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A new class of inflationary attractors characterized by a strongly non-geodesic motion has been
discovered in the past few years. I describe how they naturally arise in negatively curved field
space, allowing to inflate on potentials that are steep in Planck units, albeit without alleviating
the ever-present naturalness issue of inflation. In these scenarios, fluctuations often experience a
transient tachyonic instability, which can be described by a single-field effective field theory with
an imaginary speed of sound. Independently of the precise ultraviolet origin of the latter, this
leaves a peculiar imprint in the form of a high-level of primordial non-Gaussianities of flattened
type for all higher-order correlation functions. On small scales, a transient phase of strongly non-
geodesic motion provides a mechanism to generate primordial black holes and can leave specific
signatures in the form of oscillations in the frequency profile of the stochastic gravitational wave
background.
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Inflation acts as giant microscope: it takes a tiny patch of space and stretches it to become
the entire observable universe. In this process, vacuum quantum fluctuations are also stretched to
cosmological scales, and provide the seeds of all structures in the universe. Inflation has passed
very stringent tests [1, 2] and has become the paradigm of the primordial universe, but its physics
is still elusive. In this respect, one of its key feature is its ultraviolet sensitivity, which manifests,
in the simplest realization of inflation, in the form of the so-called [ problem. Namely, in order
to generate a prolonged phase of expansion with almost constant Hubble rate � with a single
scalar field rolling down its potential, the latter should be flat compared to the Planck scale, with
n ≡ − ¤�/�2 ' 1

2"
2
Pl(+

′/+)2 � 1 and [ = "2
Pl+

′′/+ � 1, corresponding to an unnaturally small
inflaton mass [ ∼ <2

q
/�2 � 1. However, even Planck-suppressed operators in general spoil the

flatness of the potential. This sensitivity of inflation to Planck-scale physics motivates its study in
string theory, which makes explicit the challenge of embedding inflation in high-energy physics,
typical situations including many degrees of freedom with steep potentials and large couplings [3].
This has prompted the discovery of inflationary mechanisms different from slow-roll, and showed
that the latter can be considered at best as an emergent approximate description.

In this context, a typical framework that encompasses large classes of top-down constructions
is the one of nonlinear sigma-models, of Lagrangian L = − 1

2� � � (5)m
`q� m`q

� −+ (5). Here, the
fields q� interact through potential and kinetic interactions, and it is useful to adopt a geometrical
picture in which the q� s are considered as coordinates in an abstract “field space”, whose metric is
� � � , and to formulate the physics in a form that is manifestly covariant under field redefinitions.
An important feature is that this field space is generically curved, with a non-zero curvature (tensor)
'fs ∼ 1/"2 characterized by an energy scale " . Such Lagrangians emerge as low-energy 4D
effective descriptions of string theory, hence with a cutoff lower than the Kaluza-Klein and string
scales, themselves lower than the Planck mass, so that a large hierarchy "/"Pl � 1 is built-in.
However, this hierarchy makes dangerous some derivative interactions that would be otherwise
harmless. Considering interactions between the would-be inflaton q and another scalar field j,
corrections to the kinetic term of the type L ⊃ 2(mq)2 j

2

" 2 give a contribution to the mass of

j of order Δ<2
j

� 2 ∼ 2
¤q2

� 2" 2 ∼ 2 n

(
"Pl
"

)2
. The large hierarchy of scales can easily compensate

the n suppression, making this contribution comparable to or larger than the bare mass <2/�2

coming from the potential, completely altering the mass spectrum of the theory. This has important
consequences beyond this example [4]: the simple fact that initially neighboring geodesics tend to
fall away from each other in a negatively curved field space implies that the rolling of the inflaton
there tends to induce a destabilization of inflationary trajectories.

When this geometrical destabilization takes place, the system bifurcates into another attractor
inflationary solution [5], first studied in [4] and in more detail in [6], where it was called sidetracked
inflation owing to its characteristics. To better appreciate them, consider the fields’ dynamics:
DC ¤q� + 3� ¤q� ++ ,� = 0 withDC�� ≡ ¤�� +Γ�� ¤q� � the covariant derivative along the trajectory.
The vanilla multifield slow-roll dynamics corresponds to fields following the gradient flow of the
potential, ¤q� ' −+ ,� /3�, hence with DC ¤q� ' 0 and a trajectory that is approximately a field space
geodesic. However, a prolonged phase of inflation only requires a small covariant acceleration
along the inflationary trajectory: 4f�DC ¤q� ' 0, where 4f� = ¤q� /| ¤q� | is the unit vector tangent to
the trajectory. Considering two fields for simplicity, the component of the acceleration pointing in
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the perpendicular direction 4�B is not constrained, i.e. the dimensionless perpendicular acceleration
[⊥ ≡ �−14B�DC4�f = − 4B�+

,�

� | ¤q� | need not be small. This is what takes place in sidetracked inflation: a
heavy field j is displaced from its minimum and adiabatically follows the minimum of its effective
potential, which depends on the kinetic energy of the inflaton, like in the gelaton scenario [7].
This can be heuristically understood as arising from the balance between the repulsive force of
the negatively curved field space and the stabilizing force of the potential, and as a result the
inflationary trajectory strongly deviates from a field space geodesic, with [⊥ � 1. Moreover,
the coupling between the two fields translates into an effective flattening of the potential for the
inflaton (see also [8, 9]). As a result, this mechanism allows inflation on potentials that would
otherwise be too steep for slow-roll inflation, with the weaker requirement that the potential be flat
with respect, not to "Pl, but to the curvature scale " of the field space. Actually, one can show
kinematically that one can inflate on Planck-steep potentials only at the condition that the motion
is strongly non-geodesic [10]. The fact that this can naturally arise dynamically in a negatively
curved field space is particularly interesting, and the study of such kind of attractors has been
pursued actively in recent years (see for instance [4, 6, 10–27]). However, as already anticipated
in [6], it is important to stress that inflation with strongly non-geodesic motion does not alleviate
the difficulties to embed inflation in high-energy physics, which simply manifest themselves in a
different manner than in slow-roll. In this respect, the comparison with DBI inflation [28], with

LagrangianL = −"4
(√

1 − ¤q2

" 4 − 1
)
−+ , is interesting. In a stronglywarped throat, corresponding

to" � "Pl, DBI inflation can also support inflation on Planck-steep potentials under the conditions
" 2

�"Pl
. "Pl+

′

+
� �"Pl

" 2 , while in a strongly curved field space, sidetracked inflation with a strongly
non-geodesic motion requires <"

�"Pl
. "Pl+

′

+
� �"Pl

<"
. In each case, the first inequality states that

the potential should be steep enough so that the inflaton rolls sufficiently fast, either to approach
the speed limit or to be geometrically destabilized. The second inequalities state the more stringent
conditions to actually support a prolonged phase of inflation in a manner very different from slow-
roll, either in the relativistic regime of DBI inflation, or in the sidetracked manner. However, in
each case, in a theory with a cutoff " � "Pl, the natural expectation is that the potential varies
substantially over a distance " in field space, i.e. "+ ′/+ ∼ 1, so that the conditions above are
equally technically unnatural than requiring a flat potential with respect to"Pl in canonical slow-roll
inflation (see e.g. [3, 29] for discussions of the tuning required in DBI inflation).

Despite this ever-present tuning of inflationary scenarios, slow-roll, DBI or sidetracked-type
inflation are all interesting genuinely different mechanisms, which are important to put to the test
through their predictions for primordial density fluctuations. As we now explain, in the same way
as large equilateral non-Gaussianity would indicate a low speed of sound of inflationary fluctua-
tions, with DBI inflation as a chief example, large non-Gaussianities of flattened type would be
a smoking-gun signature of an imaginary sound speed, with inflation with strongly non-geodesic
motion as a prime example [6, 17, 20, 23, 30]. For this, note that in nonlinear sigma mod-

els, the quadratic Lagrangian for fluctuations read L (2) = 03
[
"2

Pln
(
¤Z2 − (mZ )

2

02

)
+ 2| ¤q |[⊥ ¤Z&B +

1
2

(
¤&2
B −

(m&B)2
02 − <2

B&
2
B

) ]
with Z the comoving curvature perturbation and &B the entropic fluctu-

ation of mass <2
B/�2 = +;BB/�2 − [2

⊥ + n'fs"2
Pl (see [31, 32] for the cubic Lagrangian). A strongly
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non-geodesic motion, characterized by a large “bending” parameter [⊥, automatically comes with
a large coupling between the two fluctuations — one that cannot be treated perturbatively — and
it also results in a large negative contribution to the entropic mass — which can be seen as a
manifestation of the familiar centrifugal force —, something that is only reinforced by the negative
geometrical contribution to the mass in a negatively curved field space. Without a stabilization
from the potential, it is thus a built-in feature of these scenarios that fluctuations experience a tachy-
onic instability after momenta :/0 drop below |<B |. This instability is only transient though, as a
large bending instead contributes positively to the effective super-Hubble entropic mass,signaling
the stability of the background. The resulting dynamics of fluctuations can be described by the
single-field effective field theory of inflationary fluctuations, albeit in the unconventional situation
of an imaginary sound speed 22

B < 0. This largely unexplored regime is worth studying by itself,
with inflation with strongly non-geodesic motion providing a (partial) UV-completion of it. Indeed,
this description is naturally valid at low energy only, when modes satisfy : |2B |/0 < G�, with
G ∼ [⊥ � 1 in the situation of interest. Due to the exponential growth of fluctuations, the power
spectrum is largely amplified by ∼ 42G compared to standard scenarios, but this is not observable
by itself (this does result in typically larger deviations to scale-invariance than standard, although
this can be tuned). However, this leaves a striking signature in non-Gaussianities, with an enhance-
ment of the bispectrum near flattened triangular configurations 5 flatNL ∼

(
1
|2B |2
+ 1

)
G3 [17], due to

constructive interferences between exponentially growing and decaying modes, akin to what arises
with excited initial states, albeit without oscillatory behaviour. The same phenomenon is at play
for all higher-order correlation functions, which display a hierarchical enhancement for particular
flattened shapes, guaranteeing perturbative control as soon as 5 flatNLP

1/2
Z
. 1 [20, 23]. Note that a

precise agreement has been found between this EFT treatment and numerical computations in con-
crete models with strongly non-geodesic motion that display this transient tachyonic instability [20].
These results showing the high level of non-Gaussianities inherent to thesemodels result in powerful
model-independent constraints if these scenarios are to describe the phase of inflation probed with
the CMB. On smaller scales, a transient phase of strongly non-geodesic motion provides a natural
mechanism to boost the amplitude of primordial fluctuations and hence generate primordial black
holes [33, 34]. Independently, if this phase is short enough, the primordial power spectrum exhibits
order one oscillations characteristic of sharp features, that are transferred to visible oscillations in
the frequency profile of the scalar-induced stochastic gravitational wave background [35].
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