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Mass Contribution to Coronal Mass Ejections(CMEs) from Plasma Flow in Dim-
ming Regions
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Coronal mass ejections (CMESs) associated with solar flares profoundly perturb the Sun — Earth system, driving geomag-
netic storms and diverse societal impacts. The total CME mass may be supplied not only by the erupting core but also by
surrounding coronal regions that exhibit long-lasting intensity depletion ( “coronal dimming”). Sustained EUV upflows ob-
served over several hours in these regions—often termed “dimming flows”— suggest a continuous mass supply. For the 2006
December 14 X1.5 flare, Jin et al. (2009) used Hinode/EIS to estimate the dimming-flow contribution and found it to exceed
the LASCO-inferred CME mass by about an order of magnitude, implying potential underestimation of CME mass budgets.

To quantitatively evaluate whether CME - ejected mass can exceed conventional estimates by an order of magnitude, this
study estimates the mass contribution of dimming flows to the CME mass budget. Using extreme-ultraviolet (EUV) obser-
vations from SDO/AIA, we identified dimming regions following the methodology of Dissauer et al. (2018). We further
estimated plasma densities from the observations and, by assuming flow speeds, calculated the ongoing mass supply rate
associated with the dimming flows. As a result, for multiple events we find that incorporating the contribution of dimming
flows can increase the inferred CME mass by up to approximately one order of magnitude relative to conventional estimates.
We also re-examine the relationship between magnetic-field strength and Doppler velocity proposed by Jin et al. (2009),
reassess dimming-flow velocities via spectroscopic analysis, and discuss the underlying physical mechanisms.
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