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Collision can be Coulomb/Grav encounter

* A ‘test’ star approaches a ‘field’ star.

* An ‘encounter’ (0 < 90 deg) with impact parameter b

. b
takes place over timescale Ot ~ 2 -

—

* During which the normal force ~ Gm/b* (my = m,)

Gm b _ 2Gm o

e So that OV~2 ?; — W my

From Wiki



Many random encounters

Number of encounters /unit time with

impact parameters b, b + db
is nv2nrbdb

ThenetX v =20

* Change in squared velocity after many encounter 2 in Diffusion Limit
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The relaxation time

* The time it takes for ((Av)2)~v2
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Plasma vs Gravity
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Another Derivation (El-zant et. al. 2016, 2020)

 Start with power spectrum of density fluctuations
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What is a Power Spectrum? I m S
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From Density to Force fluctuations

» Use Poisson equation Vz(I) — 47TGPO(5-

. Statlonag, homogeneous b = —41G podx k_2
stochastic process

9
* Define force fluctuation power gDF (k ) = Vk 2(‘¢k ‘2>



Fourier Transform = Force Correlation Function

(F(0,0).F(r,t)) = (2;)3 /Pp(k,t)eik'rdk

Look up Wiener Khinchine theorem

T T
dv/di=F mmp v = fo Fdt == ((Av)*) =2 j; (T — 1)(F(0).F(1))dt

Force random and ‘stationary’; statistics do not depend on time (CF. extra materiel)

(F(O)F(1)) =<FO)F(r = vpt))



White Noise and Two Body Relaxation
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[1908.09061] The effect of fluctuating fuzzy axion haloes on

stellar dynamics: a stochastic model Section 2,1



https://arxiv.org/abs/1908.09061

The two relaxation times are equivalent

 Latter method generalizable to cases where the ‘noise’ is more
complicated than simple white noise.

* Examples where fluctuations cannot be described by white noise, but

are nearly power laws, include turbulence --- both compressible and
incompressible.

* Turns out important for effect of gas fluctuations in galaxies



Fluctuations in Hydro of Galaxy Gas
(Hydrodynamic simulation of gas driven by exploding stras
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Mass Fluctuations and Power Spectra (Hashim et. al. 2023);

5 kpc, Edge-on, t=0.784 Gyr Face-on, 5 ki, t=0.784 Gyr
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Repeat: From Density to Force fluctuations

« Use Poisson equation Vz(I) — 47TGPO(5-

. Statlonag, homogeneous b = —41G podx k_2
stochastic process

9
* Define force fluctuation power gDF (k ) = Vk 2(‘¢k ‘2>



Relaxation time for power law fluctuations

T
<(AV)2>=2f (T = 1){F(0).F(1))dt
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El-Zant et. al. (2016)
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https://arxiv.org/pdf/1908.09061

Compare with Observations
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Effect: Mass Migration and Density Reduction
(Needs a whole lecture or more...)

Mass of galaxy within given rad Density
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The Relaxation time for density reduction in
our sample of galaxies
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Final remarks

* The standard, white noise, two body relaxation is ~ same for
plasma and gravity

* In gravity the idea can be generalized to power law spectra
appropriate for fully turbulent gas affecting other galactic
components

e Can explain some properties of galaxies

* Any interesting analogy in plasma?



Extra Material






Derivation of velocity variance from force correlation
1 60 3 . OO 5 2 6 a p p e n d iX B Considering the effect of the random perturbation force in direction

i during a time T, the equation of motion leads to

Elr.!'u" T
— = Vi +f Fi(t)dr, (B1)
dr il

where v, 15 the inital velocity in direction i. The velocity variance
is obtained by averaging this equation:

. 2
Random (Gaussian) force: ensemble average b () = {(ﬁ ) i’m) . f fr{ﬂmﬁ{ﬂ} i o)
can be taken inside intergrals dt 0 Jo
The integrand is symmetrical in r, " and the integration domain
correspond to a square of length T in the corresponding plane. We
can thus replace the integral over the square by twice the integral
over the triangle defined by 0 < v < T and t < * < T so that

T T
{mw}f:lzzf u’rf dr! (Fim)Fir'), (B3)
0 T
which can be rewritten as
, T T =t
{[ﬂw‘r}:ﬁj u’rf dr {Fi T Fir+1n0. (B4
] i

The perturbations being stationary, (F;{r)F;(t+ 1)) = (F{0WF(1)),
the expression simplifies to

r
(A = zf (T = D{F(O)VF(0) di. (B5)
L]

and the total velocity variance is given by

r
{(ﬂ.r,‘lz} = Ef (T =) (F(O)F(1)} dr. (B6)
0


https://arxiv.org/pdf/1603.00526

