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ABSTRACT

Context. Future spacecraft missions, such as the proposed Solar Probe mission, will venture close to the Sun, allowing spectrometers
measuring emission from heavy ions or neutrals in the solar wind to have radial lines of sight (LOS) pointing away from the Sun, or
indeed in any direction other than sunwards.

Aims. We show that a radial LOS gives excellent solar wind diagnostics, with tight constraints on ion density, outflow velocity, and
effective temperature parallel to the coronal magnetic field. In addition, we present the concept that a spectrometer onboard a space-
craft reaching the solar corona can yield measurements somewhat similar to an in situ sampling instrument, in that the 3D velocity
distribution and density of the emitting ions can be measured.

Methods. The well-studied O VI doublet at 1031.96 and 1037.6 A and the H Ly-a line at 1215.67 A are chosen as examples. Solar
wind parameters obtained from a 2D three-fluid magnetohydrodynamic (MHD) model, and formulations for collisional and radiative
emission along a radial LOS, are used to calculate spectral line profiles for these lines at various heights within a streamer and coronal
hole.

Results. For O VI, the collisional line profiles directly measure the ion velocity distribution in the radial direction, with the general
Doppler shift of the profiles related to the bulk ion outflow velocity and the width of the line related to the effective ion temperature
parallel to the magnetic field. An obvious skew in the collisional profiles is seen in regions with a high gradient in outflow velocity
and/or temperature. The resonant (or radiative) line profiles behave very differently from those currently observed in 90° scattering.
They are more closely related to the profile and distribution of the exciting chromospheric spectrum: the lines are narrow and are
centered at wavelengths mirrored around the rest wavelength of the ion emission, allowing easy separation of the collisional and
radiative components. Despite the Ly-« line being much more intense than the O VI lines, the large width and high intensity of the
Ly-a radiative component in comparison to the collisional component is such that these two components cannot be separated. The
Ly-a line is therefore less suitable for solar wind diagnostics.

Conclusions. The prospect of coronal in situ spectral observations, combined with simultaneous in situ sampling measurements of

the solar wind and magnetic field will give unsurpassed constraints on models of solar wind heating and acceleration.

Key words. Sun: corona — Sun: particle emission — Sun: solar wind

1. Introduction

In the next few decades of solar system exploration it is likely
that spacecraft missions will venture far closer to the Sun than
has been previously attempted. The proposed Solar Probe mis-
sion (McComas et al. 2007) will attempt passes close to the Sun
at different phases of the activity cycle, possibly flying to heights
as low as 4 Ry. This mission will give invaluable in situ mea-
surements of the inner corona. This article models and discusses
the expected spectral profiles from a UV spectrometer aboard
such a spacecraft. Inspired by rocket experiment observations
of Ly-« during the total solar eclipse of 1970 (Gabriel 1971),
and the extended emission of the line to large heights in the
corona due to radiative scattering (Beckers & Chipman 1974),
Kohl (1978) gave a comprehensive description of a spectrometer
that could observe from within the inner corona aboard a Solar
Probe spacecraft, with extensive descriptions and discussions of
observing the H Ly-« line along a radial line of sight (LOS), and
LOS at other viewing angles. This work extends on the ideas
of Kohl (1978) by including the O VI doublet at 1031.96 and
1037.6 A, as well as the Ly-« line at 1215.67 A.

The current Solar and Heliospheric Observatory (SOHO)
spacecraft orbits the L1 Lagrangian point between the Earth and
the Sun. Due to the large distance between SOHO and the Sun,
the UltraViolet Coronagraph Spectrometer (UVCS) instrument
aboard SOHO (Kohl et al. 1995) can only view the 90° scatter-
ing of UV coronal emission. An UV spectrometer placed in the
inner corona can measure along a radial LOS. This LOS would
necessarily point away from the Sun due to the high intensity of
the disk emission, therefore will give 180° scattering. It would
be simple to incorporate a mechanism within the spectrometer to
measure in directions other than radial, so, in principle, the lo-
cal 90° scattering can also be measured. We concentrate on the
radial LOS in this work, this being a more novel observation.

Section 2 presents the geometry and analytical equations
suitable for calculating collisional and radiative intensity along a
radial LOS. Section 3 describes the parameters obtained from a
global, two-dimensional, magnetohydrodynamic (MHD) three-
fluid model for both coronal hole and streamer solar wind re-
gions, and shows O VI line profiles computed along a radial
LOS using the model parameters. Section 4 follows the same
approach for H Ly-a. Section 5 briefly discusses the locality of
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Fig. 1. Radial LOS geometry. Point O is the Sun center, E is a point
on the disk emitting the exciting radiation, P is a point along the radial
direction in the corona and I is the position of the observer. The x-axis
points along the radial direction with the origin at Sun center. € is the
angle OPE.

the emission measured along a radial LOS. Section 6 gives a ba-
sic outline of the instrumental characteristics for a spectrometer
suitable for Solar Probe. A discussion of the results and conclu-
sions are given in Sect. 7.

2. A radial line of sight

Withbroe et al. (1982) and Noci & Maccari (1999) (and refer-
ences within) give detailed general formulations on radiative and
collisional emission in the solar corona. The geometry and re-
sulting radiative and collisional equations for a radial LOS are
somewhat simpler than those for 90° scattering. The radial LOS
geometry is shown in Fig. 1. The observer is at point I, looking
away from the Sun along the radial x-axis. Point P is an emitting
point along the x-axis. The origin is at Sun center, O, and E is
a point on the Sun’s disk. 6 is the angle OPE between the radial
and the direction of the incident radiation.

2.1. Collisional component

For collisional emission, we need only consider the velocity dis-
tribution of emitters along the radial x-axis, which we assume to
be Maxwellian:

1 12 1
f(vx)=( ) exp[——(vx—uxf], (1)
(o y
where
2kT
@ == (2)

The effective temperature is 7, (which includes wave and tur-
bulent motions), vy is the particle velocity and u, is the outflow
speed, all parallel to the solar radial direction. The ion mass is m
and k is Boltzmann’s constant.

At wavelength A, the collisional intensity of a spectral line
with a center rest wavelength of 1y viewed by an observer posi-
tioned a distance x; from the Sun center along the radial x-axis
can be written as

1 R e A
L) = — f f e i e f(vx)a(ﬂo -a- —%X)dx o, (3)
4r Jooo Jy, c

where ¢g. is the collisional excitation rate coefficient of the
atomic transition. The delta function in the integral over the
velocity distribution selects only those ions at the correct ve-
locity to emit at the observed wavelength, v, = ¢(1yp — 4) /Ao.
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Substituting for v, in Eq. (1) gives an analytical form of Eq. (3)
that can be integrated over x to give the collisional intensity at
wavelength A4

1(1\"?
I.(1) = _(ﬂa’ )

0o 2
1 |c
Xf CIcni”eexp[_a’_[ﬂ_o(/lO_/l)_ux] ) dx. 4

2.2. Radiative component

A rigorous treatment of the radial LOS radiative component de-
mands the inclusion of the velocity distribution perpendicular to
the LOS. This would be redundant if the Sun was approximated
by a point source. A bi-Maxwellian velocity distribution which
is symmetric around the x-axis is assumed:

1/2 2
1 1 1 , 0
f(U)Cs Uy) = — | €Xp __(vx - ux) - > (5)
T, nay ay @y
where
2T,
ay = - (6)
m

T, is the effective temperature and v, is the particle velocity, both
perpendicular to the solar radial direction.

The radiative intensity for a radial LOS with a disk emis-
sion I (1, 8) symmetric around the disk center is given by

hB 00 00 00 00 Omax
12 f f f f f n; 2msin @ [a + bcos® 9]
471-/10 —00 J—0o0 Jx; —o0 JO

X1 (A, 0) f(vx, vy)

, Ao .
xé(/l —Ado— — [vx0059+vysm9])
c

Ir(ﬁ) =

p
xa@o—A—i%Jdmu%udwdw, 7

where B, is the Einstein coeflicient and 7 (1’, w) is the incident
chromospheric radiation at wavelength 1. Op,x 1s the maximum
angle subtended by the Sun’s disk at P, the position of the emis-
sion volume. The scattering profile is a+b cos? 6. For O VI 1032,
a is 7/8 and b is 3/8; for O VI 1037 there is no preference for
scattering direction therefore a is 1 and b is O (Noci et al. 1987).
For Ly-a, ais 11/12 and b is 3/12. Li et al. (1998) give a generic
form of Eq. (7).

In the integral over the velocity distribution, the first delta
function selects only those ions which have the correct veloc-
ity to be in resonance with the incident wavelength, v, cosf +
v, sin@ = ¢ (A" — Adg) /Ao. The second delta function selects only
those ions emitting at wavelength A as seen by the observer,
vy = ¢(dg — A) /Ag. Substituting for v, and v, in Eq. (5) gives
an analytical form for Eq. (7) that can be integrated over x, 6§ and
A’ to give the radiative intensity at wavelength A:

hB 00 00 Ormax
—lzf f f n; sin9[a+bcos2 9]
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Fig. 2. Plasma conditions obtained from the MHD 3-fluid model from 4
to 30 R, for the equatorial streamer (left column) and the polar coronal
hole (right column). The top row shows electron (1,) and O°* (n;) den-
sity, the middle shows electron (7,) and O°* (T;) temperature and the
bottom shows O>* outflow velocity (u;).

The y component is included in this formulation but in prac-
tice could be considered negligible in most cases, particularly at
larger heights.

3. Modelled O VI profiles

O VI profiles are calculated using Egs. (4) and (8) for coro-
nal hole and streamer solar wind conditions, for two differ-
ent temperature anisotropies and for many different heights.
For this purpose, we use solar wind parameters obtained from
a global two-dimensional magnetohydrodynamic (MHD) three
fluid model which consists of electrons, protons and O’* ions
and extends from the coronal base out to 1 AU (Li et al. 2004,
2006). The electrons are heated by thermal conduction and
Coulomb collisions and the ion species are heated by an em-
pirical energy flux. An ad hoc field-aligned momentum addition
is applied to O* to help accelerate them so that the speed profile
is constrained by UVCS observations. The model is further con-
strained by in situ measurements of the fast and slow solar wind
close to Earth. The 2D model corresponds to a solar minimum
scenario, with fast wind from a large super-radial diverging po-
lar coronal hole and slow wind from an equatorial streamer. Two
radial paths are taken through the 2D grid of model results, one
at position angle 0° directly above the polar coronal hole and
another at 90° centered on the equatorial streamer. Plasma con-
ditions from 4 to 30 Ry along these two radial paths are shown
in Fig. 2.

Figures 3 to 5 show O VI 1031.96 and 1037.6 A collisional
and radiative profiles calculated for radial lines of sight. The pro-
files of Fig. 3 are calculated for the equatorial streamer, Figs. 4
and 5 for the polar coronal hole. The calculations are repeated
for profiles observed at five heights — 4, 6, 8, 10, and 15 R..
Figure 4 is calculated with a narrow radial velocity distribu-
tion (anisotropic case), with ion temperature parallel to the ra-
dial (7)) set at 1% of the ion temperature profiles shown in
Fig. 2, but without dropping below the electron temperature, T,
also shown in Fig. 2. Figures 3 and 5 are calculated for a wide
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Fig. 3. Modelled O VI profiles for an equatorial streamer and a high 7
(T = T, isotropic). The left column is for O VI 1032 and the right
for O VI 1037. From top to bottom, each row shows calculations for
an observer at height 4, 6, 8, 10 and 15 R,. The solid line gives the
collisional component and the dashed is the radiative component. The
x axis shows wavelength in A, and the y axis shows intensity in units of
10° photons s™' Q' cm™2 A~!, where Q is the solid angle.

radial velocity distribution, with 7} equal to the ion tempera-
ture profiles shown in Fig. 2. We have not shown results for a
streamer with an anisotropic temperature distribution, since they
are very similar to the isotropic case (restraining 77 to a mini-
mum of T, prevents the ion velocity distribution from becoming
very anisotropic within the streamer).

In all cases, the collisional profiles show the velocity distri-
bution of the emitters along the LOS in a simple intuitive man-
ner. The outflow velocity u, results in a simple bulk Doppler shift
of the collisional spectral profile to wavelength u, Ao/ c (redshift).
The width of the collisional profile gives a direct measurement
of the effective ion temperature (including thermal and wave mo-
tions) along the LOS, or parallel to the magnetic field. The solar
wind heating and/or acceleration, if present (an increasing 7
and/or u, along the LOS) leads to a skewness of the profile, with
a wider wing at longer wavelengths.

At low T), the 1032 radiative profiles dim sharply with in-
creasing velocity. Indeed, the radiative component in the coronal
hole with low 7 is so low as to be undetectable at all heights
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(Fig. 4), and is not visible in the figure. The high velocities
and low 7} do not allow any resonance between the chromo-
spheric 1032 line and the coronal ions. With a higher 7' (Fig. 5),
the coronal velocity distribution is broad enough to allow some
coronal ions to resonate.

The 1037 radiative profiles are very interesting. Taking the
streamer profiles as an example (Fig. 3), one can see the pri-
mary resonance peak at 1037.6 A, which dims with increas-
ing outflow velocity and height in a predictable and similar
way to the 1032 resonance line. There is a secondary peak at
1038.3 A which increases in resonance with increasing outflow.
At a height of 15 R, a third resonance peak has just begun to de-
velop at 1038.8 A. With increasing outflow velocity, the coronal
resonance component peaks at wavelengths which are a mirror
image of the chromospheric peaks (mirrored around the central
rest wavelength of the line — 1037.6 A in this case). Therefore,
the resonance (or Doppler pumping) of the coronal 1037.6 A
line at 1038.3 and 1038.8 A is due to the CII lines at 1037.0
and 1036.3 A.

An insight into the basic behavior of Eq. (7) under con-
ditions of 180° scattering can be found by approximating the
Sun to a point source, so that 6 is zero and v, is redundant. In
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Fig.5. Same as Fig. 3 for a polar coronal hole and a high 7
(Ty = T., isotropic). The y axis shows intensity in units of 10* pho-
tonss™' Q™' ecm™2 A~'. The resonance component is apparent in these
figures due to the broad velocity distribution of the ions in the solar
radial direction (large 77).

this case, the delta functions of Eq. (7) are only non-zero when
vy = c(A' — ) /Ao and vy = ¢ (1yp — ) /Ap. Equating v, gives
the simple relationship

A+ )

Ao =— ©))
Thus the intensity of the radiative component at an observed
wavelength Ay + AA is related to the exciting chromospheric in-
tensity at wavelength 1o — AA. If a volume of emitters in the
corona had a uniform and wide distribution of velocities (rather
than a peaked Maxwellian distribution), their observed emission
would be a scaled copy of the chromospheric spectrum, but mir-
rored around A.

4. Modelled Ly-a profiles

The Ly-a line at 1215.67 A has been systematically observed
by the UVCS instrument. Viewing Ly-a from a Solar Probe
spacecraft has been discussed in detail by Kohl (1978). At lower
heights in the corona, the neutral hydrogen is strongly coupled
to the protons (Allen et al. 2000). Measurements of Ly-a can
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tom left) obtained from the 2D MHD model for an equatorial streamer.
Bottom right shows the model chromospheric line profile for Ly-a, with
the y axis in units of 10'* photons s™' Q™' cm™2 A~!. This profile is ob-
tained from the Solar Ultraviolet Measurements of Emitted Radiation
(SUMER)/SOHO solar atlas of Curdt et al. (2001), for quiet Sun region
observations.

therefore give indirect information on protons, although mea-
surements of coronal neutral species are also of direct interest.
Figure 6 shows various model parameters used to create Ly-a
line profiles for a radial LOS. The protons in the 2D MHD model
are used as a direct proxy for neutral hydrogen. The ratio of neu-
tral hydrogen particle density relative to the protons is simply
1 x 1077, as given by Allen et al. (1998). The chromospheric
disk emission of Ly-a used to calculate the radiative component
is also shown in Fig. 6. Note the strong self-reversal at the line
center.

Figure 7 shows collisional and radiative line profiles for Ly-«a
calculated for the streamer at heights of 4 and 5 R. The impor-
tant feature for Ly-« is the strength of the radiative component in
comparison to the collisional one. The chromospheric Ly-« line
is so intense that the coronal radiative component is over three
orders of magnitude stronger than the collisional Ly-a& compo-
nent. In addition, the radiative component is rather wide (in com-
parison for example with the radiative component of O VI in
Fig. 5). It would be difficult if not impossible therefore to sep-
arate the two components. This leaves the radiative component
as the only useable observable. As with O VI, the radiative com-
ponent of Ly-a is close to the chromospheric profile. At 4 R,
the two peaks surrounding the central trough are seen, but, since
there is a significant outflow velocity of coronal hydrogen, the
peak at the longer wavelength has a higher intensity. This ef-
fect becomes stronger with increasing outflow velocity, as can
be seen at 5 Ry This effect is sensitive to the temperature of hy-
drogen along the LOS as well as the outflow velocity. Therefore
it is not a useful diagnostic without additional measurements.

5. Locality of the emission

Here we consider the emission contribution along a radial LOS
to the measured intensity. Consider, for example, a spheri-
cally symmetric corona with a 72 decrease in density and, for

985
Y — ' - 25
sl 2.0}
>
2 1.5}
g 4
< 1.0
21 0.5}
0 0.0
25 ' - 0.8
2.0t ol
N .
245
g 0.4l
£ 10}
0.5} 0.2¢
0.0 0.0

1215 1216 1217
Wavelength (A)

1215 1216 1217
Wavelength (A)
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simplicity, a constant outflow velocity at all heights. For this sim-
ple case Fig. 8 shows how the collisional and radiative emission
decreases along the LOS. The proposed instrument lies in the
corona and the main contribution to the observed line intensi-
ties comes from the highest density of ions in the locality of the
instrument itself. For an observation at 4 R, the radiative emis-
sion drops to 5% of the local emission by a height of ~11 Rg.
The collisional emission drops to 5% at a height of ~8.5 R. The
instrument is therefore measuring far more extended regions of
the corona than an in situ particle instrument, but more local-
ized compared to the 90° scattering LOS measured by the cur-
rent UVCS/SOHO instrument (due primarily to the drop in den-
sity along the LOS, which is generally steepest along the radial
direction).

6. Instrumental considerations

This section discusses some basic instrumental considerations
for an UV spectrometer suitable for a Solar Probe-type mis-
sion. The instrument concept consists of an off-axis parabolic
telescope mirror feeding a spectrograph with a toric varied line-
space (TVLS) grating. Unlike toric uniform line-space gratings
with 1:1 magnification, TVLS gratings allow for the instrument
magnification to be built into the spectrograph. This results in
a more compact design. For instance, the conceptual instrument
adopted for deriving the observational examples illustrated in the
following, can be made as compact as (28 x 12 x 6) cm>. The in-
strumental assumptions are summarized in Table 1.

Figure 9 shows estimated dwell times for the O VI doublet
lines and the Ly-a line. The dwell time is defined here as the
time necessary to accumulate 10* and 10* counts in the line pro-
files of the O VI doublet and the Ly-a line respectively. Also
shown in figure 9 is the time the spacecraft is expected to take
to change height by 1 Ry. Figure 9 can be used to calculate
the cumulative field-of-view of the spectrometer. For instance,
when the Probe is at 6 Ry, a 10 min dwell time is sufficient for


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20079202&pdf_id=6
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361:20079202&pdf_id=7

986

Height above observer (Ro)
~
N e e
o
k)
o
g
o
\

\\\
\\

Dwell time (min.)

[ oN

3

€ 8 -
5 L[o® ]
2o /
(0] 6 ]
5t 020 j
<] E Ao -
v F /
sS4 030 /
° 020 / 0.40

% 2 —/OOA'SD// . =
D -0/0.60

4 5 6 7 8 9 10
Height of observer (Re)

Fig. 8. The drop in emission along a radial LOS shown as a fraction of
the emission at the point of observation. This is shown as a function of
the height of observation and the height above that observation. The top
plot is calculated for collisional emission, and the bottom for radiative.
The calculations were made assuming a constant outflow velocity and a
r~? decrease of density with height.

Table 1. Instrument characteristics.

(28 x 12 x 6) cm®
4 cm
0.13 (10.3 nm); 0.073 (122 nm)
28 cm (f/#="1)
30 um X 1 cm
(0.7 x 20) arcmin?

Physical dimensions
Pupil diameter
Effective area (cm?)
Effective focal length
Slit width x length
Slit field-of-view

Grating density 4800 lines/mm
Detector format 512 pixel
Pixel width 25-um
Spectral dispersion 0.17 A/pixel
Spectral resolution 0.4 A

Doppler velocity resol. ~ 115-102 kms™! at 103.2—-121.6 nm

accumulating 10° and 10* counts in the line profiles of the
O VI doublet and the Ly-«a line respectively. At this height, the
spacecraft rate of fall is ~1 R per 100 min. Therefore, in 10 min
it travels by 0.1 Rs. The angle swept by the instantaneous FOV
defined by the slit width (0.7 arcmin) results in a cumulative
FOV of tan™'(0.1 Ro/6 Ro) =~ 1°.

A basic technical advantage of an in situ spectrometer would
be the absence of contamination by stray light from the Sun’s
disk, which can be a problem with some lower-signal observa-
tions made by the current UVCS. An in situ spectrometer which
only observes in anti-sunward directions would not need the
coronagraphic abilities of the current UVCS. A potential prob-
lem is the galactic O VI background, with measured intensities
of 1800 to 9100 photonss~' Q! cm™2 (Dixon et al. 2006). This
is comparable to the intensity of the O VI coronal lines in coro-
nal holes at heights above 6 R, as can be seen in Figs. 4 and 5.
However, in the coronal hole at this height the collisional com-
ponent is Doppler-shifted to wavelengths longer than that of the
galactic O VI, which should ensure little contamination.

H. Morgan et al.: In situ coronal spectroscopy

T
|

100.0 ¢

10.0F

s}

0 VI 1032A
-7 O VI T038A —onmn .
< Ly—a 1216A - - - -
0'15_ //SC 1/fallspeed (min/Ro) .
Celininn Livisiin Livisinn Liviainn L Livisinin ]
4 5 [} 7 8 9 10
Height (Re)

Fig.9. The dwell times necessary to accumulate 10 counts in the
O VI doublet and 10* counts in the Ly-a line, is compared to the time-
scale that the Probe spacecraft takes to change its heliocentric distance
by 1 Ry. Within 20 R, this time-scale is ~80 min.

7. Discussion and conclusion

As shown in Sect. 4 for the case of Ly-a, the separation of colli-
sional and radiative components is not possible due to the over-
whelming intensity and large width of the radiative component.
This does not rule out measuring other neutral species, or other
lines of hydrogen. However, for the remainder of this section,
we limit the discussion to O VL.

In the case of O VI, one of the main benefits of a radial LOS
is the ease of separation of the collisional and radiative compo-
nents, which is not a trivial matter with 90° scattering. In general,
the resonance peaks, if present, are distinct from the collisional
ones, at least in one of the two O VI lines. In cases where it
is only possible to separate the collisional from the radiative in
one line of the doublet, this allows the exact subtraction of the
collisional component in the other line, since we know that the
intensity ratio of the collisional components is always 2. The
collisional component of either line gives a tight constraint on
the velocity distribution (including bulk outflow velocity) of the
ions along the line of sight. A skewness in the line will be mea-
sured in regions of high velocity and/or temperature gradient.
The most extreme example is seen in Fig. 4 at a height of 4 R,,.
Regions of high heating can then be readily identified directly in
the observations, and an estimate of the temperature or velocity
gradient can be made.

Any spacecraft carrying a spectrometer close to the Sun will
be equipped with in situ sampling instruments. These will give
electron and proton density and velocity distribution measure-
ments. It can be seen therefore, from Eq. (3), that given this
independent in situ measurement of electron density and tem-
perature, and the direct measurement of the ion velocity distri-
bution given by the collisional component, that the ion density
may be constrained directly from the intensity of the measured
collisional component. This then allows us to easily calculate the
ion abundance relative to the electrons or protons. It is likely that
abundance enhancements of O°* may be seen in some streamers
(see Habbal et al. 2007, and references within), with implications
for models of energy deposition in streamers.

From a practical point of view, the isolated resonance com-
ponent gives an excellent wavelength calibration, since the pro-
files and central wavelengths of the chromospheric spectral lines
are well known (Curdt et al. 2001). From Eq. (7), since all ion
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parameters are well constrained by the measured collisional
component, the chromospheric disk intensity may be calculated
for the O VI doublet, and, given a high enough outflow veloc-
ity, for the C II doublet. This would be a useful measurement
since the chromospheric spectrum of O VI varies enormously
from coronal hole/quiet Sun regions and sunspot regions (see
Morgan et al. 2006, and references within). As well as being of
general interest in the context of chromospheric densities and
temperatures, quantifying this variation will enable a more ac-
curate interpretation of the ten years of existing UVCS data.

The width of the collisional profile gives a direct mea-
surement of the temperature along the radial direction, 77, a
value which at present is only weakly constrained by the semi-
empirical modelling of UVCS/SOHO observations. It would be
a relatively simple matter to assemble a simple mechanism at
the front end of the proposed spectrometer which would allow
observations along directions other than the radial LOS (for ex-
ample, perpendicular to the radial). This would give a 3D ion ve-
locity distribution, a measurement usually associated with in situ
sampling instruments.

An important question is what does an in situ spectrometer
offer that a particle experiment does not? While it is true that
a particle experiment can directly measure densities and veloc-
ity distributions with more accuracy than spectrometer measure-
ments of light emission from those particles, a spectrometer of-
fers the following main advantages (or enhancements) to particle
experiments:

— Measurements of extended coronal regions. This will help
characterize structures which the spacecraft will traverse
such as plumes, jets, current sheets, coronal hole-streamer
boundaries etc. The spectrometer would be able to establish
whether the varying signals measured by the particle experi-
ments are due to turbulence or due to static structures.

— Coronal Mass Ejection (CME) observations. Particle exper-
iments will only measure the CMEs as they pass the space-
craft whilst the spectrometer will continue to measure CMEs
as they travel along the LOS. From Fig. 8, for observations
at a height of 4 Ry, the signal of a CME will drop to 5% at
a height of ~9 R, (this is different for the radiative and col-
lisional components). For a CME travelling at 1000 kms™,
this is an hour of observation where the spectrometer can
continue to measure the evolution of the CME (of course,
the 5% level we have chosen here is arbitrary, and probably
on the conservative side for a CME observation at 4 R).

— Evolution of the solar wind. As described above, bulk ac-
celerations or temperature gradients lead to a skewness in
the measured line profiles. This measurement of the solar
wind evolution along the LOS will greatly enhance the de-
tailed particle instrument measurements at the position of the
spacecraft.
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— Wave propagation. Density waves have been shown to ex-
ist in the extended corona, and have been measured in white
light (Ofman et al. 1997, 2000) and in the intensity of the
Ly-a line by UVCS (Morgan et al. 2004). A spectrometer
would allow the measurement of the propagation and life-
time of these waves.

— Correction for particle measurements. The particle measure-
ments are influenced by the Solar Probe heat shield, since
the instrument necessarily lies in the lee of the shield. This
means that some particles within the coronal velocity distri-
bution cannot be measured reliably. A spectrometer will be
a straightforward method of identifying and correcting these
inaccuracies.

The prospect of a new UV spectrometer aboard near-Sun mis-
sions is very exciting. The UV spectral observations, combined
with in situ sampling measurements of electrons, protons and
the coronal magnetic field will give unsurpassed constraints on
models of solar wind heating and acceleration.
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