Kadaikanal Ohs Bull (1988} 9, 195 200
PECULIAR ABUNDANCES IN SOLAR PARTICLE CMISSIONS

M N Vahia
Tata Institute of Fundam ntal Research
Colaba, Bombay 400 005 India

Abstract

In this paper we attempt to show thalt currently avalable data on solar flare
particle abundances allows studies of abundance and enhancein nt patterts In particular
we show that solar particles originate from regions of temperature around 6 x 10°K  We
also take a look at the direci charge state measurements in small and large flares and
show that it 15 possible to distingutsh botween the ¢oronal and photospheric components
of solar flares We then deduce the thermal condttions that must be existing during various
stagres of solar parlicle flore bulld up and release

1 Introduction

Last two decades of extenslve studies of solar energstic particles have revealed a
wealth of data While large flares have been studied on the time varying as well as nap
shot basis (Arm trong el al, 1976y Scholer et al, 1978, Bi was et al, 1983, Crawiord el al,
1975), the small flare studies on the other hand have been possible only after the advent
of satellites which continuously monitor the solar particle fluxes {(Mewaldl, 1980) The
detailed observational fealures obtained by such studica are discussed elsewhere (Vahla,
19868) As a result of these studies, clesr patlerns have begun to emerge regarding the
possible conditions that exist during solar particle flares end pariicle acceleration
In Lhis paper we shall briefly review the observational features of small and large events

and try to derive the physical conditions in golar particle emission regions on the basis
of these observatiohs

II Observations

1M1 Small Flare Observations

Composition studies of small flares have been reporled by MeGurre et al, (1981)
which show that the relative abundances for most of the slements are a function of
time but C and Ne + M7 show lLittle variation; a feature that has also been observed for
large flares (Meyer, 1985, Vahia, 1987) Mason et al, (1986) have made an extensive
compllation of small flare abundances and have found that the enhancement of heavier
elements with respect to large flares 1s a monotomnically Increasing function of the
nuclear charge There have also been attempts Lo determine the charge states of ~| MeV/n
He, O and e in amall flares (Hovestadt st &l, 1984) using electrostatic deflectors,
a proportional counter and position sensitive detectors These studies (Figure 1) have
shown that while He shows a mean charge state that corresponds to an amblent tempera
ture less than~ B8 x 10° K, the heavier ions show charge states that corresponds to
a temperature ~ 2 5 x 10° K

[I.2 Large Flare Composition
Rocket borne as well as satellite borre studies of large flare particles (Blswas et al,

1983, Meyer, 1985, Vahia et al, 1985) have shown that for most of the elements for
which the measurements have been made, the relative abundances sre a strong functlion
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of energy (Vahia 1988) In particular, the relative abundances are higher than the photo
spheric abundanres 1t low energies and monotontcnlly reach the pholospheric value
at energte above about 25 MeV/n This 1s especially so for Ne, Mg S1 Ca, T1, Cr, Fe and
Nt where detailed pectra hnve been measured in several flares However the eclements C
N, Ne 5 and Ar how no excess over the photospheric value fram very low energles
{<10 MeV/n) right upto htgh energies We discus the importance of thi  conclusions In
the next section Direct attempts to mea ure the charge states of solar energetic particles
in large flare have shown Ihat there seem to ba Lwo component. corresponding to
equilibrium temperatures of 2 x 10% K and 7 x 108 K {L.ubhn et al 198Y) (figure 2)

I Discussion

Solar energelie particle evenls ere predominantly associated with two  ribbon
flare and neutral hine wnnhilation of the magnetic field {cf Priest, 1981) Henee any
tudy of the morphelogy of flare. must Include the studies of Lthe effects of The magnetbic
fields on charged particles For the rest of the di cussion we take the sequence af
events that lrad to cnergetic particle emission as shown 1n figure 3 (Vatia 1986)

The olu flarc region magnetic field beshaviour can be summarised as shown
th the Mguie A bipolar magnelic reqgion in Lthe photosphere can bulld up 1In strength
through 1 pla ma  loop interaction and by absorbing the pla ma from the surroundings
(figure 3 1) As lius loop becomes strong a plasma Ltube farms 1n Lhe centre of the loop
the cross eciion of which 1s shown 1n fgure 311 From consideralions of stability, such
a structurc 18 unstablo and would 11se 1n the upper atmosphere Lhereby changing its
energy content and magnelie field sltrength {Nigure 311I) If the plasma energy in wuch

a loop extecd the cxlernal pressure, an intense flare and particle flwre would oceur
(figure 3 IV)

We shill now try to sce whal constramnts can he pul on the dynamies of such
regions Trom the  tudy of the solar energetic particles

Aq i cus od insection I, C, N, 0, Ne and § and Ar are nol enhanced 1n a large
varicty of olar flares for which detailed sludics are avallable Therefore, this must
be Laken to be a very fundamental condition of solar gncrgetic particle emission region
If the above listed elemont are not to be enhanced with respect to Lheir phataspheric
vatue, il implics that their charge Lo mass ratios sre very saimilar Lo cach other at the
stage when the solar flue plasma 18 1solated from the ambienl medium  The standard
deviation from the mean charge states for C, N, O and Ne Logether and § and Ar Logethar
against the log of Lermperature 18 shown n figure 4 (Vahla, 1987) [l can be secn from
the figure that 1f the plasma isolation oceurs around log T of ~ 58 (T ~63 x 105 K) then
the charge tates of thesg elements would be very sirmilar At this temperature, Lhe
charge stales of other elements would be substantially different (Arnaud and Rothenflug,
198.,, Vahia, 1987} Therefore, Lhe solar flare plasma must be isclated al a temperature
~ 6 x 10° 1K This temperaturc 18 higher than that of the photosphere (~ 10% K) and
less Lhan the coronal tempcrature (2 x 10° K} Hence Lhe basic loop siructure must be
in Lhe upper chromosphere (or below Lhe phatosphere) (Vahia and Rao, 1987) It should be
noted thai the observed charge states near the earth are those that are modified by
rapid acceleration during the particles release in the inteirplanetary medium Vahia and
Raa {1987) have used the belatron mechamsm to study the possible effects of Lhe varying
magnelic fields on such a plasma and find that the electrome field component of =a
simple Limc varying magnetic field can effectively accelsrate particles They have
alsp shown that a bipolar reagion can result ko a particle flare 1f Lhe density of the
flare region 18 less than 107 p/cc otherwise the coulombian loss would sbsorb the energy
and a pure electromagnetic flare would result

Since small flares are not associated with extensive electromagnetic activity, it
cah be assumed that such flares originate in regions of lower pressure so that by the
time a flare reaches Lhe configuration shown in figure 3 III, 1t becomes unstable and
releases parlictes Into the interplanetary medium while for large flares the stage of
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intense electromagnetic activity 1s required Under wuch a condifion the charge states
measured would show a distinet difference tn their final charge stales Ma on et al (1986)
have tudied the heavy 1on composition in amall flares and have shown a pattern of
small flare to large flare enhancement If this 18 compared with large flare to coronal
abundances 1t turns out that the small flares to coronal abundance are yery similar
(Mason et al 1986 Meyer and Reeves 1977) in hoth the cases while the He? abundances
are substantially dlfferent Thus 1s also reflected 1n the differences in the charge state
measurements of He® and heavy 1on by Hovestadl et al {1984) Th(.y have shown that
while the He componznt has a temperature less than about 8 x 10° K the heavy 1ons
have a temperature ~ 2 x 108K (figure 1) In the large flare on the other hand, while a
(coronal) component nf temperature of 2 x 10° K 1s seen the other componant has
a temperature ~ 7 x 10% K (Lubn et al 1985) (figure 2) Hence, while the large flares
have s distinct photospheric component which undergoes a rapid acceleration and hows
temperature around that of large electromagnetic flares, small flares show no such
compaonent

This allows us to put temperature constraints on various stages depicled in figure 3
Since the basic material of flares shows photospheric composition at high energies (Biswas
et al 1983), the temperature condition for stage 3 | must be around 1 1[] x 10 K Since
the large flare composition shows an isolation lemperature of ~6 x 10° K (Vahia, 1987)
the temperature during the stage depicted in figure 311 musl be around 4 8 x 10°K
These loops are distinclly seen 10 corona and are often stable at tempeoiatures around
2 x 10° K the loops depicted 1n figure 3 111 should have a Lemperature around 2 x 10° K
The stage depicted in figure 3 IV 15 the most energetic part of the solar flares and gives
extensive X ray emission indicating a temperature around 7 x 108 K

IV Conclusions
Accurate stuches of olar energetic particle abundance studies carry vital clues

to the plasma field interactions 1n various slages of solar flares and suggesl that
solar energetic particles may be an important source of flare trigger
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Fig.4 Standard deviation in mean charge states to mass
ratios for C, N O and Ne together and S and Ar together
against temperature (Vahia 1987) based on the calculations
by Arnaud and Rothenflux (1985)



Peculiar abundance. in Solar Particle Emissions 199

References

Armstrong TP Krimigis SM  Hovestadt D, Klecker B and Cloeckler, G 1976 Solar
Phys, 49 395

A naud M and Rathenflug R 1985 Astron Astrophys Supl 60 42,

Biswas, 5, Durgaprasad, N and Vahia, M N 1983 Solar Phys 87 163

Crawford HJ Price P B, Cartwright, 8 C and Sullivan JD 1975 Astiophys J 195, 213

Hovestadt D, Gloecklcr,[‘ Klecker, B and Scholer ™M 1984 A trophys J 281 463

Luhn, A ot '1] 1985 Proc 19th Int Cosmic Ray Conf 4 241

Mason, G M, Reamce DV, Klecker, B, Hovestadt, O and von Ro envinge, T T 1986
A trophys J 303 849

MeCaire RW, von Rosenvinge T T and McDonnell F B 1979 Proc 16th Int Cosmic
Ray Conf 5 61 and 90

Mewaldt R A 1980 in Proc Conf on Ancient Sun ed JA [ddy and R B Merrill, p 81

Meyer, Jp 1985 Astrophys J Suppl 57 151

Meyer JP and Reeves, H 1977 Proc 15th Int Cosmic Ray Conf 2 137

Priest E R 1981 Solar Flare Magnetohydrodynarmic , Gordon Briech Pub Comp

Scholer M Havestadl, D, Klecker, By Glocekler, G and Man CY 1978 J Geophys
Re 83 3349

Vahia, M N 1986 Advances in Space Res 6 No 8, 85

Vahia, M N 1987 A tron Asliophy 173 361

Vahia HN 1988 J Kodaikan Obs , this volumc

Vahi, M N, Biswas S and Dutgaprasad, N 1985 Proc 19Lh Int Cosmic Ray Conf 4 221

Vahia, MN and R, AR 1987 Proc 20th Inl Cosmic Ray Conf 3 21



