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SOHO: First ENA Observations
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Maximal ENA intensity from the heliotail direction but deviation in direction
caused by the asymmetric shape of the heliosphere due to the interstellar
magnetic field.

(«The Physics of the heliospheric boundaries», Scientific Report SR-005,
ESA/ISSI, 2006)
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Figure 4.10: Isolines of the number density and streamlines of the plasma compo-
nent. (From Izmodenov and Alexashov, 2006.)

A. 3D MHD-kinetic model with Bric = 2.5uG, o = 45°.

B. Test case of gas-dynamic flow around the fixed heliopause obtained in the case
of BLIC = 2.5].LG, a = 45°.

C. Test case of gas-dynamic flow around the highly disturbed heliopause.



Parker, 1961
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SOHO/CELIAS: Hydrogen and Helium
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ENASs from Heliotall Direction -
Another Potential Source?

KOTA ET AL. : VIEWING CIRS WITH ENERGETIC NEUTRAL ATOMS
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ENH Fluxes and a
Time-Dependent Heliosphere

Assumption: No diffusion, only convection and no loss processes ...
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Figure 8. Energetic neutral hydrogen flux at 10 keV from Figure 9. Energetic neutral hydrogen flux at 60 keV from
the apex and the heliotail directions as a function of time. the apex and the heliotail directions as a function of time.
The peak of the flux occurs near "solar maximum’” . There is no peak at the "solar maximum ™.
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ENA as a Source of the
"Quiet-Time" lon Populations
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FIGURE 1. Energetic interplanetary protons of outer helio-
spheric origin (Schematic view, drawing not to scale). The en-
ergetic neutrals are ionised in the vicinity of the sun due to solar
wind charge exchange, electron impact or by photoionisation
due to solar UV radiation. The new bom energetic ion then
travels more or less along the interplantary magentic field lines

(IMF).
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Single and double ionisation of helium by electron impact 2755
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Figure 2. Equivelocity cross sections for He™ production in collisions of protons and
electrons with hydrogen atoms. @, cross sections o, for single ionisation of He by electron
impact (present work); O, D, cross sections o, for single ionisation of He by proton impact
(Shah and Gilbody 1985 and unpublished data); [, cross sections o, for charge transfer
in collisions of protons with He (Stier and Barnett 1956); A, cross section sum o, + o, for
proton impact (present work}; ..., ¢ross section sum o, + o, with o, taken from C above
and o, taken from [.



J (ern®s sr-hev)™

j lomsesr-MaV)™

i {om®s-sr-{Me¥/n))”

j {sm®sesr)”

Proton impact ionization and solar UV ionization
are not sufficient to explain He+/He++ ratios

-> electron impact ionization

10+

10

10"

107

COSTEP/EPHIN DATA (Nav 8, 2000 00:00 — Mev 11, 2000 00:00)

== DE7-3.00 M
a— Z.64-10.4 Mev—|

L3—7.8 MeY
N—ww%
M

—53 MEV/H—

IR, . :

108

g
LU IR B R LU BRI E - T

i

10°

107!

g

R
o

w

EE ol vl v e ol o

o

314 315
Moy & Nov 10

Day of year / date

=

Stotue colorsr Mominal . FAE + E patch Othar
Starting rall 8 & deg [no changes,

Plot starting at Bartels rot. 2283, Generated by DL Fri Sep 05 20:13:40 2008 [Averaging intereal: 05 min.]

i lombaesrhey)™

i tormtgesr{Mey,/n)"

j {om®sesry”

EPHIN data

COSTEP/EPHIN DATA (MNav 4, 2001 00:00 — Neov 7, 2001 00:00)

10°% - —
r =="rE7-3.00 My
e— 2.B4—10.4 May—|

LRI L BRI R HIE T

102 =
10 -
100
107! . ‘
308 309 310
Mov 4 Now 5 Mov &

Day of year / date

Stolue colora: Fominal FWE + E patch Gthar
Storting rall ia © dag [no changes;

Plat starting at Barels rot. 2297, Generoted by IDL Fri Sep 05 20;12:29 2008 [fveraging interval; 05 min.]

i [embaesr-tey)™

i {omsar-(Mev,/n)1"

j {ombsesry

COSTER/EFHIN DATA {Jon 19, 2005 00:00 — Jon 22, 2005 00:00)

10% — —
r =— DE7-=3.P0 sy
a— 2.E4-10.4 Mav—

He 25-53 MEV/n—

107

1o

108

107!

21 2
Jan 21 Jan 22

Doy of year / date

1 20
Jan 18 Jan 29

Status colora: Mominal FWE + E patch Gthar
Starting rall i 180 deg {ne changas)

Flot starting aof Bartels rot, 2340, Generated by IDL Fri Ssp 05 20:11:07 2008 [Averaging intervalk 05 min]



Stochastic Acceleration vs. First-order Fermi Acceleration
in the Heliosphere
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HYDROMAGNETIC WAVE EXCITATION UPSTREAM OF AN INTERPLANETARY TRAVELING SHOCK
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The Bastille Day Event (July 14-16, 2000)
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Vovager 2 observations and interpretations
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Slow down of upstream SW due to ACR pressure
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Table 1| Termination shock parameters

Parameter Termination shock motion

TS-2* outwards TS-3: inwards
East-west shock normal {02 - N R ¥ Sl il (4 I
Shock speed 94.0+34kms * 67.9+173kms *
North-south shock normal 2.0° +6.2° —4.6°+19.2°
<)Y shock normal, magnetic field 82.8°+3.9°  743°+11.2°
Compression ratio 2.38 +0.14 1.58 £ 0.71
Solar wind fast-mode Mach 49 +01 SR ]
Heliosheath fast-mode Mach 1630 2.8+x04

Max-Planck-Institute for
Solar System Research

Burlaga et
al. (2008)



Vovager 2 LECP
observations
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Source of ACRS:
Locations of more

parallel TS?
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Stochastic acceleration in the outer heliosphere
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ACR acceleration time scale
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Conclusions

Clear indications for:

- Shock mediation by non-thermal ions (TSPs/ACRS)

- Major fraction of heliosheath pressure by TSPs/ACRs
- Shock reformation

- TSPsS/ACRs are the source of ENAs at 1 AU

Unresolved issues (?):
- Relative importance of shock vs. stochastic acceleration
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