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Quantum Max Cut is a problem relevant to computer science and many-
body quantum physics due to its links to classical Max Cut and the anti-
ferromagnetic Heisenberg Hamiltonian. Quantum Max Cut (QMC) is a gen-
eralization of Max Cut to operators, and asks for the largest eigenvalue of
the operator

Hqmc =
1

4

∑
uv∈E

(I −XuXv − YuYv − ZuZv) .

Here I is the identity matrix and Xu, Yu, Zu are the tensor product operators
acting with the Pauli matrices

X =

(
0 1
1 0

)
, Y =

(
0 −i
i 0

)
, Z =

(
1 0
0 −1

)
on vertex u and with identity on the remaining vertices. Thus H acts on
(C2)⊗|V |. Denote by qmc(G) the largest eigenvalue of Hqmc.

We prove a lower bound to quantum Max Cut of a graph in terms of the
Lovász theta function of its complement. For a graph with m edges,

qmc(G) ≥ m

4

(
1 +

8

3π

1

ϑ(Ḡ)− 1

)
,

with the bound achieved by a product state. The proof extends a re-
sult by Balla, Janzer, and Sudakov on classical Max Cut [1], and can be
strenghtened by the vector chromatic number. A relaxed bound follows
from ϑ(Ḡ)− 1 ≤ ∆ for graphs with maximum degree ∆, making it interest-
ing for practically relevant quantum many-body systems.

We also extend results by Carlson et al. [2] and Shearer [3] and show
that

qmc(G) ≥ m

4
+

2m3/4

3π

for all triangle-free graphs with m edges.
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