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Theory

* \We define the deviation from bi-Maxwellianity as:

1
= L / F0.0.8) = Froger(v. 6. $)|v2 sin Odvdddd
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[Graham, et al., 2021Db]
where

S model(v) —

2 2
Ne Ti,|| exp( (V” — V”)2 (VJ_,I — VJ_) + VJ_,2)

3 : 2 2
vy T Vi Vi (Tis /i)

e \We use ion moments to determine fmodel: n = / F(v)d3v

V = ! /Vf(V)dSU T — P/nk:B

n
We use a bi-Maxwellian because we do not b /(V V(v — V) F(v)dP
want a quantity that scales with T)/T..



-1
Vg (kms™)

N
T

=20 cm3
=4 eV

TJ_ T|| = 0.7

e =012
150 2020-08-09T08:01:03.072436000Z
(@)
100 |
.l.- -I_
50 t d
0 L
-50
-100 t
-150 - . - . -
150 -100 -50 0 50 100 150
-1
Vg, y (kms™)
150 2020-08-09T08:01:03.072436000Z

100 ¢

-50

-100

-150

-150

-100 -50 0 50 100 150

-1
Vg, y kms)

log,, f. (s2 m'5)

Example distributions

150

Observation

100 r

' 50 r

-50
-100
-150 ' ' . ' .
-150 -100 -50 0 50 100 150
-1
Vg, y kms™)
Model
150

100

' 50

VBX(BXv) (kms
o

-100

-150
-150

-100

-50 0 50 100 150
V. ., (kms™)

BxV

log., f (s* m™)

Iog10 f (s2 m'5)

150
(@)
100 +
50 .
T = —
I . I
m n
> -
-50 I -
-100 | IL :I
T
-150 - - . 1 -
-150 -100 -50 0 50 100 150
-1
Vg, y kms™)
150 2020-07-29T01:51:01.493652000Z
100 +
50
1I_(I)
§, 0
m
>
-50
-100
-150
-150 -100 -50 0 50 100 150
-1
Vg, y kms™)

2020-07-29T01:51:01.493652000Z

Iog10 f (s,2 m'5)

Iog10 f (s2 m'5)

n=9cm-=3
T=5¢eV
T_|_ T|| = 1.7

e =056

Observation
150 : . :

100 r

_50 L

VBX(BXv) (kms
o

-100 ¢

-150

(©)

-150 -100 -50 0 50

150

100 |

' 50

-50

-100

-150
-150

-100 -50 0 50

150

150

log.  f. (32 m'5)

log.  f. (32 m'5)



| T 1 [ | T I [ [ T [ I T I [ T 1 [ | | ]

0.6

Q 0.4 ‘ I |
02 -
mwmwmmwuﬂmwmmmumuu - uumm
II ‘IH ” i | I ] ‘II”I‘ ) ‘u

‘ |I II II‘ II m”“ I W b

f o ! Im
II”III " l IIIIII|

. JI A II it IIIIIIIIIII,I IIIII i I II 'II ! il II s I “II

E. (eV)

VAR IIIF III I I \ | I I \ i I I ’I I’IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIII”AIIIIII‘III‘”I‘II‘II H[FIII‘I‘II‘II‘[]IIIJI‘I[l‘llHIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘IIIH T
I

IIHIIIIII‘I‘I‘I‘III‘IIIIIIII‘I IIII\I, \ I

07:00 08:00 09:00 10:00 11:00
2020-08-31 UTC

1/2
> > >
Pi, + P; + P5;

P2 +2P, Py

IP|| P> P13I

Py, P, Py

\P13 P PL|
[Swisdak, 2016]

Solar wind example

 Example of ion Non-

Maxwellianity in the
solar wind.

e Large £ occurs In

turbulent regions in this
example.
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[Servidio, et al., 2016]

Temperature components

o o further investigate the cause of high £, we calculate ‘proper’ temperatures of the
distributions by computing the eigenvalues/vectors of the temperature tensor.
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Relation to turbulence
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[Greco, et al., 2008]



lon-acoustic waves In the solar wind
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lon-acoustic wave examples
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Non-Maxwellianity and ion-acoustic waves
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Conclusions

* lon non-Maxwellianity Is routinely observed in the solar wind.

* lon non-Maxwellianity is not strongly correlation with local
turbulent structures in the solar wina.

» Slightly enhanced non-Maxwellianity is observed at the same
time as ion-acoustic waves. Kinetic instability of ion
distributions is a plausible source of ion-acoustic waves.






