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Abstract. From data collected with the MTOF sensor of the 
CELIAS instrument on board the SOHO spacecraft we de- 
rived the elemental abundance ratios for Si/O and Fe/O in the 
solar wind with high time resolution. Since Si and Fe are el- 
ements with a low first ionization potential (FIP) and oxygen 
is a high FIP element, these abundance ratios are valuable di- 
agnostic tools for the study of the FIP fractionation process. 
The abundance ratios we find for slow and fast solar wind 
are commensurate with published values for interstream and 
coronal hole type solar wind. Between these two extreme 
cases of solar wind flow we find a continuous decrease of the 
abundance ratios for increasing solar wind speed, from a high 
value indicative of solar wind originating from the streamer 
belt to low values associated with flow from coronal holes. 
0 1999 Elsevier Science Ltd. All rights reserved. 

1 Introduction 

In the solar wind, elements with low first ionization poten- 
tial (below about 10 eV) are systematically enriched relative 
to high FIP elements compared to their photospheric abun- 
dance. The enrichment amounts to a factor of 3-5 for slow 
solar wind associated with the streamer belt, and about two 
for fast solar wind associated with coronal holes (von Steiger. 
1%). It is generally believed that these relative enrichments 
are the result of a fractionation process taking place in the up 
per chromosphere and lower transition zone and arc UII\CII 
by a neutral-ion separation process, with the ionization I~~I\I 
likely caused by the EUV radiation from the solar coroml. 
Geiss and Bochsler (1986) found that the fractionation pat- 
tern of the elements is even better described using the first 
ionization time as the organizing parameter instead of the 
FIP. Several models have been designed to explain the FIP ef- 
fect and have recently been reviewed by von Steiger (1996). 
So far none of these models is able to self-consistently ex- 
plain the FIP effect. Recently, Peter (19%) extended the dif- 
fusion model put forward by Marsch et al. (1995) by intro- 
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ducing a chromospheric mass flow speed whose magnitude 
determines the strength of the FIP fractionation. We will 
compare our data with predictions derived from this model. 

In this paper we report on the investigation of the oxy- 
gen, silicon, and iron densities in the solar wind, which often 
serve as a reference for the less abundant minor ions. Sili- 
con and iron are low FIP elements and their abundance rel- 
ative to oxygen, a high FIP element, will allow us to make 
conclusions on the FIP fractionation effect for different so- 
lar wind regimes. The data were gathered with the MTOF 
sensor of the CELIAS instrument (Hovestadt et al., 1995) on 
the SOHO mission. The SOHO spacecraft is located at the 
Lagrangian point 1.1 and is a three-axis stabilized spacecraft 
pointing permanently at the Sun. Because of these unique 
observing conditions and the large active areas of the indi- 
vidual sensors of the CELL4S instrument, measurements can 
be done with high time resolution and good statistics at the 
same time. 

2 Data Analysis 

From the ions recorded with the MTOF sensor, the CELIAS 
data processing unit accumulates time-of-flight (TOF) spec- 
tra for five minutes which then are transmitted to Earth. In 
thi\ study we evaluated the elements 0, Si, and Fe; these 
I~I.CT clcments are among the most abundant minor ions in 
11~ \01:1r wind. Mass peaks for the different elements were 
c\~c\cd from each of the transmitted TOF spectra by fitting 
the signal and the background with a least square method. 
Subsequently, the overall efficiency of the MTOF sensor was 
calculated for each element and for each accumulation inter- 
val. To ohtain particle fluxes for the chosen elements from 
the mensurcd count rates, the MTOF sensor response com- 
prising the transmission of the entrance system and the re- 
~~XYI~X ol’lhc isochronousTOFmass spectrometer (V-MASS) 
\\;,*I lahcn into account. 

‘l’hc settings for the MTOF sensor are cycled in a sequence 
of six steps, including two voltage settings for the entrance 
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Fig. 1. Total transmission of the isochronous TOF mass spectrometer is 
plotted for the three elements investigated and for two potential differences 
between the entrance system and the isochronous TOF mass spectrometer 
(VF = -2500V and VF = 011). The transmissions for VF = -2500V 
are peaking at lower solar wind speeds. 

system and three values for the potential difference between 
the entrance system and the TOF mass spectrometer. The po- 
tential difference can be either negative, zero, or of positive 
value, with the negative value accelerating the ions and the 
positive value decelerating the ions before they enter the TOF 
mass spectrometer. For the present analysis only the steps 
with negative and zero potential difference have been used, 
since the sensor response for the positive potential difference 
is not known with the required level of confidence yet. In 
Figure 1 we show the total transmission of the isochronous 
TOF mass spectrometer for the three elements investigated 
for negative and zero values of the potential difference be- 
tween the entrance system and V-MASS. To obtain the total 
sensor response these numbers have to be multiplied by the 
response of the entrance system, which is given as an active 
area (typically 2mm2 for a large solar wind speed range). 
As can be seen from Figure 1, the transmission of the TOF 
maSs spectrometer varies over several orders of magnitude 
depending on the solar wind conditions and the sensor set- 
tings, which complicates the data analysis significantly. The 
maximum in the V-MASS transmission corresponds to at 
best 2000 counts for oxygen during a five-minute integration 
period. The stepping sequence has been optimized to cover a 
broad range of solar wind conditions. Each step of the MTOF 
sensor cycle takes five minutes, thus the total sequence takes 
30 minutes to finish. However, since each step has quite 
a large energy bandwidth, overlapping with the other steps 
considerably, a time resolution of five minutes can be ob- 
tained if the sensitivity of the MTOF sensor is high enough 
for the particular element considered. For typical solar wind 
conditions and for the more abundant elements in the solar 
wind, which are studied in this work, it is indeed possible to 
derive densities with such a high time resolution (Wurz et al., 
1998). 

The actual solar wind plasma parameters, which were mea- 
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Fig. 2. Logarithm of the ratio of the Fe densities measured with 
the CELIASIMTOF sensor versus the Fe densities measured with the 
CELIAS/CTOF sensor for a time period from day 150 to 229 of 1996 with 
a total of about 20’000 measurements at 5-minute intervals. The contour 
lines give the number of measurements for a particular bin. During that time 
period there was mostly slow solar wind, which explains the clustering of 
measurements between 350 and 4.00 km/s. The overlaid symbols are the 
mean for a particular speed bin and the error bars ate the standard deviation 
of lOg(k~oF/k~oF) for a single measurement. 

sured by the proton monitor (PM), a sub-sensor of the MTOF 
sensor, are needed as input parameters for the calculation of 
the MTOF sensor response. The determination of the so- 
lar wind plasma parameters with the PM is quite accurate 
(Ipavich et al., 1998) and better than required for the deter- 
mination of densities of minor ions with the MTOF sensor. 

Another input parameter needed for the determination of 
the MTOF sensor response, in particular for the determina- 
tion of the active area of the entrance system, is the charge 
state distribution of the solar wind ions for each element and 
for each accumulation interval. The MTOF sensor deter- 
mines only the mass of the incoming ion. The charge in- 
formation of the incoming ions is lost because the ions un- 
dergo an efficient charge exchange process inside the sensor 
when they pass the carbon foil of the isochronous TOF mass 
spectrometer. Therefore, we used the established correlation 
between the solar wind speed and the freeze-in temperature 
of the ions (Aellig, 1998; Bochsler, lm, Hefti, 1997) to de- 
rive the so-called freeze-in temperature from the measured 
solar wind velocity. From the freeze-in temperature we ob- 
tained charge state distributions for each element by assum- 
ing an ionization equilibrium in the corona and by applying 
ionization and recombination rates for electronic collisions 
from Arnaud and co-workers (Amaud and Rothenflug, 1985; 
Amaud and Raymond, 1992). The application of the sensor 
response to the measured data yielded densities for the dif- 
ferent elements. 

Since there is still only a limited amount of calibration 
data available for the MTOF sensor, and since the MTOF 
sensor response is rather involved, we used the opportunity 
to compare the oxygen and iron densities we derived from 
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Fig. 3. Logarithm of the Fe/O density ratio measured with CELIAWWOF Fig. 4. Logarithm of the Si/O density ratio measured with CELIAS/Ml’OF 
versus the solar wind speed. The 10 linearly spaced contour lines give the versus the solar wind speed. The 10 linearly spaced contour lines give the 

number of messurements for a particular bin. During that time period there number of measurements for a particular bin. During that time period there 
was mostly slow solar wind which explains the clustering of measurements was mostly slow solar wind which explains the clustering of measurements 
between 39 and 400 km/r. The overlaid symbols are the mean for a partic- between 350 and 400 km/s. The overlaid symbols are the mean for a partic- 
ular speed bin and the error bars are the standard deviation of log(Fe/O) for ular speed bin and the error bars are the standard deviatioo of log(Si/O) for 

2 single measurement. a 5ingle measurement. 

MTOF data with data derived from the CTOF sensor (Aellig, 
1998; Hefti, 1997) for the time period for which CTOF data 
are available (days 150 to 229 of 1996). This comparison is 
shown in Figure 2 for iron densities, where a total of about 
20’000 measurements taken at five-minute intervals are dis- 
played. On average we find good agreement between the 
two sensors. However, the scattering of individual measure- 
ments performed with five-minute time resolution is larger 
for the MTOF sensor since its overall transmission is sig- 
niticantly lower than the transmission of CTOF, particularly 
for high solar wind speeds. Furthermore, the range of so- 
lar wind speeds which can be investigated is limited at the 
high solar wind speeds because the transmission becomes 
very small (see Figure 1). There is no systematic dependence 
of the instrument function on solar wind speed (shown in 
Figure 2) and other solar wind plasma parameters like ther- 
mal speed, flow direction, measured freeze-in temperature, 
. . . (not shown). For oxygen densities this comparison has 
also been performed, and we find similar agreement between 
the two sensors. 

3 Results 

We evaluated the 0, Si, and Fe densities with a time reso- 
lution of five minutes for the same time interval for which 
CTOF data are available. From these density values we de- 
rived the abundance ratios Fe/O and Si/O which we analyzed 
further. We observed strong short-term temporal variations 
in the density data for the minor ions, significantly stronger 
than the temporal variation in the proton density data. These 
findings are in agreement with earlier results reported by Ael- 
lig et al. (1998). Also, the abundance ratios Fe/O and Si/O 
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vary strongly on short time scales of the order of some 10 
minutes. 

In Figure 3 we show the distribution of Fe/O abundance 
ratios for the whole time interval, organized by solar wind 
speed. Clearly, at least two regimes can be identified where 
the Fe/O abundance ratio is constant: for slow solar wind 
speeds below 380 km/s and for fast solar wind speeds in 
excess of 480 kmls. We associate these solar wind speed 
regimes with solar wind originating either from the streamer 
belt regions or the coronal hole regions on the sun, respec- 
tively. In between these two regimes we observe a continu- 
ous transition from high to low Fe/O abundance ratio which 
we will discuss later in this paper. 

The averaged Fe/O abundance ratios for slow solar wind 
(< 380 /cm/s) and fast solar wind (> 480 km/s), together with 
published data for the Fe/O abundance ratio, are summa- 
rized in Table 1. We find reasonable agreement of our Fe/O 
abundance ratios with most of the published data, both for 
the interstream and coronal hole types of solar wind. Only 
the value reported by Schmid et al. (1988) is considerably 
higher than other published results and our value, but given 
the quoted error bar there is no real discrepancy. 

In Figure 4 we show the distribution of Si/O abundance 
ratios for the whole time interval, organized by solar wind 
speed. Similar to the Fe/O abundance ratio, we again can in- 
dentify two regimes where the Si/O abundance ratio is con- 
stant for an extended solar wind speed interval, for slow solar 
wind speeds (< 380 km/s) and for fast solar wind speeds (> 
480 km/s). These two regimes are again associated with solar 
wind originating from streamer belt regions and coronal hole 
regions on the sun, respectively. The averaged Si/O abun- 
dance ratios for these two flow types, together with published 



424 P. Wurz et al.: Iron. Silicon and Oxygen Abundance in the Solar Wind 

Table 1. Summary of our and reported values for the Fe/O abundance ratio 
in the solar wind. 

Measured regime Fe.10 ratio Reference 

Interstream SW 0.‘9+$ 
ttochsler et al (I_ 
Schmid et al. (I&?) I) ’ 

Interstream SW 0.12 f 0.03 lpavich et al. (1992) 

lnterstream SW 0.11 f 0.03 Aellig et al. (1998) *) 

Interstream SW 0.12 f 0.03 this work 

Coronal hole SW 0.057 f 0.007 Gloeckler et al. (1989) 

Coronal hole SW 0.06 f 0.005 Geiss et al. (1995) 

Coronal hole SW 0.063 f 0.007 this work 
Anders and Grevesse 

Photospheric value 0.0355 f 0.0025 (1989); Hannaford et al. 
(1992) 3, 

l) This value is a combination of the He/O abundance ratio of 75 from 
Bochsler et al. (1986) and the He/Fe ratio from Schmid et al. (1988). 
2, The value from Aellig et al. (1998) is a weighted average over all solar 
wind conditions during a three-month time period with mostly slow solar 
wind. 
3, The photospheric value of the Fe/O ratio is derived from the iron abun- 
dance given by Hannaford et al. (1992) and the oxygen abundance given by 
Anders and Grevesse (1989). 

data for the Si/O abundance ratio, are summarized in Table 2. 
We lind reasonable agreement of our Silo abundance ratios 
with the published data, both for the interstream and coronal 
hole tyys of solar wind. Between these two regimes where 
the Si/O abundance ratio is constant we also observe a con- 
tinuous transition. 

4 Discuwion 

The abundance ratios we find for Fe/O and Silo are con- 
sistent with values reported in the literature (see Tables 1 
and 2) for interstream and coronal hole type solar wind. Al- 
though the solar wind speed rarely exceeded 500 km/s dur- 
ing the investigated time interval, we can associate this solar 
wind speed regime with flow from coronal holes extending 
towards the solar equator since the abundance ratio saturates 
at a low level consistent with abundance ratio values reported 
for fast (about 800 km/s) solar wind flow which clearly orig- 
inated from coronal holes (Geiss et al., 199.5; Gloeckler et 
al., 1989). Recent measurements of elemental abundance in 
coronal streamers have been performed with SOHOlUVCS 
by Raymond et al. (1997). From these results we derive a 
Fe/O ratio of 0.13f~:~~ and a Silo ratio of 0.05+~:$ for the 

Table 2. Summary of our and reported values for the Si/O abundance ratio 
in the solar wind. 

Measured regime Silo ratio Reference 

Interstream SW 0.19 f 0.04 Bochsler (1989) 

Interstream SW 0.18 f 0.02 Calvin et al. (1993) 

Interstream SW 0.20 f 0.03 this work 

Coronal hole SW 0.054 f 0.009 Gloeckler et al. (1989) 

Coronal hole SW 0.052 f 0.007 this work 

F’hotospberic value 0.0417 f 0.0051 
Andcrs and Grevesse 
(1989) 
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Fig. 5. Average vaiues of the Fe/O ratio for solar wind speed bins of about 
IO km/s. The error bars are lo errors of the mean plus instrumental uncer- 
tainties. The dashed lines indicate the Fe!0 ratio reached for slow and fast 
solar wind,respectively, which are commensurate with published values (see 
Table 1). ‘The solid line is the result of eq. I for a density of 4. 1016m-3 
and a temperahare of 104K. 

leg of an equatorial coronal strermer. The Fe/O value is com- 
mensurate with the established abundance ratio for slow solar 
wind (see Table l), which is assumed to originate from that 
location. However, the Si/O value of Raymond et al. (1997) 
is indicative of coronal hole solar wind, which is incompati- 
ble with the investigated location. In general the authors ob 
serve a depletion of the density of high-FlP elements rather 
than an enrichment in the density of low-FIP elements at the 
leg and inside the coronal streamer. 

Although silicon and iron are both low FIP elements (the 
FIPs are 8.15 eV and 7.87 eV, respectively) we observe some 
differences in the way their elemental abundance relative to 
oxygen changes for different solar wind regimes. Also the 
ionization times for silicon and iron are close (rst = 1.1s 
and qe = 0.91s). 

Iron behaves like the “classical” low FIP element. Its abun- 
dance with respect to oxygen is enriched by a factor of about 
4 for interstream solar wind, and by a factor of about 2 for 
coronal hole type solar wind compared to the photospheric 
values. Although we did not sample real fast solar wind with 
speeds around 800 km/s, associated with flow directly from 
polar coronal holes, we can assume from the leveling off of 
the Fe/O ratio for solar wind speeds > 480 km/s at the value 
observed for polar coronal holes (Geiss et al., 199_5), that 
there will not be any further decrease of the Fe/O abundance 
ratio for higher solar wind speeds than we observed. 

For silicon, on the other hand, the FIP fractionation mani- 
fests itself somewhat differently from the “classical” FIP pic- 
ture. For slow solar wind we again observe an enrichment in 
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Fig. 6. Average values of the S/O ratio fcr solar wind speed bins of about 
10 km/s. The error bars are la errors of the mean plus instrumental uncer- 
tainties. ‘The dashed lines indicate the S/O ratio reached for slow and fast 
solar wind, respectively, which are cwunensurate with published values (see 
Table 2). The solid line is the result of eq. I for a density of 4 1016m-3 
and a temperature of 104K. 

the Si/O ratio of about a factor of four compared to the photo- 
spheric ratio. However, for fast solar wind the enrichment.in 
the Silo ratio compared to the photospheric ratio almost van- 
ishes, i.e., we observe Silo abundance ratios only marginally 
higher than the photospheric values in the fast solar wind. 

Since we found a clear correlat;on between the solar wind 
bulk speed at 1 AU and the elemental fractionation, we tried 
to compare our results with a recent FIP fractionation model 
(Peter, 1996), which is the only model using the chromo- 
spheric outflow velocities and densities as parameters for the 
FIP fractionation strength. In this model, which assumes 
full stationarity of the chromosphere, the FIP fractionation 
strength is predicted to vary with the chromospheric mass 
flow speed UH according to 

h/o = 
1 + $ + 4(wX/uH7 

1 + Jl+ 4(wO/UH)2 
(1) 

where wx are the ionization-diffusion speeds of the ions 
under consideration (Wsi = 610m/s and ‘WFe = 630m/s), 
and wo = 105ml.s is the ionization-diffusion speed of oxy- 
gen, with the respective values adapted from Marsch et al. 
(1995) for a density of 4 . 10’6m-3. For given conditions 
in the chromosphere we mapped the chromospheric mass 
flow speed UH to the solar wind bulk speed 21s~ (the pro- 
ton speed) measured at 1 AU with the PM to account for the 
observed fractionation values. As we did in an earlier study 
(Aellig et al., 1998), we used the relationship 

lOgV.yw =a+blogUH (2) 

and found that the fractionation we observed can be re- 
produced by the model by mapping the observed solar wind 
speed to a chromospheric mass flow speed. In Figures 5 
and 6 we show the comparison between the Silo and Fe/O 
abundance ratio averages for solar wind speed bins of the 
data presented above (in Figures 3 and 4) together with the 
fractionation predicted by eq. i for a density of 4 1016rne3 
and a temperature of 10°K. These chromospheric parame- 
ters were chosen because they are considered typical for the 
layer in the chromosphere where FIP fractionation process 
takes place (Geiss and Bochsler. 1986; Marsch et al., 199.5). 
We used a velocity mapping with the parameters in eq. 2 be- 
ing a = 2.71 and b = 0.114 for the Silo ratio and a = 2.78 
and b = 0.237 for the Fe/O ratios. The difference in the pa- 
rameter b reflects the observed difference in the fractionation 
for Si/O and Fe/O for fast solar wind. The range of abun- 
dance ratios we observe suggests a range of chromosphcric 
mass flow speeds where FIP fractionation occurs. Appx- 
ently, the limits for the chromospheric mass flow speeds are 
given by the heights in the chromosphere where particles en- 
ter and exit the fractionation layer, e.g., the location where 
the density, temperature, and EUV flux (to name just the 
most important) are in the range necessary for the FIP frac- 
tionation. Why the limits of the chromospheric mass flow 
speeds should be different for Fe/O and Silo cannot be ex- 
plained at present. The mapping of the chromospheric mass 
flow speed to the solar wind speed is a function of the as- 
sumed density. Using a lower Jensity results in higher chro- 
mospheric mass flow speeds for the same fractionation. 

It is generally believed that there is virtually no mass de- 
pendence in the FIP effect. The fractionation is mainly gov- 
erned by the ionization time of the neutral species in the 
chromosphere and the related difiusion length For the neu- 
trals of the minor species with the dominant hydrogen atoms 
(Geiss and Bochsler, 1986). Marsch et al. (199s) derived the 
following asymptotic expression for slow solar wind for the 
fractionation factor for two species S and k 

where fjk is the estimated fractionation factor, r/H the col- 
lisional radius of species i with neutral hydrogen, r, is the 
first ionization time, and _Ai is the atomic mass of species 
i. The atomic mass only plays a role in the mobility of the 
species in a collision-dominated gas and therefore appears 
only in the fourth rcot of the mass ratio, slighly favouring 
the lighter species. However, for transient particle ejection 
phenomena a mass dependence or a mass per charge depen- 
dence in the fractionation of the elements is often found, as 
has been observed recently for a CME (Wurz et al., 1998). 

The stationary assumed in the model by Peter (1996) seems 
to be a simplification of the actual solar wind flow. As men- 
tioned above, we do see strong short-term fluctuations in the 
density and the ratio data, which appear to be in conflict with 
the assumption of stationarity. However, these short-term 
fluctuations average out when using sufficiently long obser- 
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vational periods, and by organizing our abundance ratios by 
solar wind speeds we can indeed compare our data with the 
model predictions. 

5 Conclusions 

We find for interstream type solar wind that the Fe/O and 
Silo abundance ratios are enriched compared to their pho- 
tospheric ratios by about a factor of four, which is a typical 
enrichment for low-FIP elements. In coronal hole type solar 
wind a reduced FIP effect remains only for Fe but not for Si. 
Our findings are in good agreement with published results. 

Furthermore, we can conclude from our measurements that 
there are not only two distinct modes of the solar wind, e.g., 
the slow and the fast solar wind, but there is also a continu- 
ous transition between these two extreme cases of solar wind 
flow. which cannot be explained by simple mixing of two 
types of solar wind. In case of mixing of two types of so- 
lar wind the transition would be much steeper than we mea- 
sured. which is the result of a Monte-Carlo simulation we 
performed. These continuous transitions of the abundance 
ratios with solar wind speeds which we observed, and which 
5ave not been seen before, can be explained by the theoretical 
model of Peter (1996) in which the chromospheric mass flow 
speed determines the strength of the FIP fractionation pro- 
cess. By mapping the proton speed we observed at I AU to 
!he chromospheric mass flow speed, we obtained reasonable 
qreement between the measured and predicted FIP fraction- 
ation. The differences we observe between the two low-FIP 
dements Si and Fe regarding their FIP fractionation cannot 
Ibe explained currently. This suggesb that the processes in- 
volved in Ihe FIP fractionation are more complex than are 
dealt with in current models. 

AckrtowleJgements. This work is supported by the Swiss National Science 
!;oundation. CELIAS is a joint effort of five hardware institutions under 
the dir&on of the Max-Planck Institut hr Extratemstrische Physik (pre- 
!aunch) and the University of Bern (post-launch). The Max-Planck lnstitut 
ftlr Aeronomie was the prime hardware institution for CfOF, the University 
of Maryland was the prime hardware institution for MTOF, the University 
of Hem provided the entrance systems for both sensors, and the Technical 
University of Braunschweig provided the DPU. 

References 

Aellig. M.R., Freeze-in temperatures and relative abundances of iron ions in 
the solar wind measured with SOHO/CELIAS/CTOF, PhD Thesis, Uni- 
versity of Bern, Switzerland. 1998. 

Aellig, M.R.. S. Hefti. H. Grtlnwaldt, P. Bochsler, P. Wan, EM. Ipavich. 
D. Hovestadt, The Fe/O elemental abundance in the solar wind, J. Geo- 
phys. Res., submitted, 1998. 

Anders. E.. and N. Grevesse. Abundances of elements: Meteoritic and solar, 
Geochim. Cosmochim. Acta, 53,197-214.1989. 

Amand M.. and R. Rothenllug, An updated evaluation of recombination and 
ionization rates, A.wvn. Astmphys. Suppl. Ser., 60,425-457,1985. 

Amaud, M., and J. Raymond, Iron ionization and recombination rates and 
ionization equilibrium. Aswophys. J., 398,3-, 1992. 

Bochsler, P.. J. Geiss. and R. Joos, Abundances of carbon, oxygen, and neon 
in the solar wind during the period from August 1978 to June 1982, Solar 
Physics, 102,1X’-201,1986. 

Bochsler, P.. Velocity and abundance of silicon ions in the solar wind, J. 
Geophys. Res.. 94 (A3), 236>2373,1989. 

Bochsler, I?, Particles in the solar wind, Proceedings of the Fifth SOHO 
Workshop. ESA SP-4@4,113-122.1997. 

Galvin, A.B., G. Gloeckler, F.M. Ipavich, CM. Shafer, 1. G&s, and 
K. Ogilvie, Solar wind composition measurements by the Ulysses 
SWICS expetiment during transient solar wind flows, Ah. Space Res., 
13(6).7s-78.1993. 

Geiss, J., and P. Bochsler, Solar wind composition and Hhat we expect to 
leam from out-of-ecliptic measurements, in The Sun and heRosphere in 
three dimensions, R.G. Marsden (ed.), D. Reidel Publishing Company, 
173-186.1986. 

Geiss, J., G. Gloeckler, R. van Steiger, H. Balsiger, LA. Fisk, A.B. Gal- 
rin, EM. Ipavich, S. Livi, J.F. McKenzie, K.W. Ogilvie, and B. Wilkei.. 
The southern high-speed stream: results from the SWIGS instrument on 
Ulysses. Science, 26X. 1(133-ll?36,1W5. 

Gloeckler. 5.. F.M. Ipavich, DC. Hamilton, 8. Wilken. W. Stiidemann, 
G. Kremser, and D. Hovestadt, Heavy ion abundances in coronal hole 
solar wind flows (abstract), Eo.r 7rans. AGU, 70,424. 1989. 

Hannaford, P., R.M. Lowe, N. Greveste, and A. Noels, Lifetimes in Fe II 
and the solar abundance of iron, Asrrw~. Astrophys., 259,301306.1992. 

Hefti, S., Solar wind freeze-in temperatures and fluxes measured with 
SOHOiCELIASiCTOF and calibration of the CELIAS sensors, PhD 
Thesis. University of Bern, Switzerland, 1997. 

Hovestadt. D., M. Hilchenbach, A. Btirgi, B. KIecker, P. Laeverenz, M. Sc- 
holer, H. Grtknwaldt, W.I. Axford. S. Livi, E. Marsch, B. Wilken, P. Win- 
trrhoff, F.M. Ipavich, P. Bedini. MA. Cop1art.A.B. Calvin, G. Gloeckler. 
P. Bahsler, H. Balsigrr, J: Fischer, J. G&s, R. Kallenbach, P. Wan. K.- 
U. Reiche. F. Gliem, D.L. Judge, K.H. Hsich, E. %$bbius. MA. LXC, 
ti.0. Managadze, M.I. v&gin. .md M. Neugebauer, CELIAS: The 
Charge, Element, and Isotope Analysis System for SOHO, Solar Physics. 
162.441J81.1995. 

Ipavich. EM., A.B. Gal\ in. J. Getus, K.W. Ogdvie, F. Gliem, Solar wind iron 
and oxygen charge states and relative abundances measured hy SUICS 
on Ulysses. Pmreedings ojSolar Wind Sew.% E. Mars;h and R. Schuenn 
(eds.), COSPAR Colloquia Series, J, 369YV3,1992. 

Ipavich, EM., .4.B. GaIvin, SE. Lailey. JA. Paquettc, J. Hefti, K.- 
U. Keiche, M.A. Coplan. ii. Gloeckler, l? Bochsler, D. Hovesladt. 
H. GriinwaIdt. M. Hilchenbach. F. Gliem, W.I. Axford, H. Balsiger. 
A. Bttrgi. J. Geiss. K.C. Hsieh, R. Kallenbach, B. Klecker, MA. Lee, 
G.G. Managadze, E. Marsch, E. Miiaius, M. Nengebauer, M. Scholer, 
M.I. Verigin. B. Wilken, and P. Wutz, Solar wind measurements with 
SoHO: the CELIASMTOF Proton Monitor J. Geophys. Res., 103 (Aa), 
1720517214.1998. 

Marsch. E., R. van Steiger. P. Bochsler, Element fractionation by diffusion 
in the solar chromoshpere, A.rtron. ,bvophys.. 301.261-276. 1995. 

Peter, H., Velocity-dependent fractionation in the solar chromosphere, As- 
won. Astmphys.. 312, W7-LAO, 1996. 

Raymond, JC, J.L. Kohl, G. Noci. E. Antonucci, G. Tondello. ,M.C.E. Hu- 
her. L.D. Gardner, P. Nicolosi, S. Fineschi, M. Komoli, D. Sparado. 
O.H.W. Siegmund. C. Benna. A. Ciaravella. S. Cranmer. S. Gior- 
dano. M. Karovska, R. Martin, J. hlichelf, A. Modigliani, G. Naletto. 
A. Panasyuk, C. Pemechele, G. Poletto. P.L. Smith, R.M. Suleiman, and 
L. Strachnao, Composition of coronal streamers from the SOHO ultravi- 
olet comnagraph spectrometer, Solur Physkr, 175.645-665.1997. 

Srhmid, J., P. Bochsler, and J. Geiss. Abundance of iron ions in the solar 
wind,Asr@hys. J.. 329.956-966.1988. 

van Steiger, R.. Solar wind composition and charge states, Proceedings of 
Solar WindEight, D. WInterhalter, J.T. Gosling, S.R. Habbal, W.S. Kurth, 
M. Neugebauer (eds.), AIPPress, 193-198.19%. 

Wttrz. F!. EM. Ipavich, A.B. Galvin, P. Bochsler, M.R. Aellig, R. Kallen- 
bach,D. Hovestadt.H. Grlinwaldt,M. Hilchenbach. W.I.Axford. H. Bal- 
siger, A. Btirgi, MA. Coplan, J. Geiss, F. Gliem, G. Gloeckler. S. 
Hefti, K.C. Hsieh, B. KIecker, MA. Lee, G.G. Managadze, E. Marsch. 
E. Mabias. M. Neugebauer, K.-U. Reiche. M. Scholer, M.I. Verigin, and 
B. Wilken, Elemental composition of the January 6, 1997. CME, Geo- 
phys. Rex. Lea., 25 (14). 2557-2560, 1998. 


