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On 2018/01/08 MMS observed an interplanetary

I nt rOd U Ct'O N shock driven by a corotating interaction region

(CIR) on 06.41 UTC

MMS1 Observation: Magnetic Field MMS1 Observation: lon Velocity
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Cleaning up FPI
measurements of

— Raw Data

SO I a r Wi n d —— Repetitive Hampel Filtering

Hampel + Lowpass at 1.5 hz

* Issues of FPI (Fast plasma investigator): It
is not designed for solar wind
measurement

* Periodic noise corresponds to spin
tone period: = 19.67 s and its
harmonics

e Large amplitude fluctuations

* Apply HampeI.Ell:terlng__Based TeChanue 06:37:30 06:38:00 06:38:30 06:39:00 06:39:30 06:40:00 06:40:30 06:41:00
to remove artificial noise Time of 2018-01-08 (UTC)

* Based on Bandyopadhyay et al. 2018
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Energy Transfer Rate (€) calculation

* Assuming Taylor’s frozen in condition

* Inertial Scale : Kolmogorov-Yaglom Law (Third-Order Law)

YE(r) = - g eX(Vow)T

YE(1) = <|Azi(r; O|* Az (T 1) > Z¥ =v;+b

* Energy containing scale: Von Karman Analysis
d(Zi)z (Zi)ZZJ’

—_— o a
dt +

et =

et+e

* Mean energy transfer rate: € =

20 May 2022 EGU General Assembly 2022



Energy Transfer Rate: Inertial scale

—>— Y% upstream
—>»— Y~ upstream
—— YT downstream
—¢— Y~ downstream

20 May 2022

102

e (kJ kg™'s™)

Upstream Downstream

MMS1 4.9 £+ 0.3 12 £ 1
MMS2 4.7 £ 0.3 14 £ 1
MMS3 5.0 £ 0.3 13.7 = 0.9
MMS4 4.6 £+ 0.3 12 £ 1

Table 1. Turbulence energy transfer rate in inertial scale
at upstream and downstream region of a shock. The values
estimated from third-order law
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Energy Transfer
Rate: Energy e (kJ kg™ s77)
containing scale

Upstream Downstream

e Using Von Karman — MMS51 2.8 £ 0.5 20 = 1
Howarth decay law MMS2 3.0 + 0.6 20 + 3

e a, = a_ = 0.055, due
to+high Reynolds number MMS3 2.9+ 0.6 21 £ 3
MMS4 2.8 £+ 0.5 19 £ 3

Table 2. Turbulence energy transfer rate at upstream and
downstream region of a shock. The values estimated from
Von Karman analysis

20 May 2022 EGU General Assembly 2022



Discussion
Conclusion

20 May 2022

In this work, we analyzed the energy dissipation
rate of turbulence in the regions upstream and
downstream of the interplanetary shock (IP)
observed by the MMS on 8 January 2018.

The turbulent energy transfer rate is calculated
from both the third-order law (for the inertial
range) and von Karman decay law (for the energy-
containing range)

The analysis shows that the downstream region
has a higher transfer rate, and the turbulence has
developed to smaller scales compared to the
upstream region.

Potentially further research should examine
different IP shocks with a longer duration of burst
mode data from MMS or other missions.
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MMS position during the [P shock

MMS Location for 2018-01-08 06:00:00 UTC

OVMS1 SVIVS2 SVIMS3
Large diamond at plot time, then smaller diamonds for 12 hours following.
Probable magnetopause indicated by black line and shaded boundaries (*g).
Gold shaded segments represent science ROls.
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Density profile at the IP shock

MMS1 Observation: Electron Density

20 May 2022

Upstream Region Downstream Region

06:38:00 06:39:00 06:40:00 06:41:00 06:42:00 06:43:00
Time of 2018-01-08 (UTC)
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SW angle

* Angle between Solar wind velocity and X_GSE (Radial): 8, =

* MMS1
* O, upsteam = 177.08 deg, 6, downstream = 172.03 deg

* MMS2
* 0, upstream = 177.16 deg, 6, downstream = 172.04 deg

* MMS3
* 0, upstream = 177.26 deg, 0, downstream = 172.11 deg

* MMS4
* 0, upstream = 177.28 deg, 6, downstream = 172.09 deg
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{.xi if [x; — myl < nsSi.

m; 1f |x; — m;| > n,S;,

* Apply Hampel Filtering - Based
Technique (Bandyopadhyay et al.
2018)

* Using Moving Window Length =20s
* n-sigma=1
* Apply Hampel filtering two times in
Low-pass filter at 1.5 Hz same data set
T e * Low pass filter at 1.5 Hz

* Remove 40 data points at edge

* Based on Bandyopadhyay et al. 2018

Remove edges on the
start and end of data
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Effectiveness of Hampel Filtering

Fourier Spectrum - lon Velocity Magnitude - Use Hampel Filtering (1 sigma)

Upstream Downstream — Raw Data
104 104 —— Repetitive Hampel Filtering
— Raw Raw Hampel + Lowpass at 1.5 hz
—— Filtered —— HFiltered

—— Repetitive Filtered —— Repetitive Filtered

» | - 06:37:30 06:38:00 06:38:30 06:39:00 06:39:30 06:40:00 06:40:30 06:41:00
10 10 Time of 2018-01-08 (UTC)
Frequency Frequency
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Elsasser Increment Calculation

* Find AZ* = Z¥(t + 1) — Z*(t)
e Z*=v;+b;v; =V; — (V;),b =B — (B) (in Alfven unit)

* T choice: T = 2™ * Tg;, /32
*n=(-2-1,..6,7)
* Tpin (spin period of S/C) = 19.67
* Reduced more spin tone effect.
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Correlation Function R=(7) = (Z=(t) - Z=(t + ))r.

Rpm Normalized

R+ upstream

R- upstream

R+ downstream
R- downstream

To = [6.74187623] . . .
e 111.0d010367] * Plot of normalized correlation function

SR pofgt with fitted 1/e function
* Correlation scale 7
* From 1/e method
* T range from 2 —12 second
* Due to availability of data, maybe
correlation scale is shorter than it
should be for pristine SW.
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Second Order Function: B and V/;

Second Order Function (B only) all Second Order Function (Vi only) all

1 = upstream 1 = upstream
| = downstream 1 =>— downstream
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MMS1 — Third Order Law

Y* upstream

Y~ upstream

Y+ downstream

Y~ downstream

Slope = 2.83+0.13

Slope = 0.82+0.11

Slope = 10.34+0.65 ==~

Slope = 1.32+0.42 -~
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et upstream =
75+02k] kg~ts™?

€~ upstream =
22+03kJkg~ts?
e downstream =
21+ 1kJ kg~ st

€~ downstream =
39+ 09kJ kg~ 1s1
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MMS2 - Third Order Law

—— YT upstream
—>— Y~ upstream

—>— Y+t downstream
—>— Y~ downstream
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* ¢t upstream =
7.0 + 04kJ kg~ts7t

* €~ upstream =
23 + 03kJkg~tst
e ¢ downstream =
25 + 2kj kg~ ts™?

e ¢~ downstream =
33 + 0.7kJ kg~ ts7t
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MMS3 - Third Order Law
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—>— YT upstream
—>— Y~ upstream
—é— Yt downstream
—>»— Y~ downstream
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et upstream =
7.6 + 03kJkg~ts7t

€~ upstream =
2.5 + 03kJkg~ts7t
€T downstream =
24 + 1kj kg=ts™?

€~ downstream =
3.4 + 08kJkg~tst
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MMS4 - Third Order Law

—é— Y * upstream
—>— Y~ upstream
—¢— Y * downstream
—¢— Y~ downstream
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* ¢t upstream =
7.1 + 03kJkg~ts7t

* €~ upstream =
2.1 + 0.2 kJ kg~ts7t
et downstream =
22 + 1kj kg~ ts™?

e ¢~ downstream =
2.8 + 09kJkg~tst

20



Von Karman Analysis = MMS1 & 2

* MMS3
e et upstream =4.6 £ 0.9 kJ kg~ 1 s~1
e € upstream=1.14+0.1kJ kg ts?!
« et downstream=29+5kJ kg~ ts7?!
* ¢ downstream=10+1kJ kg 1s™?
* MMS4
e et upstream=4.6+09kJ kg~1s71
e €  upstream=134+03kJ kg ts7?!
e et downstream=31+5kJ kg~ 's7!
* ¢~ downstream=884+0.2kJ kg 1s?!

20 May 2022 EGU General Assembly 2022

21



Von Karman Analysis = MMS3 & 4

* MMS3
« et upstream= 45+ 09kJ kg~ ts71
e € upstream=1.2+0.2k] kg 1s™?!
e et downstream=32+5kJ kg~ !s~1
* ¢~ downstream=10+2kJ kg 1t s~ 1
* MMS4
e et upstream=4.44+0.8kJ kg~ts7!
e e  upstream=124+02kJ kg ts?!
« et downstream=29+4kJ kg1 s™1
« ¢~ downstream=9.8+2kJ kg~ls7!
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