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Who am I? Why am | here?



PhD work: SCEX3 and Electron Echo 7

University of Minnesota

A
Two separate NASA sounding rocket experiments m“’ ECHO-7
% . PAYLOAD
. == CONFIGURATION
- Electron Echo 7 o
- 35 keV electron coded pulse electron beam \ =
- Subpayloads with sensors e\ %7
- Measured dipole field line lengths
- SCEX3
- Variable (1-6 keV) coded beam P RN
- Subpayloads with sensors
- Mostly measured instabilities and discharge f\jf,\»]%
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Fig. 1. Configuration of the four free-
flying payloads of ECHO 7. NOSE and
MAIN are on about the same magnetic
field line. PDP and EPP were deployed to
the magnetic south and west of MAIN, re-
spectively. Note the view direction of the

TV camera, which produced the cover
photo.
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PhD work: Shoemaker-Levy 9

- Built up a 2-element decametric array and receiver system in Hartebeesthoek RAO in SA
- No evidence of decametric emission associated with SL-9
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ABSTRACT
Observations were carried out from South Africa (lat. = —25°89, long. = 27269) of the collisions of

fragments A, E, H, Q1, Q2, and S with Jupiter. The excellent observing location and winter ionosphere

allowed observations at important low frequencies not routinely accessible at other sites. Observations

were carried out at 7.06, 8.7, 10.2, and 11.9 MHz, and in the entire band 12.4-34 MHz. No signals which

could definitely be attributed to the collisions were seen. Significant upper limits on the emissions,

depending on frequency and on the observing conditions during the particular impact, were obtained.

Subject headings: comets: individual (Shoemaker-Levy 9) — planets and satellites: individual (Jupiter) —
radio continuum: solar system



Cluster 1 mission spacecraft!

e Postdoctoral Career
e 1994-1997 - Astronomy Unit, QMW with Steve Schwartz and David Burgess

* Professional Career
* 1997-2004 - Assistant Research Physicist, Space Sciences Lab, UC Berkeley
* 2004-2006 - Assistant Professor of Physics, Physics Dept, UC Berkeley
* 2006-2009 - Associate Professor of Physics, Physics Dept, UC Berkeley
* 2009-date - Professor of Physics, Physics Dept, UC Berkeley
e 2008-2018 - Director of the Space Sciences Laboratory, UC Berkeley

‘Wihd spacecraftly,

- ) NASA Pl for several instruments (in flight and in development)
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" - Five voltage sensors

V1-V4 electric antennas
7 - Two Fluxgate magnetometers
/\ 4 - One search-coil magnetometer
/ - Main Electronics Package
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We use ‘measurements’
(Parker Solar Probe/FIELDS Instrument)
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> numbers 01101010011 come out with clock pulses... and we
use software to turn these into ‘engineering’ units vs time




-3 WIKIPEDIA

o The Free Encyclopedia

Q_ Search Wikipedia Search Create account Login eee

XA 3 languages v

English Engineering Units
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Read Edit View history Tools v

(Top) From Wikipedia, the free encyclopedia TABLE 1
Definition

Some fields of engineering in the United States use a system of measurement of physical quantities

Vv Hist d et l % < g s 3 5 g :
D RN Engineering Units.|"12] Despite its name, the system is based on United States customary units of

M.K.S. UNITS AND THEIR CORRESPONDING C.G.S. UNITS
British Engineering Units
C.G.8.U. M.K.8.U.

See also Definition [edit] IN ONE IN ONE
NO.  QUANTITY SYMBOL M.K.S.U. C.0.8.U. M.K.S.U. C.G.S.U.
Notes The English Engineering Units is a system of consistent units used in the United States. The set is ( Mechanic
References and definitive conversions to the International System of Units.[]
1 Length L meter centimeter 102 10—
Dimension English Engineering Unit Sl unit Unit conversion 2 Mass M Kilogram gram 108 10—
time second (s) second (s) 1s 3 Time T second second 1 1
length foot (ft) metre (m) 0.3048 m 4 Aren . e e 1 -
g | : 5 Volume v m.3 cm.? 10¢ 10-¢
mass pound mass (Ib) kilogram (kg) 0.45359237 kg 6 Frequency f hertz, cy./sec. cy./sec., hertz 1 1
force pound-force (Ibf) newton (N) 4.4482216152605 N 7 Density d kg./m.3 g./cm.? 10-% 103
’ @l 8 Specific gravity numeric numeric 1 1|
Electric ‘ 9 Velocity v m./sec. cm./sec. 102 102
30 Em.f. E volt — 10 10-% 10 Slowness sec./m. sec./cm. 10— 102
31 Pot. gradient H, volt/m. J— 106 10— 11 Acceleration a m./sec.? cm./sec.? 102 102
32 Resistance R ohm —_— 10° 10-° 12 Force F joule/m. dyne 108 105
33 Resistivity I3 ohm.meter — 101 10— ase units, and New 13 Pressure p joule/m.? barye 10 10!
34 Conductance G mho, siemens B 10— 10° 14 Angle a, B radian radian 1 1
35 Conductivity ¥ mho/m., siemens/m.—— 10—t 101 15 Ang. velocity ) rad./sec. rad./sec. 1 1
gg ?mt;:‘:e jx °:m p So—— ig: :g_: 16 Torque T joule/radian dyne 1 cm. 107 107
mpe ce z ohm ——— = : 3 2 2 7 -7
38 Quantity 5 coalents - 10-1 10t 17 Moment of inertia J kg. m. g. cm. 10 10
39 Displacement Q coulomb —_— 10— 10
40 Current 1 ampere —_ 10—t 10t
41 Current density t ampere/m.? —_— 10—% 108 . . . .
42 Capacitance ¢ farad e 10-* 100 These units are great for exchanging information between
43 Spec. ind. capy. e/e numeric numeric 1 1
Mapesicc humans about human-made stuff. But they are made up by
44 Flux ®  weber maxwell 108 10-3 us. Nature knows (almost) nothing about them.
45 Flux density B weber/m.? gauss 10¢ 10—
46 Inductance L henry 10 10~
47 Rel. permeability u/ue  numeric numeric 1 1
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Solar wind speed is bimodal

Ulysses First Orbit
SWOOPS

Speed [km s™]

® Outward IMF

® Inward IMF

Ulysses Second Orbit

Average Monthly
and
Sunspot Number

2002 2004

McComas et al., Geophys. Res. Lett., 2003.

Fast wind {1 AU)
Vew ~ 500-1000 km/s

Tp ~10-20 eV

Te ~ 5-20 eV

n~1-10 cm-3

B~ 5nT, éB is larger
p~1

Slow wind (1 AU)
Vew ~ 250-500 km/s

T, ~5-20 eV

Te ~ 5-20 eV

n~ 5-25 cm-3

B~5nT

Fast wind emerges from coronal holes,
Slow wind from streamer belt (?)

(McComas et al.)



THE ASTROPHYSICAL JOURNAL, 849:126 (10pp), 2017 November 10 (Kasp er et al 2017) Kasper et al.
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Figure 1. Two-dimensional histograms of the distributions of T’ ,, /7] », T.. /T, and AV, /Cy as functions of solar wind speed U (left) and Coulomb number N (right).

While nonthermal solar wind is generally associated with high speeds, these distributions suggest that the occurrence frequency is really determined by the Coulomb
number N.



THE ASTROPHYSICAL JOURNAL, 849:126 (10pp), 2017 November 10

Relative Frequency

0 0.1 0.2 0.3 0;4 0.5 0.6 0.7 0.8 0.9 1

(Kasper et al., 2017)

Kasper et al.

15
Collisional isotropization e
a 1 SSSSs====cosemmmssssess
S
dt .
0
g dx
—_— = =V X
- dt
S
Sk dx R
) == pdt = —v——
xr Vsw
0
R
05 T oXe vUsw ,
(.)< = Lﬁk
s 0
2 ...and this is precisely what is observed =
-0.5 '
1072 107 10° 10"

Coulomb Number N

Figure 1. Two-dimensional histograms of the distributions of T, /7] ,,, T, /T,, and AV, /C4 as functions of solar wind speed U (left) and Coulomb number N¢ (right).
While nonthermal solar wind is generally associated with high speeds, these distributions suggest that the occurrence frequency is really determined by the Coulomb
number N.
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Figure 1. Two-dimensional histograms of the distributions of T, /7] ,,, T, /T,, and AV, /C4 as functions of solar wind speed U (left) and Coulomb number N¢ (right).
While nonthermal solar wind is generally associated with high speeds, these distributions suggest that the occurrence frequency is really determined by the Coulomb
number N .



Solar wind speed is bimodal

Ulysses First Orbit

@ Outward IMF

® Inward IMF

Ulysses Second Orbit

Average Monthly
and
Sunspot Number

2000 2002 2004

McComas et al., Geophys. Res. Lett., 2003.

Fast wind {1 AU)
Vaw ~ 500-1000 km/s

T, ~10-20 eV

Te ~ 5-20 eV

n~ 1-10 cm-3

B~ 5nT, éB is larger

p 1

Slow wind (1 AU)
Vew ~ 200-500 km/s

T, ~5-20 eV

Te ~ 5-20 eV

n~ 5-25 cm-3

B~5nT

8~ 1

Fast wind emerges from coronal holes,
Slow wind from streamer belt (?)

(McComas et al.)



But The Solar Wind Energy Flux ...is not bimodal 199
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(LeChat et al, 2012)
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Several years of Wind spacecraft measurements in the ambient solar wind
- entirely unremarkable as a time series
- when organized as temperature anisotropy vs plasma beta reveals the
presence of two fundamental instabilities being excited by solar wind
expansion —a new energy pathway in turbulence

(Hellinger et al., 2006; Bale et al.,
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Summary:

* Choose your data analysis variables based on the physics at
hand, not simply on what’s available out of the box
* Think carefully about how to create composite variables,
merge datasets, etc.
* Best cadences
e Spectral filters and downsampling
* Median/mode filters
* When you become an instrument Pl, be pushy about

this...



Coordinate systems

* Choose your coordinate system based on the physics at
hand, not simply on what’s available out of the box

 Measurements start out in ‘instrument’ coordinates and are
usually given to us in some simple system
* Geocentric Solar Ecliptic (GSE)

* Geocentric Solar Magnetic (GSM)
* RTN



‘Foreshock Coordinates’

f(v)

A.‘/ AMBIENT PLASMA

VOL. 6, NO. 5 GEOPHYSICAL RESEARCH LETTERS MAY 1979

;

THIN SHEETS OF ENERGETIC ELECTRONS UPSTREAM FROM THE EARTH’S BOW SHOCK

K. A. Anderson, R. P. Lin, F. Martel
Space Sciences Laboratory, University of California, Berkeley, CA 94720 %ﬂ/ UNSTABLE
C.S. Lin and G. K. Parks Ve
Geophysics Program, University of Washington, Seattle, WA 98105
H. Réme
Université Paul Sabatier, Toulouse, France f__/'/ UNSTABLE
Ve
VOL. 84, NO. A4 JOURNAL OF GEOPHYSICAL RESEARCH o f’ NP
Ve
ELECTROSTATIC NOISE AT THE PLASMA FREQUENCY Bow Shock
BEYOND THE EARTH'S BOW SHOCK _E’/ STABLE

Paul C. Filbert and Paul J. Kellogg

School of Physics and Astronomy, University of Minnesota, Minneapol

(Filbert and Kellogg, 1979)

Fig. 9. Geometry of the electron velocity dis-
tribution.



Distribution of electron-beam excited waves upstream of the bow shock in
‘Foreshock’ coordinates

702 Y. Kasaba et al.
(a) Langmuir wave (b) <fp emission
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Fig. 4. Spatial distribution of (a) Langmuir waves and (b) 2fp emissions on ' Diff-Dist' coordinates



Minimum variance systems

Simple example of Principal Component

Analysis (PCA) for a 3-vector (vs time)

Find a unit vector 72 that minimizes

Z| —(B))-af

...gives a rotation matrix
M; ; = (BiB;) — (Bi) (Bj)

whose eigenvectors are unit vectors
corresponding to the minimum,
intermediate, and maximum variance

directions.

leaked protons
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Simple current sheet geometry and divergence-
free magnetic field

—

V-B=0

(also nice for shocks and other boundaries)

There are more sophisticated versions of this: PCA, Faraday
residue, deHoffman-Teller frames, etc.
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Sun-centered, heliographic
coordinate system

Fixed on the solar surface,
rotating (sidereal) from an
inertial frame POV

Parker Solar Probe (PSP)
trajectories in inertial
coordinate system

Parker Solar Probe (PSP)
trajectories in Carrington
coordinate system

'Carrington Coordinates’

Inertial Coordinates Carrington Coordinates
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Figure 1. Orbital Geometry of the 13.3 R ; orbit family. Parker's E10 orbital track projected into the solar equatorial plane is shown in black with EO1 shown in yellow
for contrast. Black squares are spaced 24 hr apart. Faint gray curves show the full prime mission trajectory (i.e., 24 orbits). The left-hand panel shows the inertial J2000
reference frame for which the orbit's elliptical nature and decreasing perihelion is clear. The right-hand panel shows the Carrington frame, which is most relevant for
source mapping. This frame demonstrates the enormous range of solar longitude traversed by Parker in its latter orbits over just a few days around perihelion. Cyan
shading shows the ~9-day interval of E10 where Parker co-rotates or super-rotates with respect to the Sun, which is the focus of this study.

(Badman et al., 2023)



Potential Field Source Surface (PFSS) Models

Current-free model
Steady state

Inner boundary condition (1/2) v-Be0

e Magnetogram data SOURCE SURFACE o ,/
Outer boundary condition (2/3) v B +.+, Sanll
‘Source Surface’ foosmere N

* Radius from which solar wind ‘escapes’ 1 4 2 —
Ballistic propagation from PSP/SO back to 2 ?\\\‘\\.\\1\: :::“\\\:— )
Source Surface 3 ; \ NN e
PFSS from Source Surface to photosphere Y s \\‘\ -
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Time series data from Parker Solar Probe
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Carrington Y / AU

PFSS/Ballistic

Footpoint mapping

e |dentify distinct coronal
hole sources for solar wind
streams
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(Badman et al., 2020)

ADAPT-GONG PFSS Model for 2021/11/15
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Carrington Longitude
(Badman et al., 2023)



Now with 2 spacecraft - Parker Solar Probe and Solar Orbiter data — time series
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PSP and Solar Orbiter data in Carrington Coordinates

Coronal holes

_1_00#
0
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* Allows cross-platform data analysis (i.e. use

SO data to study PSP phenomena)
e Radial evolution of solar wind structure

(Ervin et al., 2023)
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Units and Coordinate systems

* Choose your data analysis variables based on the physics at
hand, not simply on what’s available out of the box

* Choose your coordinate systems based on the physics at
hand, not simply on what’s available out of the box



