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. Inireduction. As discussed in papers at this conference and in earlier publications
(e.g. Webber & Brautigam, 1982) we have now measured the cross sections of six
important cosmic ray source nuclei in hydrogen at several energies between 300 and
1800 MeV/nuc. Significant differences, sometimes exceeding 50%, exist between these
new measurements and the earlier semi-empirical predictions, and we are in the
process of determining a new set of semi-empirical formulae that better describe this
fragmentation (Webber & Hsiung, paper. OG 7.2-24 this conference). We have now
obtained enough new cross sections so that the systematics of their effects on cosmic
ray propagation through interstellar hydrogen can be examined.

2. Details of Calculation. In this study we have used the propagation program
developed by the HEAO-3 experimenters at SACLAY (e.g. Perron and Koch, 1981) as

well as a simpler program developed at UNH. For the purpases of this study, for all
calculations, we have assumed a sourcg spect ~ P ™% and an exponential
distribution of path lengths, Ag =220 8P ""g/cm” of hydrogen above 5.5 GV and A=
= 8.33 g below 5.5 GV. This path length is found to fit a wide variety of cosmic ray
abundance data at both high and low energies and for various Z ratios as discussed by
Soutoul et al., paper, OG 4.1-3 this conference. No truncation of this path length is
considered in these calculations. For the cross sections we have used 1) the earlier
semi-empirical formula predictions as updated through 1977 (Tsac and Silberberg,
1979) and 2) revised cross sections as indicated by our new results - including
unmeasured cross sections as revised by our updated semi-empirical formulae
(Webber and Hsiung, paper, OG 7.2-24 this conference).

3. Results of Calculation. a) Abundance Ratios. In Figures 1, 2 & 3 we show the B/C,
Al1/5i and K/Fe ratios calculated for secondary production only. (¥ = 600 MV in all
cases). The observed ratios (Engelmann et al., 1883) are also shown. In almost every
case the new cross sections lead to significantly better fits to the measured individual
ratios of mainly secondary nuclei than was the case for the previous semi-empirical
cross sections. In order to further illustrate the propagational changes brought about
by the new cross sectipns we examine the situation at one energy only - 1.6GeV/nuc
where A = B.0g/cm”. Table I lists the percentage change in secondary production
for the various ratios brought about by introducing the new cross sections. It should
be pointed out that these percentage changes are at one energy only. They may differ
considerably at other energies because of different energy dependances of the cross
sections as illustrated in Figure 3. Also note that these differences, which are typically
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5-10% or larger, are much greater than the 1-2X abundance ratio errors in the HEAO
data base. And finally, the effects of short path length truncation, which are typically
~ 5-10% in the ratio of B/C to the ratio of Z=21-25/Fe, (for example Garcia-Munoz et
al., 1084) can be masked by the differences of the same order found for the new cross
sections.

b) Source Abundances. The new cross sections allow the secondary abundances of
most nuclei to be caluclated to an accuracy ~ 3-5% for a fixed path length. This,
coupled with the 1-2% accuracy of the measured charge ratios, allows the source
abundance of galactic cosmic ray nuciei to be calculated to a new level of precision,
including some charges for which only upper limits existed from previous calculations.
This analysis is shown in Table 2. All values refer to 1.5 GgV/nuc and use the
propagation parameters already discussed, e.g. A, = 8.0g/cm”, ¢ = 800 MV. The
caluclated abundance at earth in column one is the secondary abundance only as
caluclated from all heavier nuclei -including the revised source abundance from this
work. ’l’ge errors are only those on the cross sections as propagated through the
8.0g/cm® of interstellar hydrogen. The observed ratios are the average ratios at 1.6
GeV/nuc from Engelmann et al., 1983. Any differences in the calculated and observed
ratios for the mostly secondary nuclei can be directly related to the source
abundance of that secondary nucleus. It is seen that for Be, B, Fl, Cl, K, Sc and V this
difference is ~ + 1 ¢ in the combined errors in the cross sections and the
observations. The fact that these differences are almost equally divided betweepg +
and - and also- show no clearztrend with Z shows that 1) the value of 8.0g/cm” is
consistent to within + 0.2g/cm® and 2) the effects of truncation of short path lengths
must be small.

These differences translate into source abundances of a few parts in 1000 to that of
Si, with comparable errors. For the remaining nuclei in the table the source
abundances are all finite and significant. For the first time it is possible to get
meaningful source abundance estimates for the elements P, Ar, Ti and Cr. If the usual
plot of the ratio of CRS to LG abundances (=R, ) versus FIP is made (Figure 4) then a
rather abrupt decrease from a value ~ 1 to a value ~ 0.2-0.3 is observed between 8-12vV
FIP. The elements He, N and Ti and Cr apparently do not fit this simple picture. A very
gimilar behavior occurs when a corresponding plot is made using new and more
complete solar particle data from Voyager (Breneman et al., 1985). In Figure 5 we
show a plot of the new cosmic ray source data versus the new solar particle
abundance data. {=R,) Earlier plots of this type suggested ratios ~ 1 with some
notable exceptions. ere is now evidence for a structure in this abundance ratio
when plotted against FIP. To further examine this we plot in Figure 8 R, vs R,. Seven
elements are clustered about one - .several of the remaining elements are clustered
about R, = 025 & Ra = 0.7 suggesting perhaps a difference in the FIP selection
process the sun and in cosmic ray sources for these elements. This selection
process or fractionization occurs on the sun between the photosphere and corona and
its identification in the cosmic ray sources would be of great importance. It is also
possible that all of the elements, except C, lie along a line in R, space as indicated
by the line in Figure 8. The further implications of this behavior will be discussed in a
separate publication.
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6. Eigure Captions.

Figure 1. The observed B/C ratio and that predicted using the new cross sections.

Figure 2. The observed "/Si ratio and thnt) predicted using the new cross sections.
Secondary production - no Al in source

;‘Lgure 3. J{{e obsemdok%‘e ratio and that predicted using the new cross sections -

no K in source. :

Figure 4. Ratio of cosmic ray source abundance deduced in this analysis to LG

abundances vs FIP =R,.

Figure 5. Ratio of new cosmic ray source abundances to new solar cosmic ray

abundances vs FIP =R, -

Figure 8. The Ratio R, vs. R, for elements with Z<30.

Table II

Table I

Effects of New Cross Sections
on Secondary Production Ratios

‘ Comparison of Calculated & Observed
Abundances at 1.5 GeV/nuc - Source Abundances

Calculated Observed Difference . Source Abundance
Ratio % Change in Secondary Si = 1000
Production at 1.5 GeV/nuc* Be/C " 0.109:0.004  0.100£0.005  -0.009:0.007 -848
Be/C - 3.5 B/C 0.295:0.010  0.305¢0.006  0.010£0.012 42450
B/C - 7.3 ¢/st - 6.76 20,12 - 4310£100
No + 5.2 N/0 0.303:0.008  0.303£0.003  0.043:0.009 220150
Fi/e < 2 0/s4 - 6.38 0.10 - 4960480
No/Mg <2 Fi/Ne  0.133:0.003  0.135:0.003  0.002:0.004 1.322.5
a1/51 +17.0 Ne/St - 1.031:0.010 - 615115
o/s 104 Na/Mg  0.11240.010  0.17420.005  0.062¢0.011 66412
Mg/si - 1.30540.010 - 107512
Cl/Fe - 12.5 A1/Si  0.158:0.007 0.23240.005 0.07410.009 7619
Ar/Fe vas si - - - 1000
K/Fe - 85 P/S 0.195:0.008  0.226:0.006  0.033:0.011 45:1.5
CafFe -.6.1 §/51 - 0.203:0.004 - 13246 .
Sc/Fe + 3.0 Cl/Fe  0.079:0.004  0.076£0.002  -0.003:0.005 -215
Ti/Fe + 3.2 Ar/Fe  0.110:0.004  0.1360.003 - 0.026£0.005 1845
V/Fe + 2.5 K/Fe  0.095:0.003  0.099:0.002  0.004:0.004 33
Cr/Fe - 10.2 Ca/Fe  0.118:0.004 - 0.220:0.004  0.102£0.006 7216
Mn/Fe - 16.5 Sc/Fe  0.053£0.003  0.051:0.002  -0.002:0.004 -2t4
at 600 MeV/nuc Ti/Fe  0.140:0.003 0.1470.003 0.007+0.003 643
25Mg +11.5 V/Fe 0.06940.002 0.0730.002 0.00410.003 343
26Mg +33.0 Cr/Fe  0.110£0.003 0.14610.003 0.036+0.005 3218
23§ Mn/Fe  0.000:0.002  0.097:0.002  0.00740.0025 612.5
s0g4 Fe/si - 0.63620.013 - 915415
Co/Ni  0.070:0.007  0.128:0.008  0.0580.011 2.5:0.5
* From Tsao & Silberberg, 1977 Ni/si 0.029:0.0015 4523
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