
Figure 1: Kim diagram where the column represents an infinite sequence of lagrangian terms
obeying gravity-safe discrete symmetry while the row represents an infinite sequence of terms
obeying the global symmetry. The green region terms are gravity-unsafe while red region vio-
lates the global symmetry. The lavender terms are gravity-safe and obey the global symmetry.

questioned whether the PQ mechanism can be realistic once one includes gravity or embeds
the SUSY PQ theory into a UV complete string framework[31, 33, 32]. Indeed, Kamionkowski
and March-Russell[33] considered the effect of gravitational operators such as
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involving PQ charged fields φ in the scalar potential upon the axion potential. In the case of
2m + n = 5, i.e. a term suppressed by a single power of mP , then these gravitational terms
would displace the minimum of the PQ scalar potential such that the QCD CP violating term
GµνAG̃

µν
A settles to a non-zero minimum thus destroying the PQ solution to the strong CP

problem.
To avoid such terms, additional symmetries are required[34]. In string theory, it is known

that discrete symmetries arising from gauge symmetries are gravity-safe, as are other discrete
symmetries or R-symmetries arising from string compactification. In Fig. 1 the Kim diagram
is shown[35, 36]. The red/lavender column denotes an infinite set of Lagrangian terms in
the model under consideration which obey some exact, gravity-safe, discrete symmetry. Of
this set of terms, the few lower order terms, denoted by the lavender region, obey an exact
global symmetry, understood here to be the PQ symmetry whose breaking yields the QCD
axion. The red-shaded terms obey the discrete symmetry but violate any global symmetry.
The green/lavender row denotes the full, infinite set of global symmetry terms, of which the
green-shaded terms are not gravity-safe. If the discrete symmetry is strong enough, then the
gravity-unsafe terms will be sufficiently suppressed. The global PQ symmetry is expected
to be approximate: the question is: is it approximate enough? Some additional gravity-safe
symmetry is required to ensure the PQ mechanism is robust. The lavender region represents
gravity-safe terms which obey the global symmetry.

As an example, the full Lorentz symmetry of 10-d string theories, upon compactification, can
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