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What kind of data is needed to
improve space weather
predictions?

To what heights do we need
data to be able to reliably
predict the CME ToA at multiple
locations?

How could the data availability
affect space weather
predictions?




CME Two-Front Geometric Structure
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We use the semi-automatic fitting technique implemented by Nikou et al. 2025. It is a minimization based tool that uses the MPFIT IDL routine (Markwardt, C. B. 2009).

The initial implementation included only coronagraph data but it has been adapted to data from EVERY
available remote sensing instrument including CCOR and PUNCH.

COR2A/ STA 2012—-07-12 17:24:00 UT 2

Pros:
 * Less human bias

: *  Efficient
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Step 1: Choose the leading front points Step 2: Initial guesses of the Step 3: Iterative fitting to minimize
model parameters the x% and returns (a) the best model
parameters, (b) the uncertainty of
each model parameter (Nikou et al. 2025)

*: Leading front points obtained by the observations
+: Leading front model points every 5 degrees 4



o H KX x
% %
®

A R

gx x

.
E3

=10 0 10
Y Axis (Rs)
Step 1: Choose the leading front points Step 2: Initial guesses of the

model parameters

Leading front points obtained by the observations
+: Leading front model points every 5 degrees
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Step 3: Iterative fitting to minimize
the x2 and returns (a) the best model
parameters, (b) the uncertainty of
each model parameter

(Nikou+ 2026, to be submitted)
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@ NFl - Semi-automatic Ejecta Reconstructions

PUNCH/NFI 2025—-06+03 03:04:21 UT PUNCH/NFI 2025—-06+03 03:04:21 UT

Ejecta front at ~20 Rs +: Model
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PUNCH/NF| 2025—06-02 23:52:21 UT

COR2A/ STA 2025—06-02T723:53:30UT COR2A/ STA 2025—08-02723:53:30UT

*: Observations +: Model
Ejectafront at ~¥12 Rs




First time to constrain the back side of
the shock in such high distances!!

PUNCH /WFI 2025—11-03 00:16:00 UT




PUNCH/WF| 2025—11-04 04:00:00 UT

Shock front at ~90 Rs

*: Observations +: Model o



PUNCH /WFI 2025—11—04 00:48:00 UT

HY PSR
s LAY

k h the His when used as
a single viewpoint since only part of the shock front is
observed.

Shock front at ~80 Rs

*: Observations +: Model 10



oint Semi-automatic Shock Reconstructions

(WFI —SoloHI — HI1A)

PUNCH/WFI 2025—11-03 19:28:00 UT

: DR
03718:41:36UT

Shock front at ~65 Rs *: Observations +: Model 11




STEREO-A/HI1A
2025/03/28 20:08 UT

SolO/SoloHI 2025/03/28 18:09 UT

+: Model (Nikou+ 2026, to be submitted)

*: Observations Important Note: The results rely only on one viewpoint fittings! 12



f"""* ToA Predicetion Results at Mars

=

Deceleration happened
inside the PUNCH FoV
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The two-phase kinematics model by Paouris & Vourlidas, 2022 was used to predict the ToA at Mars.

(Nikou+ 2026, to be submitted)
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What is the role of the Height

Uncertainties in Space Weather Predictions?

The semi-automatic fitting technique provides event specific uncertainties and it sensitive to the viewpoint used as well as the type of CME studied.

CME Height-Time + Two-Phase Forecast to Mars (358 Rsun)
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(Nikou+ 2026, to be submitted)
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P=%  Discussion'& Conclusions

* Semi-automatic reconstructions reduce user bias, a major source of error in CME reconstructions. Currently
we can reconstruct any CME from every available viewpoint and their combinations.

* Observations from larger solar distances are crucial to better predict the ToA of CMEs at multiple locations.
In the case study presented, observations from lower heights were not enough to capture its deceleration
phase, resulting in early predictions.

* PUNCH will allow for uninterrupted tracking and reconstructions in higher heights that would play a key role
in improving space weather predictions in multiple locations.

* Being able to constrain the back side of the shock in the PUNCH FoV of CMEs close to the limb will lead to
improved height reconstructions and uncertainty estimations.

 We are also looking forward to using PUNCH’s polarimetric capabilities that would help us better constrain
the CME envelope and lead to more reliable reconstructions and space weather predictions in multiple
locations.

We are working on making the fitting tool available to the community in IDL.
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Thank you!
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