
·Kinetic Theory of-Stellar Systems
1. Introduction

WEER 1

Two mental models

Globular cluster Bish galaxy

&
No of

- ↳& ↑ * - -

of ot

"hot sphere" "cold axisymmetric disk"
Nur 105

,
10

6
No 18 "

R-Ipc = 2x10
*
AU Re 10

·
kpc

Edyn~ 10
you Edyn - 10 yo

age
- 10"you age-10" you

These systems are stable weakly unstable (after "violent relaxation").
Key Q : how do such systems evolve over many Gyr ?

Rough answer : not sphere It

gas (Dellar
cold disk t plasma (Schekochihin)

BUT there are new behaviors unique to self-

grav , systems .
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virpial = 0 => VICE-p(ipcal) - 27/ria = o

Exercise : show
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Can also get frequencies : e . g.

Or
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.. similarly for Ty , Sp , XQ ,
etc.

key idea : 2 numbers label the orbit. (In 3D
,

3 number ! ).
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All we don't have is hases ; quasi-egm . is collection of
P

orbid with random phases.

phases : quasiperiodicity
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=> orbit is perposition of oscillators. This suggestssul
we use a new coordinate

system...

Angle-action variables

Canonical coordinates (g , p) (e .

g .
<

,v) · Hamilton's equs :
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Poisson bracket

(g , h] =
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What is aood choice of (5) ? In clasma
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.Why?
Because X=Vt+X

,
andV is conserved · Key idea :



good to use conserved quantities as canonical momental

Ingene,an integral ofmotion is any
ins

but will this be canonical (i .c . preserve Poisson bracket &

Hamilton's egus) ?
It turns out yes,

but only if we use a special choice of I :

actions :
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paths through orbital phase space .

Taking P = 5
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3. Fundamentals of Kinetic theory

Klimontovich DF

f (
,
t) = m(F-Fi(H)G(u - vi(t)

Normalized S . t . SdrdfR=fdrg
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Thus

#)" (f ,+) = J dr'd'+(,/)fM(r),t)
where (E) = - G

. (This is not the sol to
If - B'l J

DpM = 4Gpm) .

Equs of motion :
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Equivalent to Klimontovich equation
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One can show that =ACR)cos(2(4-dpt)) becomes,
after FT in AA variables

, of the form,
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=> T(t + 0) = (i) Kyt .Jd(t- Kymp)

For isotropic DFs, fol,v) = folr
,
v)

,
it can be shown

that fo(5) = fo (H o (51) = fo(E) . Then
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=> TCt+ 6) = (2[]d5 (4(5) it ( - Kypp)op

=>
sgn (T(t + al) = Sgn(t)

All Stable isotropic DFs foCE) have O (Antonov

=> T(t + a) <0

=> torque on bar is negative
=> bar slows down !

End of dayk (t = 4 . 5 hours).





Best way
to solve (A) is to guess

form of solu then

work out details.
I no collective effect ,

soln would be

[Op15,wi]bare=-(dS
Ansatz (Rostoker) that full soln is
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Plug this in to (*) :
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Similarly one can show F = Afo
,

where

A = (2) mId:
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&

i

. e.

& fo = (Lim .[]d-EOt

~ (t-R)fo()

"Balescu-Lenard equation
"

-implemented for sphere by Weinberg (1980s).
Hamilton+ (2018) , Fonly

+ (2021).

-

implemented for disk by Foury (2015).

- plasma : BL+ Landau

Sdvdh'.-Sd




