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Detections of coronal mass ejections (CMEs) are rare on cool stars. Can the
suppression of the “torus instability” by stellar magnetic fields explain this?

Torus Instability (Tl) & Stellar Eruption

Fig 1 | Fields & currents in

a toroidal flux rope. The

* TI: expansion instability of current-carrying magnetic flux tube 1s foot points are anchored in
believed to drive many solar CMEs (Fig. 1) the photosphere. The

external field perpendicular

to the rope B, provides the

* External field suppresses TI if the decay index n 1s below a critical RS
strapping field that

value:n = —0dInB;/dInh < n,. [e.g., Kliem & Torok 2006] suppresses the TI. Adapted
from Chen & Krall (2003).

* Large solar flares with no CME can occur even 1if TI 1s suppressed

Potential Field Source Surface (PFSS) Model Fig 2 | PFSS model. The
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(where n, = 1.5) using PFSS model (Fig.2) [Schrijver & DeRosa 2003] distance between the two

flux centroids is a = 20°. o] | z »
* Bipolar magnetic region as starspot pair, modeled after a solar The source surface radius |

template: max field strength 2 kG; size a [Yeates 2020] B g = BBR. iz Hx refpe 19 %
(not present) would be \\\

* Global dipole field with harmonic coefficient g, is modulated by located between the -2

starspots. The starshows | | | 7l LE

a source surface R, where the field becomes radial and open where h,, is calculated. R —T

Interplay Between Starspots and Dipole Fig 3 | Decay index of A —
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starspots (a = 25°) have h, = 0.29R, (Fig. 4) line shows 1, = 1.5. Height (stellar radius)

* Solar dipole (g9 < 10 G): provides little confinement; for = -
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sunspots (a < 10°), h. < 0.08R, (Fig. 5a) o

* Moderate dipole (g1, = 200 G): for large sunspots (a = 10°), s O s
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* Strong dipole (910 = 1000 G): for large starspots (a = 20°), h, N T s - — | |
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increases by tens of percent and approaches upper limit (Fig. 5¢) Height (stellar racius) Height (stellar radius)
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