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Solar PL

Solar magnetic activity 
clustering (a stack of 
magnetograms ±45º)

-de Toma et al, 2000



PL in the interplanetary field
Cycle averaged Br

Period 27.03 days

Phase of longitudinal
pattern remained 
steady over 38 years.

-Neugebauer et al, 2000



m-modes
B = Σ Bm(r,θ, t) eimϕ

� m = 0 axisymmetric dipole, no PL

� m = 1, 2, …   PL, westward and eastward drifts

� pole of m =1 dipole from ts of magnetograms:
Br(t,ϕ,θ) = (g(t)cosϕ + h(t)cosϕ) sinθ

ϕmax(t) = atan(h/g)
is used to find its rotation rate



m-modes: field lines



m = 0, 1 modes on the Sun
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Mean-Field Dynamo

∂tBm = rot(Ω x r x + uM x + α − η rot) Bm

�excites m-modes

�eqs are decoupled for axisymmetric α, η



Solar Rotation
Interior Rotation

Pcore = 28.7d   

(synodic)

P(30º)surface≈ Pcore

-Howe et al., 2000



Coupling of m-modes

α = α0(r,θ) + α1(r,θ,ϕ)

∂tBm = rot(Ω x r x + uM x + α0 − η rot)Bm +

+ rot(α1 Bm’ )



m1 coupled to m0



Localization of m modes

m ≠ 0 modes are
excluded from
dif-rotating regions
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Localization of m modes



Conclusions

�m-modes of solar magnetic field give PL

�m1 mode performs the solar cycle due to
coupling to m0 mode

� it is localized near tachocline and around
the starting latitude of AR formation (30º) 
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