
Figure 2: The basic two-loop diagram from which melons are built in the
�
p
D tr(XµX⌫XµX⌫) model (upper-left), its stylized representation (lower left) and

a typical stylized melon diagram (right). All the diagrams contributing at leading
order N2D are of this type.

but a stable model is obtained for example by adding a term tr(XµXµ)6 to the action.
This does not change the physics nor the math in any drastic way.11 The recursive
structure of melons imply that one can always write down closed Schwinger-Dyson
equations for them. In this sense, they are under full analytic control. From these
equations, one can derive the quasi-normal behavior, chaos, time reparameterization,
etc., in genuine matrix models, along the lines of previous works on SYK models [14].

Remark on the interaction term tr[Xµ, X⌫ ]2: in several models derived from string
theory, in particular in the D0-brane matrix quantum mechanics, the interaction
term

Lint = ND� tr[Xµ, X⌫ ]
2 = 2ND� tr

�
XµX⌫XµX⌫ �XµXµX⌫X⌫

�
(2.7)

plays a privileged role. The reason is that it is automatically produced by dimensional
reduction of the tr[AM , AN ]2 term in gauge theory. The structure of (2.7) is incom-
patible with the new large D scaling (2.4), since the two contributions trXµXµX⌫X⌫

and trXµX⌫XµX⌫ scale di↵erently at large D, see Fig. 1. The best we can do is to
introduce two couplings �1 and �2 and study

Lint = 2ND tr
�p

D�1 XµX⌫XµX⌫ � �2 XµXµX⌫X⌫

�
(2.8)

instead of (2.7).

This is an unfortunate situation. Superficially, it may seem that the standard
scaling, which is clearly compatible with the structure of the commutator squared, is
more suitable to study (2.7). But this is naive: Prop. 2 of Sec. 2.2 actually implies
that the term trXµX⌫XµX⌫ does not contribute at all at leading order! On the

11See [32] for examples of stable models containing bosons. In particular, it is shown in [32] that
our new large D scaling is compatible with supersymmetry. Supersymmetric models are of course
automatically stable.
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