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Abstract: A comparison of the energetic neutral atom observationstEly&S/HSTOF with the Voyager

1 measurements of the termination shock particles in thiestedath shows that the ENA hydrogen flux
is consistent with Voyager 1 data. On the other hand, the ERAllX is much higher than expected from
the helium ion fluxes measured by Voyager 1. We discuss dessxplanations and implications of this
result.

Introduction gion required to account for the HSTOF ENA da
The average thickness L > of the source re-
Since year 1996 the instrument HSTOF aboard gion can then be estimated as L >= Nu/nu
SOHO has been observing the energetic neutral Whereny is the average neutral hydrogen dens
atoms (ENA), both hydrogen (58-88 keV) and he- in the heliosheath. The resuki(L >~ 75 AU.
lium (28-58 keV/n) [1, 2, 3]. The outer heliosphere atng =0.1 cn1?) is consistent with the models ¢
(inner heliosheath) was recognized to be the most the heliosheath [8].
probable source of these atoms [1]. Observations The HSTOF ENA spectrum used in [7] was, ho
of the ENA provide a means of remote sensing of ever, an average over a wide range of directio
the ion populations in the distant regions of the including the regions of the heliosheath that ¢
heliosphere [4]. A clear confirmation of the he- distant from Voyager 1 trajectory. For this reasc
liosheath origin of the observed ENA was, how- we have reanalysed the HSTOF data ([9], see
ever, absent because of lack of knowledge of the Hilchenbach et al., the present volume) in order
heliospheric ion distributions in the HSTOF energy  identify the contribution from the sector of the h
range until the first in situ measurements by Voy- liosheath close to the Voyager 1 trajectory, whi
ager 1 of the ion spectra downstream of the ter- s also close to the apex direction of the interst
mination shock became available [5, 6]. It is now |ar medium (ISM). In this study we use these d:
possible to compare the expected production of the to derive the hydrogen column density and e
ENA in the heliosheath based on the Voyager 1ion mate the thickness of the helioshedik,.. near
data with the ENA observations by HSTOF. the ISM apex direction. Since the models of t
In the outer heliosphere the ENA are produced by heliosphere suggest that this value should be at
charge exchange between the energetic ions and3 times less [8] than the averageL > obtained in
the neutral background gas. Assuming that Voy- [7], the resultLap.. ~20-30 AU atny=0.1 cm?
ager 1 ion spectrum can be applied in the region is close to expectations [8].
of the heliosheath observed by HSTOF, in [7] we However, there is an important difference betwe
have derived the column densifyy of the neu-  the HSTOF ENA data and the estimations ba:
tral background hydrogen in the ENA source re- on \Voyager 1 ion spectra: the H/He flux ratio me

63



COMPARING THEENA TO VOYAGER 1 DATA

H ENA 58-88 keV
0.0010 T T T T T

0.0008 - -

o
Q
Q
Qo
2
T
1

SHOCK

(cm? s sr keV)~!
o
o
1]
S
»
T

0.0002

0.0000[ ! . !
p20 240 260 280 300
longitude (déqg)

HELIOPAUSE

Figure 2: The H ENA flux measured by HSTC
near the ISM apex as a function of direction and 1
results of the fit based on the Voyager 1 LECP i
data. The ISM apex is at 254cliptic longitude.

Figure 1: The schematic view of the heliosheath
with the direction ranges in the ecliptic plane corre-
sponding to the selected HSTOF ENA data (dashed
lines). The HSTOF data used in [7] were averaged
over a larger range of directions, shown by the dot-
ted lines. the heliosheath correspond to the ecliptic longitt
~ 253 (close to the ISM apex direction) whic
is covered also by the HSTOF ENA data. (
the other hand, there is a difference between
HSTOF and Voyager 1 data in terms of ecliptic l¢
itude (Voyager 1 crossed the termination shock
the latitude~34°) and the time of measuremel
(HSTOF data come from the period 1996-200
Observations For comparison between the HSTOF and Voya
1 observations one must assume, therefore, tha
The description of the HSTOF instrument is given 10N spectrum measured by Voyager 1 downstre
in [10]. HSTOF field of view is restricted ta17°  Of the shock can be applied also to the sector of
from the ecliptic and, in the ecliptic, t87°42° heliosheath and the period of the solar cycle coi
from the sunward direction. Until mid 2003 the Sponding to the HSTOF data.
orientation of the instrument was unchanged, so
that all ecliptic longitudes were scanned once a The fit
year. After mid 2003 the orientation of the space-
craft had to be changed, so that the region close
to the ISM apex (or anti-apex) could no longer be
observed. The ENA observations are only possible
during the periods of low ion intensities (the "quiet
times”). In result, a large part of the data comes
from the periods of low solar activity, in particular
\t/t/]:rgrsrgg\:aotges%r;? :n?r?i?rr\itrlr?.n (1996-1997) which at energyF originating in the heliosheath can the
, be written as
The energy range of the HSTOF ENA data is 58-
88 keV for H and 28-58 keV/n for He. This over- JenAi(E) = Jioni(E)oexim(E)Na (1)
laps with the energy range of Voyager 1 LECP

Z>1 data [5]. Voyager 1 ion measurements in Where Jio, i(E) is the parent ion flux average
over the line of sight{ =HT or He") at the

sured by HSTOF is significantly less %) than the
value following from Voyager 1 data(25 for ter-
mination shock particles). We discuss some possi-
bilities of resolving this discrepancy.

The main source of the ENA in the heliosphere
the neutralization of the energetic ions by chart
exchange with neutral atoms (predominantly t
drogen) which enter the heliosphere from the
terstellar medium. For a given line of sight, tt
flux Jena i(E) of the ENA species (i =H or He)
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He ENA 28-58 keV/n tails). Note that in the present fit we disregard t

[ ] directional dependence of the measured ENA f
0.0008 - ] as well as of the ion flux and the hydrogen colur
I ] density in the selected range of directions (21®
0.0006 ] 30 ecliptic latitude). That is, we assume that t
[ ] variations seen in Figs. 2 and 3 can be attribu
0.0004 ] to statistics, and that the average ion flux along
[ ] line of sight does not vary significantly in the s
0.0002 ] lected region.
R N e ] The best fit values are:
o.0000 2;0 2;0 ] ztlac zéo 3(;0 Nu=(4.7+1.4) 10° cm—2
ongtedE (H and He simultaneous fit;>=22.8)
Ng=(3.0£1.5) 103 cm™2
Figure 3: The He ENA flux measured by HSTOF (H only fit, x?=2.0)
nearthe ISM apex as a function of direction and the 1o corresponding best fit ENA fluxes are sho
results of the fit based on the Voyager 1 LECP ion ;, Fig. 2 and Fig. 3 (H and He simultaneous f
data. Note that the helium ENA flux derived from dotted "ne; H only fit: dashed "ne).
Voyager 1 ion spectrum is lower than the HSTOF The thickness of the heliosheath in the forwe

observations by a factor o#5. direction L,,., can be estimated af;;c, =
Nu/ng. For ng=0.1 cnt? it follows that
same energy¥ (momentum transfer in the charge- Lape==31 AU (H and He fit) and 20 AU (H only
exchange process is small) directed towards the ob-fit), with ~30-50% statistical error. Most of th
server,o..; 1 (E) the charge-exchange cross sec- models of the heliosphere suggest the value
tion of the energetic ion with neutral hydrogen (the ~40-50 AU.
cross sections used here are taken from [11]) and
Ny the column number density of the neutral hy-
drogen along the line of sight. The losses to the
ENA between the source region and the observer

are negligible in the HSTOF ENA energy range The proton flux intensity downstream of the tern
and therefore omitted in Eq. (1). nation shock measured by Voyager 1 LECP is h

enough to account for the hydrogen ENA flux o
served by HSTOF. The results of the re-analysis
the HSTOF data that restricts the observed reg
to the vicinity of the ISM apex direction imply the
the thickness of the heliosheath in the forward
rection is 2-3 times thinner than the average inclt
ing both the forward region and the flanks of tl

0.0010[ T

(cm? s sr keV/n)™"

Discussion

Assuming that the average ion spectra in the part
of the heliosheath corresponding to the selected
HSTOF directions can be approximately described
by the Jion i(E) given by Voyager LECP data, we
use Eqg. (1) to fit the ENA fluxes measured by
HSTOF and determine the best fit value &f;
;zrt?netﬂgl';’fh_?ﬁg]'ﬁ é{Tg;hEN(X“z;tr:?ops;agti q heliosheath. This is consistent with expectatic
are shown in Figs. 2 and 3 as functions of direc- based on the models O]_C the heliosphere _[8]'
tion in the ecliptic plane. All six direction bins 1he HSTOF ENA data imply that the helium EN
are included in the fit. Both the simultaneous fit fluX is significantly higher than expected on tl
to hydrogen and helium ENA data and the fit to the Pasis of the presently available Voyager 1 m
hydrogen data only are considered. The Voyager 1 surements in the heliosheath. This may indic
data used in the fit are taken from [5]. We use the that the present Voyager 1 data (obtained dur
power law E~167 it of [5] and determine the H t_he first half year after_ crossing of the t_ermm
and He ion fluxes from Fig. 3 of [5] using the scale 10N shock) do not yet give the complete picture

factors 1/0.6 for H and 0.672 for He (see [7] for de- the ion distribution in the heliosheath. One arc
ment for this possibility is that the H/He flux rati

65



COMPARING THEENA TO VOYAGER 1 DATA

(~5) following from the HSTOF measurements is

close to the value following from the anomalous

cosmic ray (ACR) data [6] This may indicate that

the ion spectra further downstream from the shock
may evolve towards the form expected for the ACR
case. Another point is that the Voyager 1 LECP
data do not distinguish between different species
in the low energy region: the estimation of the he-
lium flux at low energy can only be obtained by

extrapolation.

It is also possible that the HSTOF helium ENA
data do not entirely represent the energetic helium
flux from the heliosheath, but might be considered
to provide an upper limit on this flux. This may be
due to ion contamination of the HSTOF ENA data
which is more likely to occur in the case of helium
than in the case of hydrogen. Another possibility is
that a large part of the helium ENA flux originates
not in the heliosheath. One candidate could be the
region near the Sun, where the Heick-up ions
dominate over the pick-up protons. This is because
the neutral helium (but not hydrogen) atoms from
the ISM can penetrate to the region near the Sun.
The He" pick-up ion flux at 1 AU was estimated
to be as high as-10* cm2s~! near the ISM apex
direction [12]. The pick-up ion distributions are
known to evolve the energetic "tails” [13]. The flux
of Het needed to produce (from the region within
~1 AU) the amount of He ENA comparable to the
HSTOF measurements would have to be of the or-
der of 10 (cni s sr keV/n)y! at 30 keV/n at 1 AU.
The energetic tail in this case would have to be of
much larger intensity than the examples shown in
[13]. Note that the time periods with high ener-
getic ion intensities are not included in the ENA
measurements.
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