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Abstract In this paper, we investigate the production of pri-
mordial black holes (PBHs) during the radiation-dominated
era. The collapse of significant density perturbations orig-
inating from large primordial scalar fluctuations generated
during inflation can lead to the formation of primordial black
holes. In our study, we adopt the Higgs hybrid metric-Palatini
model as our framework, in which the inflaton field and the
Palatini curvature are non-minimally coupled. To achieve our
objective, we analyze the behavior of the primordial curva-
ture power spectrum, which exhibits a large enhancement
at small scales corresponding to large wavenumbers k. Fur-
thermore, we examine the probability of PBHs formation by
studying the mass variance, σ(MPBH ), and the mass fraction
of the total energy density collapsing into PBHs, β(MPBH ).
The evolution of both functions is consistent with current
observational constraints. Finally, we investigate the abun-
dance of primordial black holes as a dark matter candidate.
We found that they can account for the totality or a fraction
of the current dark matter content, depending primarily on
the values of the coupling constant and the e-folds number.

1 Introduction

The concept of cosmic inflation has become the most widely
accepted paradigm for studying the early Universe [1–10]. It
successfully addresses key cosmological issues, such as the
horizon and the flatness problems. Moreover, it provides a
natural mechanism for generating primordial curvature per-
turbations, which serve as the seeds of the large-scale struc-
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tures observed in the present Universe. These perturbations
originate from quantum fluctuations of the inflaton, the scalar
field responsible for the early accelerated expansion.

On the other hand, the idea of the primordial black holes
(PBHs) generation from the gravitational collapse of over-
dense regions in the early Universe was first proposed by
Zel’dovich and Novikov in 1967 [11]. Subsequently, Hawk-
ing and Carr developed this concept through their influen-
tial research in the 1970s [12–14]. In general, production
of primordial black holes during the radiation-dominated
era requires sufficiently large amplitude of primordial cur-
vature perturbations generated during inflation. When these
enhanced perturbations re-enter the horizon during the radia-
tion era, the resulting over-dense regions can gravitationally
collapse, leading to the formation of PBHs. Recently, PBHs
have gained considerable attention as a potential source
of gravitational waves (GWs), following the detection of
GWs from the merger of two massive black holes (approx-
imately 30 times the solar mass) by the Laser Interferome-
ter Gravitational-Wave Observatory (LIGO) and Virgo col-
laborations [15–19]. Moreover, primordial black holes are
associated with a range of gravitational wave (GW) signals,
including those generated by binary merger events as well as
stochastic processes in the early Universe [20]. In particular,
stellar-mass PBHs have been proposed as potential sources of
the GW events detected by LIGO and Virgo Collaborations.

Additionally, the potential formation and properties of pri-
mordial black holes have been extensively studied within
the framework of various modified gravity theories. Among
these theories are the Gauss–Bonnet (GB) inflation model
[21,22], the generalized Brans–Dicke theory [23] and the
bouncing cosmology scenario [24]. Evidently, these inves-
tigations reveal that the single field inflationary models in
the modified background dynamics can lead to a signifi-
cant enhancement of primordial scalar perturbations at small
scales, inducing a large curvature power spectrum. Conse-
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quently, PBHs can provide an additional probe to test and
constrain modified gravity theories [25–29].

The main purpose of this study is to investigate the produc-
tion of primordial black holes during the radiation-dominated
era, resulting from enhanced primordial curvature perturba-
tions. To this end, we adopt the Higgs hybrid metric-Palatini
inflation model, where the scalar field is non-minimally
coupled to the Palatini term, as a framework. This hybrid
approach is based on a combination between elements from
both formalisms, metric and Palatini, to overcome the short-
comings of each pure theory [30–33]. In the metric formal-
ism, all gravitational degrees of freedom are carried by the
metric field and the connection is assumed to be Levi-Civita
[34,35]. Conversely, the Palatini approach treats the metric
and the connection as independent variables [36]. This infla-
tionary model and its applications have been discussed in
detail in our previous works [37–39].

Meanwhile, the nature of dark matter (DM) remains one
of the major open questions in modern cosmology. Although
its existence has been inferred since 1930s following Fritz
Zwicky’s first observations of galaxy cluster dynamics, the
fundamental nature of DM is still unknown [40]. In this work,
we explore the possibility that DM is composed mainly of
primordial black holes. Indeed, PBHs satisfy the key require-
ments for DM candidates: they are cold, non-baryonic, and
stable. In particular, sufficiently massive PBHs could consti-
tute either the entirety or a fraction of the current DM if their
masses fall in the suitable region set by observations [41–
46]. Notably, within the mass range of PBHs referred to as
the “golden window” spanning between 10−16 and 10−11Ms

(with Ms is the solar mass), primordial black holes could
account for the totality of DM. Beyond this, PBHs may also
contribute to the formation of large-scale structures through
Poisson fluctuations [47] and act as seeds for supermassive
black holes found in the galactic centers.

This work is organized as follows: in Sect. 2, we briefly
review the basic equations that describe the Higgs hybrid
metric-Palatini model. In Sect. 3, we study the probability
of PBHs production. Then, we investigate the possibility of
PBHs to be a candidate of current DM in Sect. 4. Finally, we
discuss and conclude our results in Sect. 5.

2 Higgs inflation dynamics

We consider the hybrid metric-Palatini model in which the
inflaton is non-minimally coupled to the Palatini curvature.
The action describing our model is given by [37]

S =
∫

d4x
√−g

[
1

2κ2 R+ 1

2
ξφ2 R̂− 1

2
∂μφ∂μφ−V (φ)

]
,

(2.1)

where R and R̂ are the Einstein–Hilbert curvature and the
Palatini curvature, respectively. The metric tensor gμν and
the connection 	α

βγ are treated as independent variables. We

define κ2 = M−2
Pl = 8πG where MPl denotes the reduced

Planck mass, ξ is the coupling constant and V (φ) represents
the scalar field potential.

Considering the flat Friedmann–Robertson–Walker (FRW)
background, Friedmann equations and Klein–Gordon equa-
tion are given respectively by [37]

H2 = κ2

3F(φ)

[(
1

2
−3ξσ

)
φ̇2+V (φ) − 6Hξ(1+σ)φφ̇

]
,

(2.2)

�φ + ξ R̂φ − Vφ = 0, (2.3)

where H = ȧ/a is the Hubble parameter, and σ = 0, 1
corresponds to the metric and Palatini cases, respectively.
Here, we adopt σ = 1. We also note that Vφ = dV/dφ is the
derivative of the potential with respect to the scalar field φ,
and F(φ) is a function of scalar field translating the presence
of the non-minimal coupling between the scalar field and the
Palatini curvature, it is expressed as follows

F(φ) = 1 + ξκ2φ2. (2.4)

Applying slow-roll conditions on Eq. (2.2), we obtain the
reduced form as [37]

H2 � κ2V (φ)

3F(φ)
, (2.5)

and we express slow-roll parameters as [37]

ε = 1

2κ2

(
Vφ

V

)2

Q, (2.6)

η = Vφφ

3H2 , (2.7)

ζ = 6ξσ, (2.8)

χ = κ2
e f f

(
(1 + 2ξ − 4ξσ )φ̇

−2ξ(1 + σ)Hφ)
(1 + 4ξ − 2ξσ )φ̇ + 10ξ(1 + σ)Hφ

2F(φ)H2 ,

(2.9)

where κ2
e f f = κ2/

[
1 + Cκ2

2F(φ)H φφ̇
]

represents the effective

gravitational constant and the term Q indicates the correction
to the standard case given as

Q = F(φ)

α

(
1 − 4ξκ2φ

F(φ)

V

Vφ

) (
1 − 2ξκ2φ

F(φ)

V

Vφ

)
, (2.10)

with α = 1 − 6ξσ and C = 2ξ(1 + ω).
Standard slow-roll parameters [48] are recovered if we

take ξ = 0. The number of e-folds between horizon crossing
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and the end of inflation is defined as

N =
∫ tend

tk
Hdt =

∫ φend

φk

H

φ̇
dφ, (2.11)

where the indices “k” and “end” indicate the horizon crossing
and the end of inflation, respectively.

The scalar spectral index of the power spectrum and the
tensor-to-scalar ratio are expressed, respectively, as follows
[37]

ns = 1 − 2ε + 2

α

(
η − ζ

3
− 2χ

)
, (2.12)

and

r = 1

2κ2

V 2
φ

V 2

[
1 + Cκ2

2F(φ)H φ̇φ
]2

(1 − 6ξω)2 . (2.13)

Higgs potential

To check our finding, we consider the Higgs field as the
inflaton. It is associated with the following quartic potential

V (φ) = 1

4
λφ4, (2.14)

where λ is the Higgs self-coupling. Consequently, from Eqs.
(2.12) and (2.13), the scalar spectral index and the tensor-to-
scalar take the form

ns = 1 − 16

ακ2φ2 (1 − ξκ2φ2

2F(φ)
)

+ 2

α

[
12F(φ)

κ2φ2 − 2ξσ − κe f f ((1 + 2ξ − 4ξσ )φ̇

−2ξ(1 + σ)Hφ)
(1 + 4ξ − 2ξσ )φ̇ + 10ξ(1 + σ)Hφ

F(φ)H

]
,

(2.15)

and

r = 8

κ2φ2

[
1 + Cκ2

2F(φ)H φ̇φ
]2

(1 − 6ξω)2 , (2.16)

respectively. The number of e-folds can be expressed from
Eq. (2.11) as

Nk = ακ2

8

[
φ2
k − φ2

end

]
. (2.17)

Figure 1 illustrates the variation of the spectral index, ns ,
versus the e-folds number considering different values of the
coupling constant ξ with λ = 10−9. The gray region indi-
cates constraints imposed on the spectral index by the recent
Planck data [49]. Our results are consistent with observa-
tional data as all curves fall within the bound for allowed
range of number of e-folds.

Fig. 1 Variation of the scalar spectral index versus the e-folding num-
ber for three different values of the coupling constant ξ = 10−3.9,
ξ = 10−4.1 and ξ = 10−4.5. The gray region indicates the Planck
bounds imposed on ns

In Fig. 2, we show the (ns, r) plane for different values of
the coupling constant ξ , varying the e-folds number within
the range 35 ≤ N ≤ 75. The left panel includes observational
constraints from the Planck TT,TE,EE+LowE+lensing (pur-
ple contour) and Planck TT,TE, EE+lowE+lensing+BK14
data (red contour) [49]. We find that theoretical predic-
tions are compatible with the Planck data as all curves
corresponding to the coupling constant values traverse the
allowed regions. In the right panel, we confront the (ns, r)
plane with the Planck (Planck-LB-BK18) and the combined
Planck+ACT (P-ACT-LB-BK18) observational data. These
constraints include BICEP/Keck CMB 2018 B-mode polar-
ization measurements and are further enhanced by CMB
lensing and by baryon acoustic oscillation data from DESI
Year-1 [50–53]. It is evident that P-ACT-LB-BK18 dataset
favors a slightly higher value of ns (with central value around
0.9743 ± 0.0043) and stronger upper limit on r (r < 0.038),
than those preferred by Planck alone. As a result, both val-
ues of the coupling constant, ξ = 10−3.9 and ξ = 10−4.1,
exhibit excellent consistency with the observations, as the
corresponding curves comfortably cross the 1σ and 2σ con-
fidence regions of both datasets with longer inflationary dura-
tions than those inferred from Planck alone. In contrast, the
case with ξ = 10−4.5 is strongly disfavored, as its curve
lies almost entirely outside the 95% confidence contours.
Additionally, smaller values of ξ lead to a smaller predicted
tensor-to-scalar ratio r .
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Fig. 2 Evolution of the tensor-to-scalar, r , versus the spectral index, ns , for different values of the coupling constant ξ , varying the e-folds number
N within the range 35 ≤ N ≤ 75

3 Primordial black holes production

In the early radiation-dominated Universe, the collapse of
large density perturbations, which is originated from large
primordial scalar fluctuations produced during inflation, can
lead to the formation of primordial black holes [11,12,14]. To
investigate the possibility of primordial black hole produc-
tion, it is necessary to compute the power spectrum of curva-
ture perturbations and analyze its behavior on both small and
large scales. The objective is to determine whether its evolu-
tion satisfies the conditions required for PBH formation. The
primordial curvature power spectrum is defined as [54]

PR(k) =
(

k3

2π2

)
|R|2, (3.1)

where R is the comoving curvature perturbations given by
[37]

R = � + H

φ̇
[
1 + Cκ2

2F(φ)H φφ̇
]δφ, (3.2)

where � is a scalar perturbation. Considering the spatially
flat gauge where � = 0, and using the relation between the
scalar field fluctuations and the Mukhanov–Sasaki variable,
δφ = v/a, the comoving curvature perturbations R can be
written as

R = H2

φ̇
√

2k3

[
1 + Cκ2

2F(φ)H
φφ̇

]−1 (
k

aH

)3/2−ν

. (3.3)

Here, the Mukhanov–Sasaki variable v takes the form

v = aH√
2k3

(
k

aH

)3/2−ν

, (3.4)

where the parameter ν is expressed in terms of slow-roll
parameters as

ν = 3

2
+ ε − 1

(1 − 6ξχ)

(
η − ζ

3
− 2χ

)
. (3.5)

The evolution of the primordial curvature power spectrum,
PR(k), is depicted in Fig. 3, where it is plotted as a function
of the dimensionless ratio, k/k∗. Two different values of the
e-folding number, N , are considered: N = 52 (blue line) and
N = 55 (green line). We also take into account two different
values of the coupling constant, ξ = 10−4 and ξ = 10−4.1,
presented in the left and the right panels, respectively. As evi-
dent, a significant enhancement in the curvature power spec-
trum at small scales with large wavenumber k is observed.
This implies the possibility of gravitational collapse of over-
dense regions after inflation leading to the formation of the
primordial black holes during radiation-dominated era. Fur-
thermore, the enhancement of PR(k) is larger for smaller
value of both ξ and N .

The mass of the primordial black hole generated at time
t during the radiation-dominated era, MPBH , is given by
[55,56]

MPBH (k) = γ MH = 4πγ
M2

Pl

H
, (3.6)
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Fig. 3 The primordial curvature power spectra, PR(k), as a function of
the dimensionless ratio k/k∗. The blue and the green lines correspond
to the value of e-folding number, N = 52 and N = 55, respectively.

We consider two values of the coupling constant, ξ = 10−4 (left panel)
and ξ = 10−4.1 (right panel). Here, the pivot scale is taken as k∗ = 0.05
Mpc−1

where γ is the efficiency factor, taken to be 0.2 [14], rep-
resents the fraction of the mass within the Hubble horizon
that collapses to form PBHs, MH is the horizon mass and
H is the Hubble parameter at the time of PBHs formation.
Since the production of primordial black holes occurs during
the radiation-dominated era, we can consider ρtot � ρr and
hence write

H2 = ρtot

3M2
Pl

= ρr

3M2
Pl

= �r,0H
2
0

ρr

ρr,0
, (3.7)

where we have used the current energy density parameter of
radiation

�r,0 = 1

3M2
pH

2
0

ρr,0, (3.8)

with ρr,0 and H0 correspond to the present time radia-
tion energy density and Hubble parameter, respectively. The
energy density and temperature are related by the following
two expressions

ρr = π2

30
g∗T 4, (3.9)

and

ρr,0 = π2

30
g∗,0T

4
0 , (3.10)

where g∗ and g∗,0 denote the effective numbers of relativistic
degrees of freedom at the time of formation and at the present
time, respectively. Thus we obtain

ρr

ρr,0
= g∗

g∗,0

(
T

T0

)4

. (3.11)

Under the assumption of entropy conservation, dS = 0,
implying that

S = sa3 = constant, (3.12)

with s = 2π2

45 g∗,sT 3, we get

gs,∗T 3a3 = gs,0T
3
0 a

3
0, (3.13)

where gs,∗ and gs,0 refers to the effective numbers of rela-
tivistic degrees of freedom contributing to the entropy density
at the time of formation and at the present-day, respectively.
Note also that a is the scale factor at the PBHs formation
time and a0 is the current scale factor. Then we can write the
ratio of temperatures as

(
T

T0

)4

=
(
gs,0
gs,∗

)4/3 (a0

a

)4
. (3.14)

We substitute this expression into Eq. (3.11), we get

ρr

ρr,0
= g∗

g∗,0

(
gs,0
gs,∗

)4/3 (a0

a

)4
. (3.15)

By assuming a0 to be unity and adopting the approximation
gs,∗ = g∗ during the radiation era, we return to Eq. (3.7) then
we find

H = H0
�

1/2
r,0

a2

(
g∗,0

g∗

)1/6

. (3.16)

Inserting this equation into Eq. (3.6), we obtain

MPBH = 4πγ M2
Pl

�
1/2
r,0 H0

(
g∗,0

g∗

)−1/6

a2. (3.17)

The wavenumber associated with horizon re-entry is given
by the relation k = aH , using this relation, we can rewrite
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Eq. (3.16)

H = k2

�
1/2
r,0 H0

(
g∗,0

g∗

)−1/6

. (3.18)

Returning to Eq. (3.6), one can express the mass of the gen-
erated primordial black hole, MPBH , as a function of the
corresponding comoving wavenumber k as follows

MPBH (k) = 4πγ M2
Pl�

1/2
r,0 H0

(
g∗,0

g∗

)1/6

k−2. (3.19)

We simplify this expression by considering the following
numerical values: g∗,0 = 3.36, �r,0 = 9 × 10−5 and H0 =
100 h km s−1 Mpc−1. Consequently, we get

MPBH (k)

� Ms

( γ

0.2

) (
106.75

g∗

)1/6 (
k

1.6 × 106Mpc−1

)−2

.(3.20)

where the solar mass is Ms = 2 × 1033g, and the effec-
tive number of relativistic degrees of freedom is set to
g∗ = 106.75.

Additionally, observational constraints imposed on the
PBHs abundance indicate that their contribution is estimated
to be less than 10−20 of the energy density of the Universe
[57,58]. The fraction of the energy density that collapses
into PBHs which measures the contribution of PBHs to the
total energy density of the Universe is expressed using Press–
Schechter formalism, as [59,60]

β (MPBH ) = ρPBH

ρtot
=

∫ ∞

δc

P(δ)dδ, (3.21)

where the probability distribution of the fluctuations, P(δ) is
assumed to be Gaussian and given by [61]

P(δ) = erfc

(
δc√

2 σ (MPBH)

)
, (3.22)

the complementary error function, erfc (....), can be approx-
imated to yield to the following expression

P(δ) = 1√
2π σ (MPBH)

exp

( −δ2

2 σ 2 (MPBH)

)
, (3.23)

where δ is the density contrast and δc indicates the critical
value that the density fluctuation must exceed to undergo
gravitational collapse and form a primordial black hole. Early
studies have adopted δc = ω (e.g. Ref. [14]). More recently,
δc has been studied numerically in [62,63]. In this work, we
consider δc as a function of the equation of state ω [64]

δc = 3(1 + ω)

5 + 3ω
sin2

(
π

√
ω

1 + 3ω

)
. (3.24)

Since the formation of primordial black holes happens in
the radiation-dominated era, we take ω = 1/3 and hence

δc � 0.414 [64]. The function σ (MPBH ) represents the
mass variance of the density perturbation defined by the pri-
mordial power spectrum curvature perturbations, PR(k̃), and
the window function W 2(k̃/k) as [65]

σ 2 (MPBH ) = 4(1 + ω)2

(5 + 3ω)2

∫ ∞

0

(
k̃

k

)4

PR(k̃)W 2(k̃/k)
dk̃

k̃
.

(3.25)

We take a Gaussian form for W 2(k̃/k) as

W (k̃/k) = exp

(
−(k̃/k)2

2

)
. (3.26)

In Press–Schechter theory [66], The mass variance can be
expressed by the following relation as [67]

σ (MPBH ) � 2(1 + ω)

3 + 5ω

√
PR(k). (3.27)

According to observable constraints, σ (MPBH ) must sat-
isfy the condition σ (MPBH ) < σthresh , where σthresh
denotes the critical value above which the overproduction
of PBHs would occur. In the non-Gaussian scenario, this
threshold is set to 0.03. However, within the Gaussian dis-
tribution approximation considered in this work, we have
σthresh = 0.08 [59]. This Gaussianity assumption for the
curvature perturbations is widely adopted for its simplic-
ity in studying PBHs production in single-field models. It
remains reasonable, since interactions which could generate
significant non-Gaussianity are suppressed by the slow-roll
parameters.

In Fig. 4, we show the evolution of the mass variance as a
function of the primordial black hole mass, MPBH , for two
specific values of the e-folding number, N , namely 52 and 55.
We consider two cases for the coupling constant, ξ , specif-
ically ξ = 10−4 (left panel) and ξ = 10−4.1 (right panel).
The dashed line indicates the threshold σthresh = 0.08 above
which PBHs would be overproduced. For both scenarios,
the mass variance, stays less than σthresh for a mass range
that satisfies the observational constraints. Additionally, for
ξ = 10−4.1, the probability of generating more massive
PBHs is higher compared to the case with ξ = 10−4. The
influence of the number of e-folds is evident, as a simple
increase in N results in the production of more massive pri-
mordial black holes.

Figure 5 illustrates the variation of the mass fraction,
β(MPBH ), which represents the portion of the total energy
density collapsing into primordial black holes, as a function
of the PBH mass. Two different values of e-folding num-
ber are considered: N = 52 (blue curve) and N = 55
(green curve). The left and the right panels correspond to
two different values of the coupling constant, ξ = 10−4 and
ξ = 10−4.1, respectively. In both cases, the probability of
PBHs formation is consistent with observational constraints,

123



Eur. Phys. J. C            (2026) 86:51 Page 7 of 10    51 

Fig. 4 The mass variance against the PBH mass, MPBH , for N = 52 and N = 55. Two values of the coupling constant are considered: ξ = 10−4

(left panel) and ξ = 10−4.1 (right panel). The dashed line represents the threshold σthresh = 0.08 above which PBHs would be overproduced

Fig. 5 The fraction of the total energy density collapsing into PBHs as a function of the PBH mass, considering two cases where N = 52, 55. We
consider two coupling constant values, specifically ξ = 10−4 (left panel) and ξ = 10−4.1 (right panel)

as the mass fraction, β, remains below the observational
threshold of 10−20 within the allowed PBH mass range. Fur-
thermore, all curves reveal that as the PBH mass increases,
the function β increases as well. It is also evident that an
increase in the number of e-folds leads to the generation of
more massive PBHs.

4 Primordial black holes as a DM candidate

Primordial black holes satisfy all the necessary conditions to
be considered as a viable DM candidate. They are cold, non-
baryonic objects formed before the Big Bang nucleosynthe-
sis, and stable over cosmological timescales. Furthermore,
they can be produced in sufficient abundance to account for
the observed dark matter. Although PBHs evaporate by emit-
ting Hawking radiation [68], they are considered stable if its
initial mass is greater than 1015g [69]. Moreover, From the
mass fraction function, β, one can compute the contribution

of PBHs to the current total dark matter density. Returning
to Eq. (3.21) and replacing ρtot by its expression, we write

β (MPBH ) = ρPBH

3M2
pl H

2
= ρPBH

3M2
pl H

2
0

(
H0

H

)2

. (4.1)

Since primordial black holes behave like non-relativistic mat-
ter, PBH energy density is expressed as ρPBH ∝ a−3, imply-
ing that ρPBH = ρPBH,0 (a0/a)3. Then, we write

β (MPBH ) = ρPBH,0

ρDM,0

ρDM,0

3M2
pl H

2
0

(
H0

H

)2 (a0

a

)3

= fPBH�DM,0

(
H0

H

)2

a−3, (4.2)

where fPBH and �DM,0 are the mass function describing
fractional abundance of PBHs and the current density param-
eter of dark matter defined respectively as

fPBH (MPBH ) = �PBH,0

�DM,0
, (4.3)
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Fig. 6 The abundance of primordial black holes, fPBH , as a function
of the PBHs mass, for N = 52 (blue curve) and N = 55 (green curve),
considering two cases where ξ = 10−4 (left panel) and ξ = 10−4.1

(right panel). The bounds depicted corresponding to observational con-

straints on PBHs abundance are evaporation (red region), microlens-
ing (purple region), gravitational waves (cyan region) [70], accretion
(brown region) [71] and dynamical effects (green region) [72]

and

�DM,0 = ρDM,0

3M2
pl H

2
0

. (4.4)

Substituting the expressions of H and a in terms of MPBH
Ms

from Eqs. (3.16) and (3.17), one obtains [55]

fPBH (MPBH ) = 1.52 × 108β (MPBH )

( γ

0.2

)1/2
(

106.75

g∗

)1/4 (
MPBH

Ms

)−1/2

, (4.5)

where we have taken �DM,0 = 0.26. The abundance of
primordial black holes as a function of the PBHs mass is
shown in Fig. 6, considering two values of the coupling con-
stant, which are ξ = 10−4 (left panel) and ξ = 10−4.1 (right
panel). We adopt two values of the e-folds number, N , specif-
ically N = 52 and N = 55. In addition, we include the
observational constraints on PBHs abundance from evapora-
tion (red region), lensing (purple region), gravitational waves
(cyan region) [70], CMB distortions (brown region) [71], and
the accretion from X-ray binaries (green region) [72] (see
[73] for more details). For the first case, where ξ = 10−4,
both lines corresponding to N = 52 and N = 55 fall within
allowed mass range, in which PBHs can account for 100% of
the present dark matter, between 1×1017 and 3.75×1019 g.
In contrast, for ξ = 10−4.1, primordial black holes serve only
as a fraction to the current dark matter abundance. Specif-
ically, PBHs contribute about 4.5% and 1.8% for N = 52
and N = 55, respectively. In this case, the PBH masses span
the range 1.36 × 1025 ≤ MPBH ≤ 1 × 1029 g. As a key
result, the PBH mass is highly sensitive to both the coupling
constant, ξ and the e-folding number N .

5 Conclusion

In this paper, we investigated the possibility of primordial
black holes generation within the framework of the Higgs
hybrid metric-Palatini model, based on the non-minimal cou-
pling between the inflaton field and the Palatini curvature.
First, we have briefly reviewed the dynamics of our Higgs
inflationary model. In particular, we focused on the key infla-
tionary parameters such as the spectral index, ns and the
tensor-to-scalar ratio, r . Our results show that the predicted
evolution of these parameters is consistent with the latest
observational constraints arising from the ACT, DESI, and
Planck collaborations.

Additionally, we have studied the power spectrum of cur-
vature perturbations. The behavior of curvature power spec-
trum exhibits a significant enhancement at small scales, cor-
responding to large wavenumbers k. As a result, gravitational
collapse of over-dense regions can occur after inflation, lead-
ing to the production of PBHs during the radiation-dominated
era.

Furthermore, we investigated the probability of primor-
dial black holes production and their contribution to the total
energy density of the Universe. To this end, we analyzed the
mass variance σ(MPBH ) and the mass fraction, β(MPBH ),
considering two different values of both the coupling con-
stant, ξ , and the e-folds number, N . We found that the proba-
bility of PBHs generation is consistent with constraints pro-
vided by observational data.

Finally, we studied the PBHs as potential candidates for
the dark matter. For this purpose, we analyzed the abundance
function f (MPBH ) considering two cases corresponding to
two different values of the coupling constant, ξ , for two dis-
tinct values of the e-folds number, N . Our findings reveal that
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it is possible to generate primordial black holes in the allowed
mass range that aligns with observations. Consequently, for
ξ = 10−4 and ξ = 10−4.1, with N = 52 and N = 55, PBHs
could account for either the entire dark matter content of the
Universe or only a fraction of it, respectively.
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