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Butterfly diagram for a typical solar cycle:
Propagating waves




Dynamo waves propagation
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End of the Maunder minimum: asymmetric waves
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Beginning of the Maunder minimum
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Stellar activity cycles
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First examples of stellar butterfly diagrams (Kazova et
al., 2010 - above).

Berdyugina and Henry HR 1099 — two activity waves
Propagating in the same latitudinal belt in opposite
directions



Frozen-in magnetic field 5@ ®= SH

Zeldovich o
Krakow, 1972 S @ e



PARKER DYNAMO
QO
By —> BT
Differential rotation
iy o
: Helicity

WKB APPROACH
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Laboratory verification
~Is now under development
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Dynamo (activity) wave as a physical (and mathematical)
phenomenon: specific features
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Parabolic (rather hyperbolic) equations.
Propagation is obligatory combined with excitation.
Preferable direction of propagation.

Moderate variations of the propagation governing
parameters substantially affect the wave amplitude.
Resonant effect are much lower then these
amplitude variations



&. e WKB for dynamo
~e- 7 - waves: impulse is

] N9 an essentially
N\ complex quantity
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Lifshitz problem in
context of dynamo U{‘Z,)

theory — dynamo waves
INgfwo hemispheres
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g% Dynamo models
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Quadrupole solutions +

Independent propagation of two waves In
two separate layers +

For comparison: a coexistence of dipole
waves and steady solutions (galactic disc
and halo) iIs impossible. Enslaved modes.



g8~ Fluctuations of the governing
7\ parameters
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*N=10* N-12=0.01

* Alpha is weak 0.1v

* Alpha fluctuations of about 10%

* Turbulent diffusivity fluctuations1%
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Figure 7. The Waldmeier relations for 1D1 (left) and 2D1 (right) models. The linear
fits are shown the solid lines, the dashed lines shows the fits for the SIDC data and
the dash-dot line - for the NIMV data.



Helicity butterfly diagram (observations)

40"
a0’
5 20
= .
&= 10
L3 .
= (1]
T .
& -10
E
E -20
-30°
-40°
40"
a0
:"z_i 20
& 10
Lz -
= 0
m -
& -10
=
% -20"
-30
-40"

Current helicity H, (107G m ")

L T T
. ® - itypical uncertainty: =
oo O elo @
. - & & 3y O = =
- & W o @ - - - -
- - - - - - -
3 @ OO0 = 5 e
@ a o 0 o =] - - -] (-]
- - a a - T i | =] | a = |
[ ] O Lack W e gl >
a - PR 1 1 a— e a1l —
1990 1955 2000
Time, years
L L . . o o C O
=20 -20--10 -10--5 -5-0 0-5 510 10-20 =20 (=107
Average o, (10°m™")
L T T T ™ T T
Y . - itypical uncertainty:
SNeN | SRR N I
e s 0@ O - ® s @ =
& » =& O o - = & (& = =
= = w @ e O | .
@ gL I O Q g o
e Joc @m0 o 10 - A - B RN
apic " Q) O - 0 0o o 0 e
@ o Ry &
- - - — - 1 1 -— —as -l [— 1 1
1990 1955 2000 2005
Time, yvears ]
] - - o [ ] |:::|
=18 -15--10 -10--5 -5-0 0-5 510 1D-15 =15 (=107}
=ading sunspot is posithes l=adimg sunspot is negative
I . S ] | !
a 40 BO 00 13500 N 40 al =00 1300




Dynamo saturation and magnetic
helicity conservation
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