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Part 1 o .
Mode composition in MHD perturbations

FIELDS

e » Solar wind provides an excellent laboratory for studying

> \ ke ubiquitous plasma turbulence from magnetohydrodynamic
hoie 2ok tri . .
o _—//Antennae;c A (MHD) to kinetic scales (e.g., Verscharen et al. 2019).
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ISOIS

= Detectors

e al > MHD perturbations can be decomposed into three types of
linear eigenmodes: Alfvén, fast, and slow modes (eg.,

lon and Electron Analyzers //’v \ Glassmeier et al. 1995).

Fluxgate Magnetometers /
[Parker Solar Probe and Instrumentations.
Credits: UC Berkeley Website]

Search Coil Magnetometer

» Launch Date: August 12th, 2018.
» Orbit Design: perihelia decrease from 35.7 to 9.86 R,.
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Part 1
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Search Coil Magnetometer

Mode composition in MHD perturbations

 In the inertial scale, perturbations are composed of
incompressible and compressible perturbations.

l |

~90%; Alfvén modes The nature remains uncertain.

Magnetic compression 1s often associated with slow modes,

whereas fast modes are often neglected.
e.g., 0B, arise from Alfvén mode and 6B, totally from slow mode
(Chen et al. 2020).

< Whether is the assumption of 0B totally from slow modes

always valid?

» Launch Date: August 12th, 2018.

» Orbit Design: perihelia decrease from 35.7 to 9.86 R,.

Mode decomposition
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Part II An overview of a representative case

Dataset

» The first PSP encounter: 31 Oct. to 12 Nov. 2018.
> Heliocentric distance: between 0.166 and 0.277 AU.

Interval selection criteria

(1) Sub-Alfvénic perturbations (v K V4 and b < By)

(2) Large normalized radial magnetic field (% > 0.8)

= (3) High electromagnetic planarity > +0.8

bt/ (L.lopo)

(4) > 20 minutes in length

1/2
bN/(uopo)

15 events are identified.

20 | i
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Part I1 Mode decomposition methods

(b) The decompostion W@\Jmat@ Singular value decomposition =) wavevectors k
e A ” ':' /‘ The displacement vectors & are expressed as (Cho & Lazarian 2003)
Eaipven = kyxky, (1)
B i Eoow X (—1+a—VD)kyk, + (1 +a—VD)k,ky, (2)
ki i T Erase X (~1+a+VD)kyky + (1 +a +VD)k,k,.(3)

The phase-space velocity, magnetic field, and density are given by

\ e _
SHE 160 k_L,in kBo plane Uk = Vg Alfven + Uk, slow + Uk, fast (4)
_ vk,Alfven b _ Uk, slow | = + b _ kfast 5
I bk,Alfven - BO % 5 Pgsiow — BO |Box€slowl; k. fast — BO |Boxffast| ( )
Kk xky T N\ A slow Crast

I (B, 1
v % Vk,slow + = Uk Yk.fast 7

S’ N = Nisiow + Nk,fast = Ny k-&siow+ No—— k- Efast (6)

\' Cslow Cfast

I
sigi.zhao@desy.de 5



Part IV
ar The comparison of magnetic power

/\ I Pb,Avaen+Pb,fast+Pb,slow -
10°F ) \‘\ AN Py r*Po 1t Pb N ;

. , |4
/] "" '
PSD b/(#opo)2 N "'"" Rl AT 2
(km/s)2/Hz 102 ol e ~u..' Wiar I E
| |I":nl ”u’l

," 'l||!’

10"

107 0.1
Py obs = Ppr + Py 7+ Py i: observed magnetic power
Pp3modes = Pp,aifven™ Pp rast + Pp siow: magnetic power from decomposition analysis

l Pb,obs"’ Pb,3m0des

Confirming the validity of mode decomposition procedure.

I
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Part 1V

(km/5)?/Hz

PSD v + PSD b/(ugpy)Z

(km/s)?/Hz

(a) Total power

=
o
w

P

t, Alfven

P, ssmps
107 107"
f (Hz)
(c) Magnetic power
. _Pb, Alfven _Pb, slow

f (Hz)

Puygr > PyEs

(b) Kinetic power

I:’v, Alfven 3
P . . mimes f -5/3

v, fast

102
f (Hz)

(d) Density power

Kinetic, magnetic, and density power of each MHD mode

2s |Upm(@)]?

2 m(Usm D)2+ |Up i (0)12)
2f1Upm(B)|?

2 m(UUsm B2+ |Up i ()12)

PKEm == 100%X

PMEm == 100%)(

» Alfven mode: Prga~Pyra~31%
» Fast mode: PKEf~17%' PMEf~16%
» Slow mode: Pggs~5%; Pyrs <K 1%




Part 1V
Contributions to magnetic and density compressibility

—Direct observations —Fast mode —Slow mode —electron density QTN

(a) -

| T T T T T

g 2 L : , y
g = . _ L Py rast~Pp,0ps > Pp )l siow

Fast modes provide
most of 4B.

Ce,rast~Cse > Crp siow

Fast modes dominate
magnetic compressibility.

e PTL,SlOWNPne,thl > Pnp,spc >> Pn,fast

| Slow modes dominate
density compressibility.

f (Hz)
Pb,ll,fast

o|B]|

p
— 2 — b,l,slow
Cpp = (_ISBI) r CBB,fast =

, and CBB,SlOW —

Pb,3modes Pb,3modes

The red vertical dashed lines: f = 0.026 Hz. Q



Part 1V

v,thermal

0.01 0.05
f (Hz)

The correlation coefficient between P, 51, and P, 1y0rma; 18 ~ 0.80.

d . ~50/: 0
—€+V-(pv)=0 > Slow mode: PKES 5%; PMES K 1%

Es1ow aligns with By ——>most density ﬂuctuations—l

Slow modes modulate the motion of plasmas, resulting in thermal energy variations
and the inhomogeneous temperature of the plasma.
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Part 1V

Dispersion relations in the plasma flow frame

Wops = Wge —< k >-<V,, >

obs I

< Oyp, > ~163°

=]
+ Alfven : m
= ap2
S 10°F * fast M%%
3 g o was TR
R F © slow N L o apot®
§ I g o B . ®3 ¢ @0 o &,oooooooo :
2™ T we O S | (a)
Dl '
M M M M M M 1 M 1 M
0.001 0.003

Altven- and fast-mode dispersion relations are consistent with observed results.

l

Alfven and fast modes dominate MHD perturbations.

Based on ideal MHD theory, the wave phase Vonaifven = VacosOxp,,
. B . 1
velocity 1s given by Vint = g{(a2 + V) £ [(a® +VE)? - 4a2V560529k30]5}
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Part 1V

Collisionless damping of compressible modes

— — |

™ ' P

=2 4 "Fﬁ#‘hﬁt\ﬂ \
T 10 :

f (Hz)

» Both Y4, and Yy, increase with the frequency.
» Vslow 18 Systematically larger than y ;.

. in%e . . 1
Fast-mode damping rate of w for f < 1 and Oyp ~1: vras = WATB I e e (— mpﬁ;:T%) +5ep(— g 7))

4 cosOyp, My

(Ginzburg 1961; Yan & Lazarian 2004; Suzuki et al. 2006)
a2
2|cosByip,| 8 m, 1 +%
VA

Slow-mode damping rate (Galeev and Sudan 1983): Y stow =

a’ L
— Z(V—AZ)COSZQRBO]Z
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Part 1V

Collisionless damping of compressible modes

’Yfasthast ’Yslowuslow

Damping power

f (Hz)

Wave energy damping rate
Eslow = fyslowUslow df~2-74‘><105 Jkg™ts™?
€fast = f Vfasthast df~2-66><105 J kg_ls_l

Eslow ~ Efast ~heating rate~2x10°] kg~ 1s™1
(Bandyopadhyay et al. 2020)

e
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Part V: Conclusions

» The radial-field solar wind has a high degree of Alfvénicity (~45%-83%), whereas the often-
neglected fast modes (~16%-43%) dominate over slow modes (~1%-19%).
Pypa~Pgpa~29%; Pxgs~Puer~17.5%. Pxps~7%; Pygs < 1%.

» All our events show that fast modes provide most of the parallel components of the magnetic
field, dominating magnetic compressibility. Slow modes provide most of the density fluctuations,
dominating density compressibility.

» Slow modes modulate the motion of plasmas, leading to thermal energy variations and the

inhomogeneous temperature of the plasma.

» The energy damping rate of compressible modes is comparable to the solar wind heating rate
from simulations.

Thanks for your attention!
IS SSS—S—S————S——————————————-———— SSL_L_oo>o—_eee = —-——-——S———_——__LL_m—i———_—_—__i_Ss_ooo_————————————————————————e_ee_eeeeee,
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