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A Variability of the mass accretion rate

Figure I.1 shows themass accretion rate in logarithmic scale for stellar dipoles and quadrupoles
for a few selected cases with ⌦ = 0.03 and different magnetic field strengths. The first panel
(a) in Figure I.1 is our fiducial channeled case with persistent columns. The second panel (b)
shows the episodic behaviour in the propeller regime with some accretion streams occasion-
ally falling into the star. The quadrupolar case (c) is also in the channeled regime and shows
weaker variability than the µ = 30 dipole (also quantified by variability indices cv = 0.8605

vs. cv = 1.4765, c.f. Table 2.1). Finally, the largest shown quadrupolar case (d) also occa-
sionally enters into the propeller regime resulting in large drops in mass accretion ration.
Common to all our models is that the variability increases with increasing magnetization
(e.g. larger magnetospheric radii).

B Asymmetry of the quadrupolar jets

The asymmetry parameter is defined as

Pjet,asymm = Pjet,north ≠ Pjet,south

Pjet,north + Pjet,south

(I.1)

with Pjet,north and Pjet,south being the power in the upper and lower hemisphere respectively.
Hence Pjet,asymm = ≠1, (+1) corresponds to a jet purely in the southern (northern) hemi-
sphere and Pjet,asymm = 0 is the symmetric case. Figure I.2 shows the resulting asymmetry
from our quadrupolar cases. It is worth pointing out that jet asymmetry does not vanish even
near the boundary layer regime (Q=25) and is only mildly dependent on the magnetization
(i.e. we have Pjet,asymm = 0.08 ≠ 0.15 essentially from the boundary-layer to the propeller
regime).
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Figure I.1: Mass accretion rate for stellar dipoles and quadrupoles rotating at ⌦ = 0.03. (a) µ = 30, channeled
regime (Dipole) (b) µ = 160, Propeller regime (Dipole) (c) Q = 70 (Quadrupole) (d) Q = 250 (Quadrupole)

Figure I.2: Quadrupolar jet asymmetry as a function of surface polar magnetic field strength averaged over t œ
[10000,30000]rg/c. The vertical bars show the standard deviation over the averaging interval.
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Figure I.3: Fraction of closed (upper panel) and open flux (lower panel) as a function of time for µ = 30 and µ = 160.

C Vector potentials and radial magnetic fields

The dipolar, quadrupolar and quadrudipolar vector potentials are given as follows,
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where x = r/2M and µ and Q are the dipolar and quadrupolar moment respectively. The
radial polar magnetic field strength at the stellar surface is given by,

B
r(Rı, 0)dipole = 0.036µ (I.5)

B
r(Rı, 0)quadrupole = 0.013Q (I.6)

D Temporal evolution of open and closed flux

Figure I.3 shows the evolution of open and closed flux for dipolar case with different surface
polar field strength. For lower surface field strength, simillar to PT17, the disk opens up
initial closed stellar field lines leading to an increase in net open flux as shown in Figure 2.14.
This was also observed in case of protostellar disk- magnetosphere interaction resulting in
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strong winds (Ferreira et al. 2000). For higher dipolar strength, the disk closes the initial
open stellar flux and leads to an decrease and increase in open and closed flux respectively.
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