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Fig. 8. Ratio of rotation period and cycle period Prot/Pcycl over mag-
netic and kinetic energy ratio. The black asterisks indicate Pcycl and the

orange asterisks P̃cycl.The red dashed line indicates a power law fit of
Run s M4 to M15.

we find αφφ in the region of interest depends weaker on rota-
tion as predicted from mean-field models. The overall scaling
of αφφ averaged of the simulations might be different, but the
import value of αφφ determining the cycle period comes from
this region. Warnecke et al. (2018) also took into account the
nonlinear quenching of the α effect due to magnetic helicity
conservation (see Brandenburg & Subramanian 2005, for de-
tails) and use the form introduced by Pouquet et al. (1976)

α = −1/3τc u′ · ∇ × u′ + 1/3τc/ρ∇ × b′ · b′, but still could not
find an agreement with the actual measured αφφ; see Fig. 1 and
2 of Warnecke et al. (2018).

Furthermore, we plot the ratio of rotation period and cy-
cle period Prot/Pcycl over Coriolis number (see Fig. 7). We find

a scaling of Prot/Pcycl ∝ Co−0.98±0.04 for the runs with well-
determined cycles. This scaling fits well with the cycle period
predicted by a dynamo wave. Interestingly, Run M0.5 fit well to
this relation, even though we find no polarity reversals there. In
the interpretation of stellar observation, Prot/Pcycl is often used to
determine the quenching of the α effect. If one assumes a linear
dependency of α and ∂Ω/∂r on Ω together with Equation (7),
Prot/Pcycl over Co give an estimate over the rotational quench-
ing of α (e.g., Brandenburg et al. 1998). Moreover, one can go
a step further and plot Prot/Pcycl over magnetic activity, which
is related to the surface magnetic field strengths (e.g., Schrijver
et al. 1989). In case of dynamo simulations we can instead use
the ratio of magnetic and kinetic energy, so-called dynamo ef-
ficiency, to mimic the magnetic activity as in Fig. 8. Then the
Prot/Pcycl dependence on magnetic activity can be interpreted as
the magnetic quenching of the α effect. However, stellar obser-
vations indicate an increase of the α effect with magnetic activity
in the inactive and active branch (Brandenburg et al. 1998; Saar
& Brandenburg 1999; Brandenburg et al. 2017).

In our simulations, the situation is different. As described
above, the radial shear decreases and the α effect increases with
higher rotation rate. Therefore, we cannot use Prot/Pcycl to esti-
mate the quenching of the α effect. The scaling of Prot/Pcycl ∝

Co−0.99±0.04 as shown in Fig. 7 might seem to be expected be-
cause we plot rotation rate over rotation rate, but the Coriolis
number also includes the strength of convection in terms of τc,

Fig. 9. Turbulent (eddy) magnetic diffusivity over Coriolis number Co.
The diffusivity is determined using an estimate of the turbulence in the
simulations ηt = 1/3urms/kf (black) and using the cycle periods as in
Equation (12) (red) and Equation (13) following Roberts & Stix (1972)
(blue). The green dashed line indicates a power law fit of the black
asterisk of Runs M4 to M15.

which is influenced by rotation as well. We do not find any indi-
cation of branches with positive slopes similar to the inactive or
active branch as postulated by Brandenburg et al. (1998). Fur-
thermore, the slope is different from what is found from the
super-active branch, which has a slope of Co−0.43 (Saar & Bran-
denburg 1999).

In Fig. 8, we plot Prot/Pcycl over ratio of magnetic and ki-
netic energy, which can be interpreted as the dynamo efficiency,
we find a scaling of Prot/Pcycl ∝ (Emag/Ekin)−1.29±0.05. The scal-
ing seems to agree qualitatively with what is found in Viviani
et al. (2018). Also, we do not find any indication of a positive
slope and therefore a similarity to the activity branches. It seems
clear that the runs with well-determined cycles cannot be inter-
preted in terms of activity branches with positive slopes. How-
ever, our scaling agrees qualitatively with the suggested transi-
tional branch by Distefano et al. (2017).

Another way to analyze the scaling of the cycle period with
rotation is via the turbulent eddy magnetic diffusivity. In the sat-
urated state the dynamo drivers has to balance to contribution
of the magnetic diffusion. In a αΩ dynamo wave, the balance is
written

ωPY − k2ηt = 0, (10)

where k is a wavenumber and ωPY is given by Equation (7).
Therefore, we can use this equation to calculate ηt based on the
cycle frequency and compare with estimated values using the
turbulent flow of the simulations. Using the first-order smooth-
ing approximation (FOSA; see, e.g., Krause & Rädler 1980) and
isotropic and homogeneous turbulence, the turbulent eddy diffu-
sivity can be estimated as

ηt =
1

3

urms

kf

. (11)

If we assume k = kθ in Equation (10), we can calculate ηt based
on the cycle period

ηt =
2π

2 Pcycl k2
θ

. (12)

Another way is to use the radius R and the depth of the con-
vection zone 0.3R of the star in relation ηt with the cycle period
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