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PRODUCTION OF He,Ne,Ar, and U-236 IN LUNAR MATERTIAL BY SOLAR COSMIC
RAY PROTONS, by J.R. Walton(a), D. Heymann(a), A. Yaniv(b), D. Edgerley(c),
and M.W. Rowe(c); (a)-Department of Space Physics and Astronomy and Depart-
ment of Geology, Rice University, Houston, Texas 77001;(b)-Department of
Physics and Astronomy, Tel Aviv University, Ramat-Aviv, Israel; (c)-Depart-
ment of Chemistry, Texas A&M University, College Station, Texas 77843,

In 12 irradiations at Texas AgM's Variable Energy Cyclotron, Mg,Al,Si,
and CaFg foils were bombarded with 12-45 MeV protons, Cross sections for
He-3,4, Ne-20,21,22 and Na-22 in Mg,Al, and Si and for Ar-36,37,38,39 in Ca
were determined via mass spectrometry and gamma-ray counting. Combining tlese
results with literature cross sections, excitation functions were constructed
from threshold up to 45 MeV. By folding the excitation functions into differ-

ential SCR-proton spectra, production rates have been calculated for 2Il iso-
trOplC bombardment of a plane regolith at 50 different depths down to 25
g/cm?, Saturation U-236/U-238 ratios from the reaction U- 238(p,x)U-236 have
also been calculated, using the excitation function from(l). Also, production
rates for H3 in lunar material have been computed, in which case the excita-
tion curve of ”Al+p*Hes+X" was adopted, Tables 1 and 2 contain the results
for integration up to 45 MeV for a SCR-proton spectrum rePresentlng the aver-
age flux of 3 high years(1956,1959,1960)(2). This spectrum in units of prdon/
cm?/yr. is: F(E>5MeV)=3.5E+10, P(>10)-2 0E+10, F(>20)=1.0E+10, F(>30)=6.0E+09,
F(>40)=3.8E+09, P(>50)=2.5E+09, P(>100):5.4E+08, F(>150)=l.lE+08, and F(>200)
=3.6E+07. To produce U-236/U-238=233xE-09 found in 12070(1), a 20-fold more
intense proton flux than the above is needed, if the U-236 was produced at
the very top of the regolith(see Table 2)., We are in the process of extending
our excitation functions and 1ntegrat10ns up to 200 MeV

Footnotes for text and Tables: "E+10'"=10 10, "E-08"=10-8, "E+00"=1, etc,
He-3d=Directly-produced He-3. He-3t=Sum of the directly-produced He-3 and that
from complete decay of tritium. He4/3=He-4/He-3t production ratio. For lunar
material, He-3 production was computed by averaging the individual production
rates from Mg,Al, and Si(each 1,0 mass}%) at each depth and multipling this
result by 100. The same procedure was adopted for He-4 production. For tri-
tium production in lunar material we multiplied tritium production rates from
A1(1.0 massy%) by 100. Ne22d=Directly produced Ne-22, Ne22t=Sum of the directly-
produced Ne-22 and that from complete decay of Na-22. 20/22=Ne-20/Ne22t;21/22
=Ne-21/Ne22t production ratios; 36/38=Ar-36/Ar-38 production ratio,etc. Ne
production rates from Mg,Al, and Si and Ar production rates from Ca are for
Mg=A1=Si=Ca=1.0 massy®. For 67701, we adopted the composition of 67461; Mg =
2.38, Al=16.0, Si=21,1, Ca=12.l1 mass¥% (3). For 74220 we adopted: Mg=9.1,
Al=3.4, Si=18.5, Ca=6.6 mass% (4). Ar-36 does not include production via Cl-36.
(1) P.R.Fields, H.Diamond, D.N.Metta, D.J.Rokop, C.M.Stevens, Proc. Third
Lunar Sci.Conf., Vol, 2, pp. 1637-1644 (1972).

(2) K.More, 0.L,Tiffany, Proc.Symp. Protection against Radiation Hazards in
Space, Oak Rldge Nat.Lab., TID-7652,pp. 682-5 (1962).

(3)H.Wanke, H.Baddenhausen,G.Dreibus, E.Jagoutz, H.Kruse, H.Palme, B.Spettel,
T.Teschke, Proc.Fourth Lunar Sci. Conf., Vol.2,pp. 1461-81 (1973).
(4) M.Janghorbani, M.D.Miller, M-S.Ma, L.L.Chyi, W.D,Ehmann, Proc. Fourth
Lunar Sci.Conf, Vol.2, pp. 1115-1126 (1973).
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