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COSMIC-MY-PRODUCED GAMMA RAYS IN PLANETARY SURFACES*

ROBERT C. REEDY
Nuclear Chemistry Group, Los Alamos National Laboratory,
Los Alamos, New Mexico 87545, [J.S.A.

Abstract A major priority of future NASA planetary missions
is the determination of the elemental compositions of solar
system objects. Gamma-ray spectroscopy will probably be used
soon to determine the surface compositions of Mars and other
solar system objects. Neutrons induced by the cosmic rays
produce many of the importent y-ray :f.nesthat escape from
planets. Some measurements of the y rays produced by neutrons
and protons with various energies have recently been made.
However, many more nuclear measurements are still needed to
plan for and to interpret the results from future planetary
missions. Excitation functions for the production of y-ray
lines by both aeutrons and protons are needed In calculating
the fluxes of y rays in and above a planet’s surface. Thick-
target irradiations with high-enerqy protons have simulated
the production of y rays by the cosmic rayg, and more
simulations are planned.

TNTRODUC’CION

As the composition of any object in the solar system is important
in determining its origin, evolution, and present state, the
determination of elemental abunrianceshas n high priority on
future pl,lnetarytnisstonsoMost f(lturemis~to:lswill only orbit Jr
rendezvous with planetarv objects, such as Mary, the moon, cometq,
nnd aflteroids.Analy~es f’the fluxes of y-my Lines escaping from
a planet can be upcd to m:?pthe composition of o planetts ~llrfac(~
from orbit if the planet’g atmosphere is nnt too thtck.1 The y-r,ny
lines made in a planctto Hurfnce are mainly frnm the dncny of the
nnturaL rndioelnments ([J,Th, And 10 and from n!lcle~rro~cttons
induced by co~mf,c-rnyparticles,~ Nelltronsmade tn n planet, by tllo
cor+mtc r.qvs prod~ice most of the y-my lines tlsodto tlotprrnino

~ Gamrnn-rtiyspectroscopy of pltqnc+tnry{?lement,ql.composl.ttonq.
surfaces hnn been dono beforn, b{ltmuch nuclonr dntn are rnqut,ro{l
in pl,lnnfn~for tmpr,)vad{experimentspropoeed I!{)rFutllreminnl.ons.
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GAMMA-WY PRODUCTION BY COSMIC-RAY PARTICLES

The y-ray lines used to determine most elements in planetary sur-
faces are produced by primary and secondary cosmic-ray particles.
Each incident particle in the high-energy galactic cosmic rays

2 Neutrons with energies from ther-makes many secondary neutrons.
mal to -100 MeV pro4uce many of the Lines used in planetary Y-raY
spectror3copy. 1 Neutron-transport codes have been used to calculate
the fluxes of y rays made by neutron-capture reactions 1 The
chemical composition of a planet’s surface, especially abundances
of H and of elements with high neutron-capture cross sectlong,
affects the transport of neutrons and the fluxes of Y rayg made by
neutron-induced reactions.1)3 Neutron-capture y-ray lines can be
used to map the abunda~ceg of certain elements, such as H, Al, Si,
Cl, Ii, Fe, and ?Ji.

Neutron nonelastic-scatteringreactions, like 160(n,ay)13~

and 24Mg(n,ny)2qMg, also produce s~rong fluxes of y-ray lines.
Inelastic-szatterinqlines can be used to determine 0, ?@, Si.,Fe,

3 Interferences,and several other elements in planetary surfaces,
guch ag y rayg made by (p,pXY) reactions, Ii.ml.t the use of csrtai.n

3 For example, because irony-ray linec in planetary spectroscopy.
is much more abundant than chromium, the flux of 1,434-!4eVy rayg
from 52Cr(n,lly)52Crreactions is usually much les~ than that from
56Fe(n,nay)52Cr reactton9.

Nos: y-ray spectrometers proposed for future missions will
not use collimation, and the :arealresolution on a planet’9 qur-
face will be about the same as I circle with n rqdius equnL tn the

spacecraft’s altttude,~~q which will be -100 and 360 km for tho
moon and Mars, respectively. TF,ey rays chat rnach un orbi.ttnq
spacecraft are produced mainly within +10 cm of?the planet,’q
9urface. The fluxes of y-ray line9 e9cftpinqa >l~net~rv gurface

I,~relow, u9ually n few photons/cm2 min or I.eqs and tileback-
qrounris:~refnirlv hlgh,s qo manv ho~lrq[Jf,Jhservtnqtime ,lre
required. 4 On tl~e ,400110 15 find16 Itirllr mlqqions, ~.qr.(rl)qpe~:-
trometerq rmppd the riistrtbllct.onof rh, K, Fe~ ~t, lNd ‘{cvor.l!
other.el[?me[l,:sover 20% (>l!tilemonn’q sl]rfxc~,‘~’)l’{l(t~~I,ln;lr
measurements confirmed the thaoreti{’.~l[+nl.cll!.~t{nn~,[,1
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meters could also be used in penetrators on other missions, such
as to comets. While we know the basic processes that produce
planetaryy raysl’3 and have some e~perience from the lunar
NaI(Tl) detectors and Ge(Ll) spectrometers flon in Earth
orbit,1+-6the ~=e of Ge detectors on planetary missiorlg ~S lleW,

and much nuclear data are needed to prepare for such missions.
High-resolution Ge detectors also introduce a problem not
encountered with NaI(’Tljdetectors y-ray lines that are broadened
(such as the 4.43S-MeV line from liC and other nonelastic lines
emitted from levels with very short mean-lives).

RECENT EXPERIMENTS RELATED TO PLANETARY GAMMA-RAY SPECTROSCOPY

To help plan for future planetary y-ray-spectrometer missions,
several laboratory experiments have been performed and more are
planned. To simulate the coqmic-ray bombardment of planetary
stirfaces,thick targets have been irradiated with high-ener~y
particles at 9everal accelerators and the emitted y rays mea~ured.
Also, balloons have been used to carry large targets and y-ray
~pectrometers to the top of the Earth’s atmosphere. Two recent
bombardments by A. !4etzqerand coworkers (priv. comm.) measured
the y-ray spectra from several thick targets with Ge(Li) detec-
tors, and many y-ray lines were ob~erved. Yore simulations of
thick targets at accelerators or in balloons are planned,
including targets with llnus~nlcompositions (such as high hydrogen
contents),

A few y-ray 9pectra have been measured for several targets
t.rradiatedby enerqetf.cneutrons. J. llrUckner8used a 14-MeP’
neutron generator and measured y-ray spectra from several target9.
These ~pectra ~howed five asymmetric (tails -50 keV Ionq on the
high-energy side) peaks made at 563, 596, 691, 834, and 1’)40keV
by inelastic-scatteringrenctions of neutrons with Ge nuclei.
J3r\\cknerand P. llnqlertnre ustn~ neutrons having enerqies up t)
39 MeV madu by d+llereactions ~t .l’dLich,FRG, to mea~ure y-r~v
~pectra from scvert~ltargets.

NUCLEAR DAI’ANEEDS FOR PLANETARY GAMMA-RAY SPECTROSCOPY

J30sidenthe sinrulntionexperiments with thick tarqetq that were
discussed Above, other measurements are needed to plan for and to
interpret the results from future planetary y-ray spectrometer.
To interpret the y-ray spectra obtslnerlfrom planets, qornelrradi,-
ntions of multi-el.ernenttarUet9 with tbermaL and epithermal neu-
trons and with enerqecic neutrone and protons with a varfety of
spectra or energies are pl~nned, These y-ray spectra will allow
the relative abundances of elements in n planetary surface to be
determined for the two main types of renctl,one,neutron-cnptur~
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and nonelaetlc-scatterlnq.Yost elements have strong lines made by
one or the other of ttlesetwo main y-ray production modes, and
several elements (S1 and Fe) have relatively intense y-raY lines
made by both types of reactions.

Most of these planetary missions will last for many years.
The energetic particles in the cosmic rays, both the GeV ones in
the galactic cosmic rays and the -lCO MeV ones occasionally
emitted by large solar flares, can induce radiation damage in Ge
detectors.T Irradiations of Ge detectors by energetic particles
are being planned to better understand how radiation damage is
produced and to study the rates for producing and annealing such
damage.

Excitation functions for the production of y rays by neutrons
and protons are needed to calculate the rates that y rays are made
in a planetts surface.1‘3 The cosmic-ray particles in a planetarv
surface consist mainly of neutrons below a few hundred MeV and of
protons at higher energies.2 Very few cross sections for the
production of y rays by protons with E > 100 MeV have been
measured, %any cross sections have been measured using neutrons,
but usually only for E < 20 MeV, while measurements to -100 MeV
for neutrons and to several GeV for protons are needed. Target
elements of Interest fnclude 0, Mg, Al, Si, Ca, and Fe.3‘+ Some of
the existing y-ray-productioncross secttons careof poor quality

(often measured with Nal(Tl) detectors), as are some of the
absolute yields of f rays from the capture of ti~ermalneutrons.3

REFERENCES

1*

2.
3.

4.

5.

f).

7.

8.

R. C. Reedy, J. R, Arnold, and J. 1. Trombka, J, Ceophys. Req.,
78. 5847 (1973).

..

~’C. Reedy and J, R. Arnold, J. Geophys. Res., 77_,.537(1972).
RO C. Reedy, Proceedings of the Ninth Lunar and Planetary
Science Conference (Pergamon, New York, 1978), p. 2961.
E. L. Haines, J. R. Arnold, md A. E, Metzger, IEEE Tr~ns,
Geosci. Electron., GE-14, 141 (1976).
‘4.J. Btelefeld, R. C. Reedy, A. E. Metzger, .J.1. Trornbk::, aIILi
J. R. Arnold, Proceedings of the Seventh Lunar Science
Conference (Pergamon, New York, 1976), p, 2661*
M. K. Etchegaray-Ramirez,A. l?. Metzger, E. L. Haineg, aIl(lT!,
R. l{awk~, J. Geqhvs. Res., $3, A529 (1983).
R. H. Pehl~S, Virnell,,and A. E. Metzger, IEEE Trans. N~icl.
Sci., NS-25, 409 (1978)..—
=rifckner, Dissertation, IJniv.?lainz(Mainz, FRG, 1983).


