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Galactic Dynamo
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Fig. 3. The titme dependeaence of thhe latitunde—averaceaed function
Cw=h For I — — 107, &= — 1, 7 — 0,01 and ~ — 0O.1. The aolb-—
served valunes of the latitude-averaged function (M) are shown
by filled =guares (for & = O — Morthermnm hemispheaerae, loweaer
Pran=1ly) and fAilled circles (for & = O — Southermn hemisphere,
upper panell, the earror-bars for (A =are shown by wveaertical
limes. IND'ashed-dotted line indicates the time dependence of the
latitunde—averaomeaed Function —&dF2 . The filled diamonds in the
lower panel give the scaled averaged croup sunspot mumbers,
Ft, — seae text Ffor further detadils.




A Shell-Spectral Model of
Galactic Dynamo

80 A — ol = qfh
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Simplest model of a large-scale dynamo (alpha-square)
In principle, it could be any other spectral or grid model

a=a®+al




Shell model
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Based on conservation laws of MHD +
Kolomogorov description of turbulence




Conjugation
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The conditions describe the redistribution of
conserved values between large- and small-scale
variables




Shell model: helicities and
spectra
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_ o L ﬂ | iRl FIG. 1: Simulations of the shell model of foreed MHD tur-
b | v bulence. Evolution of (a) hydrodynamic helicity y*, and (b)
-0.2 ] normalized cross-helicity v°. The energy spectra (c) for ve-
0.5 : locity field {black dots) and magnetic field (gray dots). The
e solid line shows the Kolmogorov's spectrum slope.
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Shell model: Mirror asymmetry
C and helicities

ﬁ-%’e&
5 L]
LN .
gaecd”
]
0 'yu—%
N [ T
[ ]
’.&ﬁ_i_ 8, ®a®
_,.'
-
.
b,
-
L ; ; ;
=01 —0.05 0 0.05 0.1
C

FIG. 2@ Mean hydrodynamie helicity < x® = (black) and
mean current helicity < w7 > (gray) versus the parameter '
defining the mirror asymmetry of the shell model. Any mean
magnetic field is absent.
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FIG. 3: (Color online) Time series for the mean magnetic field energy (thick black line), small-scale magnetic energy E' (green
line) and kinetic energy £ (red lme). Horizontal rows correspond to €= 0,004,016 (from top to bottom). Vertical columns
correspond 1o by, = 1/2,1/8,1/32 (from left to right). Magnetic field does not contribute to a-effect (a® = 0). In black and
white printing out: £ - gray, £ - black.
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FIi=. 4: Cross-correlation funetion of the large secale magnetic
field and o« for & = 0.08; kr = 1,2 (so0lid) and kr = 1/16
(dashed).
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FIG. 5: (Color online) Time series for the mean magnetic field energy, small-scale magnetic energy and kinetic energy for
the same parameters as in Fig. 3 but under the constraint that only the magnetic field contributes to the a-effect {o® = 0).
Notations are the same as in Fig. 3.
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FIG. 6: (Color online) Time series for the mean magnetic field energy, small-scale magnetic energy and kinetic energy for the
same parameters as in Fig. 3, but in the case of both contributions to the a-effect (a = " + o). Notations are the same s in
Fig. 3.
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a’-dynamo under low Prandt] number

103 |

104 |

FIG. 7: Mean values of turbulent kinetic energy (empty
boxes), turbulent magnetic energy (filled diamonds) and
large-scale magnetic energy (crosses) versus magnetic Prandtl
number. Re = 10°, € = 0.08, kr = 1/16. (a) the case of both
contributions to the a-effect (a = o™ +a”), (b) magnetic field
does not contribute (o = a™).
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FIG. 8: (Color online) Time series (top row) and energy spectra (bottom row) of magnetic (gray dots) and kinetic (black dots)
fields for some magnetic Prandt] mmbers Pm = 3-10~% 105, 3- 10~ (from left to right column) and Re = 10°, Value of the
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large-scale magnetic field energy is denoted with large gray dot,
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FIG. 9: Critical magnetic Reynolds number Rm,. for the large-
scale o dynamo (large black circles) and small-seale turbu-
lent dynamo (small black cireles) versus Reynolds number He
(C'=0.08, kr, = 1/16). Results of DNS by Schekochikhin et
al. [28] are shown by croses, results of Ponty et al.[30] are
shown by open cireles. SM results of Stepanov and Plunian
[31] are given by stars.
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