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where the factor 1− 2Θ0/π takes into account the absence of the
poles in our simulations. However, the actually value of kθ only
affects the value PPY with a −1/2 dependency, but not the scaling
with rotation.

In Table 1, we list all computed values for PPY in Col. 11 and
these agree well with the values of Pcycl and P̃cycl for the runs
with well-determined cycles (M4 to M15). For oscillatory solu-
tion of planetary dynamos, Gastine et al. (2012) also found good
agreement between rotational dependency of measured and dy-
namo wave predicted cycle length. In Fig. 6a, we show for these
runs the cycle periods Pcycl and P̃cycl together with the predicted

period PPY. A power law fit results in PPY ∝ Co0.51±0.05, which
is close to Pcycl ∝ Co0.25±0.04. Therefore, the Parker-Yoshimura
dynamo wave explains well the weakly dependency of cycle fre-
quency with rotation that we find for the moderately and rapidly
rotating simulations. We now go a step further and check which
mechanism of dynamo wave causes this rotational dependency.
For this we plot in Fig. 6b the rotational dependency of the ra-
dial shear and α effect in terms of |r cos θ|∂Ω/∂r and αφφ; as for
PPY both quantities are averaged over the region of interest. The
strength of the shear strongly weakens for larger rotation with
an estimated scaling of Co−1.33±0.18. For Run M15 the shear in
the region is just below zero explaining the mixture of equa-
torward and poleward migration pattern shown in Fig. 2. For
αφφ, we find an increase with rotation corresponding to a scal-

ing of Co0.70±0.25, so much less than linear. The strong decrease
in shear causes the cycles to become larger with rotation; as-
suming a constant αφφ, shear alone would leading a scaling of

Pcycl ∝ Co0.67±0.09. The α effect, on the other hand, leads to a de-

crease of cycle length with rotation; that is, Pcycl ∝ Co−0.35±0.12.
Because the increase of cycle length due to shear is stronger than
the decrease due to the α effect, the resulting cycle length shows
only a weak increase with rotation.

The surprising issue with the interpretation of the magnetic
field evolution as a Parker-Yoshimura dynamo wave is that for
runs rotating slower than the M4 (Co = 6.5) it fails. Equation (7)
for these runs predict cycle periods of similar length as for the
more rapidly rotating runs, but the actual magnetic field shows
no clear cyclic evolution. For example, Run M3 shows similar
condition for a dynamo wave as in Run M7; there exists a lo-
calized region, in which the mean toroidal field is strong, αφφ is
positive, and the shear is negative; see Fig. 5. In the simulations
with antisolar differential rotation (Run M0.5 to M2), we find in-
stead a more extended region of strong mean toroidal field, pos-
itive αφφ and negative shear, however strength of the shear and
the α effect should be sufficient to excite an αΩ dynamo wave.
One of the reasons for the absence of an αΩ dynamo wave can be
the larger turbulent magnetic diffusion due to higher convective
velocities as shown in Fig. 9. This is in agreement with previous
studies of rotating convection in Cartesian boxes (Käpylä et al.
2009). To make a reliable statement, whether a αΩ dynamo is
actually operating in these simulations and the reason for not
exciting dynamo wave need to be studied in more detail using
all the turbulent transport coefficients. We will postpone such a
study for the future.

We can now also interpret the scaling of the shear and the
α effect in terms of mean-field models (e.g., Krause & Rädler
1980; Rüdiger 1989). From models of differential rotation, one
typically finds that the absolute radial and latitudinal differen-
tial rotation stays nearly constant for increasing rotation (e.g.,
Kitchatinov & Rüdiger 1999); this disgrees with our findings.
However, we stress that these models take the latitudinal aver-
aged values at the bottom and surface to compute the radial dif-

Fig. 6. (a) Comparison of the cycle periods Pcycl (black) and P̃cycl (or-
ange) with predicted cycle periods using a Parker-Yoshimura dynamo
wave PPY (blue) for Runs M4 to M15. The dashed blue line indicates
a power law fit to PPY. (b) Contributions to the Parker-Yoshimura dy-
namo wave containing the radial shear (black line; left y-axis) and αφφ
(red; right y-axis) for Runs M4 to M15. The dashed lines indicate the
corresponding power law fits.

Fig. 7. Ratio of rotation period and cycle period Prot/Pcycl over the Cori-
olis number Co. The black asterisks indicate Pcycl and the orange aster-

isks P̃cycl. The blue solid line shows the predicted cycle length from
Equations (7) and (8), the green dashed line the fit of Fig. 4 and the red
dashed line a power law fit of Runs M4 to M15.

ferential rotation, whereas we compute the local radial shear in
the region of interest. In mean-field dynamo models αφφ is re-

lated to the mean kinetic helicity u′∇ × u′ and therefore is lin-
ear related to the Ω. Taking the convective turnover time τc into
account as well leads to scaling of αφφ ∝ Co (e.g., Krause &
Rädler 1980). As shown in Warnecke et al. (2018), approximat-

ing the diagonal α components with αK = −1/3τc u′∇ × u′ is
not correct and can lead to the overestimation of αφφ. Indeed,
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