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Abstract. Recent investigations of pick-up ion data obtainetthe years after 1985 many more identifications of cometary,
with the AMPTE and the Ulysses spacecraft resulted in thenar, planetary and interplanetary PUI followed. The perhaps
discovery that, in contrast to previous expectation, pick-up idrest suited measurements for the study of the velocity space be-
velocity distribution can be anisotropic. Such anisotropy resuliaviour of these ions were performed recently with the SWICS
from a smaller efficiency of pitch-angle scattering than usgSolar Wind lon Composition Spectrometer) instrument on-
ally assumed and translates into a larger scattering mean toeard the Ulysses space probe (Gloeckler etal. 1993,1994,1995;
paths than previously attributed to these particles. We demd@3eiss et al. 1994a,b).

strate that existing and upcomimgssitu observations can be  From ongoing analyses of measurements obtained with
substantially supplemented by Earth-bound observations of 1§ EICA (Mobius et al. 1998) and SWICS (Gloeckler et al.
extreme-ultraviolet resonance glow of pick-up ions in the vicinrggs, Fisk et al. 1997) it has been concluded that PUI veloc-
ity of the sun. The proposed observations, in combination Wil distributions might be anisotropic. This finding has restarted
a theory of ions being picked-up by the heliospheric magnetige theoretical discussion the PUI behaviour in velocity space
field close to the sun will not only allow us to obtain informatioRyhich originally began with papers by Wu & Davidson (1972),
about the anisotropy of the pick-up ion velocity distributiongartie & Wu (1973), Wu et al. (1973), Wu & Hartle (1974).

but also to deepen our understanding of the physics of the aC* As we demonstrate below, there is particular reason to ex-

F:elerated solgr wind and OT the pick-up process of ions in thﬁ%ct PUI distributions to be anisotropic close to the sun. Two
innermost region of the heliosphere not yet well explored.

challenges, a theoretical and an observational one, invite to ben-
efit from these particular distributions to learn more about the
Yetails of the behaviour of PUI in velocity space.

So, first, there is a theoretical challenge. In both the orig-
inal and the more recent dicussion of the behaviour of PUI in
velocity space, the innermost region of the heliosphere was ex-

1. Introduction and motivation cluded. The theory of the production, fluxes as well as velocity

. . distributions of PUI has been developed within the framework
The existence oPick-Up lons(PUI), as a consequence of an : : . e
S : of models being valid for heliocentric distances larger than
ionization of neutral atoms of thieocal InterStellar Medium

(LISM) in the heliosphere, was already predicted almostj?;e’ i.e. about20 solar radii (e.g. Vasyliunas & Siscoe 1976;
SKP

i i ] nberg 1987; Bogdan et al. 1991; Rucinski et al. 1993; Rucin-
years ago (Semar 1970; Fahr 1971; Holzer 1972; Fahr 19 & Bzowski 1995; Chalov et al. 1995 1997; Fichtner et al.

long before their first detection. At that time it was already clei 96; Mall et al. 1996a; le Roux & Ptuskin 1998). The main

that interstellar neutral atoms, after ionization in the region g N
: ; . . : reason for this limitation is the geometry and strength of the
the supersonic solar wind, are immediately picked up by IR'

g : : liospheric magnetic field. In the sun’s vicinity the field com-
cal electric induction forces and essentially convected outwards . . .
. . ) . onents perpendicular to the solar wind flow are small, i.e. the
with the solar wind. But it remained unclear how PUI behave . . . T
. : . ) . leld is nearly radial, and its energy density is higher than that
velocity space while co-moving with the solar wind.

M hile. th terstellar PUI h directly b dof the plasma, so that it is not frozen into the solar wind. These
tect ;:atr)lw e, these t',n ersTi arf_ d ?vet_ weg 3{ egn kg- nditions have a profound influence on the pick-up process, be-
1e908f1/85y Zpace prot eds. i e'thlrtsh el ection alles Satj se they are principally different from those farther out in the
and was carried out with the plasma analyzer sliosphere and make several generally used concepts invalid.
ICA (SUprathermalL Energy lonic Charge Analyzer) onboar ) . i
the earth-bound satellite AMPTE (seedblus et al. 1985). In Second, there is the ob§ervat|onal challenge. Obseryatlons
of PUl are, up to now, exclusively of direct nature. As mentioned

Send offprint requests télans-&rg Fahr above, a detection of these particles has been possible only with
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in-situ measurements made with the AMPTE @Mus et al. 2. Anisotropic PUI velocity distributions

1985), Ulysses (Gloeckler et al. 1993,1994,1995) and, not 3ée_1L Observations

fully confirmed, with the Voyagel & 2 (Decker etal. 1995)and =

Pioneer 10 (Intriligator et al. 1996) spacecraft. The AMPTE ans mentioned in the previous section recent observations of
Ulysses PUI data cover a heliocentric distance interval ftomPUI have revealed that their velocity distributions could be
AU to about5.4 AU (Jupiter’s orbit) and are, thanks to Ulyssesanisotropic.

not any longer limited to the ecliptic plane. Forthcoming mis-  First, Gloeckler etal. (1995) reported measurements of pick-
sions with suitable instrumentation could potentially extend thg hydrogen made with the Ulysses spacecraft at high south-
region ofin-situ PUI observations to even larger distances. Fefn heliographic latitudes indirectly indicating pronounced
example, the Cassini spacecraft could be used also as a helifisotropies in velocity space. The detection of this asymmetry
spheric probe (Mall et al. 1996b 1998) and improved measutg:came possible with the first observation of PUI with velocities
ments of PUI velocity distributions, in particular with respedbwer than the solar wind speed. Unlike previous observations
to their anisotropies, could be obtained with the new Clusterthe ecliptic, where the low velocity wings of the solar wind

Il fleet (Mobius et al. 1996). However, the region close to then distributions are preventing a detection of PUI below about
sun remains unreachable for these as well as other upcoming km/s, at higher latitudes the solar wind ion distributions are
missions. shifted to higher velocities with a maximum of abd0d — 800

With the present paper we mainly deal with the second ch¥[/S, thus opening a detection window for PUI below the solar
lenge, in order to check on the principal feasibility of PUI obsel¥ind speed. Although an anisotropy of PUI velocity distribu-
vations close to the sun. While nonetheless described in sof@gs could not be measured directly because of the missing

detail below, the theoretical challenge will be subject of a suBPgular resolution, Gloeckler et al. (1995) found nonetheless
sequent study. that the observed direction-averaged distributions could not be

. _ explained with the assumption of isotropy, but that, in the so-
Indirect observations of PUI have already been suggesiggling frame, pick-up hydrogen exhibits a pronounced radial

many years ago by Parescg etal. (1983)' 'Jrrh(.ase al_Jthors e?(plgﬂeéjaming towards the sun with a speed several times the local
the possibility to observe pick-up heliumi¢™) inanti-solar di- - Aj, an speed. Such anisotropy implies a smaller efficiency of
rection via its 303.8 line. While they clearly recognized the iy angle scattering than usually assumed and translates into
dependence of the resonance signal on the details of the PUII}!\?Qer mean free paths-(1 AU) than previously attributed to

locity distribution, they found, despite a rather low intensity qf,ase particles. Thus, these observations are contributing to the
the plasmaspheric 30348 radiation in the Earth’s shadow, thatgeneral problem of how to explain the long mean free paths

the expected signal from pick-up helium would be, most probg |, rigidity particles in the solar wind (see e.g. Schlickeiser
bly, below the detection threshhold. This result was based on §¥sg Fisk et al. 1997).

theoretical side on the assumption tfit™ ions of interstellar Sécond Nbbius et al. (1998) analyzed AMPTE data and
origin, while being convected with the solar wind, would ng{, , for periods of an almost radial heliospheric magnetic field
be maintained at a suprathermal velocity level for a Sumc'emﬁ’reduction of the pick-up helium flux that would be consistent

long period, and on t.he expeﬁmental §ide onllimited sensitivi\t,Mth both anisotropic velocity distributions and a large mean
and spectral resolution achievable with the instruments ava%e paths of PUI of about3 — 1 AU.

able at that time. Observations of regions of higher PUI density Indirectly, both observations point to the need of a refined

closer to_ the sun were not dlsc_us_seql for reasons of eXpequ%idelling of PUI distributions, in general. This is even more
observational and instrumental limitations. so in view of forthcoming measurements to be made with the
Since that time, however, the situation has changed wiime-of-flightion COmposition and Distribution Function anal-
respect to both theoretical expectations and experimental cayser (CODIF) being part of the Cluster lon Spectrometry (CIS)
bilities. While Paresce et al. (1983) believed high energy tagsperiment aboard the new Cluster spacecraft. As pointed out
of PUl velocity distributions to be unlikely, we nowadays knovby Mobius (1996), the instrument covers the velocity space
that such tails exist (Gloeckler et al. 1994) and can be explaingiih a sufficiently high angular resolution to reveal directly
by various acceleration processes (Isenberg 1987; Williamsaeisotropies of the PUI velocity distribution.
al. 1993; Chalov et al. 1995; 1997; Fichtner et al. 1996; Lee et
al. 1996; Schwadron et al. 1996; Zank et al. 1996; le Roux §L2 Theory
Ptuskin 1998). There has also been made progress on the expéri-
mental side, so that significantly improved detectors can be bl & Davidson (1972), Hartle & Wu (1973), Wu et al. (1973),
(see e.g. Jelinsky et al. 1995). These new circumstances andfthe& Hartle (1974) were the first to theoretically study insta-
recent observations of the so far unknown, but highly interestibdities of the initial, in the rest frame of the solar wind toroidal
anisotropic structure of PUI velocity distribution functions fornPUI velocity distribution with respect to wave excitations. They
our main motivation to revive the idea of indirect observatiorshowed that, due the excitation of electrostatic, electromagnetic
of PUI via their extreme-ultraviolet (EUV) resonance glow andr hydromagnetic waves, this initial ring distribution of PUI
to utilize it in order to explore for the first time the properties oflecays into a broadened distribution with reduced velocities
this particle population in close vicinity of the sun. v) parallel andv, perpendicular to the heliospheric magnetic
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field. The decay time was found to be 3 - 102 s for the v)- structure of the actual velocity distribution. Pointing to these
and~ 4-10? s for thev, -decay. Inasmuch these decays woulshortcomings, Isenberg (1997) made the next step towards a
countinterms of PUI resonance emission intensities in the EUore comprehensive model of anisotropic distributions. He for-
was, as stated above, quantitatively analysed by Paresce emalated an analytical model based on a hemispherical repre-
(1983). sentation of PUI velocity distributions. Although still strongly

Although it was unpredictable from these studies into whidimplifying the relevant physics by assuming an exactly radial
form the initially toroidal PUI velocity distribution would de- heliospheric magnetic field and no scattering through a pitch-
velop, it was nevertheless tacitly assumed that, most prolaagled of 90°(< u = cos = cos 90° = 0), the model helps
bly, the torus would be transformed into a spherical shell by understand the persistence of the observed anisotropy which
strong pitch-angle scattering. In addition, the distribution wappears hardly reduced by hydromagnetic wave-particle insta-
expected to suffer adiabatic cooling operating in the expartlhities. It also allows one to explain the long mean free paths
ing solar wind. The combined effect of both processes was fitdtthese PUI as a consequence of no scattering through)
described by Vasyliunas & Siscoe (1976). (Fisk et al. 1997).

In the years following that publication it had generally been All three models were developed to understand PUI obser-
accepted that, caused by resonant interactions with ambient¥ations atl AU and beyond, i.e. in regions where, except for
dromagnetic wave fields (Isenberg 1987, Lee & Ip 1987; Fahnéery high latitudes, the undisturbed heliospheric magnetic field
Ziemkiewicz 1988; Bogdan et al. 1991), PUI velocity distribubecomes more and more azimuthal, periods of radial orientation
tions first undergo a fast pitch-angle scattering towards isotropye limited in time and the field is frozen into the solar wind. This
The energy diffusion of PUI by the second-order Fermi process principally different at heliocentric distances smaller tBan
i.e. Fermi scattering, was described by Isenberg (1987), Baglar radii. Not only is the angle between the Parker spiral and
dan et al. (1991), Chalov et al. (1995 1997), Chalov & Fatie radial direction everywhere smaller thidnhere, butalso the
(1996), Fichtner et al. (1996) also based on the expectatiorflattuations in the heliospheric magnetic field direction might
isotropy, and it was demonstrated that PUI experience substag-smaller because that close to the sun, in particular inside the
tial acceleration while being convected outwards with the solatfv énic surface, the quiet field is dynamically important and
wind. forcing, to some extent, a corotation of the solar wind plasma

Lee & Ip (1987), however, also recognized that the grow(lsee e.g. Marsch & Richter 1984). In addition, in that region the
rates~ for linear wave excitations by thermally broadenedyaves are mainly propagating in anti-solar direction. Therefore,
toroidal PUI velocity distributions are strongly depending oane could expect anisotropies in the PUI velocity distributions
the initial injection conditions, i.e the initial velocitieg; and inthe vicinity of the sun to be more pronounced and to persist for
v, Sincethey were led, for pick-up hydrogen, to the expressidonger periods of time. So, in order to study anisotropic distribu-

5 tions, observations of PUI in that region would be particularly

_ \/? vA|Uo) |wi (Wz) (UoL> 1) worthwhile. In the following we present an investigation of the

8e 2 €2 | Tin feasibility of observations of PUI densities and their velocity
gfstributions in the vicinity of the sun.

wherew; and oy, are the plasma frequency and the therm
velocity spread of pick-up hydrogen, and(2, are the local
Alfv én speed and the proton gyrofrequency, attie speed of 3. EUV echoes from PUI

light. Evidently, the growth rates vanish for vanishing velocities

v,||, L, Meaning thatatoroidal distributions at pitch angle cosin8sl. The Hell - 303.8\ resonance glow

po=cost = v, /,/vy +v3 ~0andu ~ 1are relatively The giffuse 303.88 background has recently been observed
stable. This did point to the fact that pitch-angle scattering n@ith the Extreme UltraViolet Explorer (EUVE) (Jelinsky et al.
necessarily produces complete and isotropic shell distributiod895). The only emission lines detected were those of Hel and
The evolutionary tendencies of noncomplete shell distribttell at the wavelengths 587, 537 and 37"94having intensities
tions have been explicitly studied by Freund & Wu (1988) wheonsistent with scattering of solar radiation in the geocorona
demonstrated that shell distributions are the less unstable dinénterplanetary space. A decade before, Paresce et al. (1983)
more complete they become, meaning that a perfect completimmonstrated already that the intensity and spatial variation of
of the shell and the development of an isotropic distributicthe resonance line of singly ionized helium at 304.8, as
is possibly a very long process. Therefore, and in view of tliserved with the instrumentation available at that time, could
above mentioned observations, a brief discussion of modelsgeherally be explained with solar Hell line emissions being
anisotropic PUI velocity distributions is worthwhile. resonantly back-scattered by therniat ™ in the Earth’s plas-
The first two models of anisotropic PUI velocity distribumasphere. However, for the anti-solar direction an excess signal
tions were already given in Gloeckler et al. (1995) andhlilis was detected. All terrestrial sources like multiple scattering of
et al. (1998). However, the former authors themselves notibe 303.82 line by He™ in the Earth shadow, magnetospheric
already the limitations of their diffusion model in the case affe* populating the plasma sheet or interstellar neutral helium
large anisotropies, and the latter treated the anisotropies ipemetrating the Earth’s atmosphere could be ruled out. Amongst
two-stream model not allowing to obtain information about thiie extraterrestrial sources like a diffusive radiation background
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at 303.8A due to impact ionization, charge exchange or re¥he resonance absorption cross section for photon scattering
onance scattering of Hel and Hell, respectively, the latter agt- the 303.8A line center is given by = 2.7 - 10~ %¢cm?
peared as a potential candidate to explain the enhanced fliMitchel & Zemanski 1934, Paresce et al. 1983). The phase
While it was not possible to confirm this source as contribufinction ®(0) of the scattering process is depending on the
ing significantly to the excess signal, and its more likely origiangle® between the line of sight and the illumination direction,
was seen in the 584 resonance emission of neutral heliunbut is set equal to one here.
unavoidably observed within the same channel due to bandpasdntroducing three dimensionless quantitites:
limitations, the authors noted the important implications for the
PUI theory if the 303.8\ line would in fact be the main con- & = . t=" f(r) = Tpui(r).
tributor. To To Tpui, max

In the light of both our present-day knowledge abowiows for the formulation:
suprathermal PUI velocity distributions and significantly im-

proved instruoment capabilities, a new approach to observatiqggs( 1 = FpQp oLy T oMo o bf (w(t, ) dt

of the 303.8A line appears worthwile. In contrast to earlier 4r st P to T2(t)
measurements, as shown below, nowadays it appears promising FpQp

to detect an excess signal produced by scattering pick-up helium = drsr 0 LoT oMpui,max 11 (6)

in the sun’s vicinity, i.e. even through the dayside plasmasphere., ) ) ) o
Using (i) as typical instrumental characteristiEs = 1cm?

) . ) ) andQp = 1073 sr (see e.g. Chakrabarti et al. 1982; Paresce et
3.2. Estimate of the Hell - 3038 resonance intensity close 3| 1983; Fahr & Lay 1984), ([ pui max = 3.5- 1073 em ™3
to the sun as a typical PUI number density @t, = 10 7)) (e.g. Rucinski

As a first step we perform an order of magnitude estimate. TRE!- 1993), (iii) the assumption that the main emission comes

intensity ., of a resonance emission emanated from an irradiom PUl in the regionz, = 107¢,? = 207¢], and (v) the
ated volume filled with an optically thin backscattering mediu@PProximation (see the appendix A)

with a number density(r), that is observed by an instrument ¢ f(w(t' )
with detector surfacé’, and angle of view2, along a line of n = ?dt ~ 1.6 (7
sight parameterized by can, in general, be computed from the to 23(t)
following relation: one obtains the estimate
FpQ s . ' , Phot
Tops(s) = 4D ‘D O’/ D(0)Io(r(s ))npui(r(s ))ds (2) Ips ~ 930 —otons (8)
T ST S 5
Here,n,,i(r) is the number density of PUI and This corresponds (with 1 Rayleigh2" Photons) to
2 2
roN2 rE roN2 3 . Photons 47 ssrcm
_ To\* _ e To Tops = 930-10% -1 — =116R 9
Lo(r) =L ( r ) =1Ie (To) ( r ) (3) b cm?s st 106 Photons ©

denotes the intensity of the external radiation source, i.e. t-ﬁlae facts that this value is higher than the maximum intensity

sun. While the indexd' indicates quantities taken at a refer£0MINg from the dayside geocorona § R, see Paresce et al.

ence distance df, = 107, the index E' refers to the Earth' 1983, Fahr & Lay 1984) anq that it repre;ents alower Iimitwith
orbit. There is no generally accepted value for the intensity spect to the chosen line intensity motivate us to proceed with

the 303.84 line at Earth. For example, Hall et al. (1963) givet e ana_llysis and to perform a more detailed check for a refined
Ip = 2.5- 107 Photons ' Heroux & Hinteregger (1978) state>CeNaro-

Iy = 6.9-10° Photens and, more recentlyy = 6-10° Fhotons

was given (Meier 1991, see also references therein). More 4eNumerical computation of the expected radiation

cent measurements are expected to come up from SOHO/EITntensity

observations (e.g. Moses et al. 1997). For our estimate we a

d . .
the lowest value. so that for the solar 30A.8ine we have 'RRE the rather crude, but encouraging order of magnitude es

timate obtained in the previous section we now turn to a refined
re\ > o Photons 215\ 2 computation of the He-resonance glow at regions close to the
I, =1Ig () =25-10"0 ——— - (10> solar corona. For the present purpose it suffices to calculate the
Het density from a model developed by Rucinski & Fahr (1989)
(4) and Rucinski et al. (1993). The local production ofHeUI
is proportional to the number of interstellar neutral He atoms
and, therefore, we find in a local volume at a given location in the heliosphere. The
2 distribution of these neutrals results from the well established
Lona(s) = FpQp ol /8 ( To ) npui(r(s,))dsy (5) so-callechot kinetic mode(Fahr 1971,1978; Thomas 1978; Wu
47 sr s & Judge 1979) generalized to include electron impact ionization

To cm?2s

Photons

=1.1-10"? -
cme-s

o
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Fig. 4. The resonance glow (as seen from Earth) associated with pick-

Fig. 2. The pick-up helium fluxes in upwind and downwind directionup helium densities given in Fig. 1 shown as function of the solarimpact
distanced, i.e. the distance of the point on the line of sight closest to
the sun.

processes, which are not decreasing with increasing heliocen-

tric distance likel /r? (see Rucinski & Fahr 1989; Rucinski et ) )
al. 1998), and is described by: where the two terms on the right-hand side denote the loss fre-

qguency resulting from photo- and electron impact ionization,

' respectively.
n(r) = / // foo (Voo (7, v)) While 3, (r) with a distance dependence Dbfr? allows
s C ds for an analytic expression of the extinction, this is not the case
X exp (/ Be(s ),> dv (10) for the losses due to electron ionizations, and, therefore, one
o0 v finds:

where f.. (v (7, v)) represents the unperturbed velocity disﬁ(r) :/// Fao (0o (7, 0))
tribution function of interstellar He atoms entering the solar corTeeR T

system with a velocityw (v, v) and later reaching the space Bon(s)r20(s)

point » with a velocitywv. The exponential function describes XEerp | =5 oy (12)
o P(s)voo(r,v)

the total losses of He atoms along their trajectosies due to s NP ,

a local total loss frequengy (r). This frequency is represented % exp e 5el(f )7“, (s )db(s ) .

as a sum of the contributions from all relevant loss processes, P(s v (r,v)

i.e. for He it is given by the expression:
whered is the angle between the upwind direction and the di-

B (r) = Bpn(r) + Pei(T) (11) rection to a location(s) on a particle’s trajectory.



H.-J. Fahr et al.: Extreme-ultraviolet diagnostics of pick-up ions in regions close to the solar corona. | 729

100000 [ T T T T T T T T T
10000 | .
7) // ‘\‘\'\
(2] e 7 \'\.\_ e
£ 1000 b T Q pg 5
o P /- T~
S e \ Qp3 T
S 7
< 100 e ; .
& 3 o - ]
> e Q D2
'U) =<
S
E 10 B b
Qpy
1t i
01 | | | | | | | | |
-200 -150 -100 -50 0 50 100 150 200
upwind downwind

solar impact distance d [solar radii]

Fig. 5. The total 303.8A resonance glow of solar coronal pick-up helium and of the geocorona seen with an Earth-bound instrument as a
function of the impact distancéfor different fields of view2 p; with diameters:; = 1, 2,5, 10 r at the impact pointlre = 0.5°). The four
horizontal lines indicate the corresponding geocordifial” background which is, as an upper limit, assumed to be 8 Rayleighs.

With this density distribution of interstellar neutrals, one cathe region close to the solar corona. There, the higher extinc-

calculate the local production rate of HEUI tions of helium atoms along their way to the downwind axis
overcompensate the focusing effect.
P(r) =n(r)fi(r) (13) From the densities, we can compute the correspondirig He
and their related flux¥’(r) in the following form: 303.8A resonance glow intensities. For these computations
we have chosen lines of sights like those indicated in Fig. 3
T , , N, and assumed as before that the main contribution comes from
F(r) Z/ n(r )Bi(r) ( > dr (14) close to the sun (see also Sect. 3.2 and Fig. A.1). The resulting

resonance glow intensities as seen from Earth are shown in Fig.

obtained as solution of a flux continuity equation formulated fék
a spherically symmetric flux geometry,, is taken as thatinner  In order to visualize the feasibility of the actual measure-
distance where the PUI flux vanishes. ments of this glow, the total glow intensity that can be seen by an
Figs. 1 and 2 depict the pick-up helium densities and flux&arth-bound instrument is of interest. This total glow intensity
obtained with Egs. (12) and (14), respectively, adopting= of backscattered radiation from these pick-up helium ions and
lrg andupy = usw = 450 km/s as well as, = 25 km/s, ofthe geocorona has to be compared to that of the plasmaspheric
T = 7000 K andny. ~ = 0.014 cm~3s for the LISM (Witte intensity alone. Fig. 5 gives such intensities expected to be re-
et al. 1996). The total loss frequencyrat= rp = 1 AU is ceived by a detector close to Earth when looking with variable
assumed to bg, r = 1.0 - 10~"s™L. For further details see solar offset angles along the upwind and the downwind axis,
Rucinski & Fahr (1989). respectively. For the solar He303.8A line emission we have
While at larger heliocentric distances both thetHgensity taken the values given in the previous section. The intensities
and flux are higher in downwind than in upwind direction aswere calculated for a line of sight of the detector starting at the
consequence of gravitational focusing, the opposite is true fuosition of the Earth in its vernal equinox & 0,6 = 0). The
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Fig. 6. The dependence of the pick-up helium flux at 1 AU on the lowé&r9- 7- The dependence of the pick-up helium flux at10on the lower
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solar offset angle is measured with the impact distahoithe ~ Theri,-dependence of the Hefluxes in upwind and down-
line of sight in units of-.,. The angle of view of the observingWind direction at the two distances= 107 andr = 1 AU
instrument is also measured in unitsref indicating the diam- = 2157¢ are shown in Figs. 6 and 7, respectively. While the
eter of the field of view at the impact point of the line of sighfluxes atl AU are rather insensitive to a variationof, in the

The horizontal lines indicate the plasmaspheric'H893.8A rangel < riy < 207, those atl0r exhibit a strong de-
foreground emission assumed to produce an 8 Rayleigh enfighdence. Evidently, the correct choice of the inner boundary
sivity on the dayside (see e.g. Chakrabarti et al. 1982; Parescé @nly relevant for PUI flux computations close to the solar
al. 1983; Fahr & Lay 1984). Given that this value is rather an uporona. Returning to the notion that.; < us close to the

per limit than an average value means that actual circumstang@&na, the PUI densities shown in Fig. 1 have to be upscaled

might be even more favorable for the proposed observatidhé

5. The significance of PUI velocity distributions

exp

(Vallerga 1998, private communication). Itis clearly noticeable Uger
that at small solar offsets the solar coronalfHgow contribu-  pui = Ppui —— (15)
tion dominates over the geocoronal foregound. This again al- P
lows to conclude that observations of Heesonance emissionsOn the other hand, the full illumination of PUI by the central
can be used as a valuable diagnostic to identify ldensities solar line as adopted in the calculations shown in Figs. 4 and
and velocities close to the solar corona. 5 can only be expected 0 < upyi < u. = 100 km/s is
valid, with u.. corresponding to the solar line width, i&\, =
0.1A X, . Otherwise the solar illumination has to be reduced
by the factor:
As mentioned before, because of the strength and almost ra- ) )
dial orientation of the heliospheric magnetic field close to thes _ (A)‘Pui> e |- (upm> (16)
solar corona, the pick-up process does not operate there in fhe AN, P Ue
manner that is usually assumed. If, however, PUI are not read-
ily picked-up, their bulk velocity.,,; not only differs from the This, finally, allows to conclude that the intensities plotted in
solar wind velocityu,,,, but might even vanish at some helioFig. 4 are fairly sensitive to the actual PUI velocity,; =
centric distance;,, > r. This would translate into a vanishinguyi(r) by means of the function:
PUI flux at the distance defining the lower limif, of the in-
tegral in Eqg. (14). In other words, the inner boundary for th Upui (1) Upui (1) 2
flux computation is not clearly defined in the aforementiongd?3s (™) = f0s.5(7) ( lie ) e ( . ) (17)
calculations.

In particular close to the upwind direction, the injection ofhis emphasizes the interesting fact that observations df He
He* PUI may easily cause negative values.gf; at solar dis- glow intensities in the vicinity of the sun are not only a diagnostic
tancesr < r;, meaning that PUI produced in this region arepolto study PUI densities but also their unknown bulk velocities
not moving outwards, but inwards towards the solar corongad, thus, indirectly their velocity distribution.
While not knowing its exact value, we may still investigate the
influence ofr;,, on the resulting flux"(r).
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[ instrument so that the integral reads:

§ [ e [ )
I O t, x2(t) =2 0 1+y,2dy (A3)

Assuming that the PUI produced very close to the Sun are con-
vected with the solar wind flowing radially at asymptotic ve-
locity translates into a PUI number density scaling inversely
proportional with the square of the heliocentric distance

1
fW) =—5
(upwind) 1+y?

This is, while simplifying, reasonable for the present estimate
and yields:

LISM

e
< (A4)

(downwind)

line of sight

) Yy
Fig. A1. Geometry used for the approximate evaluation of the integrﬁlz 9 /y 1 : dy, —9 Y 4 } arctan y'
(A3). 0 (1+y?2)? 21+y2) 2

o

(AS)

6. Summary and conclusions Finally, considering only the shell betweenr= r, = 10r4 (=

We have demonstrated the feasibility of an indirect detecti%g?hg)oigicvz d2i(r)1:§rE:tyy ;]e” f?r?((j)sz 17) to be contributing

of thermodynamic properties of pick-up helium ions via their

303.8A resonance glow in the vicinity of the sun. N
Such observations of the resonance glow would represgnT 14172

the first indirect detection of interstellar pick-up ions at all

and supplement the existing diréetsituobservations obtained References
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