capture cross sections for the Xe isotopes reported
recently by [12]. The situation seems less clear, how-
ever, with the Xe-N component [5]. As far as the spal-
logenic component is concerned, it is necessary to keep
in mind that its composition in the SIC grains may dif-
fer to some extent from familiar spallogenic composi-
tions because @) Ba is the dominant, but not the only
target element; b) the isotopic composition of Bain the
SIC grains is not solar but rather largely of s-process
composition; c) recoil losses are different for the dif-
ferent spallogenic Xe isotopes. This is demonstrated in
Fig. 2, where we have plotted the inferred ranges in

SiC from our catcher foil analyses for **Xe, **°Xe,
128% e and ¥Xe vs. the mass difference to the target
element Ba. As a consequence, the isotopic composi-
tion of the retained spallation component is subject to
modification during the recoil process. Still, there
seems hope that spallogenic Xe can be used to provide
information at least on the general range of the age of
presolar SiC grains.
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Fig. 2: Recoil range in silicon carbide of various spal-
logenic Xe isotopes produced on Ba plotted vs. mass
difference to target element Ba (atomic weight of Ba
137.33).

Acknowledgements: We thank F. Begemann and M.
Altmaier for discussions and the crew of the LNS/CEN
Saclay accelerator for their kind cooperation.

References: [1] Zinner E. (1998) Ann. Rev. Earth
Planet. Sci. 26, 147-188. [2] Hoppe P. and Zinner E.
(2000) JGR-Space Physics 105, 10371-10385. [3]
Tang M. and Anders E. (1988) Ap. J. 335, L31-L34.
[4] LewisR. S. et a. (1994) GCA 58, 471-494. [5] Ott
U. and Begemann F. (2000) MAPS 35, 53-63. [6]
Lipke M. (1993) PhD dissertation, University Han-
nover. [7] Mathew K. J. et a. (1994) NIM B 94, 449-
474. [8] Sugarman N. et al. (1956) Phys. Rev. 101,
388-397. [9] Ott U. (1996) Habilitation dissertation,
University Mainz. [10] Ziegler J. F et al. (1985) The
stopping and range of ions in solids. Pergamon Press,
New York, New York, 321 pp. [11] LewisR. S. et al.
(1990) Nature 348, 293-298. [12] Reifahrt R. et al.
(2000] Abstr. Nuclei in the Cosmos 2000, 109.

1296.pdf



