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Fig. 1.— Two examples of single, binary, and multiple systems. The resolution across each panel is 328x328 grid cells. The single runs
are � = 2.9, � = 0.018 (top), � = 1.6, � = 0.009 (bottom). The binaries are � = 4.2, � = 0.014 (top), � = 23.4, � = 0.008, (bottom). The
multiples are � = 3.0, � =0 .016 (top), � = 2.4, � =0 .01 (bottom). Black circles with plus signs indicate the locations of sink particles.
These correspond to runs 5, 1, 9, 16, 7, and 4 respectively.

where the second line uses disk-averaged quantities to
construct a mean accretion rate from equation (25). In
our simulations µ̇ ⇤ 0 so we expect µ to saturate at the
value for which the two terms on the right of equation
(27) are equal,

µ⇥ (B2 +2B)1/2�B, where B =
�1/3⇤2/3

3(2� k�)(1 + lj)�
.

(28)
The disk mass fraction µ increases with B, so both �
and ⇤ have a positive e⇥ect on µ, whereas � tends to
suppress the disk mass. Note that, when B is small and
µ ⇤

⌅
2B, equation (23) implies Qd ⇤ 3�/⇤ in accor-

dance with equation (25). Because the e⇥ective value of
� induced by the GI is a function of disk parameters, we
cannot say more without invoking a model for �(�, ⇤) or
�(Q, µ) as in KMK08.

The scalings of disk properties with the dimensionless
parameters of the problem are in accord with intuitive ex-
pectations. An increase in ⇤ corresponds to an increase
in accretion rate at fixed disk sound speed, and as a re-
sult the equilibrium disk mass rises. An increase in �
corresponds to an increase in the mean angular momen-
tum of the infall at fixed sound speed, leading to larger
disks that must transport more angular momentum, and
thus again become more massive. An increase in � cor-
responds to an increase in the rate at which the disk can
transport angular momentum and mass at a fixed rate of

mass and angular momentum inflow, allowing the disk to
drain and reducing its relative mass. We use the above
relations to guide our interpretation of our simulation re-
sults, specifically the dependence of disk parameters like
µ, Qd, �, and the fragmentation boundary, on ⇤ and �.

5. RESULTS

Each of our simulations produces either a disk sur-
rounding a single star, or binary or multiple star system
formed via disk fragmentation; Figure 1 depicts examples
of each outcome. We use these three possible morpholo-
gies to organize our description of the simulations. We
explore the properties of each type of disk below as well
as examine the conditions at the time of fragmentation.

The division between single and fragmenting disks in
⇤ and � is relatively clear from our simulation results, as
shown in Figure 2. Several trends are easily identified.
First, there is a critical ⇤ beyond which disks fragment
independent of the value of �. Below this critical ⇤ value,
there is a weak stabilizing e⇥ect of increasing �. As ⇤ in-
creases, disks transition from singles in to multiples, and
finally into binaries. We discuss the distinction between
binaries and multiples in §5.3.

In table 1 we list properties of the final state for all of
our runs, their final multiplicity (S, B, or M for single, bi-
nary, or multiple, respectively), and the disk-to-star mass
ratio µf measured at the time at which we stop each ex-
periment, as well as the maximum resolution ⇥n. Note


