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Based CME Magnetic Flux Estimation
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Coronal Mass Ejections (CMEs) are eruptions of plasma and magnetic fields into interplanetary space during solar
events. When a CME with a strong southward magnetic field reaches Earth, it can cause geomagnetic disturbances and
affect infrastructures such as communication and power systems. Predicting CME arrival is therefore essential, and
magnetohydrodynamic (MHD) simulations are widely used. However, these models suffer from uncertainties because errors
in initial conditions from solar observations directly affect forecasts.

Several studies have examined arrival-time uncertainty from initial conditions (Pizzo et al., 2011; Mays et al., 2015; Riley
et al., 2018), but the magnetic flux ®, which strongly controls propagation speed, has been insufficiently investigated. In this
study, we used the heliospheric MHD model SUSANOO-CME (Shiota & Kataoka, 2016) to perform ensemble simulations
by varying CME initial speed, size, magnetic flux, and speed of ambient solar wind independently. We quantified changes
in arrival time due to magnetic flux and its dependence on other variables. We also introduced a parameter diagram listing
combinations of initial conditions and the corresponding arrival times.

Since remote measurement of coronal magnetic fields is challenging, there is no consensus on how to determine ©. We
estimated CME flux from correlations among soft X-ray flux, flare fluence, and photospheric magnetic fields in flare regions
(Kazachenko et al., 2017; Gopalswamy et al., 2018c), and then simulated CMEs associated with C-, M-, and X-class flares.
Using these results and the parameter diagram, we evaluated arrival-time differences caused by flux estimation errors under
different initial conditions. The results show that the impact of flux on arrival time is comparable to other parameters and
becomes stronger with slow ambient solar wind or low CME speed.

For a better determination of @, it is necessary to consider the relationship between the photospheric flux and the flux
supplied to CMEs. This issue will be discussed in this presentation. Calculating coronal magnetic fields with MHD models
is also considered effective. However, the method proposed in this study, combining correlation analysis and parameter
diagrams, is expected to enable faster CME forecasting by minimizing numerical simulations of active-region magnetic
fields and CME propagations.
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