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CROSS SECTIONS FOR THE PRODUCTION OF Li and Be ISOTOPES IN CARBON TARGETS 
IRRADIATED BY 300 GeV PROTONS 

G.M. Raisbcck, J, Lestringuez and F. Yiou 
Laboratoire Rene" Bernas du C.S.N.S.M., 9M06 ORSAY, France. 

Cross flections for the production of Li and Be isotopes 
in carbon targets irradiated by 300 GeV protons have been 
measured by mass spectrometry. The results are compared 
with lower energy measurements and discussed in terms of 
the variation of the cosmic ray L/M ratio in this energy 
region. 

1. Introduction. In anot'-er paper at this meeting (1) we discuss the variation 
in a number of nuclear cro^s sections in the energy interval I-10 GeV, and the 
possible implications for observed variations in cosmic ray secondary/primary 
ratios. We would like here to consider the same question, only at energies about 
2 orders of magnitude higher. It is, in fact, at these higher energies where 
such variations in the cosmic ray composition appear to be most clearly established. 
Until recently there was no lfiboratory information on nuclear cross sections at 
> 30 GeV, although both theoretical ideas and extrapolation of lower energy 
results suggest that no significant changes are expected at higher energies. 
With the opening of the FNAL laboratory it has become possible to test such sup
positions at energies previously available only in the cosmic rays themselves. 
Thus when the first observations were reported on secondary/primary variation, 
we were stimulated to make such measurements for several reactions oi direct 
relevance to the cosmic ray question. We have chosen for this study the production 
of Li and Be isotopes in a carbon target. On one hand, the importance of the light 
elements (Li Be B) is well established, both from the point of view of their 
abundance, and the likelihood that they are of pure secondary origin. Secondly, 
a sensitive and reliable technique has been developed in our laboratory for 
neasuring these reactions. Finally, fairly extensive data at lower energies was 
available for comparisons. 

2. Experimental procedure. The details of the experimental procedure are dis
cussed elsewhere (2), two targets were irradiated parasitically in the neutrino 
beam line at FNAL for periods of 45 and 60 days, giving integrated fluxes of 
3 x 1 0 1 7 and 1 x 1 0 1 8 protons at 300 GeV. Using a slightly modified version of a 
previously described technique (3) the irradiated targets were placed on a Pt 
filament and burned in air. The Li and Se products are left on the filament and 
can then be analyzed with our sputtering mass spectrometer. The Li has a much 
higher ionization efficiency than Be and thus the 'Li/°Li isotopic ratio is 
measured directly. The Li is then removed by heating under vacuum and the 'Be : 

: 1 0Be ratio measured. 3y burning a number of targets at different intervals, 
corresponding to different ?Be decay, the Li abundances can also be obtained 
relative to 'Be. 
3. Results. The results of our measured ratios, and their estimated uncertain
ties, are given in table I. As can be seen, they are, within the quoted uncer
tainties, identical to resuits at 25 GeV. This is consistant with similar 
conclusions arrived at for heavier targets (4-6). In order to have absolute cross 
sections it is necessary for ui to know the cross section for ?Be. Unfortunately 
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nether chis, nor any other absolute cross section is presently available at 
these energies. Ti • constancy of relative cross sections at 30 and 300 GeV 
noten above is sti ng, (but ,iot conclusive) evidence that the individual cross 
sections are themselves constant, and this is the working hypothesis adopted by 
other workers in this field (4-6). In the absence of other information wo also 
have followed this procedure in giving the absolute cross sections shown in 
Tabic I. Wo have thus normalized the data to the cross section of 'Be, ta,:on to 
be the same at 300 G J as at 30 GcV. 

4. Conclusions. Giv r> the importance of the above normalization procedure to 
the cosmic ray quosti , JL is perhaps prudent not to draw any final conclusions. 
However, it appears ui: ikely that variations in nuclear croas sections can 
explain any significan changes in the cosmic ray composition in the energy region 
of 20-200 CoV. 
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