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AR11158 cumulative net sunspot rotation
Penumbral Volume versus Rotation

. Sunspot rotation and solar flare 1.2x10% __ \ ]
occurrence are believedto belinked ! 0° L .
(Brown, 2003). Figure 1 shows the ]
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TV R el s 2 = o ST

AR11158 withanaccompanying flare 120
occurrence timeline along the top. The ol
green vertical bars represent the N
occurrence ofa C-class flare, the blue €0
an M-classand the red an X-class.
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sunspot(e.g. peak field strength, size, 2 S 2.0x107 ]
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the transmission of magnetic energy 80 —
into the solar atmosphere. i i,
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. We aim to establish an understanding 50 Rotation (degrees)

Figure 5: Three side-on views of the magnetic field of the
sunspotat0°,65°and 120° rotation.

Figure 3: Plot showing penumbral volume versus rotation.
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betweenthe physical properties of 80
sunspots (and their rotation) and L T
magneticenergy generation, storage 0 50 100

. As the sunspot rotates, the closed penumbralfield expands, rises and displaces
the overlying, open, umbralfield. The penumbral field continues toriseand
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Numerical Scheme

and release.

Time (hours) starting at 2011-02-13 00:00

Figure 1:Image Credit: Walker (2018)

reachesthe top of the domain.

Energy Storage in the Penumbra .

Excess Magnetic Energy versus Rotation

The sunspot is accelerated fromrest with a sinusoid acceleration
profile; reachinga maximum rotationrateat~32°.

The acceleration introduces an energy contributionfrom the Euler
Force whichisstored in the penumbralfield. This dissipates by ~50°
(shown in figure 4).
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y We use the Lare3d numerical code (Arberet al.2001) rotating 1

under anideal MHD regime. (open)umbral 1.4x10% - Total Excess Energy de Duringthe phase of constant rotation, there is a constant additional

field storesonly a ' Penumoral Excess Energy ] energy contribution from the centrifugal force. We find a sunspot

. We initialise the simulations witha potential magnetic smallamountof & 1.2x10% umbrel Bxcess Eneroy rotating at 48°/hr gains ~5%additional magnetic energy compared

field thatincludes a closedfield penumbra (bluelinesin . =] to a sunspotrotatingat6°/hr.

figure 2) and anopen field umbrz (red and (green lines). ::;:;?i:?:::f % 1.0x10* - ]

The structure of thefield is motivated from observations g sl ] Refe rences

(Keppensand Martinez-Pillet, 1996) but is idealised. e Theclosed & 8.0x10 i

) ) 3 ) penumbralﬁeldis g 5_0x1023 * Arber, T.D.etal (2001), JCP 171(1), 151-181.

. The numerical domain has a stratified density and found to be able 2

temperature profile which mimics the atmosphere to both store T 40x10° - ] . Botha, G.J.J. et al (2008), MNRAS 387(4), 1445-1462.
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above a sunspot. Thefield at the top boundary isfreeto
move.

The sunspot is rotated at the photosphere with a solid
body rotation profile for the umbra (following Botha et

injected magnetic
energy but also
transportitinto
the coronaasa
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consequence of 0 50 100 150 :
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Figure 2: The initial magnetic field configuration. . Flares, PhDthesis, University of Central Lancashire.
beyond the penumbral boundary. & & & expansion. Figure 4: Excess magnetic energy versus rotation. v



