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Table 1. Input and output parameter sets used for the various simulations. Note that all runs have �xed �ux thermal boundary conditions with zero �ux on the
outer boundary and an internal heat sink.

Run E Ra Pr Pm BCs � UA(ro) �E Rm � Ro fdip T UC U �
C TOs

4R1 10Š4 4.937 × 106 1 1 NS 0.02 0.07 0.05 98.12 0.896 0.010 0.890 0.586 0.03 0.25 �
4R2 10Š4 4.937 × 106 1 2 NS 0.02 1.44 1.16 135.60 1.888 0.007 0.867 0.587 0.03 0.20 �
4R3 10Š4 4.937 × 106 1 3 NS 0.02 15.67 12.65 152.39 5.672 0.005 0.847 0.267 0.03 0.22 �
4R4 10Š4 4.937 × 106 1 4 NS 0.014 22.26 12.57 183.97 10.358 0.005 0.776 0.198 0.07 0.45 OTC
4R5 10Š4 4.937 × 106 1 5 NS 0.014 29.38 16.60 217.05 15.621 0.004 0.741 0.168 0.13 0.46 OTC, ITC

5R1 10Š5 1 × 108 1 1 NS 0.006 5.02 1.21 128.54 0.319 0.001 0.924 0.389 0.12 0.41 OTC
5R2 10Š5 1 × 108 1 2 NS 0.006 14.28 3.46 203.35 1.740 0.001 0.904 0.373 0.11 0.55 OTC, ITC
5R3 10Š5 1 × 108 1 3 NS 0.006 90.07 21.80 330.52 16.197 0.001 0.722 0.222 0.10 0.61 OTC, ITC
5R4 10Š5 1 × 108 1 4 NS 0.003 90.27 10.93 355.91 17.433 0.001 0.713 0.205 0.11 0.61 OTC, ITC
5R5 10Š5 1 × 108 1 5 NS 0.003 123.90 15.00 437.07 19.252 0.001 0.742 0.118 0.13 0.63 OTC

6.5R1 5 × 10Š6 2.493 × 108 1 1 NS 0.004 7.77 1.26 155.43 0.325 0.001 0.917 0.381 0.09 0.40 OTC, ITC
6.5R2 5 × 10Š6 2.493 × 108 1 2 NS 0.004 22.08 3.56 267.72 2.400 0.001 0.955 0.298 0.10 0.58 OTC, ITC
6.5R3 5 × 10Š6 2.493 × 108 1 3 NS 0.004 29.17 4.71 383.57 3.631 0.001 0.946 0.298 0.11 0.60 OTC, ITC
6.5R4 5 × 10Š6 2.493 × 108 1 4 NS 0.002 259.22 20.92 575.84 23.637 0.001 0.752 0.161 0.12 0.63 OTC
6.5R5 5 × 10Š6 2.493 × 108 1 5 NS 0.002 243.47 19.65 599.00 20.080 0.001 0.752 0.168 0.13 0.65 OTC, ITC

6R1 10Š6 2.132 × 109 1 1 NS 0.002 15.66 1.26 372.87 0.561 <0.001 0.918 0.193 0.13 0.47 OTC, ITC

5F1 10Š5 1.265 × 108 1 1 SF 0.008 5.09 1.64 172.71 0.368 0.002 0.918 0.350 0.09 0.51 OTC
5F2 10Š5 1.265 × 108 1 2 SF 0.005 16.59 3.35 226.40 2.164 0.001 0.955 0.304 0.10 0.41 OTC, ITC
5F3 10Š5 1.265 × 108 1 3 SF 0.003 94.57 11.45 336.97 18.817 0.001 0.676 0.218 0.10 0.48 OTC, ITC
5F4 10Š5 1.265 × 108 1 4 SF 0.003 89.94 10.89 402.81 18.578 0.001 0.738 0.175 0.10 0.62 OTC, ITC
5F5 10Š5 1.265 × 108 1 5 SF 0.002 109.47 8.83 560.84 23.636 0.001 0.719 0.214 0.11 0.60 OTC, ITC

Figure 1. The radial magnetic �eld at the CMB for the run 5R2.

Figure 2. The radial magnetic �eld at the CMB for the run 6.5R5.

The values of T displayed in Table 1 show that the degree of Tay-
lorization is well correlated with the Elsasser number and therefore
a strong �eld regime is bene�cial for Taylorization. Our values for
the Taylorization parameter broadly match those found in previous
literature (Wicht & Christensen 2010) for the parameters used. The
velocity correlation parameter, UC, shows that TOs typically con-
tribute approximately 10 per cent of the total �ow, which is slightly
larger than that found by Wicht & Christensen (2010) but is a sim-
ilar value to the contribution they �nd from geostrophic cylinders.
The relative size of the TOs increases slowly as the system becomes
more Taylorized and we were unable to detect TOs in simulations
where UC � 0.07. The second velocity correlation parameter, U �

C,
which measures the geostrophic fraction of the short timescale �ow,
again shows the tendency for TOs to become more prevalent at lower
Ekman number. This measure shows an increase from � 45 to � 63
per cent as E is reduced from 10Š4 to 5 × 10Š6. However, even

at their most dominant, TOs only contribute � 65 per cent of the
total �ow on short timescales suggesting that ageostrophic motions
remain signi�cant and thus may contribute to excitation of TOs via
the Lorentz force.

4.2 Identi�cation of TOs

In a similar vein to Wicht & Christensen (2010) we identify TOs
by structures in the azimuthal �elds moving radially in s with the
local Alfv·en speed. In order to observe features operating on short
timescales we analyse the �elds with the time average removed;
that is we consider u �

� and its spatial average relevant to the problem
in hand. For each run we evaluate the quantity � �B2

s � for use in the
de�nition of UA.

Figs 3 and 4 show UA as a function of s for the two runs 6.5R2
and 6.5R5, respectively. Blue and red curves indicate a z-average
over the northern and southern hemisphere, respectively whereas
the black curve is an average performed over all z-space. These
plots are typical for all runs with the same values of Pm so we do
not present further plots of UA here. The form of UA is broadly
similar in the two cases: increasing rapidly from the origin (but not
identically zero at s = 0), reaching a peak at the TC (clearly located

Figure 3. Alfv·en speed, as a function of s, for the run 6.5R2.
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