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1. Introduction

Solar energetic particle (SEP) elemental abundance data from the Cosmic Ray
Subsystem (CRS) aboard the Voyager 1 and 2 spacecraft (Breneman and Stone
1985) are used to derive unfractionated coronal and photospheric abundances for
elements with 3 < Z < 30. We find that the 1onic charge-to-mass ratio (Q/M) 1s the
principal organizing parameter for the fractionation of SEPs by acceleration and
propagation processes and for flare-to-flare variability, making possible a single-
parameter Q/M-dependent correction to the average SEP abundances to obtain
unfractionated coronal abundances. A turther correction based on first 1on1zation
potential allows the determination of unfractionated photospheric abundances

2. Results

The composition of individual flares relative to the average SEP composition
can be described by a function that 1s roughly monotonic in Z but variable 1n mag-
mtude from flare to flare (Cook et al 1879, 1984, McGuire et al 1979, Meyer 1981,
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Fig. 1. Abundances relative to the mean SEP abundance for two typical flares,
plotted vs. Q/ M.
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Fig 2 Spectral index y vs. Q/M for two typical flares.
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Fig 3 Mean SEP abundance relative to the photosphere (Grevesse 1984) for the
low-FIP elements, plotted vs. @/M. The best-fit power-law has a reduced x°of 10,

1985) Using the recently reported SEP 1onic charge states (Luhn et al. 1984), we
find that this compositional variabihity exhibits a monotonic dependence on the
ionic charge-to-mass ratio Q/M of the particles, as ilustrated in Fig 1 Such a
dependence is not unexpected for acceleration and propagation effects The spec-
tral indices of the elemental differential energy spectra for a given flare also tend
to be ordered by Q/M (Fig 2) Thus we derive an unfractionated coronal composi-
tion by applying a Q/M-dependent correction to the average SEP abundances.

3. Discussion

The correction factor has been determined by comparing the SEP abundances
of elements with low first ionization potential (FIP), which display no FIP-
dependent fractionation (Breneman and Stone 1985), to the photospheric spec-
troscopic abundances (Grevesse 1984) (see Fig 3) The derived correction func-
ton, which 1s a power-law 1n Q/M with a slope of 066 + 0 17, may be applied to the
SEP abundances for all elements, resulting 1n SEP-derived coronal abundances
(see Table I) As Fig 4 shows, they agree well with coronal abundances obtained by
XUV/X-ray spectroscopy, but have much higher precision and are available for
many more elements.

The derived coronal abundances can also be corrected for the FIP-dependent
fractionation suggested by the dynamical 1onization model of Geiss and Bochsler
(1984). In this model, the high-FIP elements such as N, O, F, Ne, Cl and Ar are
depleted because their 1onization times are longer than the time individual atoms
spend in a rising spicule. Thus, their abundances are corrected by the depletion
factor of oxygen in SEPs relative to the photosphere (4.03 + 0.26), P and S are
corrected by the depletion factor of sulfur (1.89 + 0.17), C 1s corrected by the
mean of the oxygen and sulfur depletion factors, since 1ts proper depletion factor
18 uncertain, and the low-FIP elements, which are quickly iomized, are left
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Table 1. SEP-derived coronal and photospheric abundances relative to silicon

SEP-derived SEP-derived SEP-derived SEP-derived

A corona photosphere  Z corona photosphere
8 2350 5 8490 *£88 19 3.91%4 301

7 700.%5¢ 2775 1§ 20 82.132 82.1}

8 5680 *3% 22900 21 (0.31385%)*  (031:88D)*
o (0.2829%0)* (114 P =R 49§ 4948
10 783,484 3140 *#%3 23 (048288 (04823%9)*
11 67.0182 870182 24 18.3183 18338
12 1089.2§2 1089 1§ 25 68}3Y 68437

13 83.7¢ 83.7148 26 1270 Xl 1270 &
14 1000 1000 R_7 <181 <181

15 4 B9*§% 9 24*148 28 4854} 46548}
16 242, 440 460.4§¢ 29 (057238  (057%&)*
17 238488 9643 30 16128 161298
18 24 1%4% 102 ¥

* Based on fewer than 5 particles and highly uncertain

unchanged The resulting SEP-derived photospheric abundances (Table 1) involve
fewer modeling parameters than spectroscopic determunations and are available
for some elements (eg. C, N, Ne, Ar) that cannot be observed spectroscopically
The mam differences (Fig 5) are a significantly higher abundance of Cr (and possi-
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Fig 4 SEP-derwved coronal abundances relative to spectroscoplcally-denved
coronal abundances (Veck and Parkinson 1981), plotted vs FIP
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Fig 5 SEP-derived photospheric abundances relative to spectroscopically-
derived photospheric abundances (Grevesse 1984) The estimated uncertainty in
the FIP fractionation correction is indicated by the vertical brackets

bly Ca and T1) and a C abundance that 1s about half of the commonly assumed solar
abundance The SEP-derived Fe/S! ratio 1s 1n agreement with the recent photos-
pheric value (Grevesse 1984), which 1s 50% larger than the meteoritic value
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