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Abstract. We argue that the heliope.use, a boundary that separates 
the solar wind and the plasma of the Local Interstellar Medium 
(LISM), can be explored remotely, from I AU, by detecting solar 
extreme-ultraviolet (EUV) radiation reflected by the heliospheric 
interl'acc region. The measw-ements of the solar ElN radiation 
echoes from the heliopause would map the heliopause and provide 
important insight into the LISM parnmett.-rs. Heliopause mapping 
can be done in the oxygen o• resonance line (83.4 run). We show 
that the expected heliopausc brightness is hight..,- than the e>q,ected 
major source of the background line radiation, viz. the glow of the 
solar wind o• pickup ions and discuss a way to remotely establish 
the ionization state of the USM and to probe the USM interstellar 
magnetic field. 

Global heliosphere 
The intcraction of our star, the sun, with the swrow-iding int,.__,-. 

stellar mcdiwn leads to the build up of the heliosphere, i.e. the re­
gion where the SWl cootrols the state and behavior of the emimn­
ment (Dess/er, 1967; A:iford, 1990; Fahr and Fichtner, 1991). 
Our understanding of this complex interaction (fig. I) that involves 
the solar wind and interstellar plasmas, interstellar gas, magnetic 
fields. and cosmic rays is gradually improving. Some pammck:IS 
of the local interstellar medium (USM) have been c>:pcrimcntally 
established and recent advances in modeling of the global helio­
sphere provide insight into the processes at the heliosphcric 
boundary. Direct e,cperimcntal data on the heliospheric interface 
region are extremely scarce and ambiguous. We argue that the he­
liopausc, a bowxlruy that separates the solar wind and !hcr plasma 
of the LISM, can be explored n.--molcly, from I AU by an ohS<-ncr 
outside of the geocorona. 

It is believed that in seVl-'ffll years Voyager I will plunge into 
the solar wind tetmination shock (TS, fig. I) terminating the higl:ily 
supersonic solar wind now. lbe spacecraft, now nt 67 AU, will 
thus establish the distance to the tcnni.nation shock in the upwind 
direction, estimated to be somewhere between 75 and 100 AU. 
Although Voyager is anticipated to provide fus1 i11 situ measure­
ments of the postshock plasma, the spacecraft will still be 50-80 
AU from the heliopausc. We know very little about the heliopause 
and the direct experimental data are next to non existing I.Suess, 
1990). The only measurements that may be directly related lo the 
heliopause are those of the 2-3 kHz radio emissions cktected by 
Voyager [Gurne/I and Kurth I 996). 
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The sheer size of the heliosphere calls for development of remote 
experimental techniques to study the: hcliosph,.."lic bow1dary. The he­
liosphere is believed to be 3S)'mmetric and changing its sizo: and 
shape during the I I-year solar cycle:. Therefore only remote obsernt• 
lions, preferably from I AU, can provide a global view of the 3. 
dime11sional heliosphere on a cootinuous basis. 

How can one remotely ob&:rvc the hclio.:,--phcric intt.'f'fuce n.-gion? 
One possible ttthnique advocated for some time [Gnu1tma11, 1992.a, 
1997; Hsieh et al., 1992; Roe/of. 1992; /lsiel, a11d Gnmtma,1, 19931 
is lo detect energetic neutrnl atoms (ENAs) that originate at the solar 
wind termination shock. The postshock solar wind plasma is heakx.l 
by transformation of the kinetic energy of the solar wind bulk motion 
into thcnnal energy in the: shock transition. Energetic protons of the 
hot plasma would charge exchange on neutral interstellar atoms pro­
ducing ENAs that can reach I AU. It was argued that ENA imaging 
of the heliosphere would establish the nature of the termination 
shock (gasdynamical vs. energetic ion modulated) wKI the shock 
shape and distance from the SWI. 

Here we propose a different remote technique based on detecting 
extreme ultraviolet (EUV) solar radiation retlected by ions of the he-

-liospheric intenace region. The USM plasma beyond the heliopause 
is much denser than the solar wind plasma in the heliosphcric inter­
face, and interstellar sing)y-dwged ions like He•, 0 \ Ne', etc. 
would resonantly scalref tlie corresponding solar EUV-line emissions 
as a special signature. The measurements of the solar radiation ech­
oes from the heliopnuse would map the heliopause and provick an 
important insight into the USM ioni211tion state nm.I iutcn.1cllar 
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Figure 1, A possible model (two-shock model) of the inter­
action of the solar wind with the local interstellar medium. 
LISM • local interslellar mediwn: TS • tem1inntion shock; 
HP • heliopause; BS • bow shock; CR • cosmic rays; ISP(G) 
• interstellar plasma (gas); B • magnetic field . Angle O is 
counted from the upwind direction. 
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magnetic field direction. We argue that heliopause EUV mapping 
can be done in the oxygen o• resonance line (&3.4 run) m1Cl to the 
best of our knowledge, it has never been discussed in the pa&. 

Heliopause mapping in EUV 

Heliopause EUV mapping critically depends on the brightness 
of the corresponding solar line, the interstellar ion abundance, and 
the background radiation. Partially ionized inter.ltcllar gas has a 
temperature of 7000-8000 K in the LISM The interstellar gas is 
not in thermodynamical equilibrium and the ioni7.ation state of its 
constituents is not accurately known. The gas consists of hydrogen 
(-90%), helium (-10%) and minor constituents. Interstellar neu­
trals are unsuitable for heliopause mapping because they penetrate 
deep into the helio:.-phcre and most of the detr.:ctable glow would 
originate close to the sun(< 20 AU). 

lntcrstellar oxygen O' ions arc ideally suited for the hcliopause 
mapping in the resonance 83.4 nm line for the following reasons: 
I. Oxygen is the most abundant species of the interstellar gas mi­

nor constituents. 
2. USM oxygen is predominantly singly-chargoo and its ioniza­

tion degree is nearly identical lo that of USM hydrogen [e.g., 
Fahr et al., 1995); the ioniz.ation state of hydrogen is of prime 
importance in defining the size an<l shape of the hel iosphere. 

3. Background galactic radiation is minimal at 83.4 nm because 
the hydrogen atom photoionization cross section is close to 
maximum al this wavelength. 
The ions of the most abundant interstellar gas component, hy­

drogen., cannOI be in1agcd optically. The sun is a source of a bright 
Hell resonant line (30.4 nm), and one could thus i.mage the inter­
stellar He' ion population. The heliosphere imaging in 30.4 nm 
could be an excellent complement to lhe proposed imaging in 83.4 
nm but its feasibility is uncertain. In pruticular the line backgrowxi 
due to galactic emissions [Paresce and Jakobsen, 19801 and due 
to solar wind alpha-pruticle charge exchange on intcrplanctaiy hy­
drogen [Paresce et al. , 1992; Gruntman, 1992b) requires detailed 
evaluation. The glow of the solar wind He· picl..-up ions is proba­
bly not an obstacle because of the mounting evidence of the rela­
tively high ionization dcgJcc of in~tellar helium [Dupuis et al., 
1995; Frisch and Slavin, 1996). 

The gcocorooal line emissions in A= 83.4 nm [Chakrabarli et 
al., 19841 and 30.4 nm [Chakrabarti et al., 19821 are much 
stronger than the expected heliospheric interface emissions. 
11ierefore the heliosphcric inti.-rface EUV imaging experiment can 
only be done from a spacecraft well outside the gcocorona. 

The interstellar wind plasma flow canies o• ions that cannot 
cross the heliopause and has to move along its outer stuface. So 
one can imagine the sun swrounded by the USM o• ion "wall" 
beyond the cavity limited by the heliopause boundary. The imli­
vidual o• ions would scatter solar radiation with difterent individ­
ual scattering rates determined by their Doppler shifts from the 
line center. One can thus introduce an effective g-factor, or an ef­
fective scattering rate, for a given o• ion population allowing for 
the ion \henna.I motion and bulk velocity with respect to the sun. 

The flu.x of scattered photons (pboton/crn2 sr s) at I AU is an 
integral along the line of sight 

F = _!_ J00 

g(R)N0 .(R)dR 
411: 

lAU 

where g(R) is the effective local scattering rate and N0♦(R) is the 
local o• number density. (The solar radiation -R2 dependence is 
included in g(R).) For a simplified case of a vanishing ff ion 

number density inside the heliopause and uniformly distribuu:d 
inkntellar plasma at rest beyond the heliopouse, the brightness is 
inversely proportional to the distance to the heliopause in the di­
rection of observation. Thus the proposed heliosphere imaging in 
the 011 resonance line is a direct way IO establish the size and 
shape of the heliopause. 

There are two major sources of the background radiation in 
83.4 nm, viz. diffuse galactic radiation [Paresce t»id Jakobsen, 
1980; Cheng and Bruhweiler, 1990; Vallerga, 1996) and solar 
radiation resonantly scattered by the o· pickup ions in the solar 
wind. The heliopause EUV echoes are line emissions which sim• 
plifies their separation from the oontinuum bad:g;oond. Various 
observations indicate that the continuum background does not 
excwd 4x 10..i RJA (Cheng and Brulrweiler, 1990; Vallerga t»id 
Welsh, 1995; Vallerga. 1996). while the galactic o• resonance 
line emisison is negligible [Cheng and Brulrweiler, 1990)·, I R = 
I Rayleigh = 106/4,c photon/crn2 s sr. 

Neutral interstellar atoms pcnctrate the heliospix.TC where they 
become ioni.7..ed and carried to the termination shock as pickup 
ions (Moebius et al., 1985). These picl..-up ions arc sinp.ly-chargcd 
and essentially characterized by a spherical shell velocity 
distribution function. Theo• pickup ions would n.>sonantly scatt1..-r 
solar radiation, producing "glow," when their resonance 
frequencies are within the solar emission lines. Solar radiation 
scattering by both the LJSM plasma and the pickup ions would 
produce line-emission. and the relative intensities of these 
emissions are most important for the feasibility of hcliopausc 
rnapprng. 

The heliopause, plasma now, and pickup ion 
model 

The flow field (velocity, temperature, numrer density) of the 
l:.JSM and solar wind plasmas and the heliospheric interface 
structw-c were rigorously calculated for this work under the as­
sumption of a two-shock model of the LISM interaction with the 
solar wind. (The calculations were performed by V. Baranov and 
V. lzmodcnov of the Russian Academy of Sciences.) The two­
shock model asswnes that both the interstellar plasma and the so♦ 
lar wind plasma Dows are supersonic, the intcrnction between 
ionized and neutral components is treated self-consistently. and 
cosmic rays and interstellar magnetic field are disregarded (Bara-
11011 and Malama. 1993 ). 

The following USM parameters (at infinity) were used: veloc­
ity 25 km/s, temperature 5672 K., electron (proton) number densi~ 
n. = 0.07 crn·3, neutral hydrogen number density nu = 0. 14 cm· . 
The solar wind was assumed spherically symmetric ""ilh a veloc­
ity 450 km/sand number density 7 cm·3 at I AU. The plasma flow 
field and heliospherie interl'ace are similar to what is shown in 
fig. I. USM oxygen was asswncd to be present in cosmic abun• 
dance, i.e. 7x 104 by number of atoms relative IO hydrogen. The 
IOtal solar disk emission at 83.4 nm that includes o• triplet and 
o- multiplet [Meier, 19901 was used for rigorous calculation of 
the local o· g-faclOrs for given velocity distributions of the USM 
plasma and pickup ions. 

The solar wind pickup ion glow was calculated using neutral 
interstellar gas parameters adjusted to allow for disturbing etlects 
of the heliosphcric interface [Gruntman, 1994). The neutral 
oxygen distribution inside the heliosphere was modelled on the 
basis of the so-<:alled hOI model [e.g., Gru11b11an, 1992b] wilh the 
following parameters: interstellar gas velocity 20 km/s, 
temperature 12000 K., and oxygen loss rate 5.8x 10·1 s·1 at I AU; 
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Figure 1. Sic)' bril!,htness in lhc Oil resonance line due to 
USM plasma beyond the heliopause and due to ~olar wind 
pickup i\1ns. 

the lilt .. ~ cocflicient of oxygen was 0.75 !lzmadmov ,•t al., 
1997) 

Sk-y brighb1ess 
·11ic calculalOd dita:tional dependences oftl1e sky brightnL"SS in 

1hc Oll luic due to the USM plasma beyond the hcliopmL-,e, F1.1:;,.1. 

and due to the solar winJ. oxygm pickup ions, Fsw, t\ft: sl>O\\ll Lil 

fig.2. The observ.ttion angle e is cowitc<l liim the ur"intl tlirwtion 
(fig. I). The initial slight incn:a~ of the USM plasma mg.htness 
with the ~ 9 i.~ due to the Doppfor t:!Toct as the wloci1y radial 
component diminishes in the plasma !kiwi,~ armuKl tlic: 
hcliopausc. lbc brill,hlness falls as the hdiop1u1SC moves further 
off from the swt and the Doppler dfoct rc<luc, .. -s the g-factor. 'Jhe 
:;cattcrctl radiation is mn.stly ix1m:t.T1trnt.:x.l h."'lwCI..T) 83.25 and 
83.45 nm, nnd there are son~ dilf1.TC1ices in spe.;trnl Jistril>uti<>ns 
for !he LISM plllsma and hdiospheric pid,up ions. Tiie radiation 
scatk.1,:d by thc pickup ions. as set.'11 al I AU. origin:ih .. -s llll\Sl]~· at 
di~1al:xx.-s R <: 5- IO /\ tJ frllm tlic Sun. 

'lk brighu=.., of tho! I.ISM plamm bt.-ynnJ thc hdiopause is 
roughly proporti,l(lal lo tho! numbt.'f d!.n~ity of the intt..-r.-tellur gas 
ionized component.. while the pickup ion brightness is n.iughly 
ffllfxirtional to the number density of tlie interstellar gas neutral 
CO!nJX)llJ.'lll. The dependL-rices FuSM(0) and Fh--....(0) were obwincd 
under the assumption of .n.!niF l /2. An incrca.-;.e in tlie I .!SM i,,ni­
zation J..-gree would remit in ru1 ir1crcasc of the Fus,..,IF sw r.itio. 
Since the dependcnc.:s FuSM(0) and F";'\\o{O) are ess..,1tially differ· 
ent, the mt.:nSU.raTIC'flt of the angular dt..~i1<.kn.x: of the sk·y bri~t­
ncss is a diroct way to es1:1hlish the relative e-0ntnbutims of Fus,.1 

and F sw and thus the Kmilation slate of tl1e oxygt..'ll anJ. corre­
spondmgl~· hydrogen components of the I .ISM. 

The heliopause shar-: and tho! USM plasma !low field arc dc­
pen&:nt m intcn.tcl!.ar 11111enetic field. The tilt of the magnetic fidd 
vector v.-ilh resptx.:t to the int=tdlar wind velocity vector would 
r;..-sult in noo-.axis-symmetric shar-: of the hcliopausc. Thi$ as)lll· 

mcuy would he much stronger thun the =ponding clfoct on 
the 11.'!Tiunation shock. Tims the proposed hcliopoU:IC mapping will 
open the way fur l'\.'tllOlC probing the USM 1113l!]lctic field direc­
tion. 

For the LISM ionization dt..-gn.-c, nJn,i=l/2, the expectcd hc­
liop11usc brighln\.-,i~ is hig.hcr tha.1 that of the pickup i,m f!l.low 

(6g.2). An addition of the USM magnetic field and cosmic r.ty 
prcssurt: would result in a heliosphere size shrinking unJ h<:1;oe in 
a further i~-rca-e of the helioraw;c brill,htncss FuSM• 

The heliopausc HUV mapping together with Ul<.) compkmcn­
lary tcrminlltion shock ENA imaging are the [X•w1.'fful tools for 
('ffl)(l(e smdy of the hdiosphcric boundary. Sucll imagJ.og would 
take a full advantngc of the anticipated Voyager 1 "ground truth" 
in situ mcas1uuncnls of the 11.'TlllinatiOIJ shock imd ~"\'OOd. which 
would al!m~ "calibratioo" of remote obs..-n.ttions i,; one poinl­
diro...1ioo. The instrun:ient.1tioo for ENA imaging is well devel~ 
!Grumman, 1997). The recently tlcwlopoo new ElN instruments 
have signi6cantly adw.rll."-00 the sensitivity of lhc diffuse EUV m­
diation dt.-toctfon [B<m:,,'i:'r et al., I ':197). lbc heliosph,..'11! EVV im­
aging e;,;pcrirm.'lll w04.iJd n:qu.ire lurth.-'f throe orders of ma!_Uliludc 
improvi.11.ent in the mstrum.:nt sensiti,itics, which is a d1t1lloos• 
ing hut not impossinlc task 
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