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Understanding the heliosphere
1958 ApJ 128 664 DYNAMICS OF THE INTERPLANETARY GAS

AND MAGNETIC FIELDS*
(paper first rejected by B N PARKER
referees Enrico Fermi Institute for Nuclear Studies, University of Chicago
1962 Mar‘iner‘ 2 Received January 2, 1958
} Bl '\We had data! Lots of it! There was
B no longer any uncertainty about the
existence and general properties of

the solar wind." (M. Neugebauer 1997)

1972 "Unique conclusions
regarding the physical processes @
that have dominant effects on the /‘ 3
coronal expansion can be deduced

only by true believers, usually with J% (E‘g
a parental relationship to one of

the competing ideas or models"

7 e
(A. J. Hundhausen) WWWMW%) W

Understanding the heliosphere=

descriptive understanding of the so
of our effort will have to go into undé

physics of the medium"”
Modelization: Physics

generally hidden in empirical

parameters:
o polytrope index
o thermal conductivity
o flux of Alfvén waves
o dissipation length
® heating factor,

e expansion factor, filling factor,
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o solar wind/magnetosphere coupling (- MOr) \f‘%)%

e etc.... N. MeyerVamgi62Ra8HY 2006

Understanding the heliosphere
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® how the solar corona is heate s ‘ N\

[TRACE - Nov 1999, 171A Vgl oTelVVI<T g requ|red = @/Iumlnosny O\Krf
X (10° - a few 10°) :;
v estimating this factor from

first principles?
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Physis: magnetic energy

v dc currents (Parker ...)

v waves, turbulence (Hollweg, ...)

v suprathermal particles (Scudder ...)(g S
Kappa distributions? (UVCS 2005), famis

v all of these....
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We don't understand:

® Solar magnetic fields
and activit

® What is an event? Buchlin et al. 2005

® Smallest event? Nano, pico flares?

Parker ...

® Largest event? Flares, CME 107 J ?

Kane 1995

® Power law distribution? P(W) u W~

if =2, then : total energy
miix W dW/ W =Ln(Wmax/ Win )
depends weakly of W,,,and W,,.,
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1077 1< 2 _energy in large events
10  Energy W (Joules) 10*

(s*m2J" Distribution of events

>2 energy in small events
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. Meyer-Vernet, Basics of the
{Solar Wind, Camb. U. P. 2006
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WERe el eSS R v scale free/generic problem ?
Solar magnetic fields probability p(x) p 1/x - exponent
and activit

® energy of cosmic rays 25
® words in Moby Dick 2.2
@ citations to papers, 3.0
- Yule process (‘rich” gets richer), new® hits on web sites, 2.4
biological species, Fermi acceleration, etc ® copies of books sold 35
= Long-range correlations/Critical @ telephone calls 2.2
phenomena- forced and/or ® magnitude of earthquakes 3.0
seIf-organlzed criticality Bak 1987 @ diameter of moon craters, 3.1
o @ intensity of wars 1.8
i @ net worth of Americans 2.1
g @ frequency of family names, 1.9
=8 ® number of species in flowering 2.3
plants
®etc...

see for example Newman 2005
Contemp. Phys. 46 323
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Energy W (eV)

VERelelaR R eSS e B (st m2 g% Distribution of events
Solar magnetic fields 107
and activit

= Yule process ("rich" gets richer), new
biological species, Fermi acceleration, etc

= Long-range correlations/Critical
phenomena- forced and/or
self-organized criticality Bak 1987

Quiet Winebarger 2002

Quiet

Krucker &

Benz 1998
Quiet -2

Aschwanden W

etal. 2000

Frequency dN/dW

Active

Shimizu 1995

v acceleration of particles
v reconnection

v turbulence

v shocks

-15
W
Active

Crosby et al. 1993
O'SO, N. Meyer-Vernet, Basics of the
1 Sol?l Wind, Camb. U. P. 2006
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We don't understand:

® how the solar wind blows|

irst Orbit

27:02:2000
(SoHO/LASCO/ESA/NASA
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Physics
Fact sheet

N. Meyer-Vernet, Basics of the
Solar Wind, Camb. U. P. 2006

v Parker 1958 - thermal, T = constant (thermal conductivity infinite!)
v Sequels: multifluid models + heating (ad-hoc)
v Power required: Mass loss X (V/2+M G/R ) ~(10”)L
e similar for slow or fast wind solza?luminosity
e engine efficiency similar for the Sun and a number of (cool) stars
Reimers 1988 (10 orders of magnitude in mass loss)
cannot be estimated without ad-hoc hypotheses
Fast Wlnd o WaVeS, turbulence? Cranmer 2002, ...Hollweg & Isenberg 200z

« Suprathermal particles ? oiert 1981, scudder, Maksimovic
al. 2007, Lamy et al. 2003, Zouganelis et al. 2004, 2005

- ..orall
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We still don't understand: @ how the solar wind
interacts with bodies

solar wind basic scales LA
Debye length Lp 10 @d ) "?m 0-1
Electron gyroradius a_@/d )"

re 3 103———"—L—0pm
Gyroradius of proton at (A +d?/d2)
Alfvén speed (Inertial length)Va/ o & pp 10° d/d m
Gyroradius of proton at 06— d/d m
SW speed (1+d2/d2)*?
Mean free path kod (d/d ) m

Vul o

Note: Scales of turbulence
in the solar wind
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We still don't understand: @ how the solar wind
BODIES sizes interacts with bodies

Distribution of sizes at 1 UA

Mars
~10°x

l N. Meyer-Vernet, Basics of the l
Solar Wind, Camb. U. P. 2006

< gyroradius of ions
<< mean free path

10 * nucleons
F u m*® : fragmentation equilibrium for non fractal objects (cross section p m®)
(number of particles created by fragmentation, = number of particles destroyed)
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6X10° nucleons

|

I how the solar wind
) interacts with bodies
® Each magnetosphere is a multi scale

v collisions, v pick-up

how the solar wind
interacts with bodies|

Physics jlNon equilibrium plasmas

Mean free path in the heliosphere

. . . . Q
engine: incoming solar wind energy... g v ionisation v recombination T
produces storms, substorms, 3 Example: X-ray emission from "cold" regions by % [10% n g;,.'f;ﬁ;x?g":;jﬁig%";;gﬂ scale
plasma tails, auroras, ... © charge exchange (cravens 2002, ... 3 B height
- in comets, we see an echo of coronal heating %‘ _ 1
o _ 5 \ D - P
auroral perturbations Inte rdISCIpllnary . AStrOSphySICS ~ ~ T 2
pton Pl ® Climatology astrospheres ~ 10'g 110
Dynamic Explorer (UV) NASA nergy . Fast wind 3
Uritsky et al, 2002 v Interaction plasma/ + I L s 10
| rfaces ] 10 10° 10
. Su Distance from photosphere (solar radii)
sputtering, secondary v heat transport w <>
L . AN Soho ;
emission v magnetic ITER (2015) Helios  Ulysses
photoemission confinement/instabilities - Electric field > Dreicer field
. . 17 1y 0 3 . . .
© DU DA e "W @ Mastering nuclear fusion? - YU MEICENI | S Classical transport theory Invalid,...........
Physics llINon equilibrium plasmas Physics lNon equilibrium plasmas Physics lNon equilibrium plasmas
e T . .
Much worse ... n Indeed, Kappa velocity distributions have been W @ data must be reinterpreted (most observations
Coulomb interactions 75—~ mv?2 e observed virtually everywhere in the heliosphere: assume Maxwellian distributions)

cross section : o~ rL2 Electron distribution function in solar wind

(xIn )

1/ v* note: Kappa is not
- (Vv H scale free
if vx3 then (v) x100!
fast particules are ower law
collisionless P
W distribution /
functions ~ Kappa

Maksimovic et al.2005

< Mean free path: -260uat -16UA T ~0.2uab

Classical transport theory invalid even if mean f.p.
. voyer- ENEYTEVOBEL Y 2006

@ solar wind

v electrons: Maksimovic et al. 1997, 2006

v i0NS: Gloeckler et al. 1992, Collier et al. 1996

o planetary magnetospheres

v Earth: Bame et al. 1967, Vasyliunas 1968, Gloeckler & Hamilton 1987, Christon
etal. 1989

v Jupiter ions: Krimigis et al. 1981, Hamilton et al; 1981, Kane 1991, Kane et al.
1992, Collier et al. 1995

v Jupiter electrons: Meyer-Vemet et al. 1995, Steffl et al. 2004

v Saturn: protons: Krimigis et al; 1983,

v Uranus: Krimigis et al. 1986

v Neptune: Mauk et al. 1991

® solar corona ? Kohl 2005 s ueywvere: iy 2000
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® multi-fluid models are invalid even at scales > r,,

heat is transported by Fluid Kinetic]
supra-thermal
electrons

v thermal conductivity
is non local
v multi fluid expansions

do not converge Meyer-Vernet 2001

local description
10°K
heat flows from cold to hot! [
Olbert 1981, Shoub 1983,1988, Scudder
1992, Pantellini & Landi 2001, Dorelli & i 10 K
Scudder 1999, 2003 and Qushes the wind!
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Physics [Non equilibrium
ESYES

Beware of ...
v classical thermodynamics
v MHD, even at large scales

v "anomalous coefficients" and
"arbitrary factors"

"We cannot state at the present
time why the Sun is obliged by the
basic laws of physics to produce |, L
the heliosphere” (E. Parker, 2001) | | I learned anythinginmy

long reign, it is that heat rises

Astrophys. Space Sci. 277, 1
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