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Introduction

In the last six months a major effort has been the organization of work on the

composition of solar wind emanating from solar coronal holes. A review for the IUGG

summarizing recent solar wind composition research was completed and will appear this

year. The manuscript is included at the end of this report.

--j .._

Data Analysis

Over the last two years a large amount of analysis has been done with solar wind

composition from coronal mass ejections and coronal holes. Because a number of different

students did the work, the results were in different formats, and it was difficult to apply

consistent analysis criteria. We have now organized the data and results from coronal holes

and a master list of coronal holes for the years 1978 to 1992 has been prepared. A copy of

the list is included at the end of the report.

We have now established a standard procedure for analyzing ICI results and storing

the results. For coronal holes the procedure is listed below:

1. Determine the period coronal holes on the sun are in earthward direction using

the coronal hole information from Catalogue of Coronal Holes 1970-1991

2. Compute the solar wind sun/earth transit time.

3. Examine helium velocity, density, and temperature (VDT) data for the period of

the selected coronal hole, taking into account the solar wind transit time. In the VDT data

we look for a solar wind velocity increase accompanied by a density and temperature

decrease.

4. For spectra that meet the VDT criteria run PRINT_ICE. This program puts the

satellite data in a 7 column format. The data in this format must meet the following criteria:

a) all 7 columns present.

b) maximum number of counts in the center column at mass per charge

channel 11

c) maximum count channel each row be in the same column

d) number of counts at the peak < 1500



e) nomorethana3 or 4, -Is in thespectra.-1 is thebaddataflag.

SpectranotmeetingtheabovecriteriaarerejectedWeregularlyuselessthan50%of the

spectra.

5. Theselectedspectraareanalyzedwith oneof thefollowing programs,
a) ICWIND_KB

b) JOEY.COM.ThisprogramrunsICWIND_KB_JDNin anautomated

wayandtakes20%of thetimeof ICWIND_KB for aseriesof

spectra.TheICWlND_KB_JDNprogramhasbeenmodifiedto list the
abundanceof iron.

6. Theprogramscreate4 outputfiles with theresults,

a) ShortFormusedfor analysis.

b) TheLongForm,themostcomprehensivefile.

c) ThePrintFile, obsolete.

d) for036.dator ion File,usedto maketheICI mass/chargegraphs.

All ftles areput into theweekly$disk in theGoddardcomputer.

7. ThefilesarecopiedontotheMarylandcomputerGodzilla,thendownloadedto
theMacintosh.

8.Theresultsfrom theShortFormsareenteredintoaspreadsheettemplatefor

furtheranalysis.Fromthespreadsheetabundanceratiosareplotted,printedandcopiedto
floppy disk. Themost recentresultsarecontainedin loose-leafnotebooks.

A flow chartof thedataanalysisprocedureis includedattheendof thereport.

All but2 coronalholesfor 1981havenowbeenanalyzed.Thefirst monthsof
1980havebeenexaminedfor likely coronalholes. Thosethathavebeenfoundfail to meet

theVDT criteria. Theyearof 1982appearsto havebeenfinishedbut,will becheckedfor

completeness.

A methodto modify theanalysisprogramto includethemiddlethreecolumnsis
underway.
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Abstract

Advances in instrumentation have resulted in the determination of the average

abundances of He, C, N, O, Ne, Mg, Si, S, and Fe in the solar wind to approximately

10%. Comparisons with solar energetic particle (SEP) abundances and galactic cosmic

ray abundances have revealed many similarities, especially when compared with solar

photospheric abundances. It is now well established that fractionation in the corona

results in an overabundance (with respect to the photosphere) of elements with first

ionization potentials less than l0 eV. These observations have in turn led to the

development of fractionation models that are reasonably successful in reproducing the

first ionization (FIP) effect.

Under some circumstances it has been possible to relate solar wind observations

to particular source regions in the corona. The magnetic topologies of the source regions

appear to have a strong influence on the fractionation of elements. Comparisons with

spectroscopic data are particularly useful in classifying the different topologies.

Ions produced from interstellar neutral atoms are also found in the solar wind.

These ions are picked up by the solar wind after ionization by solar radiation or charge

exchange and can be identified by their velocity in the solar wind. The pick-up ions

provide most of the pressure in the interplanetary medium at large distances. Interstellar

abundances can be derived from the observed fluxes of solar wind pick-up ions.



Introduction

The composition of the solar wind is a tangible measure of the region of the sun

from which it originates, the solar corona. The solar wind also sweeps up material from

the regions of interplanetary space through which it passes. There are many sources of

entrained material including comets, asteroids, the atmospheres of planets and satellites

and material from the local interstellar medium. When the entrained material can be

distinguished from solar material, solar wind composition measurements provide

information on the extrasolar sources. This review is divided into two parts, one dealing

with solar wind composition and the sun, the other dealing with some sources of solar

wind material other than the sun.

Overall Properties of the Solar Wind and Solar Wind Instrumentation

The solar wind is approximately 95% protons (H+), 4% alpha particles (He ++) and

1% minor ions, of which carbon, nitrogen, oxygen, neon, magnesium, silicon and iron are

the most abundant. Solar wind velocity when measured in the ecliptic plane is normally

in the range from 300 to 600 krrgs, but under some conditions can exceed 1000 krrgs.

The energy of solar wind ions is from 0.5 to 2.0 keV/nucleon. The density of the solar

wind is normally between 1 and 10 particles/cm 3, and the temperature associated with the

random motion of the particles is in the range from l0 a to 106 K. A second temperature,

referred to as the coronal temperature, is used to characterize the solar wind, it is derived

from the relative charge state distributions of the wind elements and is typically of the

order of the temperature of the solar corona, 106 K (Hundhausen, 1972).



Thefirst space-basedcompositionmeasurementswereof theprotonto alpha

particleratio. Thesemeasurementsusedsimpleelectrostaticenergyanalyzersandrelied

on thefact thatthemeanenergyperchargeof thealphaparticlesis twicethatof the

protons(NeugebauerandSnyder1966). Duringperiodsof highdensity,low velocity and

low temperature,minorion compositioncanbemeasuredwith highresolution

electrostaticenergyanalyzers(Bameetal., 1968),butcompositionoverawiderangeof

solarwindconditionsrequiresmorecomplexinstruments.Theseinstrumentsare

generallyof twotypes,thecombinedvelocity filter-electrostaticenergyanalyzerandthe

time-of-flightmassspectrometer.Thefirst instrumentmeasuresion velocityandenergy

perchargeseparately.Fromthetwomeasurements,massperchargeis derived(Coplan

et al. 1978).Onelimitationof this instrumentis theneedto scanoverthefull rangesof

bothvelocity andenergypercharge.This resultsina low dutycycle:adisadvantagethat

canonly bepartiallyovercomewith adaptivescanningschemes.A secondlimitation is

overlappingvaluesof masspercharge.Forexample,alphaparticlesandC+6havethe

samemassperchargeandcannotbeseparatedwith theinstrument.As aresult,the

abundanceof C+6canonly beinferredfrom measurementsof theotherchargestatesof

carbon.Thisis doneby assigninga valueof coronaltemperatureto thesolarwind. For

caseswherethemostabundantchargestateof anelementisobscured,a largeuncertainty

in theabundanceof theelementis introduced.

Fortime-of-flight spectrometers,theenergypercharge,velocityandtotalenergy

of eachion aredeterminedwithatriple coincidencescheme(Gloeckleretal. 1992).

With thisinformation,themassandchargestateof eachion aredetermined.These

instrumentscancovera widerangeof solarwind velocitiesandhaveavery low

background.Thedutycyclefor theseinstrumentsisdeterminedby thenumberof energy

perchargestepsneededtocoverthefull energyperchargerange.
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Morerecently,isochronoustime-of-flight instrumentshavebeendevelopedto

measureionmassdirectly (M6biuset al. 1990,Hamiltonetal. 1990).Theseinstruments

useelectricdeflectionfields shapedin suchaway thattheresidencetimeof anion in the

field is inverselyproportionalto thesquareroot of themassof theion, independentof the

energyof the ion. For isotope abundance measurements it is necessary to be able to

distinguish ions differing in mass by 1 amu for masses as large as 100 amu. This is now

possible with these instruments.

Solar Composition

Long term averages. Presently available long term average composition results

have mainly been based on the data from the Ion Composition Instrument (ICI) aboard

the ISEE-3/ICE spacecraft (Coplan et al. 1978). The instrument is composed of a

velocity filter and electrostatic energy analyzer and has produced on average 30 to 50

mass per charge spectra per day with a maximum resolution of 30 since operation began

in August, 1978. Average abundance ratios over a complete solar cycle for 3He/aHe,

O/4He, Ne/4He, Fe/4He, and Si/4He have been derived from the data. These have been

converted to ratios with respect to oxygen and are listed in Table I. The table also

contains abundance ratios from other solar wind experiments and solar energetic particle

(SEP) (energies of 1 MeV/nucleon) and galactic cosmic rays (energies of 100 to 1000

MeV/nucleon). Also included are abundance ratios for the solar photosphere. The ISEE-

3/ICE long term values for the 3He/4He and Ne/He ratios are in good agreement with

ratios determined from foil measurements performed on the lunar surface during three

separate Apollo missions. There is also good agreement between the

ISEE-3/ICE measurements tbr oxygen, silicon, and iron and abundances derived from the

Solar Wind Ion Composition Spectrometer (SWICS) experiment aboard the Ulysses

spacecraft, SEPs, and galactic cosmic rays.



Additionalinsight intosolarwind abundancescomesfromacomparisonof solar

windabundanceratiosandsolarphotosphericabundanceratiosasafunctionof thefirst

ionizationpotential,Figure1. Also includedarethedatafor SEPsandgalacticcosmic

rays(becausethespectraof the inertgasesareabsentin thephotosphereit is notpossible

to compare the solar wind values of ratios of 3He and Ne to 4He to those in the

photosphere). There is a systematic difference between the three sets of abundance data

and photospheric abundances. Elements with low first ionization potentials (FIPs) are

more abundant than high FIP elements (Meyer 1985, Hovestadt 1979). The transition

between low and high FlP elements occurs at about 10 eV, corresponding to Lyman-

alpha radiation. It appears that atomic physics is much more important in determining

abundances in the solar wind, SEPs and galactic cosmic rays than the details of the

structure of the stellar atmosphere from which the particles originate and the acceleration

mechanisms that are responsible for their final energies. The similarities in composition

obtained by the different techniques provides us the possibility of applying knowledge

gained from solar wind studies to SEPs and galactic cosmic rays.

Any model of the solar wind must take into account the conditions in the

photosphere, chromosphere, and corona, for it is the photosphere that feeds material up

through the chromosphere to the corona, and photospheric abundances are the baseline

against which solar wind abundances are compared. The photosphere can be adequately

described as a gas in thermodynamic equilibrium with a temperature of approximately

6500 K. The corona, by contrast is much less dense with a temperature of the order of

106 K so that the assumption of local thermodynamic equilibrium is sometimes

questionable. The mechanism of coronal heating is presently not well understood; even

within the transition region there are steep temperature and density gradients. Within the

corona, the temperature is a minimum at the base where the density is greatest. Farther



up, temperaturesincreaseanddensitiesfall until meanfreepathsbecomecomparableto 1

AU andthegasisessentiallycollisionless.Theoverallresultisadynamiccompetitionas

afunctionof heightbetweencollisionfrequency,chargedparticledensity(ionsand

electrons),andionizationefficiency. Becausethesourceregionfor thesolarwind is the

outercorona,solarwindcompositionandchargestatedistributionsreflectthecomplex

kineticswithin thecorona.Moreover,themechanismsthatproducethetransitionfrom

therelativelycool,densephotosphereto thehot tenuouscoronaareunknownand

constituteoneof theimportantoutstandingquestionsaboutthesun. Whileit is well

established that ionization first takes place at the base of the corona, the mechanisms by

which initially formed ions are preferentially swept upward and incorporated in the solar

wind has yet to be fully explained. Current models hypothesize the existence of radial

magnetic structures at the base of the corona that confine the ion trajectories to paths that

lead into the corona. Neutral atoms, by contrast, are free to diffuse in all directions.

Fractionation in the corona has been modeled by von Steiger and Geiss (1989)

who have been able to reproduce a FIP effect of approximately the observed size using

fairly simple models of fractionation by ion-atom separation across magnetic field lines

in the upper chromosphere. Their mechanism relies upon trapping of charged particles on

magnetic field lines. In a constant UV flux, the difference in ionization times between

high and low FIP atoms results in the preferential containment of low EIP atoms on

magnetic field lines that conduct them up through the corona. This mechanism can

reproduce the FIP effect for temperatures of 104 K, densities of <_ 1016 m3, and an

overall height scale of l0 to 100 km. The theory also predicts a slight decrease in the

abundance of He, in agreement with the data in Table I. Burgi (1992), has shown that the

flow geometry in coronal streamers can also produce strong helium fractionation, and, in

absence of a verified source for the slow solar wind, such geometrical effects could

probably produce the variabilities seen at low speeds.



Theonlyisotopemeasurementscurrentlyavailablearethosefor theHe3/He4 ratio

(seeTableI). A knowledgeof thisratioconstitutesastringenttestof modelsof solar

evolution(Maeder,1990).

Solar Windfrorn Well Defined Solar Structures. In an effort to team more about

the solar FIP effect and thereby gain additional knowledge about the structure and

dynamics of the photosphere, chromosphere and corona, scientists have begun to analyze

the composition of solar wind that originates from well defined structures on the sun. So

far it has been possible to identify solar wind from coronal mass ejections, coronal holes

and sector boundary crossings. These structures are associated with different magnetic

field topologies that certainly play a central role in the transport and fractionation of ions

and electrons from the chromosphere to the corona and solar wind. [n addition to direct

solar wind measurements, there are now spectroscopic studies of the abundances of a

number of elements in solar flares, active regions and polar coronal holes. These

spectroscopic measurements are based on data from a variety of imaging spectrographs

operating from the ultra violet to x-ray region of the electromagnetic spectrum. Many of

the measurements were taken during the Skylab missions, but only recently have been

analyzed in detail (Feldman (1992) and references therein). Most of the work has

concentrated on the difference in the abundances of low and high FIP elements under

different conditions. The elements that have been analyzed are the low FIP elements,

Mg, Na, Fe, Ca, and Si. These have been compared with the high FIP elements Ne and

O. The solar flare results are particularly interesting because of the connection between

coronal mass ejections and flares. Schmelz (1993), Schmelz and Fludra t I994) have

analyzed x-ray spectroscopic observations from the Solar Maximum Mission (SMM)

spacecraft and derived abundances for O, Ne, Mg, Si, S, Ca, and F for two flares. These

abundances show a gradual, rather than abrupt, change as a function of the FLP, when



compared to solar abundances. The magnitude of the FIP eft_c[ was approximately two,

and there was a negligible change in abundances as a function of time.

Coronal mass ejections (CMEs)

are some of the largest scale physical phenomena observed on the sun. They are thought

to arise from closed magnetic field structures rooted in the solar corona. These structures

become unstable which results in the expulsion of large volumes of coronal plasma into

the interplanetary medium (Sheeley et al. 1985). Subsequent rearrangement of the

magnetic field on the sun is thought to lead to flares. There have been a number of

studies of the composition of coronal mass ejecta that have been incorporated into the

solar wind. Identification of CME material has relied on the observation of helical

magnetic field structures in the interplanetary medium (Burlaga et al. 1982) and bi-

directional streaming of electrons and solar energetic panicles along the field (Gosling et

al. 1987). Low temperature and high velocity are other signatures. A difficulty with the

solar wind studies is the uncertainty in associating the solar wind material with the mass

ejection. This is due to the tact that most satellite based instruments have been located

very near the earth-sun line and at this position can only intercept material from regions

of. the sun directly facing the earth. Optical observations of mass ejections from these

regions of the sun are particularly difficult to make because of the absence of contrast

between the ejection and the solar background. On the other hand, there is a great wealth

of optical data on mass ejections originating from the limbs of the sun where the ejections

stand out against the background of interplanetary and interstellar space. The CME

project, initiated in 199I, sought to take advantage of the position of the [SEE-3/ICE

spacecraft off the west limb of the sun to make the observations of CME material as it

passed the spacecraft (Richardson et al., 1994). Using optical and radio data first from

the SMM spacecraft and then ground stations it was possible to identify periods when

CME material passed the spacecraft. Because of limitations in telemetry, the
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observationswereincomplete,but thereweresufficientdatato identifydifference.,,

betweenmaterialfromCMEsandthe average solar wind. Results of CME composition

observations are listed in Table II.

Sector boundary crossings are open field structures associated with reversals in

magnetic polarity on the surface of the sun. It has been established for some time that the

alpha particle to proton ratio decreases dramatically at a sector boundary crossing

(Borrini et al. 1981), but there is very little data on minor ion composition. Some

preliminary, results are listed in Table II.

Coronal holes are another type of structure on the solar surface. These holes are

easily identified on synoptic maps of the solar surface; they are associated with open

magnetic field configurations, and are known to be the origin of high speed solar wind.

Because of the size of the polar coronal holes the high speed solar wind often carries

away most of the mass flux and is therefore of great importance. The abundance of alpha

particles is remarkably constant in the high speed solar wind, but highly variable in the

slow solar wind (Bame et al., 1977). The Charge Energy Mass (CHEM) instrument

aboard the AMPTE spacecraft made a number of composition determinations of high

speed solar wind that could be associated with coronal holes (Gloecker et al. 1986). The

results relied on the fact that high speed solar wind compresses the magnetosphere so that

the spacecraft which was normally inside the magnetopause was temporarily in the

magnetosheath, where the abundances of multiply charged ions should not differ

appreciably from those in the solar wind. From 1978 to 1982 and again after 1985 the

ISEE-3/ICE spacecraft was in the solar wind in a position to observe material from

equatorial coronal holes. Though between 10 and 50 equatorial coronal holes were

observed each year, the lon Composition Instrument could only acquire meaningful data
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whenthesolarwind velocitywaslessthan600km/s. Onlya smallnumberof samples

metthiscriterion,andtheresultsareincludedin TableIf.

In TableII wecomparethecompositionof solarwindfromopenandclosed

magneticfield structures,with theaveragesolarwind,andthephotospherefrom TableI.

Also includedarecompositiondataderivedfromtheSkylab spectroscopic observations

that are also associated with well defined magnetic field topologies. There is a clear

correlation between the FIP effect and the topologies. This is especially apparent in the

spectroscopic data where the Ne/Mg ratio shows a strong dependence on source region

magnetic field configuration. These results are in agreement with those of yon Steiger et

al. (1992) who find that solar wind from cool coronal sources with open magnetic fields

is enriched less in C and Mg than that from hotter closed field sources.

To illustrate this further, in Figure. 2 we show a plot of the ratios O/'Ne as a

function of the Ne/Mg ratio. The nominal values of the ratios for the corona from SEP

measurements and for the photosphere are indicated on the graph. The open circles are

the spectroscopic values of Feldman and Widing. We see that, as pointed out by Widing

and Feldman, the two points describing material associated with flares lie close to the

typical photospheric value, while the others cluster about the typical coronal value. The

solid circles are results from the ICI, AMPTE, and SWICS mass spectrometers. The IC1

average (see Table I) is identified on the figure together with its uncertainty, which

represents real variability as well as measurement uncertainty. The ratio of oxygen to

neon as determined with SWICS by Geiss et al. (1994) over a 100 day period at coronal

temperatures of 106 K and 2x106 K are also shown in Figure 2.

In.terst¢llar Pick-Up Ions

II



Oneof themoststriking andinterestingdevelopmentsin thelast fewyearshas

beenthedetectionof extra-solarionspickedupby thesolarwindandentrainedin its

flow. Theseionsresultfrom theionizationin theinterplanetarymediumof atomsand

molecules,whosesourceis overwhelminglythe localinterstellarmedium(LISM). Their

presencenotonly allowsusto studymanyaspectsof theLISM from the solar system, but

it appears that these pickup ions produce the dominant part of the particle pressure in the

outer heliosphere. In an examination of pressure balanced structures observed by

Voyager 2 near 35 AU, Burlaga et al. (1994), show that the contributions of the magnetic

pressure and the pressure due to pickup ions begin to dominate: beyond this distance the

pressure of the solar wind ions and electrons becomes negligible. Thus, in the outer part

of the heliosphere, near its interface with the interstellar medium, pickup ions must be of

great importance in establishing the location and structure of this interface.

The first observations of interstellar pickup ions (He + ) in the solar wind were

made by Mdbius et al. (1985), and were explained in terms of an earlier theory developed

for the scattering of Lyman alpha radiation from interstellar neutrals. Largely because

neutrals are subjected only to gravitational force and radiation pressure, their trajectories

can be calculated and their densities in the heliosphere determined. After ionization, the

particles gyrate at the solar wind velocity about the magnetic field, with their guiding

center moving at the solar wind velocity. The ions form a ring velocity distribution,

which pitch angle scattering deforms into a spherical shell. As they move outward from

the sun with the solar wind they undergo adiabatic cooling, which reduces the radius of

the shell, but they do not become completely incorporated into the solar wind. The

velocity distribution function f(v) for pickup ions has been derived by Vasyliunas and

Siscoe (1976) in the solar wind frame. A sharp discontinuity in the distribution function
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observedin thespacecraftframeat avelocityof twicethatof thesolarwind isaclear

signatureof pickupionsevenin the presence of another distribution.

Pickup ions are predominantly singly charged, with a small amount of He ++ being

formed by charge exchange with He ++ in the solar wind. Subsequent interactions of

these ions with, for example, propagating or co-rotating interplanetary shocks, further

accelerates the ions, and observation of the results of this process may perhaps be used to

check models of shock acceleration. Protons and alpha particles from the solar wind are

much less efficiently accelerated than He + pickup ions (Gloeckler and Geiss 1994), which

strengthens the identification of pickup ions as the source of (usually singly charged)

anomalous cosmic rays. Particle acceleration by shocks is, of course, a ubiquitous and

important process in this and other galaxies.

The measurement and analysis of pickup ions has been made possible by the

development of low background of time-of-flight instrumentation, which uses double and

triple coincidence techniques. Because the flux of pickup ions, especially protons,

increases with distance from the sun, while that of the solar wind falls, observations at

heliocentric distances of several AU are well suited to pickup studies. Recently,

Gloeckler and Geiss (1993) have reported measurements of the pick-up ions H +, He +,

He ++, N +, 0% and Ne + obtained during the Ulysses cruise to Jupiter. They have shown

that abundances of these species in the interstellar medium can be deduced from the

measurements, and that this method can also be extended to isotopic abundances. This is

discussed in detail kn Gloeckler and Geiss (1994) and some resulting abundances are

shown in Table lll, Because interstellar matter is partly in tbrm of grains and mav be

partly ionized, these abundances are lower limits, which probably explains the quite large

differences t¥om solar system abundances, also shown in Table III. In particular, the

He/H ratio might have to be amended to reflect better knowledge of the production rate of
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He +. Clearly, however, the measurement of pickup ions can provide useful new

information on the constitution of the local interstellar medium.

Finally, we should note that neutrals from planets and comets are ionized and

picked up by the solar wind. Although solar system bodies form quite strong local

sources - especially comets such as Halley - the LISM is the largest source, and probably

the only one which can affect the structure of the heliosphere (Ogilvie et al. 1994,

Luhmann 1994).

Conclusions

For several ions that can be separated in mass/charge by an instrument with a

resolution of 30, average abundances are now known. Some abundances requiring

separate mass and charge separation are also known, and the accuracy of these

determinations is approximately 10%, see Table I. This work is still in progress.

Ions with first ionization potentials less than 10 eV are overabundant by as much

as a factor of 4 in the solar wind with respect to their abundances in the photosphere.

This can be explained by preferential confinement in the local magnetic field moving

with the protons. The magnitude of this FIP effect varies with the type of flow. The

effect is smaller for flow from coronal holes than from active regions.

Solar wind abundances appear to vary depending upon the magnetic topology of

the source region. This aspect of solar wind studies may point a way to the solution to

the outstanding question of the origin of the slow solar wind.
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With newinstrumentsit will bepossibleto resolvemajorisotopesbeyond3He

and4Heandthusexpandstudiesof theisotopicconstitutionof thesolarcorona. From

studiesof the3He/4Heratio it appearsthattheouterconvectionzoneof thesunis well

mixed. Moreextensivemeasurementsof the isotopiccompositionpromiseto provide

isotopicratiosfor thesunasa body.

Thepickupions,derivedfrom neutralatomsfromthelocalinterstellarmedium,

canbedistinguishedandmeasuredin thesolarwind beyond1A.U.,makingit possibleto

measureabundancesin theLISM usingaspacecraftin thelocalityof theearth. The

dynamiccharacteristicsof theseionsprofoundlyaffectstheouterregionsandtermination

of theheliosphere.

Theseadvancesshowthethatcompositionmeasurementsin thesolarwind are

likely to beincreasinglyusefulandrewardingfor sometimeto come.
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Table III

Abundances of Pickup Ions at 5 AU Relative to He +
Data from Gloeckler and Geiss (1994)

Element Pickup Ion Flux Interstellar Solar System
Abundances Abundances

H 0.8_+0.2 6.2_+0.7 10.3
He 1 1 1

C < 0.4 x 10 -3 < 0.8 x 10 -3 < 3.7 x 10 -3

N 0.8 x 10 -3 0.5 x 10 -3 1.1 x 10 -3

O 5.7 x 10 -3 3.5 x 10 -3 8.8 x 10 -3

Ne 1.2 x 10 -3 1.0 x 10 -3 1.2 x 10 -3



Figure Captions

Figure 1. Solar Wind Relative Abundances to Photospheric Abundances as a Function of
First Ionization Potential (FIP). Note that the variability for elements with FIPs less than
10 eV is significantly larger than that for the higher FIP elements. The AMPTE data that
are for coronal hole flows show a smaller overabundance below 10 eV than the other

measurements.

Figure 2. O/Ne as a function of Ne/Mg for a variety of coronal structures. Neon and
magnesium are chosen because they are representative of high and low FIP elements.
The open circles are spectroscopic determinations for various structures and events in the
photosphere. Determinations from SWICS, AMPTE, and the ICI are also shown. There
is a good deal of scatter in the data, however the individual determinations tend to cluster
about either the photosphere or coronal (SEP) values. References tbr the data shown are
given below. The following abreviations have been used: "SBC" for Sector Boundary
Crossing, "Cloud" for Magnetic Cloud, "CME" for Coronal Mass Ejection and "BDS" for
Bi-Directional Streaming Events.
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Solar Wind SWICS Geiss et ai. (1994)

Open Field
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