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where we have scaled f by its lower bound of 109 GeV set by astrophysical constraints on the QCD axion (see for
example [17]).

Note that in order to have a cuto↵ M above the weak scale, mW, Eqn. (8) requires gf ⌧ m2
W. This implies that

the e↵ective step size of the Higgs mass from one minimum to the next is much smaller than the weak scale. So the
barriers grow by a tiny fractional amount compared to ⇤QCD per step. Classically � stops rolling as soon as the slope
of its potential changes sign. However since gf ⌧ m2

W, the slope of the first barrier after this point is exceedingly
small, much smaller than ⇤4/f . Therefore around this point, quantum fluctuations of � will be relevant. The field �
will be distributed over many periods f (see Figure 2), but in all of these the Higgs will have a weak-scale vev. This
quantum spreading is an oddity of the model. As the universe inflates, di↵erent patches of the universe will have a
range of � field values and a range of Higgs vevs, but all around the weak scale. In future work, we will show it is
possible to build models which land the full initial patch in a single vacuum, thus removing this feature of our solution
[18].
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FIG. 2: A close up of the region of �’s potential as the barriers appear. The evolution in these regions are (a) classical rolling
dominated, (b) dominated by quantum fluctuations in the steps but classical rolling between steps, (c) classically stable, but
quantum fluctuations/tunneling rates shorter than N e-folds, and (d) classically stable, quantum transition rates longer than
both N e-folds and 10 Gyr. Again, for clarity, the potential is not to scale.

Some of the resulting � range is before the classical stopping point and is therefore classically unstable. The rest is
in � vacua with varying potential barrier heights. Far enough beyond the classical stopping point, � reaches barriers
where the slope pushing � backwards towards a minimum is O(1) of the original slope gM2. By this point the
quantum jumps of size Hi can no longer walk � out of each minimum. The lifetime of these vacua is much longer
than the current age of the universe because tunneling rates are exponentially suppressed. In addition, if inflation
lasts longer than ⇠ 10 Gyr (typical in our parameter space), this will easily guarantee that most patches populate
the stable-enough vacua. Therefore, it is highly likely to end up in a patch of the universe which is at the weak scale
and lives much longer than 10 Gyr. As a result of these multiple vacua, there will be domain walls after reheating in
the full initial patch of the universe. However these domain walls will be spaced by distances much larger than our
current Hubble size because we have much more than 60 e-folds of inflation in any one vacuum, and are therefore
unlikely to be observable.

We wish to avoid eternal inflation in our scenario because at least some part of the universe would end up with a
Higgs vev above the weak scale. The decay rates to such vacua are exponentially suppressed but with a long enough
period of inflation, some fraction of the universe would end up there before reheating. Although this might naively


