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Abstract. We present first results taken from the high-resolution mass time-of-
flight spectrometer (MTOF) of the charge, element, and isotope analysis system
(CELIAS) experiment on board the Solar and Heliospheric Observatory (SOHO)
spacecraft Jaunched in December 1995, concerning the abundance ratios of neon
isotopes in the solar wind. We obtain the isotopic ratios 2°Ne/22Ne = (13.8 + 0.7)
and Ne/?'Ne = (440 £110), which agree with the values obtained from the Apollo

foil solar wind experiments and which have been derived from measurements of
solar particles implanted in lunar and meteoritic samples.

1. Introduction

Neon is the second most volatile element after helium.
Its abundance in planetary materials (such as meteori-
tes, terrestrial atmosphere, other planetary atmosphe-
res, and lunar samples) is several orders of magnitude
smaller than the solar abundance. The depletion in
planetary matter is generally attributed to processes
that took place in the early history of the solar system.
First, the small natural neon abundance in planetary
samples is due to the fact that at the ambient tempera-
ture and pressure in the presolar disk, interstellar dust
and newly condensated samples were unable to incorpo-
rate large amounts of this noble gas. Second, neon that
was originally trapped in solids was lost as a result of
subsequent events. Such an event may have occurred,
for instance, during the early evolution of Earth, when
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neon was degassed from the terrestrial interior into the
atmosphere and then lost to space by hydrodynamical
escape [Hunten et al, 1991]. Quantitative loss of vola-
tile components such as neon led to a substantial frac-
tionation of the isotopic composition of the remaining
fraction, in our case to the so-called planetary neon.
Because of the general depletion of neon in planetary
samples the only reliable inference for the isotopic com-
position of neon in the presolar nebula, and hence the
local interstellar medium prior to formation of the so-
lar system, can be drawn from the isotopic composition
of solar neon. The isotopic composition of primordial
neon has presumably been preserved in the solar inte-
rior because the Coulomb barrier of the neon isotopes
is large enough to protect these nuclides from alteration
by nuclear burning, even at the elevated temperatures
prevailing in the solar center. Therefore it is safe to
assume that solar neon composition has remained basi-
cally unchanged in space and time throughout the Sun
and its history.

Determinations of the isotopic composition of neon
in the solar wind are important because there is no bet-
ter way to obtain information on the solar composition
than through measuring longtime averages in the solar
wind. Bodmer and Bochsler [1996] estimate the maxi-
mum isotope fractionation between solar surface neon
and the interplanetary medium to be of the order of
a few percent per mass unit. In view of the large dif-
ferences among solar system materials, this estimation
shows that neon in the solar wind has remained the
most authentic sample for the isotopic composition of
neon in the early solar nebula.

2. Instrumentation

The mass time-of-flight (MTOF) sensor (Figure 1) of
the charge, element, and isotope analysis system (CE-
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Figure 1. Schematic view of the SOHO/CELIAS/
MTOTF sensor.

LIAS) on board the Solar and Heliospheric Observa-
tory (SOHO) spacecraft is an isochronous time-of-flight
(TOF) mass spectrometer [Hovestadt et al., 1995; Ha-
milton et al., 1990] with a resolution M/AM of bet-
ter than 100, which provides the possibility of resol-
ving the different isotopes of almost all solar wind ele-
ments in the range from 3 to 60 amu. The instru-
ment detects ions at solar wind bulk velocities of 300
to 1000 km/s corresponding to energies of about 0.3 to
3 keV/amu. The MTOF sensor was developed in the
CELIAS consortium [Hovestadt et al., 1995] under the
lead of the University of Maryland (UMd) space phy-
sics group. The wide-angle variable energy (WAVE)
entrance system was built under the guidance of the
Physics Institute of the University of Bern (UoB) at IN-
TEC, Bern. In collaboration with UMd, UoB contribu-
ted three-dimensional ion optical simulations and exten-
sive calibrations of the integrated sensor. The Technical
University of Braunschweig (TUB) contributed the data
processing unit (DPU). Details on the principle of ope-
ration, the calibration of the instrument functions, the
quantitative evaluation of TOF spectra, and the format
of the data transferred by the telemetry can be found
in the appendices.

3. Data Analysis
3.1. Fit of the Spectra

Figure 2 shows a spectrum where all pulse height ana-
lysis (PHA) words (see Appendix D2) of the first 200
days of 1996 have been collected. TOF channels have
been put into bins of four, and the uncertainties of the
data points have been estimated by the linear optimi-
zation algorithm of Rauch-Tung-Striebel [Gelb et al.,

1974], where the filter width corresponds to half the

TOF resolution of the instrument, introducing a minor
reduction of the peak resolution by 12%. This algo-
rithm has been applied to improve the signal-to-noise
ratio by a factor of 4 so that 2!Net can be identified
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with high significance in the valley between the ’Ne*t
and 22Net peaks. 2°Net and 22Net are clearly visible.
The shoulder on the slope to the lower TOF channels
of the 2%Ne™ peak has been identified as a systematic
instrumental effect from electronic ringing. A shoulder
of similar form, shift, and relative size can also be found
at the left of 22Net. In fact, all well-resolved peaks in
the MTOF spectrum show this phenomenon at about
25 to 35 TOF channels at the left of the peak maximum.
The shoulders cannot be attributed to the 4042:44Ca2+
interference because the observed shift in peak position
of about 1.5% is 5 times larger than the upper limit ex-
pected from the simulations mentioned in Appendix C.
Therefore all three peaks, 2°Net, 2!Ne*t, and 2Ne™, are
described by the same model function [Bochsler et al.,
1997] with identical shape, including the shoulders, and
identical width but with different amplitudes. The neon
spectrum model function is given by the formula
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with ¢ being the TOF channel number and with the
following free fit parameters: Aag 21,22 are the amplitu-
des of the 20:21:22Net peaks, pyg is the main Gaussian
peak position of ?°Net, [ is the shift of the Lorent-
zians against the main Gaussians for all three peaks of
20,2L22Net | r is the shift of the ringing peaks against the

main Gaussians, b is the relative amplitude of the Lor-

entzians compared to the main Gaussians, ¢ is the rela-

tive amplitude for the ringing peaks, s is the width of
the main Gaussian peaks, w is the width of the Lorent-

zian peaks, and u is the width of the ringing peaks. The

Gaussian peak positions pa; 25 of 21:22Net are kept fixed

at their calibrated TOF channels. The total amplitudes

A 21,22, the widths w and u, and the relative ampli-

tudes b and c give the quantities for 29:21:22Net  which

then have to be corrected for the 4%4244Ca?t interfe-

rences that are estimated from the 4°Ca* counts in the

same spectra, using the model of the instrument frac-

tionation and assuming terrestrial isotopic abundance .
ratios for the calcium isotopes [Anders and Grevesse,

1989]. More precise values can be given once the CE-

LIAS/MTOF calcium isotope measurements are evalua-

ted thoroughly.

As can be calculated from Table 1, the integrated
counts for 20:21,22Net are 83683 + 396, 189 4 48, and
6433 &= 89. This calculation gives the count ratios
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Neon PHA Data 1996 (selected for samples < 15% instrument fractionation)
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Figure 2. Time-of-flight spectrum derived from the
PHA words of the first 200 days of 1996 filtered with
respect to instrument fractionation with a window of
+15%. TOF channels have been put into bins of four,
and the uncertainties of the data points are estimated
with the linear optimization algorithm of Rauch-Tung-
Striebel [Gelb et al., 1974]. The filter width in the algo-
rithm is kept at half the TOF resolution of the instru-
ment, introducing only a minor reduction of the peak
resolution by 12%. However, the algorithm imgroves
the precision of the abundance measurement of 2! Net
drastically from about 100% uncertainty to 25%. A
background of 2600 counts has been subtracted in the
diagram but has been included in the error estimation.
The arrow marks an electronic ringing effect that is ob-
servable at about 25 to 35 channels at the left of any
well resolved time-of-flight peak. The interference of the
doubly charged calcium isotopes cannot be resolved by
the instrument but has to be corrected from the neon
counts by using a model calculation of the instrument
response and the actually detected -singly charged cal-
cium counts. The solid line represents the fitted model
function of the TOF response.

20Net /22Net = (13.040.2) and 2°Net /21 Net = (4404
110). Figure 3 shows a magnification of the 2!Net re-
gion where the uncertainty is illustrated by plotting the
model function for the best and two extreme amplitu-
des Ag;. The errors given here are only statistical and
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are dominant for the ratio ??Net /2! Net. To obtain the
isotope abundance ratio for 2°Net /22Net and its uncer-
tainty, however, the count ratios have to be corrected by
the efficiency ratios derived from the calibrated instru-
ment functions with their uncertainties. - This process is
discussed by a further evaluation of the TOF spectra in
the following subsection.

3.2. Estimate of the Experimental Uncertainty

Grouping the neon data into thirty 1%-wide classes of
instrument fractionation (Figure 4) in the range where
the efficiency ratio for the two isotopes varies between
0.85 and 1.15 leads to the conclusion that the unity frac-
tionation has been found with an error of 2.7%, which
can be considered as a systematic offset of the instru-
ment fractionation scale. In the range where the effi-
ciency ratio varies between 0.95 and 1.05 the statistical
error and the estimated variation of the corrected abun-
dance ratios in the individual 1% classes by the uncer-
tainty of the instrument functions (assuming the offset
of unity fractionation is known exactly) are approxima-
tely equal (2.6% and 2.8%). An analysis of this range
gives an abundance ratio 2°Ne/??Ne = (13.840.5). Ho-
wever, the systematic offset of 2.7% in finding the unity
fractionation in parameter space has to be included in
the total uncertainty until further evaluations of MTOF
data have been performed. Therefore 2.6% is the sta-
tistical uncertainty, 2.8% is the uncertainty originating
from the calibrated instrument functions, and 2.7% is
taken as uncorrected systematic offset, adding quadra-
tically to 4.7%. This finally results in °Ne/??Ne =
(13.8£0.7). '

4. Results

Taking the analysis of PHA data and TOF spectra,
we conclude that the isotopic abundance ratios of solar
wind neon are 2°Ne/?2Ne = (13.8£0.7) and 2°Ne/?!Ne
= (440 % 110). Both ratios agree with ratios deter-
mined by other methods, such as the Apollo foil ex-
periments and solar particle composition analysis from
lunar samples [Geiss et al., 1972; Benkert et al., 1993].
CELIAS/MTOTF has such good counting statistics that

Table 1. Fitted Parameters of the Model Function for the Neon PHA Spectrum

A20,21 122 P20,21,22 20,21,22 Ne+ Counts 40,42,44 Ca2+ Counts Ca.2+ /(Ne+ +Ca2+)
20Ne*t 8233 + 30 2150.8 83683 + 396 6829 + 220 7.5 %
2iNet 21.4+43 2204.4 189 4 48 46 + 7 19.6 %
22Net 599 + 8 2256.8 6433 + 89 147 +12 2.2 %

The first column shows the fitted peak amplitudes Az0,2122 and their 1o errors determined with the method of
maximum likelihood, the second column shows the fitted peak position pyo and the fixed calibrated peak positions
p21,22, the third column shows the total number of neon counts 202122 Net already corrected for the doubly

charged calcium interference *0*2%%Ca?*

of the fourth column, which is also given as a percentual number in the

fifth column. The parameters that are equal for all three 1sotopes have been fitted as s = 10.66, b = 0.495, | =

1.71, w = 10.78, ¢ = 0.035, r = 31.66, and v = 5.71.
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Neon PHA Data 1996 (selected for samples < 15% instrument fractionation)
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Figure 3. A magnification of the 2!Ne* region between
the signatures of 2°Net and ??Ne*. The bottom solid
line represents the fitted model function without the
2INet peak, and the top solid line represents the best
fit including 2!Net. In the model function the electro-
nic ringing peak of *’Net is visible. The dashed lines
reflect the cases with the ! Net amplitudes 25% larger
or smaller. These correspond to the variance limits of
maximum likelihood. A background of 2600 counts has
been subtracted in the diagram but has been included
in the error estimation.

a variation of the abundance ratios with solar wind
parameters might become observable. Figure 5 shows
the result of a preliminary analysis of the variation of
20Ne/??Ne with the solar wind bulk velocity. Although
at first glance a trend can be seen in the sense that
the ratio is lower for higher speeds, one needs to be
careful not to be misled by effects of the instrument
fractionation. Also, the observed values are still sta-
tistically compatible with an isotopic abundance ratio
that is independent of solar wind velocity. However,
future analysis with an extended data set may provide
sufficient statistical accuracy to test the model of Bod-
mer and Bochsler [1996], which predicts a weak isotope
fractionation in the inner corona by variable Coulomb
drag.

5. Discussion

Table 2 lists isotopic ratios as determined in different
solar system materials, the best estimate of the local
interstellar medium as derived from the anomalous cos-
mic ray component, and the galactic cosmic rays. Our
new solar wind values confirm the determinations ob-
tained with the Apollo Solar Wind Composition expe-
riment [Geiss et al., 1972]. Pending a further evalua-
tion of a more extensive time series to be obtained with
CELIAS/MTOF, we believe that our solar wind values
must be within a few percent of the true solar com-
position values. Clearly, the 'planetary types of neon
differ significantly from the solar value. Although there
is no room for a detailed discussion, we also empha-
size the wide spread of isotopic 2°Ne/??Ne ratios among
different populations of solar energetic particles. The
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20Ne/22Ne ratios measured in the flare events of Octo-
ber 30 and November 2, 1992 [Selesnick et al., 1993],
have been slightly corrected for a Q/M fractionation
process known from gradual flares and agree with the
solar wind value. Significant deviations were observed
for other flares, especially 3He-rich flares, and for the
longtime averages derived from lunar samples [Benkert
et al., 1993]. In fact, it is not surprising to find such
large variations in view of the selectivity of the flare
acceleration processes involved. In contrast to the so-
lar wind population, which represents the vast majority
of solar particles in the interplanetary medium, solar
energetic particles represent only a minor fraction of a
population that has undergone a complicated sequence
of processes. The recently found strong enrichment of
22Ne in 3He-rich flare particles [Mason et al., 1994] is a
striking feature of these processes. It has in fact been
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Figure 4. (a) Demonstration that the abundance ra-
tio 2°Ne/??Ne of the flight data, which is corrected for
the instrument fractionation and for the doubly charged
calcium interference, is almost independent on the in-
strument fractionation. A least squares fit to the slope
suggests that the instrument fractionation is undere-
stimated by about 25%, corresponding to the absolute
calibration error of 25% in the instrument functions dis-
cussed in Appendix B. (b) Total number of neon counts
in fractionation windows of 1% width versus instrument
fractionation. More particles are collected in the vici-
nity of unity fractionation than away from unity. This
finding is reasonable because fewer counts have to be
expected on the slopes of the instrument response func-
tions than at the plateau around maximum sensitivity.
(c) For a more detailed analysis the statistical uncer-
tainty from the total number of neon counts in each
fractionation window of Figure 4b, the respective back-
ground counts, and the uncertainty of the calibration
are taken into account, giving ratios with error bars. A
x? fit provides a cubic polynomial that is practically flat
in the range 1.0040.05. In this range a value **Ne/2?Ne
= (13.8£0.5) is obtained by adding all counts corrected
for the instrument fractionation. However, the cubic
fit suggests that the unity fractionation only has been
found with an error of 2.7%, which can be considered
as a systematic offset of the instrument fractionation
scale.
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Figure 5. 2°Ne/??Ne versus solar wind bulk velocity.
The vertical error bars represent the uncertainty due to
counting statistics, whereas the horizontal bars visua-
lize the range of the solar wind bulk velocity for each
measurement.

predicted [Bochsler and Kallenbach, 1994; Kallenbach,
1994], and similar enrichments with relevance for cos-
mochemical processes have to be expected for other iso-
topes. The presently achieved precision for the determi-
nation of 2! Ne abundance is not yet sufficient to be used
for geochemical comparisons, for example, of terrestrial
neon with solar neon. However, analysis of longer time
series should allow such investigations. The most im-
portant goal, however, remains the comparison of the
20Ne/?2Ne ratio in different solar wind regimes, which
will make it possible to assess the authenticity of solar
wind samples with respect to the source composition,
i.e., with the 2°Ne/22Ne ratio in the outer convective
zone of the Sun.

6. Conclusion

One of the aims of the SOHO space mission is to pro-
vide correlated measurements of optical and particle in-
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struments. The fact that the SOHO/CELIAS/MTOF
in situ measurement of the solar wind neon isotopic
composition reproduces very well the results obtained
from returned lunar and meteoritic samples and from
the Apollo foils encourages further studies of the so-
lar wind isotopic composition in different solar wind
regimes. The present analysis shows that the CE-
LIAS/MTOF instrument can supply time-resolved data
that can be correlated with the solar wind bulk velocity,
kinetic temperature, and density measured by the CE-
LIAS proton monitor (F. M. Ipavich et al., The solar
wind proton monitor on the SOHO spacecraft, submit-
ted to Journal of Geophysical Research, 1997, herein-
after submitted manuscript). In the same way, corre-
lations with the optical observations from other SOHO
instruments should be feasible.

Appendix A: Principle of the MTOF
sensor

Highly charged solar wind ions enter the instrument
(Figure 1) through the so-called wide angle variable
energy (WAVE) entrance system, which has an energy-
per-charge acceptance bandwidth of about half a de-
cade and a conic field of view of £25° width [Hovestadt
et al, 1995]. The entrance system has been designed
to suppress the solar wind proton flux and solar ultra-
violet radiation [Zurbuchen et al., 1995], both of which
would saturate the instrument by start and stop counts
in the isochronous spectrometer. Furthermore, WAVE
reduces scattered ions and neutrals to a minimum. On
the other hand, it can transmit almost the full velocity
distribution of a given solar wind species to provide op-
timum counting statistics. After leaving the WAVE the
solar wind particles can be accelerated or decelerated to
the so-called VMASS, which is a V-shaped isochronous
time-of-flight spectrometer. Acceleration or decelera-
tion is chosen to optimize their detection efficiency or
to prevent them from hitting the hyperbola deflection
electrode of VMASS. The V-shaped and the hyperbola

deflection electrode generate an electrostatic harmonic

Table 2. Results From Measurements of the Terrestrial, Solar, and Galactic Neon Isotopic Composition

2ONe/??Ne 20Ne/* Ne Source Reference

9.78 £+ 0.03 335 £12 terrestrial Holden [1993]
13.7+0.3 420 £ 50 solar wind (Apollo foils) Geiss et al. [1972]
11.2+ 0.2 415+ 6 SEP derived from lunar samples Benkert et al. [1993]
9.2+2.2 >70 SEP from flare, Sept. 23, 1978 Meuwaldt et al. [1984]
13.24+1.4 >60 SEP from flares, Oct. 30 and Nov. 2, 1992 Selesnick et al. [1993]
35+1.2 >25 SEP from *He-rich flares, July 17-20, 1992 Mason et al. [1994]
12.8%357 anomalous cosmic rays Leske et al. [1996]
22+0.3 >20 galactic cosmic rays Lukasiak et al. [1994]
13.8+ 0.7 440 £110 solar wind (SOHO/CELIAS) this work

For the solar energetic particle (SEP) isotopic abundance ratios the results for longtime averages derived from
lunar samples are shown as well as the results derived from individual flare events. The solar wind results are

both longtime averages.
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potential so that the time of flight of an ion between
start and stop detector is proportional to the square
root of mass per charge (M/Q%)/? and does not de-
pend on the ion energy. The time of flight of a single
ion is measured between a pulse in a microchannel plate
detector (Start MCP) triggered by secondary electrons
released at its passage through a thin (2.1 ug/cm?) car-

bon foil as start signal and the stop pulse of a position’

sensing ion microchannel plate detector (IMCP). The
charge state distribution @* of the ions leaving the foil
must be well understood for quantitative measurements
of isotopic and elemental abundances. Typically, par-
ticles leave the foil as neutrals that can be counted by
the neutral microchannel plate detector (NMCP), or
they leave it singly charged. When the ions pass the
carbon foil, not only do they exchange charge with the
Fermi electron sea of the solid carbon, but they also lose
energy by electronic and nuclear stopping, which also
causes angular straggling. Energy loss and straggling
as well as angular scattering are element specific and,
moreover, slightly isotope specific because the nuclear
stopping is mass dependent.

Appendix B: Calibration of Instrument
Functions

Essentially, three instrument functions describe the
detection efficiency of the MTOF sensor:
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Figure B1l. Acceptance function of the entrance sy-
stem including the transmission to the carbon foil. This
acceptance function is simply an interpolation of the
actual calibration data values. The outer borders of
the grey-shaded contour cells show the 20%, 40%, 60%,
- and 80% level in comparison with the maximum ef-
fective area of 3.2 mm? at a postacceleration voltage
Vi = 0 kV. Most crucial is the dependence on energy-
per-charge E/Q of the solar wind ions and on the ent-
rance angle in the ecliptic . In the E/Q-a plane a
typical normalized solar wind distribution at the levels
0.05, 0.35, 0.65, and 0.95 is shown for the isotopes ?°Ne
and ??Ne. This distribution has to be folded with the
instrument acceptance function. It is clear that this
folding has a major impact on the detection efficiencies
and can cause instrumental fractionation even between
species such as the neon isotopes, which are separated
in M/Q by 10% only.
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B1l. Geometry Factor

The geometry factor is determined by the ion optical
transmission through the entrance system WAVE with
its deflection voltage Uw onto the carbon foil, which is
on afloat potential V; for postacceleration/deceleration
of the solar wind ions. The ion optical acceptance of
WAVE is actually the most crucial instrument characte-
ristic to derive either elemental or isotopic abundances.
As already mentioned, the energy-per-charge passband
is very wide, so that a major fraction of the solar wind
velocity distribution has to be folded with the instru-
ment acceptance to determine the detection efficiency.
Even for the measurement of the neon isotopic abun-
dance ratios in a very limited mass range the WAVE
acceptance plays an important role, which is visualized
in Figures B1 and B2 for two different instrument set-
tings V;. 2?Ne has about the same solar wind bulk ve-
locity and the same charge state distribution as 2°Ne,
so that the heavier isotope has a higher center E/Q.
The kinetic temperature is assumed to be proportional
to the atomic mass, resulting in the same width of the
drifting Maxwellian velocity distribution for both isoto-
pes. If the E/Q solar wind distributions of the isotopes
are close to a steep slope of the instrument response, the
integrated efficiencies can differ by up to a factor of 2.
Therefore the flight data have to be filtered with respect
to instrument discrimination. The WAVE transmission
to the carbon foil has been evaluated in calibrations of
the integrated CELIAS flight model. Additional experi-
ments have been performed with an identical test setup
used for both the CELIAS and the ACE solar wind ion
mass spectrometer (SWIMS) instruments. With these
experiments it was possible to obtain additional data
points in the four-dimensional parameter space esta-
blished by «, 8, E/(QUw ), and E/(QV}), where « is
the entrance angle within the ecliptic plane and § is
the one perpendicular to it. Also, the effect of unwan-

Transmission to Carbon Foil at V,=-2 kV
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1.5

0.5
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Figure B2. Same as Figure Bl, but for a postacce-
leration voltage Vy = —2 kV. The contour levels are
identical to Figure B1, but the effective area can be lar-
ger than 3.2 mm? because the negative postacceleration
voltage focuses the ions onto the carbon foil of the TOF
section.
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ACE/SWIMS-SOHO/CELIAS/MTOF: Neon FSR absolute calibration
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Figure B3. Front SEDA rate (FSR) calibration data
and model functions versus energy per mass between 0.3
and 1.8 keV/amu. The measurements with large errors
that provide the information on the saturation level of
FSR have been taken with an unstable ion source but
could be confirmed by calibrations with other elements.
The absolute effective area of the ACE/SWIMS sensor
is shown here. However, the FSR scales exactly the
same way with energy per mass for CELIAS/MTOF.

ted start electrons by secondary electron emission from
instrument surfaces has been investigated. The most
important aim was to calibrate the focusing and defo-
cusing effects of the V; postacceleration voltage.

B2. Start Efficiency

The start efficiency is given by the element specific
and ion velocity dependent secondary electron emission
process from the carbon foil and the Start MCP effi-
ciency. The front secondary electron detection assembly
(SEDA) rate has been calibrated for many elements at
typical solar wind energies in the calibration system for
mass spectrometers (CASYMS) [Steinacher et al., 1995]
and the thermal vacuum (TV) chamber at UoB, as well
as at the Strahlenzentrum of the University of Gies-
sen [Trassl et al., 1997], where not only gases but also
solid elements could be used by means of an electron
cyclotron resonance (ECR) ion source. The Giessen ca-
librations and part of the CASYMS measurements have
been performed with the similar ACE SWIMS sensor.
These calibrations can be well reproduced by simulati-
ons of electronic stopping in a thin carbon foil [Ziegler
et al., 1985]. Fitting the data leads to the conclusion
that the carbon foil must be about 2.1 ug/cm?, in accor-
dance with the specification of the supplier, and that in
a statistical sense, typically 1.5 is the minimum num-
ber of electrons that generate a start signal. Such a
number has also been found for similar MCPs such as
the Start MCP of ULYSSES solar wind ion composition
spectrometer (SWICS). The rather small isotopic dis-
crimination of 22Ne relative to 2°Ne in the front SEDA
rate (FSR) is illustrated in Figure B3.
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B3. Double Coincidence Efficiency

The double coincidence efficiency includes the charge
exchange efficiency, the energy loss and straggling in
the carbon foil with the related angular scattering, the
ion optical transmission of VMASS, and the IMCP
stop efficiency. Experimentally determined charge state
yields [Gonin et al., 1994] have been used to derive the
charge exchange efficiency in the carbon foil. Other
data pertaining to carbon foil physics are well known
from other projects such as ULYSSES SWICS or WIND
MASS [Hamilton et al., 1990]. On the basis of the latter
the overall three-dimensional modeling of VMASS has
been derived, including the position-sensing capability
of the CELIAS/MTOF IMCP. To obtain the probabi-
lity given by ¢ = DCR/FSR (double coincidence rate
over FSR), all the statistical distribution functions for
the energy loss and straggling, the angular straggling,
and the charge exchange probability of an ion at the
backside of the thin carbon foil, as well as the ion opti-
cal transmission inside VMASS, have to be taken into
account. Figure B4 shows a comparison of the calibra-
tion measurements and the modeled efficiency €4 of 2°Ne
as a function of energy over mass. Figures B5 and B6
give a detailed summary of the different effects in the
carbon foil and in the VMASS that cause slight isotope
fractionation in €4.

Appendix C: Quantitative Evaluation of
TOF spectra

One important issue in the evaluation of CELIAS/
MTOF is the interference of different elements that have
an approximately integer mass ratio; for example, 4°Ca

ACE/SWIMS-SOHO/CELIAS/MTOF: Neon DCRIFSR calibration
Il " ] " [}
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Figure B4. Double-coincidence rate DCR over FSR
versus F /M for *Ne according to calibration data and
amodel that includes charge exchange processes, energy
loss, and straggling, including its corresponding angu-
lar scattering in the carbon foil, ion optics, and stop
detector efficiency. The data shown here are taken at
a hyperbola electrode voltage of 18.3 kV which is close
to the voltage 20.7 kV set during the mission. Only the
DCR in the neon time-of-flight peak is considered; the
background is subtracted. Calibrations at other hyper-
bola voltages have confirmed the validity of the model.
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20Ne/ 22Ne: Relative Energy Loss in C-Foil
P R I B S IR T

1.0
s {SOHO/CELIAS/MTOF

Residual/lnitial Energy

1)
1}
]
) 20
K )
1}
1}

I T T L T I
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Energy per Mass [keV/amu]

Figure B5. Relative energy loss according to simula-
tions of electronic and nuclear stopping [Ziegler et al.,
1985] of the isotopes ?°Ne and ?2Ne in the thin carbon
foil. At equal E/M (as in the solar wind) 22Ne suffers
less energy loss than 2°Ne and therefore has a slightly
higher probability to release secondary electrons and a
higher chance to be detected on the VMASS stop MCP
(see Figure B6).

is twice as heavy as 2°Ne within 0.06%. If 2°Ne leaves
the carbon foil singly charged and “°Ca leaves doubly
charged, they ideally have almost the same time of flight
and cannot be resolved by the instrument. There is one
reliable method to estimate the interference of doubly
charged ions by calculating the instrument efficiency ra-
tios between the ion species to be evaluated, the doubly
charged interference, and its "mother peak” of singly
charged ions that can be found in the same spectrum.
For example, from the number of observed *°Cat [Go-
nin et al., 1995] we can estimate how many #°Ca* ions
will interfere with 2°Ne™t if the calibrated instrument
functions, the instrument settings, and the solar wind
parameters (bulk velocity and kinetic temperature) are
known. During this work the question arose whether
there are instrumental effects that shift the TOF peaks
of doubly charged 40:4244Ca2* ions against the peaks of
singly charged 2921:22Ne* ions. Both calibrations and
simulations gave evidence that there is overall no larger
shift than 0.3% caused by ion optical imperfections of
the instrument when accumulating a typical data set
over the full mission time. Therefore the doubly char-
ged calcium interference 40424%Ca2* cannot be resolved
in the neon spectrum of 20:21,22Net .

Appendix D: Data Description

The following data are available:

D1. Time-of-flight Spectra

Time-of-flight spectra MT1 and MT2 are classified on
board into 1024 channels and accumulated every 5 min,
where MT1 and MT?2 denote the IMCP position ranges
farther from and closer to the carbon foil. MT1 usually
has fewer counts but also much less background, so that
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the signal-to-noise ratio is actually better than that in
MT2.

D2. Pulse Height Analysis Words

Pulse height analysis words are transferred indivi-
dually for a single double-coincidence event. They con-
tain a word (10 bits) characterizing the charge ampli-
tude on the Start MCP, two words (10 bits each) for
the stop amplitudes from the IMCP giving total charge
amplitude and position, a word (12 bits) for the time of
flight, and a word for the universal time of the event in
seconds. Almost half the data that have been classified
on board during the first 200 days of 1996 have been
transferred as individual PHA words.

D3. Housekeeping Data

Housekeeping (HK) data show the regular cycling of
the instrument voltages Uy and V; (variable housekee-
ping) and all other commanded instrument settings or
measurements at the instrument. HK values can be re-
corded with a time resolution of 5 min. In this work,
only negative or zero postacceleration voltages V; have
been considered, because most of the neon events have

20N ¢/22Ne Fractionation

) | L 1

in VM ASS

1 1 )

0.100 |SOHO/CELIASIMTOF

0.010 —

0.001 —

Efficiency (1+)

0.0010 —

0.0001 —

Transmission

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Energy per Mass [keV/amu]

Figure B6. Probability for the isotopes 2°Ne and 2*Ne
to leave the thin carbon foil singly charged versus initial
energy per mass. The lonization efficiency essentially
depends on the residual E/M, which is slightly higher
for 2?Ne. Also shown is the ion optical transmission
of 2®Ne* and 2?Net in VMASS. The heavier projectile
22Net suffers less angular scattering by nuclear stop-
ping in the carbon foil, so that it has a higher probabi-
lity to hit the stop MCP in the typical solar wind range
of 0.8 to 2.0 keV /amu. Above 2.0 keV /amu, *’Net has
a lower chance of transmission than 2°Net because of
its higher energy per charge, such that it overshoots
the stop MCP or hits the hyperbola electrode. For the
data evaluated in this work the isotope fractionation in
VMASS is very small because only nonpositive postac-
celeration voltages V; have been considered, which put
the solar wind 2°Ne®t onto higher initial E/M than
22Ne®t to approximately cancel the effects described
above.



KALLENBACHET AL.: ISOTOPIC COMPOSITION OF SOLAR WIND NEON

been collected with these settings and because the ca-
librations for the WAVE and the WAVE/VMASS in-
terface are free of distortions by secondary electrons
released from instrument surfaces and therefore more
precise. During the mission the hyperbola deflection
voltage almost exclusively was set to 20.7 kV. Only data
for this setting have been selected.

D4. Proton Monitor Data

Proton monitor (PM) data for the solar wind bulk
velocity vk and its rms velocity corresponding to its
kinetic temperature vipern, are available with a time
resolution of 5 min, roughly matching the instrument
cycling in the variable housekeeping data (F. M. Ipavich
et al., submitted manuscript, 1997).

v As we mentioned above, the TOF spectra oﬁer a
count rate about twice as high as that for the PHA
data. However, as the data are classified on board,
they cannot be selected for MCP signals with the lowest

background, as was done with the PHA data. There-

fore the absolute background remains higher by a fac-
tor of about 3.5, and the signal-to-noise ratio is cor-
respondingly lower. ?!Ne can be detected in the PHA
data with an uncertainty of 25% but in the MT1 spec-
tra only with an uncertainty of more than 50%. On
the other hand, the higher count rates for ?°Ne and
22Ne in MT1 make it possible to analyze the abun-
dance ratio 2°Ne/??Ne as a function of the solar wind
velocity and as a function of the instrument fractio-
nation. From a time series of PHA or TOF spectra
characterized by the parameters Uw, V}, vpu, and
Viherm the data have been selected with a detection ef-
ficiency ratio n(*?Ne, Uw , V;, Uputk, Vtherm) divided by
n(**Ne,Uw , V}, Ubulk, Vtherm) between 0.85 and 1.15.
Also, the data have been filtered for the outer stop posi-
tion ranges, which gave the better signal-to-noise ratio.
In addition, the TOF data have been grouped for diffe-
rent solar wind bulk velocities vk -
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