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Characteristics of the Interstellar Gas

Speed at infinity: 23.5 + 3.0(-2.0) km/s =4.95 AUly
The=5000-8200K

Typical speed at 1 AU (due to gravitational acceleration) :
48 km/s =10 AUly

Travel time from termination shockto1 AU: ~20y.

THE HEUOSPHERE



Interaction of Solar EUV with Interstellar Neutrals

Radiation pressure
(e.g., resonant interaction of H atoms with Lyman-a)

Photoionization

THE HELIOSPHERE



lonization of Interstellar Neutrals in the Inner
Heliosphere

Photoionization

(Resonant) Charge Exchange with Solar Wind lons
(e.g., O°+ H* > O*+ H°

or H°+ H* ->H*+ H°)

Collisional lonization by Solar Wind Electrons

(recombination is very slow because of low densities!)



Photoionization Cross Section [Mb]
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Spatial and temporal variability of
ionization rates at 1 AU

Required time resolution determined by travel times of
neutrals: ~ 1 AU/month

Short time flares only of importance if they contribute
significant fraction to total EUV fluence

Latitudinal dependence of solar EUV is required



Spatial and temporal variability of
ionization rates at 1 AU

Examples of nheon and oxygen
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ISM Inflow
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IBEX-Lo IBEX-Hi
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Launch Vehicle
Launch to 200 km circular injection

orbit
Pegasus Avionics Ring

Pegasus XL Launch Vehicle
Mo modifications to standard XL.

October 26, 2011

Solid Rocket Motor
Boost to 37 R apogee
tfransfer orbit

Motorized Lightband separation

systems

STAR 27
Adapter Cone SRM
STAR 27 Solid Rocket Motor
Simple spinning upper slage.
Provides delta-V to raise
apogee lo 37 Rg.

Spacecraft
Boost perigee to 7000 km
Perform science mission

w1 <4—|BEX-Lo

<— IBEX-Hi

Spacecraft

Orbital's MicroStar S/C bus.
Separales from SRM after SRM
burn completed. Hydrazine system

used o boost perigee to > T000km|

APPLICATIONS FOR ISM

Payload
Dual 7°x 7° ENA cameras

IBEX-Lo
0.01-2keVin 8
energy bands

IBEX-Hi |
0.3-6keV N B
in6energy
bands
Combined
# Electronics
- Unit (CEU)
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A Simple Set-up:

Models describing the motion of neutral
interstellar gas atoms through the inner
heliosphere are particularly simple

(e.g., much simpler than solar wind
models)

The IBEX experiments have simple, well-
behaved properties



A Simple Set-Up:

Models describing the motion of neutral interstellar gas
atoms through the inner heliosphere are particularly simple
(e.g., much simpler than solar wind models)

The IBEX-Lo experiment has simple, well-behaved properties
»Potential for very precise determination of flow

parameters

»Crucial ingredient: Photoionization rates with <10%
uncertainties
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Table I. Typical ionization rates of neutral species
at 1 AU (in units of 10-7s—1)

El. photoionization elec.  charge total  total
quiet active collis.  exch. quet active
—Smr—5mr—]  woniz.  protons Sun Sun

H 062 247 0.65 207 334 519

He | 048 1.90 0.11 0.00 059 201

B 430 230 ERIC - >BBD =26.1

C 500 200 1200 004 7.05 221

N 221 BH4 .04 031 357 10.2

O 220 R8O 0.89 1.00 4.09 10.7

F L91 7.4 218 - =409 =982

Ne 157 6.28 0.18 0.00 175 6.46
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Importance of lonization
for Pickup lons

*Pickup lons are an important secondary product of neutral
gas populations in the solar wind
Generated by lonization

*Pickup lon Velocity Distribution reflects
Neutral Gas Distribution from the Sun to the Observer

‘lonization Rate is of Dual Importance
- Determines radial neutral gas gradient close to the Sun

- Shape of the Pickup lon Distribution
-Determines absolute Pickup lon Flux

Shape of the Pickup lon Distribution is a window on
Transport processes
- lonization Rate must be known



Combination of lonization & Cooling

In Pickup lon Distribution
*PUI Distribution Determined by

lonization & Cooling: ~_

3 nion g ey (.j-a
SOV, )= = = NeWIV,)
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Along Inflow Axis
*Varying « changes the shap

*Varying lonization, i.e. A W
shape

-> |lonization Rate needed
to evaluate Cooling r r=1AU




Conclusions

 lonization rates are crucial ingredient to the determination
of flow parameters of interstellar neutrals

* Neutrals carry information about the local environment
of the heliosphere, which can be collected by remote
sensing at 1 AU near Earth

« Gathering this information with high accuracy and high
reliability provides a baseline for numerous different fields
in heliospheric physics



