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Magnetic effects on modes



The canonical picture of sunspot formation
Kishore Gopalakrishnan
(kishoreg@iucaa.in) 3

Flux tubes rising from the bottom of the
convection zone

(Babcock 1961)



Problem: f mode strengthens too early
Kishore Gopalakrishnan
(kishoreg@iucaa.in) 4

▶ Rising flux tubes cross the top
10Mm of the CZ in a few hours
(Cheung et al. 2010)

▶ f mode strengthens 48 hours before
emergence (Singh, Raichur, and
Brandenburg 2016; Waidele et al.
2023)

Figures from Singh, Raichur, and Brandenburg (2016)



Another problem: Joy’s law develops too late
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(Kosovichev and Stenflo 2008; Schunker et al. 2020)

Figure from Schunker et al. (2020)



Prior art
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Analytical work (Miles, Allen,
and Roberts 1992; Rui and Fuller
2023; Tripathi and Mitra 2022,
2024)

Simplified 2D forced-
turbulence simulations (Singh,
Brandenburg, and Rheinhardt
2014; Singh et al. 2015, 2020)

(Singh et al. 2020)



Simulation setup
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Prescribed magnetic field

Lx = Ly = 16Lz

Nx × Ny × Nz = 11522 × 288

Pencil code

https://pencil-code.nordita.org

https://pencil-code.nordita.org


The non-magnetic case
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The modes we see
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Example of a mode profile
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Magnetic field configuration
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k-ω diagram in a magnetic case
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k = 0 strengthening similar to

‘Bloch modes’ (Singh,

Brandenburg, and Rheinhardt

2014)?



Magnetic effects on the f mode
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mode by an order of
magnitude

▶ Effect is transient



Summary
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▶ First convection simulations which show magnetic strengthening of f modes

▶ Magnetic strengthening of the f mode is transient

Future

▶ More realistic, time-dependent magnetic field
configurations

▶ Helioseismic inversions for subsurface magnetic fields
▶ Magnetic effects on inertial modes



Radial nodes of the p mode



The observational consensus
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(Duvall 1982) (Schunker et al. 2011)



From simulations
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“p0” mode?

(Singh et al. 2015)



Linearized perturbation equations
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(Birch, Kosovichev, and Duvall 2004; Schunker et al. 2011)
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√
ρ0c

Boundary conditions:

▶ Bottom: impenetrable

▶ Top: zero Lagrangian pressure pert.



Change of node number along a ridge!
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But does it matter for the Sun?
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In which ADIPLS disrupts our clean story
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More confusion, courtesy ADIPLS
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Summary of today’s talk
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Nodes of p modes

The number of radial nodes of a p mode ridge is wavenumber-dependent

Spherical effects are messy

Magnetic effects on the f mode

Large-scale magnetic fields strengthen the f mode (transiently) only if near the
surface



THE END

You should’ve stopped at the previous slide
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Backup slides



Large-scale magnetic field configuration
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k-ω diagram for ST
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Boundary conditions
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Impenetrable:

y2(zb) = 0

Zero Lagrangian pressure perturbation:

δp ≡ ∂p + ξ · ∇p

Corresponding BC is

ωy1 −
y2
ρ0c

dp0
dz

= 0



Some eigenfunctions
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