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CROSS SECTION MEASUREMENTS FOR THE PRODUCTION OF CARBON-14 AND 
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RATES; J. M. Sisterson and A. M. Koehler, Harvard Cyclotron Laboratory, Harvard 
University, Cambridge, MA 02138; A. J. T. Jull,  D. J. Donahue and L. McHargue, NSF 
Accelerator Facility for Radioisotope Analysis, University of Arizona, Tucson, AZ 85721; R. C. 
Reedy, Space Science & Technology Division, Los Alamos National Laboratory, Los Alamos, 
NM 87545; P. A. J. Englert Dept. of Chemistry, San Jose State University, San Jose, CA 92521. 

Measuring the production rate profiles of cosmogenic nuclides with different half-lives 
in lunar samples provides a unique method of determining the solar-proton cosmic ray flux 
(SCR) over the past lo4 to 107 years (1). Improvements in Accelerator Mass Spectroscopy (AMS) 
allow these measurements to be made routinely (2), so that  it is the accuracy and precision with 
which the proton reaction cross sections are known for individual components of lunar rocks 
(1,3) that  limits the accuracy and precision with which the SCR flux over these time periods in 
the past can be determined. 

To calculate the integral SCR fluxes, the production profiles for cosmogenic nuclides in 
lunar samples are unfolded using the available cross section data. Table 1 shows the present 
state of the SCR flux calculations incorporating the previously reported new cross sections 
measurements Harvard Cyclotron Laboratory (HCL) (3,4) for the reactions 160(p,3p)14~ (for 
Ep = 58-160 MeV) and n a t ~ i ( p , x ) 1 4 ~  (for Ep = 57-160 MeV) and the additional new cross section 

measurements for the reaction 160(p,x)l0Be (for Ep = 60-160 MeV). 

Table 1: Solar-proton integral fluxes averaged over various time periods 
f l  

Time period Data source Flux references Rg(MV)(a) E>10 E>30 Ex50 E>100 
10186-319 1 NOAA H. Sauer, (priv. comm. 1991) 70 430 99 2 1 6 
1976-1986 GSFC Goswarni et all988 (5) 40 63 5 0.6 -0.2 (c) 
1965- 1975 SPME Reedy 1977 (6) 90 92 30 8 - (c) 
19%-1%4 22Na, 55Fe Reedy 1977 (6) 100 378 136 59 26 

1954-3191 Sum of Above 9 5  2 0 8  6 2  2 2  8 

-104 yr 14c Jull et al 1991 (7) 285 (-145)' 4 5  =13 4 

-2x 105yr 4 1 ~ a  Klein et a1 1990 (8) -70 (-120)* -z'! -7t -1.5t 
-3 lo5 yr 8 1 ~ r  Reedy & Marti 1991 (1) -85 (-145)* -* -t -I 
-5x105yr 3% Nishiizumi et al 1989 (9) -* -7 - t -I 

-106 yr 26.41 Kohl et al 1978 (10) 100 70 25 9 3 
- 2 ~ 1 0 %  l0Ek Nishiizumi et al 1988 (1 1) >70 (-115)* =351 =8t =2t 

-5 x lo6 $ 5 3 ~ n  Kohl et al 1978 (10) 100 70 25 9 3 
a) Spectral shape in rigidity, usually 10-30 MeV. b) Omnidirectional fluxes in protons/(cm2 s); energies in 
MeV. c) Not measured (1965-1973) or sometimes not reported (1973-1986). * Energy is below main reaction 
thresholds. I few or no cross sections available. 

Silicon and silicon dioxide targets have been irradiated a t  HCL over the proton energy range 
of 55 to 160 MeV (4); the irradiation conditions were designed to ensure small energy losses in 
the targets, and aluminum monitor foils were used as additional checks on the dosimetry. 14c 
and l0Be production in these targets have been determined using AMS a t  the University of 
Arizona. The techniques used for extraction of 14c were similar to those described earlier 
(12,131. For l0Be the sample pellets were dissolved in HF overnight, with addition of 0.5 mg Be 
carrier. After drying, the sample is  redissolved in 0.1N HCL. Be(OH)2 is precipitated. Several 
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reprecipitation steps were used to purify the Be(OH)2. The hydroxide is heated to 800°C for 
conversion to BeO. The Be0 is mixed with Ag powder and pressed into an accelerator target. 

The cross sections measured for the reaction 1 6 0 ( ~ , 3 ~ ) 1 4 ~  (Figure 1) are in agreement with 
the existing cross section values (3,4) used to estimate the solar proton flux from the measured 
14c production rates. Therefore, using recently reported 14c production rate measurements (71, 
new estimates for the solar proton flux over this time period have been made and as can be seen 
in Table 1, are now in better agreement with those determined for other time periods in the past. 

Preliminary analysis shows that the cross section for the reaction ~ i 0 ~ ( p , x ) l O ~ e  ranges 

from 0.19 mb at 60 MeV up to 0.59 mb a t  160 MeV. The estimates for the SCR l O ~ e  production 
rates were revised upwards by -5% when these new cross sections were used in the calculation 
instead of the values for the l O ~ e  cross sections compiled in the paper by Tuniz et al. (14). The 
good agreement with the previous estimates indicate that the solar proton fluxes derived from 
l O ~ e  production rates given in Table 1 (11) are reasonable. Comparing these preliminary l O ~ e  
cross section data with those values in the literature show good agreement with contemporary 
measurements (15, 16) but indicate that some of the earlier measurements (17, 18) probably 
should be disregarded (Figure 2). Thus, the value of repeating cross section measurements 
using modem detection techniques is well demonstrated. It is planned to extend these cross 
section measurements to lower proton energies using the Davis cyclotron for proton energies in 
the range 30 - 65 MeV. The results reported here and those that are anticipated to be measured, 
over the proton energy range 30 - 160 MeV, by this collaboration will help provide essential new 
cross section data for this and other reactions. 
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