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Dynamics

e Several physical phenomenon affect the dynamics of space plasmas.
e Rate of influence determines which process dominates.

e We look at two processes:

e Linear microinstablities

e Turbulence
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Linear Instabilities

Temperature anisotropy driven instabilities:

R; =Ty; /T,

Anisotropy = Non-Maxwellian VDF =- Free Energy =
= Unstable = Micro-Instabilities = Growth rate (;)
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Space Plasmas Linear Instabilities

Temperature anisotropy driven instabilities:

R; =Ty; /T,

Anisotropy = Non-Maxwellian VDF =- Free Energy =
= Unstable = Micro-Instabilities = Growth rate (;)

Parallel (k|| B) & Oblique (k }f B) &
Propagating (w; > 0) | Non-Propagating (wy = 0)

T ; >1T); | lon-cyclotron Mirror

(Rj >1) | (Alfven mode) (kinetic slow mode)
T, ; <1T); | Parallel firchose Oblique firehose
(Rj <1) | (fast/whistler mode) | (Alfven mode)

bu.edu (BU) MMS-SWT January 18, 2022 3/14



Space Plasmas Linear Instabilities

Temperature anisotropy driven instabilities:

R; =Ty; /T,

Anisotropy = Non-Maxwellian VDF =- Free Energy =
= Unstable = Micro-Instabilities = Growth rate (;)

Parallel (k|| B) & Oblique (k }f B) &
Propagating (w; > 0) | Non-Propagating (wy = 0)

T ; >1T); | lon-cyclotron Mirror

(Rj >1) | (Alfven mode) (kinetic slow mode)
T, ; <1T); | Parallel firchose Oblique firehose
(Rj <1) | (fast/whistler mode) | (Alfven mode)

B = nj kp 1]
VT B2/ (2 o)
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ST GBI GEEE Turbulence

Non-linear time-scale:

where wy is the non-linear frequency corresponding to a lag ¢, given by:
Wnl ~ 6b£/€

where 6by is the change in the longitudinal magnetic field:

5by = | [b(r + £) — b(r)]

where b is the total magnetic field expressed in local Alfvén speed
units (b = B/, /ftonpymy)
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Turbulence

For our study,

0 =1/kmax

where ky.x is the wavevector corresponding to the strongest
microinstability present in the system.

Strongest rate of microinstability growth rate is given by:

Fax = max ('Ymax,cyclotrona “Ymax,mirror; Ymax, ||firchose> Vmax,Hﬁrehose)
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Observational Evidence

These analysis would lead us to conclude that the plasma dynamics
will always be dictated by non-linear processes.
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Observational Evidence

‘ Probability Density Probability Density
1073 102 10~ 10°° 10 10!

|

p F N b

\\' cyclotron F \.\ \ cyclotron 1

N r N \ yarallel )

\. mirror F \, mirror 1

\‘\ \«\ oblique firehose oblique firehose
= 2
& ISE
E 2
g! Q 100
Il Il
= o
A 7/Qp = 1072 7/ = 1072
N '/ ‘l. Lt N N L4 i —1 il Ll Lol by iuul L
17 o T S U (A TR 1 101 102
_ " 2
Byp = 2ponpks T,/ B? Bl = 2ponpksT)p/ B
(a) MMS magnetosheath observation (b) WIND observation

MMS-SWT January 18, 2022 10/ 14



M MS

i

10! 10% 10~ 10- 1072

107 lb1 10% l[l)l 107 1(‘]l 107 I(IJl 10?
Bip = 2uonyksTy,/ B Bp = 2ok T,/ B Bip = 2monypksTy,/ B Bip = 2uonykeTy,/ B

MMS magnetosheath observation

MMS-SWT January 18, 2022 11/14



i WND

Lo 1

102 10~! 1 10" 10%

16“ l[I)U
Byp = 2uonykeT,/ B Bp = 2ok T,/ B Bip = 2monypksTy,/ B Bip = 2uonykeTy,/ B

WIND observation

MMS-SWT January 18, 2022 12 /14



LU
Bp = 2ponyke T,/ B2

L L L
107 107 1071071

Bip = 2ponpks T,/ B?

(a) 3-D PIC Simulation

L L L
107 107 10°

Bip = 2uonyki T,/ B>

1077

MMS-SWT

| , \
107 107 107
Bp = 2uonykp T,/ B

I(IJ“ 1077

January 18, 2022 13 /14



Conclusion

Conclusions:

We investigated the linear and non-linear time scales of plasma in
6 different datasets.

For all datasets, we found that, statisticlly, non-linear time scales
are almost always smaller than linear time scales.

This might lead one to conclude that the plasma dynamics will
always be dictated by non-linear processes and linear processes
will have little effect on the plasma dynamics.

Observational evidence suggests otherwise.

Distribution of two time scales on (5HP, Ry)-plane sheds some light
on why the linear processes might still affect the dynamics of the
plasma.
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