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Mesures a distance
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Mesures In situ

"We had data! Lots of it! There was no longer any
/uncertainty about the existence and general
properties of the solar wind." (M. Neugebauer)
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Mesures In situ

Ecliptic (< 8° heliolatitude)

1 month of data near solar activity minimum (June 1995)

= Fast dilute wind

= Slow dense wind

]'-‘[l

"

Densm | Jwaves (QTN)

ﬁM variable

}*1

o
Radial magnetic field (n'1)
=

| Anan) \“p,.u_
150 155
-~ B e
- mL Latitude HCS Jzu s
)
Aoy 2{] =
" Radial magnetic field | | ]-m 3
145 150 155 160 165 170 175 180 185 10 min. averages
day of vear 1993

Mesures in situ

High latitude

1 month of data near solar activity minimum (June 1995)
« Fast dilute wind, stationnary
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Jupiter
encounter

Orbit of Jupiter eb.1992

Earth orbit
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Basic state of the solar wind: fast wind from coronal holes
® Fills most of heliosphere near solar activity minimum
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® different structures, densities, and speeds

® BUT nearly same flux of total energy!

pV XV 22+MoG/Ry) = 1.5 10° W/m? at 1 AU
7

kinetic + potential ~ 70 x(Ro/r)* W/m?
(enthalpy negligible) same as Helios (Schwenn 1983)
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=nergy flux Compare with :

® winds of stars with reliable  10*f\ . .
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Energy flux  Wind energy balance
In absence of ad-hoc heating and radiation loss

}
negligible éompared to
terminal kinetic energy

_heat flux
HQ / (pV/)|= constant
} “mass flux
negligible at large r

-'-

[Qlo=[pV (V72 + MG/R,)|x SIS,  Same for slow

(base)

& fast wind

h average heat flux required at wind base Q, ~ 70 W/m’

> 10 X collisional heat flux (e< vT)
Meyer-Vernet PNS(ﬁﬂitzer'Hé.rm)
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R=1Basic problem:
® Heat flux >> collisional valuelj® ©r mechanical energy

. Waves

"If I learned anything in my long
reign, it is that heat rises"

Harris) @ e vow sorkeruagazne inc
( ) (J. Effel)

« Plasma is weakly collisional = Q = collisional value
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Non classical heat flux
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Fonctions de distribution observees = Maxwellian
Kappa

fov) e (145

) —(ic+1)

Kappa

/.

velocity distribution

Maxwell .
i K — o< "'.
10* 1 viv,10

® solar wind

v electrons: maksimovic & al 1997, 2006,
Nieves-Chinchilla & Vinas, 2008

v 10NS: Gloeckler & al 1992, Collier & al 1996

® Mmagnetospheres

v Earth: same et al 1967, Vasyliunas 1968, Gloeckler&Hamilton
1987, Christon&al 1989

v JupIter I0NS: krimigis & al 1981, Hamilton & al; 1981,
Kane 1991, Kane & al 1992, Collier & al 1995

electrons: Meyer-Vernet & al 1995, Steffl & al 2004
v Saturn: protons: krimigis & al; 1983
v Uranus: kimigis & al 1986, NEPtUNE:Mauk & al1991

® solar corona ?

- Solar wind suprathermal electrons
remnants of coronal ones? olvert 1981

- Production of suprathermal particles

(temperature grad., waves, turbulence)
Roussel-Dupré 1980, Owocki & Scudder 1983, Vinas & al
2000, Leubner 2000, Vocks 2002, Vocks & Mann 2003

- Observational inferences: pufton etal. 1984,
Owocki & Ko 1999, Pinfield et al. 1999, Esser & Edgar 2000, Chiuderi &

Chiuderi-Drago 2004, Doyle et al. 2004, Ko 2005 and claims
to the contrary ko et al. 1996
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Fonctions de distribution observées + Maxwellian

« Température hors équilibre local ?

e Température cinétique :

3k T/2= < mv?/2 >

o 0U: kT = - f/[df/ d(mv?2)]

v—-0:T=T,
Voo Tocy?

|||||||||||||||||||||||||||||||||||||
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= Lois classiques de la thermodynamique pas valables

Ex—toree. T dépend du "thermomeétre” (échelle spatiale, temporelle, degrés
de liberté, temps de relaxation différents.

Meyer-Vernet il)N ST2008
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Non classical heat flux

Weakly collisional plasma with Kappa distribution

Heat flux Q

VEersus K

Numerical simulation with collisions
(Pantellini & Landi 2001)

___________________ o\

L
4

10 12

7o

/S

Q=

classical heat flux ( Maxwellian)

large k = distribution ~ Maxwellian

maller k¥ = more suprathermal electrons

- 10 X Q. (opposite sign!) If k<4

heat flows from cold to hot!
= Kappa = more fast electrons = more heat flux

= In attractive force, faster particles escape more easily
Might contribute to coronal heating & wind acceleration

Olbert 1981, Shoub 1983,1988, Scudder 1992, Pantellfdy&rhsmok 03 TI00eeIli & Scudder 1999, 2003
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Generating Kappa distributions ® Particular

Find a way of producing Kappa distributions in particular cases

= From turbulence Roberts & Miller (1998), Vinas & al. (2000), Leubner (2000), Vocks
(2002), Vocks & Mann (2003)

Difficulty: Generating f(v) from given wave spectrum is easy
BUT not self-consistent!

however: Yoon & al. (2006) (beam-plasma with 1/nL,’>5 10%)

= Particles (I >>T/vT) propagating down vT = suprathermal tail
(c.f. Roussel-Dupré (1980))

= see also Treumann 1999 (Turbulent quasi-équilibrium)
= see also Collier 1993 (Levy flights)
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Generating Kappa distributions ® General
« Rappel : Maxwell-Boltzmann RSTRE N 4

lag W
"ala Jaynes“ (1957) : théorie de l'information

Distribution f(v) la plus probable sachant que
énergie moyenne <E>=U Jd3viv)=1

On minimise S=-k/d3v f(v) In(f) Ll

"entropie” = "ignorance”
(états égalemen

= f(v) o< exp[- fE]
E=m?2 = 1/f=2U/3

Cimetiere de Vienne

Note: S=k log(W) : c'est Planck!
(Pais, 1982)

e entropie additive
Généralisation : Hypothéseg a modifier 7—e energie constante
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Generating Kappa distributions ® General
= Tsallis entropy (non additive)  Tsalis 1988-1998, 2004

= Super-statistics (variation in » System not isolated
"temperature") » Non-infinite heat bath

e Temperature fluctuations = K distrib. if f=1/ksT has y* distrib.
(LpEl ] =100 po=<p> Lk = <o 1

statistics (f(8)) of a statistics (e'ﬁ ) =K determined by Wiodarczyk

i 2000, Beck 2002,
temperature fluctuations 2000, Beck

e "Small heat bath" statistics (ameida 2001)

> implicit in Boltzmann (x — <<): infinite heat capacity of heat bath
»if heat capacity is finite, / is finite

= Under progress ...
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Conclusion

v Nombreuses modélisations avec hombreux parametres ad-hoc
e conductivité thermique
e flux d'ondes d'Alfvén
e longueur de "dissipation”
e facteur de chauffage
e facteur d'expansion
e facteur de remplissage

v Mais pas de consensus sur la question fondamentale :
comment I'énergie (magnétique) est convertie en vent)

® OndeS, turbulence? cranmer 2002, Hollweg & Isenberg 2002

e Particules Suprathermiques ? Olbert 1981, Scudder, Maksimovic et al. 2007, Lamy et al. 2003,
Zouganelis et al. 2004, 2005

v Développer :

« Physique des plasmas faiblement collisionnels
« Physique de la mesure (specttascepie hors équilibre (X «— radio)l






