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1 Introduction

Cosmic inflation has widely been considered to be the best paradigm to model the early
universe ever since its introduction [1–8]. In this recent era of precision cosmology, we
have accurately measured the statistical features of the primordial density fluctuations
that seed cosmic structure and found that they are in remarkable agreement with generic
inflationary predictions [9–12]. While there are a plethora of modeling constructs [13], the
Starobinsky [1, 14, 15] and Higgs-like models of inflation [16–20] have been accorded special
significance as one can be viewed as simply an instantiation of GR with an R2 correction at
high energies, while the other can be viewed as the standard model Higgs with a non-minimal
coupling to gravity. Furthermore, these models’ predictions have been shown to coincide with
a number of other models of interest and have consistently shown excellent compatibility
with Cosmic Microwave Background (CMB) data.

Given these prevailing attitudes, the latest results from the Atacama Cosmology Telescope
(ACT) [21], in combination with data from Planck [22], BICEP/Keck [23], and DESI [24],
have generated a notable amount of discussion as this model now lies almost entirely outside
the posterior constraints on (ns, r). Recent work includes exploring the implications that
radiative corrections, reheating, or other higher order effects might have on the Starobinsky
or Higgs-like models [25–37], as well as other inflation constructs [38–62]. Here, we explore
the impact that radiative corrections can have on various inflationary attractors known as
ξ-attractors [63] and α-attractors [64], the first of which can be viewed as a generalization
of the Higgs-like model and the second of which can be viewed as a generalization of the
Starobinsky model (for more on these attractors and their relation to each other see [65]).
Similar to [25] which studied the impact of radiative corrections to Higgs-like inflation, we find
that small, percent (and even sub-percent) level radiative correction can induce significant
changes in observable predictions for these broader classes of models, and easily bring them
into agreement with the latest constraints.
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The paper proceeds as follows. Section 2 discusses the ξ-attractor and α-attractor models.
Section 3 follows [25, 66, 67] in introducing a UV model agnostic way of phenomenologically
parameterizing radiative corrections that could result from one loop corrections arising from
the full spectrum of particle content at high energies and demonstrates that relatively small
corrections can have an impact on observables. Section 4 concludes with a discussion of
these results and their implications for assessing inflation.

2 Models of inflation

2.1 ξ-attractors

ξ-attractors models are scalar field models of inflation with a non-minimal coupling to gravity
and are described by the following action [63],

S =
∫

d4x
√

−g

[1
2Ω(φ)R − 1

2(∂φ)2 − V (φ)
]

, (2.1)

where Ω(φ) and V (φ) have the following form,

Ω(φ) = 1 + ξf(φ), V (φ) = λf2(φ). (2.2)

R is the Ricci scalar, φ is the scalar field, ξ quantifies the scalar field’s non-minimal coupling
to gravity, λ is scalar field’s self-coupling, ∂φ is the kinetic term, and f(φ) = φn. The Planck
mass has been set to MP = 1 throughout.

The case of Ω(φ) = 1 + ξφ2 and V (φ) = λφ4 (i.e. f(φ) = φ2) corresponds to Higgs-like
inflation [16], but this class of models is far more general and can provide viable inflationary
models for many choices of f(φ). Indeed, it can be thought of as a generalization to the
historically important chaotic inflation [8] models to include a non-minimal coupling to
gravity [63].

The action eq. (2.1) is presented in the Jordan frame which exhibits a non-minimal coupling
between the scalar field and gravity. However, in order to simplify the analysis of inflationary
predictions, one can perform a conformal transformation of the metric gµν → Ω(φ)−1gµν

to move to the Einstein frame where the field will be minimally coupled to gravity. This
transformation, combined with the following field redefinition to bring the field into its
canonical form,1

dχ

dφ
=

√
1

Ω(φ) + 3
2

( 1
Ω(φ)

dΩ(φ)
dφ

)2
, (2.3)

leads to the Einstein frame action,

S =
∫

d4x
√

−g

(1
2R − 1

2(∂χ)2 − U(χ)
)

, (2.4)

where the potential in terms of the canonically normalized field is given by

U(χ) = V (φ(χ))
Ω(φ(χ))2 . (2.5)

1We work in the metric formulation as opposed to the Palatini formulation, where the connection is varied
independently of the metric. The Palatini formulation generally leads to different predictions for inflation
observables than its metric counterpart. See [68–71] for some further discussion.
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2.2 α-attractors

α-attractor models [11, 64, 72], rather than arising from direct non-minimal couplings to
gravity in the Jordan frame, instead arise from modifications to the kinetic term with an
action such as the following,

S =
∫

d4x
√

−g

[1
2R − 1

2K(φ)(∂φ)2 − V (φ)
]

. (2.6)

Two well-known α-attractor models are so-called “T-models” and “E-models”, where T-models
correspond to K(φ) = 1/(1 − φ2/6α)2 and E-models correspond to K(φ) = 3α/2φ2 [11].

These can be cast into the more familiar canonical form

S =
∫

d4x
√

−g

(1
2R − 1

2(∂χ)2 − U(χ)
)

, (2.7)

by finding the canonically normalize field χ. This leads to the following analytic expressions
for the potentials,

U(χ) = V0 tanhp
(

χ√
6α

)
, (2.8)

U(χ) = V0

(
1 − e−

√
2

3α
χ

)p

, (2.9)

where eq. (2.8) represents the T-models and eq. (2.9) represents the E-models. In the case of
E-models, the choices p = 2 and α = 1 correspond to the Starobinsky model. We set p = 2
for the remainder of this paper. While the potentials are formally similar to the Starobinsky
potential expressed in the Einstein frame, note here that there is no need to actually do
the conformal transformation as we did with the ξ-attractors given that the field is not ever
directly coupled to R and/or never includes a higher order R2 term as their origin in the
simplest incarnations can be understood to come from modifications to the kinetic term (see
the discussion in [11, section 10]). The only necessary step is to canonically normalize the field.

2.3 Baseline observable predictions

During inflation, quantum mechanical variations in the value of the field driving inflation
will produce a spectrum of scalar and tensor perturbations in the early universe. The
amplitude of scalar perturbations has been measured precisely to be As ≃ 2.1 × 10−9 at
the comoving CMB pivot scale k∗ = 0.05 Mpc−1 [9]. The primary observable predictions
used to constrain inflation models are the tensor-to-scalar ratio r ≡ At/As, which quantifies
the ratio of the amplitudes of scalar and the (yet to be detected) tensor perturbations,
and the scalar spectral index ns (k∗) ≡ 1 + (d lnPR/d ln k)|k∗

, which quantifies the scale
dependence of the scalar power spectrum PR. Finally, there is also a third observable that
has generated some recent attention; the running of the spectral index αs ≡ dns/d ln k

∣∣
k∗

.
During standard scenarios where inflation is driven by the scalar field potential, the universe
enters a quasi-de Sitter expansion that is well-described by the slow-roll approximation. This
slow-roll approximation [73, 74] is valid when ϵv, ηv, ξ2

v ≪ 1, where

ϵv ≡ 1
2

( 1
U(χ)

dU(χ)
dχ

)2
, ηv ≡ 1

U(χ)
d2U(χ)

dχ2 , ξ2
v ≡ 1

U(χ)2
dU(χ)

dχ

d3U(χ)
dχ3 . (2.10)
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Inflation ends when ϵv ≃ 1. This allows us to calculate the number of e-folds N(χ) between
the end of inflation and some earlier initial time when the fluctuations exit the horizon
and freeze in the CMB,

N(χ) = log
(

ae
acmb

)
=

∫ χcmb

χe

dχ√
2ϵ(χ)

, (2.11)

where ae is the scale factor of the universe when inflation ends and acmb is the scale factor
when modes exit the horizon. Inflation generally needs N ≃ 55 ± 5 e-folds to provide a viable
description of the early universe. Crucially, the observable quantities r, ns, and αs can then
be directly calculated from the slow-roll parameters, leading to

ns − 1 ≃ −6 ϵv(χcmb) + 2 ηv(χcmb) , r ≃ 16 ϵv(χcmb) ,

αs ≃ 16 ϵv(χcmb) ηv(χcmb) − 24 ϵ2
v(χcmb) − 2 ξ2

v(χcmb) ,
(2.12)

where quantities are evaluated when the modes exit the horizon at χcmb.
The ξ-attractors and α-attractors have well-known predictions for (ns, r). At ξ ≪ 1, the

predictions for the ξ-attractors reduce to those of their minimally coupled cousins. This
part of the parameter space is highly disfavored as minimally coupled polynomial chaotic
models of inflation generally predict r much higher than current constraints. This is not in
and of itself surprising. Inflation belongs to the realm of beyond the standard model particle
physics and it would not be at all surprising if e.g. a non-minimal coupling was needed to
adequately account for observations as these are generically expected to be generated from
radiative loop corrections [75].2 Around ξ ≃ O(1) they all rapidly converge to an attractor
point in (ns, r) which coincides with Starobinsky inflation,

ns ≃ 1 − 2
N

, r ≃ 12
N2 . (2.13)

α-attractors give the same predictions for ns, but α can be chosen to reduce r the arbitrarily
low values,

ns = 1 − 2
N

, r = 12α

N2 . (2.14)

As we can see, N ≃ 55 leads to ns ≃ 0.964, which now lies outside the posterior constraints
with a mean value of ns = 0.974 ± 0.003, indicating a ≃ 3σ tension.3

2Interestingly, while dark energy occurs in the IR (rather than UV), recent constraints from the late time
universe are likewise beginning to hint at more complicated scalar field models that feature non-minimal
interactions as the simplest quintessence models do not describe current constraints on the expansion history
quite as well [76–81]. Of course, any non-trivial interactions will also lead to other ancillary gravitational
consequences, which may bring such models into tension with other datasets. Regardless, if one attempts to
model either the early or late time universe with a single scalar field, various datasets are pointing towards
more intricate scalar field models.

3The exact number of e-folds varies depending on the model considered and the assumptions around
reheating. N ≃ 55 ± 5 represents a shorthand, model agnostic approximation that generally captures many of
the most common models of inflation [82]. Even given the reheating analysis of [83, 84] which gives N closer
to the upper range of N ≃ 60 for Higgs inflation still results in an approximately ≃ 2σ tension.
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3 Predictions under radiative corrections

3.1 Modeling quantum corrections

The above are well-known inflation models and describe the dynamics of the scalar field to
leading order as it is often assumed that any other fields or effects are subdominant. However, it
is also generically expected that in a UV-complete theory, the full particle spectrum will induce
radiative corrections to the field’s self-coupling, leading to λ → λ(φ) = λtree + λ1-loop(φ) + · · · .

The β-function βλ(µ) = dλ/d log µ determines the running of λ, where we can expand
as a Taylor series to find that the corrections take the following form,

λ(φ, µ0) = λ (µ0) +
∞∑

k=1

βk−1
k! logk

(
φ

µ0

)
, (3.1)

where µ0 is the renormalization scale and βk is kth derivative of the β-function at this
scale. Generally speaking, eq. (3.1) is a model independent way of characterizing radiative
corrections as this functional form naturally emerge from evaluating one-loop diagrams [13,
25, 66, 70, 85, 86]. However, the exact expressions for these parameters depend on knowing
the exact particle content of the UV theory, and indeed, depending on the assumptions
on makes regarding UV physics, such corrections to inflationary observables could either
be negligible or significant.

To just briefly consider an example, as discussed in [70, 87–89], there are numerous
possible prescriptions for choosing the renormalization scale µ0. To say a bit more, µ is not
truly constant and is more properly considered a function of the field µ(φ). For example,
with one of the prescription (“prescription I”) that has been considered (chosen for its
simplicity in the Einstein frame), µ(φ) evolves the same way as the masses of the particles
being considered and merely changes the normalization of the potential without affecting its
shape, meaning that inflationary observables will not change. On the other hand, another
popular prescription (“prescription II”) motivated by quantization in the Jordan frame
sees µ(φ) changing significantly during inflation; consequently, the shape of the potential
is modified and radiative corrections can be significant to observable quantities (see the
excellent discussion in [89] for more details). When one chooses the first prescription (along
with a few other assumptions about the theory’s UV completion), it has been shown that
radiative are negligible for Higgs inflation, ξ-attractors, and α-attractors [87]; yet, as also
discussed there, these results do not apply when the second renormalization prescription is
chosen as these choices correspond to different UV completions and can lead to observable
consequences for inflation observables [70, 88, 89]. Given our almost complete lack of
knowledge concerning physical processes at these energy scales and the unsettled theoretical
debates concerning UV completion, here we will not adopt an explicit UV completion and
will pursue a different strategy.

Following [25, 66, 67, 90], we work in a model agnostic manner and consider the general
phenomenology that can emerge from radiative corrections to the inflation models selected
here. That is, we take the first (k = 1) term in the expansion from eq. (3.1) as the dominant
correction, leading to an effective λ(φ),

λ(φ) ≃ λ

[
1 + δ log

(
φ

MP

)]
, (3.2)
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where δ represents the strength of the correction, we take µ0 = MP = 1 for convenience, and
the overall magnitude of λ can be adjusted to match the amplitude of scalar perturbations
without affecting the predictions for (ns, r).

The calculation strategy of [25, 66] is to consider the one-loop effective potential V (φ)
by incorporating the running λ(φ), and then to transform this new effective potential from
the Jordan frame to the Einstein frame and canonically normalize the field to calculate
inflationary observables (see [66, fn. 2]). We follow this same strategy for computing quantum
corrections to the ξ-attractor models, resulting in an effective potential

U(χ) = λf(ϕ(χ))2

[1 + ξf(ϕ(χ))]2
[
1 + δ log

(
ϕ(χ)
MP

)]
. (3.3)

With the α-attractors, there is no need to transform frames as it is not directly coupled to
gravity and we can work directly with the potential expressed in terms of the canonically
normalized field. In this case, the running would then schematically written as

V0(χ) ≃ V0

[
1 + δ log

(
χ

MP

)]
, (3.4)

which can then be inserted into eqs. (2.8) and (2.9) in the same manner just described.
We follow this computational strategy for both α-attractor models (see [91] for an example
discussion of radiative corrections in α-attractors). It is important to note that this will lead
to different effective potentials for ξ-attractor and α-attractor models whose uncorrected
potentials coincide. For example, figure 1 depicts the Starobinsky model (which is identical
to an α-attractor E-model with p = 2 and α = 1) and a Higgs-like model with a quartic
Jordan frame potential non-minimally coupled to gravity (f(φ) = φ2 in the ξ-attractor
language). Transforming the uncorrected Higgs-like model into the Einstein frame results in
an essentially identical potential to the uncorrected E-model/Starobinsky model. However,
implementing a δ = 0.02 correction to the Higgs-like potential and then transforming to
the Einstein frame results in a different effective potential than implementing a δ = 0.02
correction to the E-model potential U(χ). This is because the loop correction will be affected
by the conformal transformation in the Higgs-like ξ-attractor, whereas the loop corrections
will not undergo any transformation with the α-attractors as they already originate in the
Einstein frame, despite the formal resemblances with other similar models that are conceived
of as non-minimally coupled to gravity.4

3.2 Predictions for (ns, r)

The latest results from ACT combine data from a number of probes to produce constraints
on (ns, r). We use P-LB-BK-ACT and the P-LB-BK combinations defined in [21] in order
to see the difference in observables that results from including ACT. As one can see from
figure 2, the inclusion of ACT produces a notable shift to the right for the ns values.5

4See [71, 92–95] for related discussion concerning the classical equivalence and possible quantum non-
equivalence of the Jordan and Einstein frames.

5In addition to these results from ACT, there has also been some recent literature on the impact that the
resolution of the Hubble tension can have on the inferred values of ns, which can potentially produce an even
more dramatic shift towards ns → 1 [96–99].
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U
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)

Higgs-like (δ = 0)

Higgs-like (δ = 0.02)

E-model (δ = 0.02)

Figure 1. Higgs-like (with ξ = 10) potential (solid blue line) compared with loop corrected effective
potentials for the Higgs-like potential (dashed green line) and E-model α-attractor (with α = 1)
potential (dashed yellow line). While the Higgs-like potential and E-model potential at the chosen
values for ξ and α will coincide with the Starobinsky potential at to a very high degree of approximation
at tree level, the radiatively corrected versions of these potentials differ more notably because in the
Higgs-like case one must performs the conformal transformation after finding the effective potential
whereas with the E-models one does not perform a conformal transformation.

Recently, [25] showed that incorporating loop corrections of the type given by eq. (3.2)
into non-minimally coupled Higgs-like inflation can bring the model into better agreement
with the latest results from ACT. In the case of metric variation, the authors found that
corrections of strength δ ≃ O(.01) can move the model from outside the data posteriors into
the 1σ region. Here we generalize these results and demonstrate that this equally applies
to many models within the ξ-attractor family, examining f(φ) = φn for n = [1, 2, 3, 4, 5]
and log10 ξ ∈ [−8, 3.5].6

The n = 1 model is the familiar quadratic model of inflation V (φ) = m2φ2 but with
a non-minimal coupling. As highlighted in [43], is actually very compatible with the ACT
data before it reaches its attractor point. The n = 2 represents Higgs-like inflation with a
quartic potential, and larger n represent higher order polynomial potentials. As mentioned
earlier, at ξ ≃ O(1) these models all converge on the predictions for the Starobinsky model,
meaning that for N = 55 e-foldings they all lie outside the latest ACT posteriors. However,
with the exception of the n = 1 model, they all approach the attractor from the left which
means that at ξ ≪ 1 they are all strongly disfavoured.

6One might wonder if considering such large values of the non-minimal coupling parameter ξ will cause
these models to run into the unitarity problem [100, 101]. Here, we consider a similar range of ξ as was done
in the original ξ-attractor paper [63]. There, the authors convincingly argue that this problem is not a concern
here because inflation in all of these models occurs at large field values (φ ≥ O(1)), which are several orders of
magnitude larger than field values for which the problem was established.
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Figure 2. Comparison of ns and r predictions for ξ-attractors (top left) and α-attractor T and
E-models (top right). Here we see that percent level quantum corrections can move the ξ-attractors
off of their strong coupling attractor and comfortably within the latest ACT posteriors for the central
N = 55 number of e-foldings where we have considered values of the non-minimal coupling parameter
log10 ξ ∈ [−8, 3.5]. Additionally, we see that sub-percent level quantum corrections can induce fairly
substantial shifts in the predictions for α-attractors at small α, where we have included the predictions
spanning N ∈ [50, 60] for both T and E-models considering values of α ∈ [.02, 4.0]. Finally, on the
bottom we see the results for αs and ns (bottom) for ξ-attractors and α-attractors for representative
models from these classes of models (ξ = 10 and α = 0.1) with a percent level correction spanning N ∈
[50, 60]. We see ns shift as expected, but the radiative corrections do not induce a notable change in αs.

Figure 2 (left panel) shows that introducing a loop correction of O(10−2) (chosen to be
δ = 0.01 and δ = 0.02) shifts every model to the right in (ns, r) and in better agreement
with ACT, such that the N = 55 prediction for every model considered now is compatible
with either the 1σ or 2σ regions. This restores the compatibility of this family of inflation
models at strong coupling; however, one can also see that the Starobinsky attractor has been
broken with the introduction of the effective potential as the higher order polynomials are
more stable against the shifts in ns and r induced by loop corrections. Further increasing
the size of δ then shifts the predictions for these parameters to the upper right in the (ns, r)
plane, with the higher order polynomials lagging behind the lower order polynomials.

Coming now to the α-attractor models, they behave similarly to the ξ-attractor models
with respect to the changes in their observables when α ≃ 1. Although not exactly equivalent
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due to the aforementioned difference resulting from the conformal transformation that is
performed in the case of the ξ-attractors, percent level loop corrections can noticeably shift
their predictions to be within ACT posteriors. This is not surprising as within this regime
the α-attractor potentials are very similar to the ξ-attractors and give almost identical
predictions. However, as α ≪ 1, r can be lowered arbitrarily by tuning α to be lower, while
ns is independent of this choice. Thus, we will explore a wide range of potentials, choosing
α ∈ [.02, 4.0] which roughly spans log10 r ∈ [−4, −2] and covers most of the bounds on r,
including going an order of magnitude below CMB-S4 projected sensitivity [102].

As we have already seen that percent level quantum corrections can produce a notable
difference in observable predictions, it would be interesting if O(10−3) sub-percent level
corrections could produce a similar effect somewhere in this parameter space. Figure 2 (right
panel) depicts the predictions for T and E-models alongside their loop-corrected effective
potentials for δ = 0.005. Around α ≃ 1 we see very little departure from the predictions
of the potentials without corrections, which is not surprising considering that percent level
corrections were required to generate significant movement towards the central regions of the
posteriors in ξ-attractor predictions. However, as α (and r) decrease, we begin to see far more
significant departures from the uncorrected predictions. Around α ≃ 0.1, the observables for
(ns, r) evolve rapidly towards the regions favoured by the data posteriors.

The reason for this is as follows. As α decreases, the potential’s plateau is flatter across a
larger range of field values when compared with a larger α model, before the field then rapidly
rolls down a much steeper hill. Consequently, the region around where the modes exit the
horizon will be in a regime of fields values for which the potential (and crucially its derivatives)
are undergoing a sharper evolution. Thus, even a small correction which induces a slight
change in the field value where the scalar modes exist the horizon can potentially change r

and ns significantly. This is depicted for a T-model in figure 3, where one can see that the
shift in χcmb induced by the loop corrections occurs where η (the dominant contribution to ns)
is rapidly changing. In contrast, for larger α, χcmb occurs in a region of field space where η is
more slowly evolving, meaning that the corresponding correction to ns will be less significant.

While radiative corrections can clearly induce a notable shift in ns, as also displayed
in figure 2, introducing radiative corrections does not induce any notable changes in the
values of αs as these values remain small, negative, and right in line with the magnitudes
expected from the standard Starobinsky model.

3.3 Toy model with matter fields

So far, we have calculated everything at the phenomenological level, assuming radiative
corrections from unspecified field content of magnitude δ. Of course, the exact corrections
will depend on the field content of whatever beyond the standard model physics is lurking
at higher energies. To illustrate how corrections like this might arise, we consider a simple
toy model of a massive scalar field coupled to the inflaton. To the Lagrangian defined by
eq. (2.1), we add a massive field σ with an interaction term

1√
−g

L = 1
2Ω(φ)R − 1

2(∂φ)2 − V (φ) − 1
2(∂σ)2 − Vσ(φ, σ), (3.5)
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Figure 3. At small α the shift in χcmb induced by the loop corrections occurs where η is rapidly
changing due to the steepness of the potential. In contrast, for larger α, χcmb occurs in a region of
field space where η is more slowly evolving, which results in a much smaller shift in the observables.

where
Vσ(φ, σ) = 1

2
(
m2

0 + κf(φ)
)

σ2. (3.6)

Radiative corrections at the one-loop level from fields i have the following general form [13,
85, 86, 103, 104],

∆V (φ) =
∑

i

m4
i (φ)

64π2 log m2
i (φ)
µ2

0
, (3.7)

where m2 = V ′′. For example, the mass is given by m2
σ = m2

0 + κf(φ). Assuming that the
interaction term is large κf(φ) ≫ m2

0, we can write eq. (3.7) and the corrected potential as,

Veff(φ) ≃ λf2(φ)
[
1 + nκ2

64π2λ
log

(
φ

MP

)]
, (3.8)

We can then easily get an idea of the mass of the field required to produce the corrections
seen in the left panel of figure 2 for the ξ-attractors. For instance, we can easily identify
the δ from eqs. (3.2) and (3.3) as

δ = nκ2

64π2λ
. (3.9)

Fixing δ = 0.01, we can then solve for κ. We then explore two different choices for all n

considered in figure 2: (i) for ξ = 1 and λ ≃ 10−10 (choosing λ to match the amplitude of
scalar fluctuations observed in the CMB) and (ii) for ξ = 10 and λ ≃ 10−8. Furthermore,
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Figure 4. The effective mass squared of the spectator field required to produce the radiative
corrections for the ξ-attractors in figure 2 for the various n values considered where the potential is
given by V (φ) = λf2(φ) = λφ2n, the non-minimal coupling is Ω(φ) = 1 + ξf(φ) = 1 + ξφn, and the
effective mass is Mσ =

√
κf(φ).

here χcmb ≃ 6.0, 5.5 for the choices above. Both of these choices, for all n considered here,
result in nearly identical predictions for (ns, r) due to their attractor behavior (i.e. for each
choice of n at ξ ≃ O(1) or greater, the predictions are insensitive to increasing ξ), but have
different implications for the simple toy model with an additional massive field. We can then
determine the effective mass M2

σ ≃ κf(φ) in order to produce δ = 0.01 radiative corrections
for each member of the ξ-attractors.

As depicted in figure 4, this requires very heavy masses for the σ field around or above
the GUT-scale range of energies, where the mass required to produce these corrections grows
approximately exponentially with n. Interestingly, the toy model works well at smaller
non-minimal coupling strengths for all n and for n = 1, 2 regardless of non-minimal coupling
strength. However, the model clearly begins to breakdown at larger ξ and larger n as the mass
required to induce the considered radiative corrections in this simple toy model approaches
the Planck mass, which indicates that it cannot be trusted in this regime as we do not have a
theory of quantum gravity. This is only a toy model, but it does illustrate how one might
think of the origin of the phenomenological radiative corrections considered here as well as
some limitations depending on the model considered. But of course, many other models
of higher energy physics are possible. See also [91] for a related discussion in the case of
α-attractors where the authors conclude that a model like this would also require GUT scale
masses to generate similar radiative corrections to the ones considered in this paper.

4 Discussion

The recent results from ACT, if they hold up to further scrutiny, at first glance seem to be
indicating that several previously favoured classes of inflationary models are notably less
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viable than previously thought as they lie almost entirely outside the posterior constraints
on (ns, r). However, the results here, as well as those of [25], indicate that even relatively
small radiative corrections can shift ns into the regions indicated by the latest ACT dataset
combination. This could be interpreted favourably for these models as such corrections are
seen by some as natural/expected given our knowledge of quantum field theory/standard
model particle physics (assuming that the UV completion is one that would lead to non-
negligible radiative corrections) and motivate the further exploration of radiative corrections
in specific contexts with good theoretical motivations to gain insight into UV particle content.
In particular, it may motivate finding or exploring particular UV completions that would
imply corrections of these magnitudes.

On the other hand, if UV physics is such that we should expect there to be non-negligible
radiative corrections to inflation, this would imply a pessimism regarding our ability to ever
really say with definitive certainty what inflation predicts. After all, there would probably be
far less interest in adding loop corrections, refining reheating predictions, investigating higher
order effects, etc. if the data remained centered on the Starobinsky values. In other words,
this is yet another example where higher order effects can have a non-negligible impact on
observable predictions and inferences regarding model viability, such that one can effectively
use such higher order effects to achieve almost any desired value to fit within observable
constraints (another recent example includes hilltop models where it has been shown that
higher order terms that stabilize the potential can likewise have a dramatic impact on what
were previously considered to be definitive predictions for the models in question [105–107]).
Amidst such uncertainty, what can we really say about inflation given that cosmological data
seems be to unable to discriminate amongst the multitude of options regarding the nature
of inflation, an uncertainty which also persists regarding the other two big open questions
in cosmology (dark matter and dark energy [108, 109])?

First, as has been the case for a while, it appears that non-minimal couplings (or non-trivial
modifications to the kinetic sector as in the case of α-attractors) are becoming increasingly
unavoidable as they play an important role in allowing inflationary models to satisfy bounds
on r [63, 75, 110–114]. And furthermore, they are widely expected to be present at these
energies. Interestingly, dark energy research concerning the current epoch of accelerating
expansion seems to also be following this trend of pointing towards ever more intricate scalar
field constructs [77, 78]. So, all things considered, observations seem to be consistently
pushing us towards more complicated sections of the single-field model space.

Second, there are some signals that should shed light on the viability of the single-field
paradigm. For example, single-field models quite generically predict a small negative running
of the spectral index αs ≡ dns/d ln k, where the value lies between −1.8×10−3 < αS < −9.1×
10−5 [115]. Radiative corrections do not spoil this for any of the models considered here, so
they still are within the scope of this generic prediction. The recent ACT results have also
notably shifted the constraints on αs towards the positive direction (see [21, figure 4]). While
single field inflation models like those considered here are still compatible with the constraints,
in addition to the rightward shift in ns, this may be another hint that some of the historically
more favoured models of inflation may be in tension with new data. If constraints on αs

continue to migrate towards the positive direction, this may necessitate moving away from the
class of simple single-field inflation altogether. Similarly, investigations relating to generating
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particular features in the primordial power spectrum, producing primordial black holes, and
certain signals in the stochastic gravitational wave background also might have something to
say regarding the ultimate viability of the more basic single-field inflation paradigm when
compared with more intricate constructs within single-field modeling, multi-field models,
or even more exotic alternatives [116–123].
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