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PUNCH polarization = 3D location of scatterer

* Scattering angle ¢y can be established from observed degree of polarization:
PR= 1- F(r) * sin’ Yz .

Z-axis
B £HOMSON Surfagy PR = (1-p)/1+p), where p=pB/B
(PUNCH observables!)
%&» Determining position in 3D space:
y - * PR gives scattering angle x for a
(_%‘ localized structure like a CME front.
Can solve for distance from X=0
e plane, or distance along LOS from TS
‘_4: 8 Sun-Earth distance: 1AU 8 = Position on projected sky plane gives
FSTm ‘ 7 (e therest of the 3D position.
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Twisted croissant model: Thernisien 2011; Hutton & Morgan 2015; 2017 = FORWARD Gibson et al. 2016
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of Z,.=140R
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Front-back ambiguity about the Thomson surface (TS) may thus
be largely resolved for localized structure by observing CME
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punan Polarization diagnostic of CME location and trajectory
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Case 1: Earth-towards View from Earth
’ CME apex e =1.35¢2 CME apex e =132 CME apex e =332
Clues:
* Front solution stays positive X (blue) _ FRONT SOLUTION _
and all points get more positive with ; l - l :
time. MOSTLY NOT GHOST. ! @
* Back solution starts negative (red) but : | . .
may become more positive with time, . ® | e : I
ultimately transitioning to positive X - N -
(blue). MOSTLY GHOST. _ v _ " o
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Case 1: Earth-away

Clues:

* Back solution stays negative (blue) the
whole time but all points get more
negative with time. NEVER GHOST.

* Front solution stays positive (red) the
whole time and all points get more
positive with time. ALYWAYS GHOST.
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Twisted croissant model: Thernisien 2011; Hutton & Morgan 2015; 2017 + density power
law background 2 FORWARD Gibson et al. 2016

Polarization ratio for

Ground truth position along line of sight croissant + background

(distance from Thomson Sphere) i

B angle=0.0000000 Central Meridian=270.00000
= =i =

Position along line of sight
'ﬁ inferred from polarization

. L L i L L L L L L L L
ratio : 5
{Degress —— Azimuthal Equidistant projection)
UNITS: Radians




Flux rope chirality: Polarization provides 3D position of features; Direction of rotation back to

front yields chirality. Deforest et al. 2017
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Left Hand &/ ”/,

Right Hand

Left-hand chirality:
clockwise back to
front

Right-hand chirality:
counterclockwise
back to front

Counterclockwise back to front: right-hand twist.




Twisted croissant CME model (Morgan, 2015; 2016).

Ground truth position Polarization sol’'n Clockwise rotation back to front: IEft- ‘

handed flux rope.

Ground truth position Polarization sol’n

g\

" CME axis center = 50 Ry,

CME axis center =5 R,

Twisted croissant
Earth-toward (oblique)
View from Earth




Conclusions

 The 3D position center-of-mass position of the CME is well captured using
polarization analysis.

 Ambiguity of whether Front vs Back solutions apply can be dealt with by
observing time series, obtaining a localized trajectory for localized sources.

 PUNCH polarization presents a tool for distinguishing between left-handed
and right-handed CME flux ropes, which when coupled with magnetic
polarity information of the CME source predicts Bz.

* PUNCH polarization can diagnose the power-law fall-off of the background
solar wind!
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EXTRA SLIDES
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SOHO/LASCO C3 coronagraph
(matches inner PUNCH FOV)

Eart

Same apparent size
and projected speed

Noised distance from PUNCH polarization ratio
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Coronal mass ejection 3D
trajectory tracking improves

understanding of space weather.
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PUNCH 3D measurements of CME core chirality are the “missing link” between photospheric
magnetograms and forecasts of leading-edge B, (which indicates geoeffectiveness).




Gamera MHD solar wind (driven by WSA-Gibson&Low solar inputs) > FORWARD

Ground truth from model:

position of density center of mass
(relative to X=0 plane)

Even without subtracting off the background, polarization ratio
captures the 3D position of the CME substructure well

Interpreting chirality will require 3D analysis




Using polarization data to diaghose chirality

Left-hand chirality: clockwise back to front Right-hand chirality: counterclockwise back to front (red
(red to blue) to blue)
Left-handed; az=0 deg; el=5 deg Right-handed; az=0 deg; el=5 deg
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Using polarization data to diaghose chirality

Left-hand chirality: clockwise back to front
(red to blue)

3D structure can be rotated,
resolving ambiguity.

Oblique view: circulation clear

Perpendicular to axis: Misleading!!!!
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Lines of sight pass through the near and far sides of the shell of the
croissant. The polarization ratio can diagnose the position of the center

Ghost solution due to two
possible solutions to
v = acos(VPR) —equally
spaced in Front and Back of
the Thomson Surface (TS)

of mass between these localized structures (DeForest et al., 2017)
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Polarization diagnostic of CME trajectory

If CME is earth-directed, LOS-integrated polarization ratio from Front solution accurately reproduces
ground truth center-of-mass position in 3D for low elongations.

Position from polarization ratio:
Back (ghost) solution

7.0
Croissant CME
XPOLB
T | T T T
I 47
61 _
4_ — T '2‘3
=
3
3 L
[nl
) 2 — 10.0
Q
q_ -
oL
0 Tt q-2.3
_2 —
| | | | |

{Y_pas Rsun)
UNITS: Solar Radii

Ground truth from model: position of

density center of mass
Croissant CME "
XPOLG

6l | 4.7

4__ A F12.3

ﬁ 2_— - 10.0
(

0 _— T Fq-2.3

i

{Y_pas Rsun)
UNITS: Solar Radii

View from Earth: ¢ =1.35°

Position from polarization ratio:

Front solution
7.0
Croissant CME
XPOLF
| 4.7
JFq2.3
= r 10.0
TF1-2.3

{Y_pas Rsun)
UNITS: Solar Radii




As the structure expands, some of the CME moves outside the TS.

Back and Front positions
CME center of mass. The
Front solution is still correct.

e
CME apex ghost posmo .
Z,0 =50 R, *

CME apex at mid ¢
elongation: £ =13° :

Back and Front solutions for point at CME apex. In this case,
the Front solution is the correct one.
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Polarization diagnostic of CME trajectory

As the structure expands, some of the CME moves outside the TS. For such View from Earth: =13
points, the Back solution shifts to positive X (blue).
Position from polarization ratio: Ground truth from model: position of Position from polarization ratio:
Back (mostly ghost) solution density center of mass Front solution
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| 7 The entire top part of the CME is now outside the TS, involving the
gl'(\)"f Zli’li’:l at 2'3%{' Back solution. The Front solution still approximately represents th
elong c ground truth for the points that impact the Earth
Line of Sight
Z,,. =140 R,
-------- /Zé
Back solution 7 ;,_ - T ~C:§
appropriate for center of el v \.‘ Quadrature view
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€=33 o
Front solution still '
appropriate for most of the
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that impact the Earthe




_ The entire top part of the CME is now outside the TS, involving the
g&"fgi‘:ii’; f"i ’:?:g, Back solution. The Front solution still approximately represents th
VieW from Earth ground truth for the points that impact the Earth

FORWARD-modeled croissant CME (source=0° longitude, 60° colatitude, width=1, angular_extent=4; CME axis center = 100 R,,,,)

Position from polarization ratio: Ground truth from model: position of Position from polarization ratio:
Back solution density center of mass Front solution
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