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Solar wind

typical solar wind properties:
vp np Tp q

slow low high high high
fast high low low low

with:

proton speedvp,

proton densitynp,

temperatureTp,

charge statesq
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Solar wind

fast wind: coronal holes

slow wind: active regions?
coronal hole boundaries? S-
web?

typical solar wind properties:
vp np Tp q

slow low high high high
coronal hole high low low low

with:

proton speedvp,

proton densitynp,

temperatureTp,

charge statesq

Coronal hole-type solar wind in the
following:

nO7+/nO6+ < 0.1,
nC6+/nC5+ < 1,
acol. age∼

nP

vpT1.5
P

< 0.1
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Typical coronal hole-type wind
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Typical coronal hole-type wind?
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Typical coronal hole-type wind?
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Is this an exception? Distribution in 2004
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The Sun over the solar cycle (EIT 284Å)
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Long-term behavior average charge state: 2001
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Long-term behavior average charge state: 2001
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Long-term behavior average charge state: 2002
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Long-term behavior average charge state: 2003

8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0

q̃ F
e[
e]

2003

NFe−cool−CH = 1394 NFe−hot−CH = 11592

400500600700800900
vp[km/s]

8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0

q̃ F
e[
e]

CH, N=12986

400500600700800900
vp[km/s]

all, N=40102

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

re
la
tiv

e 
fre

qu
en

cy

Christian-Albrechts University Kiel, IEAP 7/ 18



Long-term behavior average charge state: 2004
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Long-term behavior average charge state: 2005
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Long-term behavior average charge state: 2006
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Long-term behavior average charge state: 2007
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Long-term behavior average charge state: 2008
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Long-term behavior average charge state: 2009
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Long-term behavior average charge state: 2010
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Outline

1 Solar wind types
Fe charge states in coronal hole wind

2 Origin of Fe-hot and Fe-cool coronal wind

3 Temperature profile

4 Summary
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Backmapping: ballistic + PFSS (potential field source
surface) based on SOHO/MDI magnetrograms

PFSS model

ballistic back mapping
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Backmapping: ballistic + PFSS (potential field source
surface) based on SOHO/MDI magnetrograms
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Backmapping: ballistic + PFSS (potential field source
surface) based on SOHO/MDI magnetrograms
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Origin of transition region in CR2043-CR2044
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Origin of transition region in CR2043-CR2044

320 330 340 350 360 370
heliographic longitude[o ]

−10

−8

−6

−4

−2

0

2

4

he
lio

gr
ap

hic
 la

tit
ud

e[o
]

550

650

v p[
km

/s]

Christian-Albrechts University Kiel, IEAP 10/ 18



Outline

1 Solar wind types
Fe charge states in coronal hole wind

2 Origin of Fe-hot and Fe-cool coronal wind

3 Temperature profile

4 Summary
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Freeze-in temperature: concept

expansion timescale:τexp =
H
u ,

H: scale height,u: solar wind
bulk speed

charge modification timescale:
τrec/ion,i(T) = 1

ne(Ci+Ri+1)
, Ci:

ionization rate,Ri:
recombination rate,ne: electron
density

assuming equilibrium:
ni/ni+1 = Ri+1(Tf )/Ci(Tf )
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Freeze-in temperatures: previous observations

Ulysses, Geiss, 1995 [3]
fast, i.e. coronal hole, wind

CTOF, Aellig, 1997 [1]
interaction region between (proba-
bly) slow wind streams
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Cranmer 2007 model [2]: Temperature profile
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What I know about the temperature profile

timeseries of (equilibrium)
freeze-in temperatures for ion
pairs of C, O, Mg, Si, S, Fe

temperature dependent
recombination (and
ionization) rates from
CHIANTI
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What I know about the temperature profile

timeseries of (equilibrium)
freeze-in temperatures for ion
pairs of C, O, Mg, Si, S, Fe

temperature dependent
recombination (and
ionization) rates from
CHIANTI −→ order in which
ion pairs probably froze in.
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What I know about the temperature profile
different wind types

1MK 2MK 3MK 4MK 5MK
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What I know about the temperature profile
different wind types
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Outline

1 Solar wind types
Fe charge states in coronal hole wind

2 Origin of Fe-hot and Fe-cool coronal wind

3 Temperature profile

4 Summary
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Summary

The steady coronal hole wind can be either Fe-cool or Fe-hot.

Both Fe-hot and Fe-cool coronal hole wind occur frequently.
Probably solar cycle dependence.

Unlike for H, O, and C, Fe charge states are as high in the
coronal hole wind as in the slow solar wind.

Transitions between Fe-hot and Fe-cool streams appear to be
within coronal holes. Possibly close to the border of a fine
structure.

Different temperature profiles in the corona for Fe-hot and
Fe-cool coronal hole wind.
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structure.

Different temperature profiles in the corona for Fe-hot and
Fe-cool coronal hole wind.

Thank you for your attention!
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