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Planetary = Venus
—> Upstream plasma environme

Loss of water from Venus. |. Hydrodynamic escape
of hydrogen (Kasting and Polllack 1983)

H+/0O+ Escape Rate Ratio in the Venus Magnetotalil
and its Dependence on the Solar Cycle
(Persson et al. 2018)




Planetary = Venus
—> Upstream plasma environm

Motivation: characterize waves

Method: minimum variance analysis (MVA)

Question: are wave angles sensitive to coplanarity ?

Venus Express 2006-2012 MAG
instrument (Zhang et al. 2007)
32 samples/second; 42 orbits



lonization, charge separation & mC
> |onosphere, magnetosphere,

VWaves!

...what iIs a wave?

Bow shock

Shock
normal \\




No changes In time series data
—> Any wave interval length/p
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How to choose int./min variance r
— What does “flat” mean?

o 0

Disclaimer: not datal
(Just sine, cosine)
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How to choose Int./min variance
— 347 B, directions (most

Synthetic interval §, ; comparision to 7*7*7 unique directions on a unit sphere (as B-hat)
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3 analysis cases: L10, L50, L1C
of max/int. aspect re

> Range
Aint E/ly > 10
Amin Ax
Amax = AZ < 4
Aint Ay
L10 (= A10)
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3 analysis cases: L10, L50, LT
> Range of max/int. aspect r

100 (most stringent)

50

10 (least stringent)




3 analysis cases: L10, L50, L10
> Range of max/int. aspect re
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Why i1s L10 the least stringent?
> Allowable normal vector pla
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Why is L10 the least stringent?
> Allowable normal vector

1




Why is L10 the least stringent?
—> Allowable normal vector

11.4° = 2*xatan(1/10)
12.7% or 2%x6.3%




Why is L10 the least stringent?
—> Allowable normal vector




Why is L10 the least stringent?
—> Allowable normal vector




Method overview
> Example time series & me

1. Conditions, pre-processing
L10,50,100;
0.1 nT; 0.01 dB/B;

0.5-4.4 Hz; Af 0.1 Hz;
n points: 1.5:3 *cadence;
mean=3#*n;




Method overview
> MAG example of 2/42 VE

1. Conditions, pre-processing
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Time series data
—> Solar wind/foreshock

1.

Conditions, pre-processing
mean=3*n;
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Method overview
> Test loop

2. Interval test loop

Shift by +0.5%n & -0.5%n;
Subtract 0.5%n from start & end;

Sort by A’int./min;
Check for AP in B-normal plane;




Method overview
> Analysis scheme, examples

3. Interval

calculations
HkB’eks;
CH;
Examples;




Method overview
> Analysis scheme, examples

3. Interval
calculations
Examples;

L1O Ay/X > 10, A‘z/y <=4
* descending (worst) Ay/x

L100: A, > 100, 4,, <=4
* ascending (best) /1y/x
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all: frequency-dependent mean window, frequency-dependent max-min interval length

[Hz]



Method overview
> Analysis scheme, examples

Example parameters
BP [Hz] Min actual Min min Max actual Max max Mean factor N intervals Case Batch ID
4.3-4.4 15 12 24 24 0.4598 51 L10 456
4.1-4.2 15 12 24 24 0.4819 69 L100 456
3.95-4.05 15 12 24 24 0.5 83 L50 456
3.55-5.65 17 14 26 27 0.5556 39 L50 932
3.5-3.6 18 15 30 30 0.5634 63 L100 932
3.4-3.5 18 15 30 30 0.5797 51 L10 932
3. Interval
_ 2.85-2.95 22 18 36 36 0.6897 78 L50 390
calculations 2.7-2.8 25 8 36 36 0.7273 69 L10 390
E)(amp/es; 2.15-2.25 27 23 44 45 0.9091 26 L100 390
1.45-1.55 40 33 55 66 1.333 23 L100 440
1.4-1.5 472 35 68 69 1.3793 15 L50 440
0.55-0.65 98 81 162 162 3.333 12 L10 440




Method overview
> Convex hull (CH) interval di

4. Post-processing
AP FAC vxB & FAC VBxB:
CH ratio: sum, max, acos;

0.01 dB/B;




Method overview
> Convex hull (CH) Interval

4. Post-processing
CH ratio; >

FAC-VBB

1. FACxy/MVAyz
(VB cross B)

row |ID

02 0 0.2

CH(FACyy) area FACy,
CH(MVA,,;) area MVA,,

= cos(Oxp)

FAC-vB

y

2. FACxy/MVAyz

(v cross B)

row ID

02 0 0.2
cross(v,B) = x

all: [nT]



Method overview
> Convex hull (CH) Interval

0,5 =486 [degrees], bandpass= 3.45-3.55 [Hz], )\y/xmin =100, start=2011-11-07 06:59:42.388 6,5 = 61.8 [degrees], bandpass=3.3-3.4 [Hz], Ay/xmin =10, start=2008-02-20 04:25:37.429
FAC and MVA wave interval amplitude [nT]
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Method overview
—> Quick look at shocks, histogr

5. Results (L10,L100)
Per orbit;
Per frequency;

Shock type;




Example orbits
> Magnetic field

upstream input for
upstream input for 20110727

20080510 with offset of -0.6 [nT] 6 //

Venus

z




Example orbit
> \Wave vector directions

foreshock k dir. for
46 filters 0.5-5.1 Hz delta f = 0.1 Hz,
2009-02-26 06:43:58.432 until 2009-02-26 07:03:21.652

0.8 —

0.6 —

0.4 —

-0.2

VSO z direction
o
|

-0.4 —

-0.6 —

-0.8 —

-1 -0.5 0 0.5 11 0.5 0 -0.5 -1
VSO x direction VSO y direction



Number of wave intervals
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Frequency histograms 15
> 0.5-1 Hz to 42-2.5 H

‘:’0.5-0.95 Hz, intervals= 21037, )\y/xmin =50, )\Z/ymax =4
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Number of wave intervals
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Frequency histograms 2" half
— 2.5-3 Hz to 4-4.4 Hz

|:|2.5-2.95 Hz, intervals= 31858, /\y/xmin =50, /\Z/ymax =4
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All frequencies: L10 6 . bias
> Why? Nonlinearity (geom

0,q for 0.54-0.55 to 4.3-4.4 Hz, 42 orbits, Ay/xmin= 10,100 Og for 0.54-0.55 to 4.3-4.4 Hz, 42 orbits, )\y/xmin= 10,100
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F(x) proportion of data less than or equal to x (stair steps)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Empirical distribution function (stalr
> Median and dist. compariso

Empirical cumulative distribution function

——L100.5-1 Hz
— — 150 0.5-1 Hz
........ L100 0.5-1 Hz
——L101.0-1.5Hz
— — L501.0-1.5 Hz
L100 1.0-1.5 Hz
——L101.5-2 Hz
— — L501.5-2Hz
........ L100 1.5-2 Hz
——L1102.0-2.5 Hz
— — L502.0-2.5Hz
-------- L100 2.0-2.5 Hz
——L102.5-3Hz
— — L502.5-3Hz
........ L100 2.5-3 Hz
——L103-3.5Hz
— — L503-3.5Hz
........ L100 3-3.5 Hz
——L103.5-4Hz
— — L503.5-4 Hz
........ L100 3.5-4 Hz
——L104-43 Hz
— — L504-4.3 Hz
........ L100 4-4.3 Hz

1 1

10 20 30 60

4
xo[deg reeg?

70 80

90

Statistics

f mid [Hz] z (median) p (median) p (distr.) h (median) h (distr.) Case 1 Case 2 Batch 1D
12.61 e-36 e-30 1 1 10 50

3.95-4.35 -13.72 e-43 e-36 1 1 100 50 456
24.51 e-132 e-106 1 1 10 100
12.52 e-36 e-29 1 1 10

3.4-3.9 -14.2 e-46 e-41 1 1 100 50 932
26.08 e-150 e-131 1 1 10 100
17.33 e-67 e-61 1 1 10 5C

1.7-3.35 -19.28 e-83 e-60 1 1 100 50 390
35.49 e-276 e-215 1 1 10 100
0.0253 0.9798 0.3999 0 0 10 5(

0.45-1.65 -12.42 e-35 e-29 1 1 100 50 440
12.17 e-34 e-30 1 1 10 100




nT
X

0.5

-0.5

2 key distinctions
> 1) non-criteria, 2) more tf

See above
hodogram

Combine adjacent
hodograms
(examples!)

Number of culled intervals

Ratio of A100 to A10 culled interval count, all orbits
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Thank youl!

Key references:

/hang et al. 2007; Sonnerup and Scheivle 1998;
Wilson Il 2016 monograph; Giagkiozis et al. 2018;
Sham et al. 2014; Collinson et al. 2016;
Acknowledgements: NASA, PPPL, snallygasters
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Rotation in B,-normal plane
\ > ook out for long exposur




Rotation in B,-normal plane
\ > ook out for long exposur




Rotation in B,-normal plane
\ > ook out for long exposur




Rotation in B,-normal plane
\ > ook out for long exposur




Rotation in B,-normal plane
\ > ook out for long exposur




Rotation in B,-normal plane
‘ > ook out for long exposur




Rotation in B,-normal plane
‘ > ook out for long exposur




An aside regarding idealized “cat

—> Change envelope dependenc




An aside regarding wave Superpo:
—> For photography
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