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Charge Exchange mechanism

Highly charged ions

Radiative

€ ‘1.‘ cascade

Atom or Molecule: —

(e.g., IS, cometary
Electronic

or CXOSPheriC) pt o March 27, 1996
capturc

e.2. H, He
2. I, T H*, He * FIRST X-RAY IMAGE OF A COMET

Comet Hyakutake - T1996 B2 ROSAT HEI

~CX mechanism important to plasma stability &
diagnostics in nuclear fusion devices

~As an astrophysical phenomenon first discovered
in comets (Lisse et al., 1996)
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Solar Wind CX (SWCX) X-ray emission

XMM observations
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SWCX: variable foreground to all X-ray observations

Raw ROSAT map 2 E+00
ROSAT All-Sky Survey . Cravens et al. 2001
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SWCX: variable foreground to all X-ray observations
Corrected (?) ROSAT map .
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The heliospheric environment
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Two species (H, He): different density distributions

Ly-alpha

H atoms: backscattering
-Strong Ionization (CX with protons)
-Trajectories ruled by Radiation
Pressure over Gravitation ratio

Observations:
-Ly-a, e.g. SWAN
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o
S

Ionisation cavity

He atoms:

-Weak Ionization (UV photons, e- impact)

-Strong gravitational focusing g?ﬁﬁéf!
Observations:

-58.4 nm, e.g. EUVE
-pick-up ions etc.




The SWCX hehosphenc model

Three main ingredients:

1. Neutral distributions
(c.2. IS H, He)

2. lon distributions
(€.g. SW O*7:8)

3. Atomic data:
~ CX collision cross sections o

~ transition probabilities P(hv)
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X-ray Intensity (ph cm-2 s sr)

SWCX spectrum 0.1-1.0 keV
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Ion Flux (103 particles / s/ cm2)

Large scale variations: solar cycle

~Influence on neutral distributions (e.g. ionization processes)
~Changes in SW ion flux/composition

Oxygen (O™ & O%*) flux measured @ L1 with ACE/SWICS,
averaged over 3 solar rotations (81 days)
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Short scale variations
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The diffuse soft X~ray background
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Observation geometries/periods
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Data X-ray Flux (Line Units)
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CX spectral diagnostics
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Thermal & CX models through a calorimet
(e.g. Astro-H), adapted from Snowden

CX plasma diagnostics:
~Neutral/Ion Densiti
~Velocimetry (e.
~Need for go



Possible CX examples beyond the solar system

M 31: triplet OVII — CX - wnam et al. 2008
140:— f _: N \‘ o

r

120 l l . o ]
i ] \

60 A ]

L N O
100~ —
2] B i a
v 80 N N ¥
o L . - E ) 4
o (. " . .

1

201 ]

O_ TR AU RS IO PSS AT N TR T NN R N T BN S
20.5 21.0 21.5 22.0 22.5 23.0

Corelation with cold gas Ha emission

150 T T T T T

105107

photens/s/cm®/A

M eceeeee 50 ft X—ray 0.5-2 keV
5.0%107°

a
OVIl triple lines

100

50

|
—100 —50 100
ss—dis p rsion (")




44 2p
s [ —— — ]
) i s svinp T T 1 I |
~ Atomic data: =| S T T T T T T T
— Theoretical calculations £ : (brex $ %) | I
— Laboratory data % S EBIT/ECS data Sa*+ He
- Models of hot/cold interfaces % z Koutroumpa et al. in prep.
(see poster #22 Lallement et~ &
d % Iﬂ’k'w Jﬂﬂ [
P PR PPV 'SP I P EPRYS] PRI Ll L (L o 1 PP S PR e IR [APEPEPE TP | P PP ©rs PP
H 0.4
0.15F il
=3 ][ 1[ Jﬂl DXS data 05
- WlJ[J[ J[ J[J[ J[ 1LSanders et al. 2001
| £ 0.10—}[ h& J[J[J[ J[ J[ J[J[J[
EBIT normalized data = J{W J[ J[ J[ J[J[J[ | 0.2
corrected for the ECS filter 3 sVII J[
transmission & scaled to the\gg\“iip‘\‘ SVIII Jf t I JrJf | + |4 Jr {0.1
respective S8+, St SW ;o ‘o
abundances Y L .
0.00 i R = 0.0

160 180 200 220 240 260 280
Energy (eV)

xnj dury Ael-y



Conclusions ~ Perspectives

SWCX — trace the short or long-term SW variations (comb. of geocoronal
& heliospheric)

You SHOULD care, because it’s there even when it’s NOT varying!

SWCX (100AU) emission = LB (100pc) emission — proves the efficiency of
CX mechanism

Multiple observations towards the same fields are the key to improve
statistics, sample different solar activity periods

DXL rocket mission to measure the SWCX variations through the He cone
(2012)

— Proportional counters with high effective area & large FOV (5 — 8 min data)

CX important in other astrophysical objects (interfaces of cold/hot gas) +
connexion to IS neutral gas distribution

— Need to develop detailed spectral models
— Atomic data (cross-sections, emission probabilities) imperative

Future instruments (calorimeters) imperative for spectral diagnostics!



