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Tpla emimeda replypadnc

AkpBNC LKkpoduoLKn TtEpLypadn:

Single particle description: tenuous plasma with
strong external fields (e.g. Van Allen belts),
important for gaining insight into physical
processes involved (e.g. particle energization)
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Kwwntikn Bewpla (ototiotikn nepypadn):

For a system with a large number of particles it is neither
possible nor desirable to determine the motion of every
single particle. The statistical approach focuses on
average macroscopic properties.

Kinetic theory averages out microscopic information to
obtain statistical, kinetic equations. No knowledge of
individual particle motion is required to describe
observable phenomena.



H cuvaptnon katavounc f(r,v,t)

SLveL TNV aplBuNTIKA TTUKVOTNTA

otn povada oykou dx dy dz dv, dv, dv,

Tou eéadlaotatov xwpovu pacswv (r,v)

TN XPOVLIKN oTlyun t.

To oAOKANPWHA TNC CUVAPTNONC KOTAVOUNC
(rty Maxwell, petatormiopevn Maxwell, kappa)
w¢ tpoc dv pac oivel tTnv aplBunTtikn
TTUKVOTNTA N TOU TTAQLOMOTOC 0T povada
OYKOU TOU XWPOoU



Distribution functions are probability densities in phase space.
Distribution functions are not measured directly.

The measured quantity is the particle flux to the detector:
f(L*,u,K) = j(E,a)/ p*
where the conversion involves interpolating flux measurements
at fixed pitch angle @ and energy E,
then transforming to the adiabatic invariant coordinates.

This allows researchers to separate
local acceleration (peaks in phase space density)
from radial transport (gradientsin L")
https://doi.org/10.3389/fspas.2024.1423545



https://doi.org/10.3389/fspas.2024.1423545

Momentum dependence: The p? factor accounts for the
geometry of momentum space—higher momentum particles have
larger available phase space volume

Conservation properties: Phase space density obeys stricter
conservation laws than flux, making it more fundamental for
theoretical analysis

Observational practice: Satellites measure flux directly, which
must be converted to phase space density for rigorous analysis
using adiabatic invariants



Kappa distribution ~ Maxwellian with high-energy tail

The tail follows a power law  f(W) ~ (Wy/W)
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Plasma description

Plasma as a collection of particles

The properties of a collection of particles can be
described by specifying how many there are in a 6D
volume called phase space.

fc 77

The density of particles of species "s* (number per unit

volume) is:
n (7,t) =ffs(l7,\7,t)dv

OAokAnpwvovtac to n wc npoc dx dy dz, Bplokoupe To
OUVOALKO TTANBO0C CWHOTIOLWY OTOV CUYKEKPLUEVO XWPO

N(t) 2/?1 dr dydz.



ATIO TLC POTIEC TNC OUVAPTNONC KOTAVOUNC
LUTTOPOU UE VA UTTOAOYLOOU PE AAAEC LETPNOLUEC
TTOPOLLETPOUC TOU Ao ATOC (TTY TaxvTnTO
ponc cwpattdblwy, KvnTikn Bepuokpaocia,
riieon, pon Bepuotntog)

Average velocity (bulk flow velocity)

u (7,t) = fvf(? V t)dv/ff(r Vv, t)dv



Average random energy

<%ms(\7—ﬁs)2 >=f%ms(\7—iis)zfs(?,ﬁ,t)dv/fﬂ(?,ﬁ,t)dv
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Amo tnv €éilowon Boltzmann otnv e€lowaon Vlasov

af/0t + v- 9f/0r + F/m- 8f/0v = (0f/0t),,

H eélowon Vlasov sival n
KWVNTLKN €€lowon yloL TN ouvapTNon KOTAVORNG
(= e€lowon Boltzmann amnovola kpovoswv — collisionless plasma):

Of Of q Of
s ol Y e ] 'E4+vxDB) — =
Ot ar I \ T ) 1oAY

()




Boltzmann Equation

Includes collision term (0f/0dt)

coll

Short-range binary interactions

External or prescribed fields

Valid for neutral gases, short-range forces

Irreversible (H-theorem, entropy increase)

Vlasov Equation

Collision term set to zero

Long-range collective electromagnetic
forces

Self-consistent fields from Maxwell's
equations

Valid for collisionless plasmas with N>1

Reversible (Liouville's theorem, phase
space conservation)
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OALoxAnpovovtog v eClocmwon Vlasov ctov
YOPO TOV TAYLTNTOV, TOIPVOLUE TNV EEICMON
GLVEYELNC TOV PEVGTOV:

on,
Ot

{ T ' ( N o V('l‘ ) =

In the absence of any interaction process which creates or annihilates particles, the
particle number density is conserved during the motion of the fluid
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Peuotoduvapukn (LoKPOOKOTILKN TtEpLypadn):

Macroscopic plasma theories are fluid theories at
different levels:

single fluid (magnetohydrodynamics MHD)

two-fluid (multifluid, separate equations for
electron and ion fluids)



Periodic motion

1 MeV electron, oo = 45°, L= 4.5

* Energetic particles
undergo three types of
periodic motion:

- They gyrate around the
magnetic field

- They bounce between

the mirror pomts gyro bounce drift
o motion motion motion
- They dnft around the
Earth f 10 kHz 3 Hz 1 mHz
T 0.1ms 0.36 s 15 min

e Assoclated adiabatic
T ue P J= [pds ®= [ Bas
mvariant mB o drift
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Quiet-Time Field Storm-T1ime Field




US/UK World Magnetic Model - Epoch 2015.0
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Magnetopause

* 1930 Chapman and Ferraro
* 1960s: in-situ evidence (Explorer 10&12 )
* nose at ~10 RE
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KIM ET AL.: RELATIVISTIC ELECTRON DRIFT LOSS
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Auvapiki ieon nAilakol avépou
1 nPa




1 nPa: Large Hadron Collider
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Auvauiki Tieon nAlakoU avépou
1 nPa = 10 Pa
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Auvauiki Tieon nAlakoU avépou
1 nPa = 10 Pa

ATHOOPAIPIKA Ttieon
10° Pa

Aiapopd 14 14€ ewv peyéBoug

APTNPIAKA TTieon:
10° + 104 Pa = 115 kPa
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1 Pa

Micon éva dioekatoppuplo Ppopec peyaAutepn
OLTtO TOU NALaKOU aVEUOU!
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Dovima and the Elephants
by Richard Avedon
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Elephant foot: ? Pa

Stiletto heel: ? Pa
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Elephant foot: 6x10° Pa

Stiletto heel: 107 Pa
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Intergalactic void
10-'7 Pa

Neutron star
1034 Pa
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Magnetic reconnection



https://www.youtube.com/watch?v=7sS3Lpzh0Zw
https://www.youtube.com/watch?v=K-YAPFcy6Wk
https://www.youtube.com/watch?v=K-YAPFcy6Wk
https://www.youtube.com/watch?v=K-YAPFcy6Wk
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Solar wind — magnetosphere coupling
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Energy transfer and storage

Given that reconnection links
the solar and terrestrial B fields,
the energy transfer from the

solar wind to the tail occurs quite PR, .
naturally.

On the night-side, the field lines in
the tail stretch and the solar wind
plasma slows down. Hence,

energy is removed from the flow
and stored in the magnetic field in . \}

ar

the tail. The rate of energization "
can be calculated from the \
Poynting vector integrated over
the surface of the tail. The
magnetic energy, flux and field
strength of the tail increase.
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