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Observing CMEs in Corona and Heliosphere
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Observing CMEs in Corona and Heliosphere

Scale indicates degrees from Sun center:
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Two wavelengths which can observe the CMEs
from corona to heliosphere

Visible white-light and Radio




Current Approach of Space-Weather Research/ Prediction
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Empirical or numerical models

Radio observations fill this observational gap
1. Direct imaging — coronal regime
2. In-direct observations — outer corona and heliospheric regime



Filling Missing Observational Gap of Magnetic Field Measurements

Radio Heliopolarimetry: LES O

(Measuring magnetic fields in the heliosphere using radio

8 . 0842:18.3\LE-2
polarimetry observation)

12
e Polarization angle of linearly polarized emission rotates

as it propagates through a magnetized plasma, which is 4341547

called Faraday Rotation (FR). | 089,6+14‘5;,-'.' /
e This rotation is proportional to, 1’ fneB.dS ' e :

e A CME occultes a linearly polarized sources, due to
CME electron density and magnetic fields, an additional
FR is introduced.

e Measuring this relative FR enables determination of
LoS-averaged magnetic fields, separating electron
density contributions via white-light observations.

e Measured in terms of a frequenc 1ndependent quantity,
rotation measure (RM) = 0.81 x f,n B.dS rad/m?




Filling Missing Observational Gap of Magnetic Field Measurements

Radio Heliopolarimetry:

(Measurmg magnetic fields in the heliosphere using radio 0342“8;_.\“_2

LI YEevz2  What limits the community for not doing at heliosphere

23811{2(5) ¥ . Need wide FoV instrument and sensitive radio polarimetric imager
¢ Low-frequency observation, as FR is proportional to A?
° Ionospheric contribution and heliospheric contribution are
comparable
°

LoS-averaged magnetlc ﬁelds separatmg electron
density contributions via white- hght observations.

e Measured in terms of a frequenc 1ndependent quantity,
rotation measure (RM) = 0.81 x f,n B.dS rad/m?




Precise Separation of lonospheric FR — A Critical Step

ASKAP Low band MeerKAT L-band
--- LOFAR MeerKAT UHF-band Probable RM

CMEs clase to the Sun (< 2%
lonospheric RM

RRM (rad m=2)
‘CMEs far: from the Sun (0.4 AU)

Variations in ionospheric RM
FR at 150 MHz (deg)
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CIRs close to 1 AU

Magnetospheric RM
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Kansabanik & Vourlidas 2024 Oberoi et al., 2012

e Current ionospheric RM prediction models depend on spatially and temporally sparse
GPS/GNSS based measurements.

e RM accuracy obtained over a year timescale using this available method is ~0.1 rad/m?.

e For heliopolarimrtry, accuracy in separation of ionospheric RM should be better than
these values over small timescale.



Precise Separation of lonospheric FR — A Ciritical Step

ASKAP Low band MeerKAT L-band
MeerKAT UHF-band Probable RM

A new technique is formulated to separate ionospheric FR

Main assumptions—

a. Entire array is looking through the same ionospheric patch towards a
certain LoS
b. Geomagnetic field is not changing significantly within few hours
c. TEC gradient perpendicular to LoS varies smoothly
Tested on night time observations

RMS accuracy of RM over 4-minutes of observation ~0.01 rad/m?

For heliopolarimrtry, accuracy in separation of ionospheric RM should be better than
these values over small timescale.




Preliminary Result — First Heliospheric RM Measurements

SKAO-Low Precursor — Murchison Widefield Array (MWA)
128 (currently 144) antenna tiles, 80 - 300 MHz, 30.72 MHz bandwidth, 40 (10) kHz, 0.5 (0.25) s
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Preliminary Result — First Heliospheric RM Measurements

SKAO-Low Precursor — Murchison Widefield Array (MWA)
128 (currently 144) antenna tiles, 80 - 300 MHz, 30.72 MHz bandwidth, 40 (10) kHz, 0.5 (0.25) s
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CME on 2016/01/04 13:36:21
MWA OBSid : 1136180040, Time : 2016-01-07T05:33:42
Area coverage : 92.6%, Sun inside FoV : False
Total sources inside MWA FoV : 27, intersect CME : 26

Reference

source
 17:39:00

Maximum

ARM = 0.56+0.04 rad/m?
z o ARM = -0.210.01 rad/m?

Helioprojective Longitude (Solar-X) [Ro] <|ARM|> =0.13 rad/m2

Helioprojective Latitude (Solar-Y) [Re]

2016—-01-04 05:29UT




Need Synergy with PUNCH : Complementary Observation

Radio Heliopolarimetry provides is the rotation measure, RM oc IneB.dS

How to separate electron density contribution?

White-light observation can help here to provide n_ or fn dS estimation.

Having that, one can estimate LoS averaged magnetlc ﬁeld <B>= fn B.dS/ Jn dS
Currently limited to one direction in the ecliptic plane due to only avallablhty one
STEREO HI

Radio Heliopolarimetry PUNCH White-light data
Sensitive to magnetic field strength Sensitive to density structure
along the LoS Not directly sensitive to magnetic
But combined with electron density field strength

contribution Provide a way to separate density
Need complementary observation to contribution in FR — 360 deg around
separate n_ contribution the Sun




Preparation for of A Global Heliopolarimtery Network
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. 7 i and result were available a
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e New generation large
radio interferometric
arrays are suitable for
these observations.

e (Combining these
instruments as a global
observing network —
continuous observations
over a large heliocentric
distances

MWA and NenuFAR FoV MeerKAT UHF-band MeerKAT L-band LOFAR FoV

Kansabanik & Vourlidas 2024
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Preparation for of A Global Heliopolarimtery Network

Scale indicates degrees from Sun center:
94

|

|

1600 mi

2500 km

NORTH
MERICA

JVLA & OVRO-LWA/
ngVLA ATLANTIC
OCEAN

PACIFIC

OCEAN SOUTH
AMERICA

SOUTHERN OCEAN

© Encyclopaedia Britannica, Inc.

Kansabanik & Vourlidas 2024

NenuFAR !
UROPE

SOUTHERN OCEAN

Fairly new field — almost
no dedicated observation
and result were available a
year ago.

New generation large
radio interferometric
arrays are suitable for
these observations.

Combining these
instruments as a global
observing network —
continuous observations
over a large heliocentric
distances




Helioschedule — Automated Triggered Heliospheric Observation
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telescope for observation

propagation information
and a drag-based

- corenagraph provides CME
propagation information

heliospheric model

SEEDs observation d rvati SEEDs observation

Kansabanik, Vourlidas & Morgan, in prep.
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Helioschedule — Automated Triggered Heliospheric Observation

Helioschedule TH ey
SOHO/LASCO SEEDS Determines telescope Heliosche[()lule

. Space based % Near real-time (1-5 hr pointing and observation . -
W ible ek Intanmard OME. Antalos Determines pointings,

Visi '
“ corenaa: Obti 1 fob ino ti "bservational
- core ag ptimal use of observing time ration and trigger

1. We had 60 hours of MWA observations and 10 hours ASKAP observing pe for observation
time in the last cycle

2. More than 60 CMEs observed with the MWA and 10 CMEs with ASKAP 2024

3. Efficiency increased significantly (blind observations in MWA archive
over 2014 — 2024 only has 23 CMEs)

i)

SEEDs observation Helloschedule ASKAP observation SEEDs observation Helloschedule MWA observation

Kansabanik, Vourlidas & Morgan, in prep.




Conclusions

e Radio Heliopolarimetry : a new way to provide remote sensing estimates of CME
magnetic fields in the heliosphere

e Only possible using new-generation large FoV radio polarimetric imagers — non
solar-dedicated instruments

e Precise ionospheric RM separation is necessary — obtained accuracy of 0.01 rad/m? over
minute to hour timescale

e Precise ionospheric RM separation is necessary — obtained accuracy of 0.01 rad/m? over
minute to hour timescale

e An fully automated triggering is necessary and successfully operational on two of these
instruments — MWA and ASKAP

e Heliospheric imager with 360 degree position angle views are necessary to separate
electron density contribution in measured RM — PUNCH and Heliopolarimetry network
will provide complementary informations.
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