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We propose a new way of probing the nonthermal origin of baryon asymmetry of the Universe (BAU)
and dark matter (DM) from evaporating primordial black holes (PBHs) via stochastic gravitational waves
(GWs) emitted due to PBH density fluctuations. We adopt a baryogenesis setup where CP-violating out-of-
equilibrium decays of a colored scalar, produced nonthermally at late epochs from PBH evaporation,
lead to the generation of BAU. The same PBH evaporation is also responsible for nonthermal origin of
superheavy DM. Unlike the case of baryogenesis via leptogenesis that necessarily corners the PBH mass to
∼Oð1Þ g, here we can have PBH mass as large as ∼Oð107Þ g due to the possibility of producing BAU
directly below sphaleron decoupling temperature. Because of the larger allowed PBH mass we can also
have observable GW with mHz-kHz frequencies originating from PBH density fluctuations keeping the
model constrained and verifiable at ongoing as well as near future GW experiments like LIGO, BBO,
DECIGO, CE, ET etc. Because of the presence of new colored particles and baryon number violation, the
model also has complementary detection prospects at laboratory experiments.
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I. INTRODUCTION

Observational evidence from astrophysics and
cosmology based experiments suggest that approximately
27% of the present Universe’s energy density is
composed of dark matter (DM). More quantitatively,
DM abundance is reported in terms of density parameter
ΩDM and reduced Hubble constant h ¼ Hubble parameter=
ð100 km s−1Mpc−1Þ as [1]

ΩDMh2 ¼ 0.120� 0.001 ð1Þ

at 68% CL. While around 5% of the present Universe is
composed of ordinary matter or baryons, the high asym-
metry nature of it leads to the longstanding puzzle of
baryon asymmetry of the Universe (BAU). This observed

excess of baryons over antibaryons is quantified in terms of
the baryon to photon ratio as [1]

ηB ¼ nB − nB̄
nγ

≃ 6.2 × 10−10; ð2Þ

based on the cosmic microwave background (CMB) mea-
surements which also agrees well with the big bang nucleo-
synthesis (BBN) estimates [2].While the origin ofDMaswell
as BAU remains unexplained within the framework of the
standard model (SM), the resemblance between their abun-
dances, namely, ΩDM ≈ 5Ωbaryon, might deserve an explan-
ation based ondynamical origin. Such cogenesismechanisms
for DM and BAU1 are broadly classified into two categories;
namely, the asymmetric dark matter scenario [4–10] and the
WIMPybaryogenesis scenario [11–20]where the asymmetry
in either baryon or lepton sector is produced from particle
DM annihilations [21–23].
In spite of the theoretical appeal in many of these beyond

standard model frameworks for cogenesis, experimental
verification has been a challenge due to persistent lack of
any signatures either at DM search experiments [24] or at
other experiments like the large hadron collider (LHC).
This has motivated the search for complementary signa-
tures like stochastic gravitational wave (GW) background.
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1A brief review of such cogenesis can be found in [3].
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For example, GW signatures of leptogenesis have
been discussed in [25–36]. Similarly, some recent studies
on GW signatures of different DM scenarios can be found
in [37–50]. In this work, we consider a cogenesis setup
where ultralight primordial black holes (PBHs) can play
a crucial role. The role of PBH evaporation on baryogenesis
was first pointed out in [51,52] and has been studied
subsequently by several authors in different contexts
[53–61]. The common origin of baryogenesis via lepto-
genesis [62] and DM from evaporating PBH has been
studied in several works [9,30,63–65]. Such PBH-
generated cogenesis mechanisms have very interesting
GW signatures. For example, evaporating ultralight PBH
can lead to high frequency stochastic GW generation
[66,67]. On the other hand, the PBH formation mechanism
can itself lead to induced GWs [68–70]. Recently, the
authors of [71] also proposed a doubly peaked GW
spectrum in PBH-generated baryogenesis scenarios by
considering first order adiabatic perturbation from inflation
and the isocurvature perturbations due to PBH distribution
to source the tensor perturbations in second order. In [72],
the authors considered high frequency GW signatures in a
baryon-DM cogenesis setup from PBH by considering the
scalar perturbations responsible for PBH formation. In
another recent work [73], a high scale leptogenesis and
superheavy DM scenario in the presence of PBH was
shown to produce a unique GW spectrum via PBH density
fluctuations [69,74–76].
In this work, we consider a minimal particle physics

setup to realize baryogenesis due to out-of-equilibrium CP-
violating decay of a colored scalar. The baryon asymmetry
can be generated at low scale, even below the sphaleron
decoupling temperature due to nonthermal origin of the
colored scalar from PBH evaporation. Because of the
possibility of low scale generation of baryon asymmetry,
the allowed PBH mass range can be much bigger compared
to the one in several PBH assisted leptogenesis works
discussed in the literature. This also brings the GW
spectrum created by PBH density fluctuations to the
observable ballpark in mHz-kHz frequencies with peak
amplitudes lying within reach of even LIGO as well as
several planned experiments. While such a PBH-dominated
epoch in the early Universe typically leads to the over-
production of DM except for superheavy regime, we find
interesting correlations between DM mass and the colored
scalar mass responsible for creating BAU. Our analysis also
differs from the recent work [72] where a second pop-
ulation of heavy stable PBH was considered which itself
acts as DM, in addition to the difference in GW production
source and frequencies (MHz-GHz ballpark). While our
GW signatures are similar to the recent work [73], there
exist sharp differences in the cogenesis mechanism. In [73],
high scale thermal leptogenesis leads to overproduction of
baryon asymmetry which gets diluted due to PBH evapo-
ration at late epochs which also leads to the production of

superheavy DM. On the other hand, we are studying direct
baryogenesis (without taking the leptogenesis route) andDM
production from PBH evaporation. The complementary
detection prospects are more promising in the present setup
due to the presence of additional colored particles and baryon
number violation. Depending upon the mass of the colored
scalar and its couplings, the model can also have comple-
mentary detection prospects at the LHC and experiments
looking for baryon number violating processes like neutron-
antineutron ðn − n̄Þ oscillations. Our aim here is to provide a
testable scenario, based on the existing particle physics
model, which is capable of simultaneously explaining bar-
yonic and dark matter abundance, thanks to the underlying
gravitational production associated with PBH evaporation.
This paper is organized as follows. In Sec. II we briefly

discuss the model and source of baryon asymmetry. In
Sec. III, we review the role of PBH in baryogenesis while
also commenting upon the difference from PBH assisted
leptogenesis followed by discussion of the results related to
BAU andDM from PBH. In Sec. IV, we discuss the details of
GW generation in our setup and finally conclude in Sec. V.

II. THE FRAMEWORK

A. Field content and interactions

In this section we describe the underlying particle
physics model responsible for baryogenesis. To realize
baryogenesis, we follow a simple particle physics setup
similar to the earlier works [77–81]. We consider renor-
malizable baryon number (B) violating terms involving
newly introduced particles as a source of BAU. In order to
avoid ΔB ¼ 1 processes leading to proton decay, we
consider ΔB ¼ 2 processes having other observable sig-
natures like n − n̄ oscillations [82–84]. We consider the
presence of two isosinglet scalars Si, with i ¼ 1, 2, that
transform as SUð3Þc triplets under the SM. The scalars also
carry nontrivialUð1ÞY charges that allow us to have a direct
coupling term to right-handed down type quarks as Sdcdc.
The presence of at least two S is needed to produce a
baryon asymmetry from the interference of tree and one-
loop diagrams in a decay process governed by the Sdcdc

interactions. However, although necessary, this is not
sufficient, the reason being that the total asymmetry
vanishes after summing over all flavors of dc in the final
and intermediate states [85]. One, therefore, requires addi-
tional baryon number violating interactions, and the sim-
plest renormalizable term as such is Sψuc where ψ is a
SM gauge singlet field. The newly added fields and their
corresponding charges under the SM gauge symmetry are
listed in Table I. With this particle content at our disposal,
we can now write the relevant part of the renormalizable
Lagrangian as [80,81,86,87]

−L ⊃ λSψuc þ λ0S⋆dcdc þ 1

2
mψψ

cψ þ H:c:; ð3Þ
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where we have suppressed all the flavour indices. Clearly,
the Majorana mass term of ψ is the source of baryon
number violation (ΔB ¼ 2) in this model.
The above particle content does not lead to a naturally

stable DM candidate. For the interaction Lagrangian
given in Eq. (3), the neutral singlet fermion ψ can be
made kinematically stable by choosing its mass as
mp −me ≤ mψ ≤ mp þme, forbidding both the possibil-
ities of proton and ψ decays. However, in the absence of
additional symmetries, ψ can couple to lepton and Higgs
doublets of the SM opening up another decay channel.
Even if additional symmetry is introduced to forbid such
decay into leptons, a PBH-dominated phase typically
overproduces DM with mass mψ ∼ 1 GeV, as we discuss
below. Therefore, in our minimal setup, ψ cannot be a DM
candidate. Therefore, ψ can be much heavier in our setup
while obeying the lower bound mp −me ≤ mψ to forbid
the corresponding proton decay mode p → ψeþνe.
Interestingly, multiple generations of ψ can also play a
role in generating light neutrino mass via a type-I seesaw
mechanism [88–91]. We consider DM to be purely gravi-
tational such that it is produced dominantly from PBH
evaporation. Since both DM and the colored scalar S
responsible for BAU originate nonthermally from PBH
evaporation, this leads to a strong correlation among a DM,
colored scalar as well as PBH initial masses. In addition,
a purely gravitational DM is also motivated from the fact
that all observational evidences of DM are based on its
gravitational interactions only, with direct detection experi-
ments continuing their null results.

B. Generation of baryon asymmetry

Baryon asymmetry is generated through the decay of the
colored scalars Si, leading to CP asymmetries, via inter-
ference between a tree and loop-level diagrams as in
Ref. [81]:

ϵα ¼
1

8π

P
i;j;kImðλ�αkλβkλ0�αijλ0βijÞP
i;jjλ0αijj2 þ

P
ijλαij2

×
ðm2

Sα
−m2

Sβ
ÞmSαmSβ

ðm2
Sα
−m2

Sβ
Þ2 þm2

Sα
Γ2
Sβ

;

with α;β ¼ 1;2; α ≠ β; ð4Þ

such that the final baryon asymmetry, in the nonthermal
ballpark (where washouts are negligible) can be
estimated as

YB ¼ nB
s

¼ ϵ1
nS1
s

þ ϵ2
nS2
s

: ð5Þ

In Eq. (4), the decay width of Sα, at tree level, is
estimated as

ΓSα ¼
mSα

16π

�X
i

jλαij2 þ
X
i;j

jλ0αijj2
�
: ð6Þ

In order to compute the CP asymmetries from Eq. (4), we
parametrize the Yukawa matrices in Eq. (3) as

λ ¼
�

λ λ λ

λeiϕ1 λeiϕ1 λeiϕ1

�
; λ01 ¼

0
B@

0 λ0 λ0

λ0 0 λ0

λ0 λ0 0

1
CA;

λ02 ¼

0
B@

0 λ0eiϕ2 λ0eiϕ2

λ0eiϕ2 0 λ0eiϕ2

λ0eiϕ2 λ0eiϕ2 0

1
CA; ð7Þ

which provides us with two more free parameters, namely
the arbitrary CP phases ϕ1;2. Also, the diagonal entries of
λ01;2 are zero due to the requirement of color antisymmetry.
Note that λ0αij denotes the components of the matrices λ0α
with α ¼ 1, 2. Utilizing this parametrization, from Eq. (4)
we find ϵ1 þ ϵ2 ¼ 0.1 for λ; λ0 ≃ 10−3 with mS1 ≈mS2 .
Typically, this corresponds to a resonant baryogenesis
scenario, where the mass difference between S1;2 is of
the same order as their decay width: Δm≡ jmS1 −mS2 j ∼
ΓS1;2=2 ≪ mS1;2 [81], similar to the resonant leptogenesis
framework [92]. Since ΓS ∝ mS, hence the CP asymmetry
in the resonance limit becomes independent of the scalar
mass.

C. Constraints from the LHC and n− n oscillations

While we do not perform a detailed collider study of
our model here, we briefly mention the existing bounds
on colored scalars, which most of our parameter space
satisfies. The on-shell production of S via pp → S → dci d

c
j

can lead to dijet resonance that in turn can constrain the
mass of S and the couplings λ; λ0, as discussed in [81]. A
search for narrow resonances decaying to dijet final states
put upper limits at 95% confidence level on the production
cross section with masses above 0.6 TeV at

ffiffiffi
s

p ¼ 13 TeV,
with an integrated luminosity of 12.9 fb−1 [93]. This
excludes color octet scalars below 3 TeV. This bound
has been updated for an integrated luminosity of 137 fb−1,
which searches for a narrow (or broad) s-channel dijet
resonance with mass above 1.8 TeV, constraining color
octet scalars below 3.7 TeV [94]. There is also a possible
monojet signal of this model at the LHC from the on-
shell production of S and its subsequent decay through
pp → S → ψuc, which can be constrained from monojet

TABLE I. Relevant fields including the newly added ones and
their corresponding charges under the SM gauge symmetry.

Fields SUð3Þc SUð2ÞL Uð1ÞY
uc 3 1 −4=3
dc 3 1 þ2=3

Si (i ∈ 1, 2) 3 1 þ4=3
ψ 1 1 0

GRAVITATIONAL WAVE SIGNATURES OF A PBH-GENERATED … PHYS. REV. D 107, 095002 (2023)

095002-3



plus missing energy searches from CMS [95] and
ATLAS [96]. On the other hand, the colored scalars can
also be pair produced at a hadron collider: pp → SS⋆,
purely through QCD interactions, independent of the
Yukawa couplings. The subsequent decay of S → dci d

c
j

will then lead to paired dijet resonance. As explained
in [81], the baryon number violating term in the Lagrangian
can induce a B-violating dimension-9 operator of the
form ðmψ=m6

SÞðλ
1
2λ0Þ4ðucucÞðdcbcÞðdcbcÞ, corresponding

to ΔB ¼ 2 transition, which can lead to n − n̄ oscillation
with the amplitude

Mnn̄ ≃
λ2ðλ0Þ4mψ

8π2m6
S

ln

�
mS

mψ

�
; ð8Þ

at one loop level, which is constrained from the current
experimental lower bound [82–84,97]: Mnn̄≤10−28GeV−5

or equivalently, an oscillation lifetime of τnn̄ ≳ 108 s.

III. ANALYTICAL TREATMENT OF PBH
ASSISTED COGENESIS

Primordial black holes (PBH), originally proposed by
Hawking [51,98], can have very interesting cosmological
signatures [52,99] (a recent review of PBH may be found
in [100]). While PBH with suitable mass range can itself
be a DM candidate, we are interested in its ultralight mass
regime where it is not long-lived enough to be DM but
can play a nontrivial role in production of DM as well as
baryon asymmetry. The role of PBH evaporation on
DM genesis has been studied in several works including
[101–109]. Similarly, the role of PBH evaporation on
baryogenesis was first pointed out in [51,52] and has been
studied subsequently by several authors in different con-
texts [9,30,53–61,63,64].
We assume PBHs to have formed after inflation during

the era of radiation domination. Assuming radiation domi-
nation, the mass of the black hole from gravitational
collapse is typically close to the value enclosed by the
postinflation particle horizon and is given by [63,110]

min
BH ¼ 4

3
πγ

�
1

HðT inÞ
�

3

ρradðT inÞ; ð9Þ

with

ρradðT inÞ ¼
3

8π
HðT inÞ2M2

P; ð10Þ

where H is the Hubble parameter, MP is the Planck mass
and γ ≃ 0.2 is a numerical factor which contains the
uncertainty of the PBH formation. As mentioned earlier,
PBHs are produced during the radiation dominated epoch,
when the SM plasma has a temperature T ¼ T in which is
given by

T in ¼
�

45γ2

16π3g⋆ðT inÞ
�

1=4
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

MP

mBHðT inÞ

s
MP: ð11Þ

Once formed, PBH can evaporate by emitting Hawking
radiation [51,98]. A PBH can evaporate efficiently into
particles lighter than its instantaneous Hawking temper-
ature TBH defined as [98]

TBH ¼ 1

8πGmBH
≈ 1.06

�
1013 g
mBH

�
GeV; ð12Þ

where G is the universal gravitational constant. The mass
loss rate can be parametrized as [111]

dmBHðtÞ
dt

¼ −
Gg⋆ðTBHÞ
30720π

M4
P

mBHðtÞ2
; ð13Þ

where G ∼ 4 is the gray-body factor. Here we ignore
the temperature dependence of g⋆ during PBH evolution,
valid in the era prior to sphaleron decoupling temperature.
On integrating Eq. (13) we end up with the PBH mass
evolution equation as

mBHðtÞ ¼ mBHðT inÞ
�
1 −

t − tin
τ

�
1=3

; ð14Þ

with

τ ¼ 10240πðmin
BHÞ3

Gg⋆ðTBHÞM4
P
; ð15Þ

as the PBH lifetime, and tin corresponds to the time at
formation of the PBH. Here onward we will use min

BHðT inÞ
simply as min. The evaporation temperature can then be
computed taking into account HðTevapÞ ∼ 1

τ2
∼ ρradðTevapÞ as

Tevap ≡
�

45M2
P

16π3g⋆ðTevapÞτ2
�

1=4
: ð16Þ

However, if the PBH component dominates the total
energy density of the Universe at some epoch, the SM
temperature just after the complete evaporation of PBHs is
T̄evap ¼ 2=

ffiffiffi
3

p
Tevap [102].

The initial PBH abundance is characterized by the
dimensionless parameter β that is defined as

β≡ ρBHðT inÞ
ρradðT inÞ

; ð17Þ

corresponding to the ratio of the PBH energy density to
the SM energy density at the epoch of PBH formation.
Note that, β steadily grows until PBH evaporation since
the PBH energy density scales like nonrelativistic matter
∼a−3, while the radiation energy density scales as ∼a−4.
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Therefore, an initially radiation-dominated universe will
eventually become matter dominated if the PBHs are still
around. The condition of PBH evanescence during radia-
tion domination can be expressed as [110]

β < βcrit ≡ γ−1=2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Gg⋆ðTBHÞ
10640π

r
MP

min
; ð18Þ

where βc ≡ βcrit is the critical PBH abundance that leads to
early matter-dominated era. Depending on the initial PBH
mass min, β is bounded from below from the requirement
of PBH domination, as well as from the above such that
the induced GWs do not exceed the limits on the
abundance of radiation during BBN. These bounds can
be translated into [76]

1.1 × 10−6
�

min

104 g

�
−17=24 ≳ β ≳ 6.4 × 10−10

�
min

104 g

�
−1
:

ð19Þ
Since PBH evaporation produces all particles, including

radiation that can disturb the successful predictions of
BBN, hence we require Tevap > TBBN ≃ 4 MeV. This can
be translated into an upper bound on the PBH mass. On the
other hand, a lower bound on PBH mass can be obtained
from the CMB bound on the scale of inflation [112]:
HI ≡HðT inÞ ≤ 2.5 × 10−5 MP, where HðT inÞ ¼ 1

2tin
with

tðT inÞ ¼ min
M2

Pγ
[as obtained from Eq. (9)]. Using these

BBN and CMB bounds together, we have a window2 for
allowed initial mass for ultralight PBH that reads
0.1 g≲min ≲ 3.4 × 108 g. For simplicity, we consider a
monochromatic mass function of PBHs implying all PBHs
to have identical masses. Additionally, the PBHs are
assumed to be of Schwarzschild type without any spin
and charge. Now, the number of any particle X with mass
mX radiated during the evaporation of a single PBH

N X ¼ gX;H
g⋆;HðTBHÞ

8>><
>>:

4π
3

�
min
MP

�
2

for mX < T in
BH;

1
48π

�
MP
mX

�
2

for mX > T in
BH;

ð20Þ

where

g⋆;HðTBHÞ≡
X
i

ωigi;H; gi;H

¼

8>>><
>>>:

1.82 for s ¼ 0;

1.0 for s ¼ 1=2;

0.41 for s ¼ 1;

0.05 for s ¼ 2;

ð21Þ

with ωi ¼ 2si þ 1 for massive particles of spin si, ωi ¼ 2
for massless species with si > 0 and ωi ¼ 1 for si ¼ 0. At
temperatures TBH ≫ TEW ≃ 160 GeV, PBH evaporation
emits the full SM particle spectrum according to their
g⋆;H weights, while at temperatures below the MeV scale,
only photons and neutrinos are emitted. For TBH ≫
100 GeV (corresponding to mBH ≪ 1011 g), the particle
content of the SM corresponds to g⋆;H ≃ 108.

A. Leptogenesis from PBH

While our work is related to nonthermal baryogenesis,
we briefly comment upon PBH assisted nonthermal
leptogenesis, in order to show the key differences in
terms of PBH mass. Baryogenesis via leptogenesis [62] is
one of the most popular frameworks which can explain
the origin of BAU. In such a scenario, a nonzero
asymmetry is first created in the lepton sector, and then
gets converted into baryon asymmetry via (Bþ L)-
violating electroweak sphaleron transitions [113]. The
simplest leptogenesis scenario involves the inclusion
of three heavy right-handed neutrinos (RHNs) which
also takes part in the type-I seesaw mechanism
[89,90,114,115] of neutrino mass generation.
If we consider nonthermal leptogenesis in the presence

of PBHs, these RHNs will be dominantly produced from
PBH evaporation. The RHNs emitted during PBH evapo-
ration can undergo CP-violating decays, generating lepton
asymmetry. It is possible to analytically derive the mass
range of RHNs (and PBHs) emitted from PBH evaporation
that can provide the observed baryon asymmetry. In the
type-I seesaw mechanism, the CP asymmetry parameter ϵ
has an upper bound [116]

ϵ≲ 3

16π

M1mν;max

v2
; ð22Þ

where v ¼ 246 GeV is the SM Higgs vacuum expectation
value and mν;max is the mass of the heaviest light neutrino.
On the other hand, the final asymmetry generated by RHNs
produced from PBH evaporation is given by Yobs

B ¼
nB=sjT0

¼ 1
ζN XϵcasphYPBHjTevap

≃ 8.7 × 10−11 [1], where
asph ≃ 1=3 and T0 is the present temperature of the
Universe. These together constrain the mass of the RHN
produced from PBH evaporation during PBH domination,
both from above and from below [9,30,63,65]:

M1

8<
:

> 4g⋆;HðT inÞ
gX;Hasph

ζ
Y0
B

Yevap
PBH

v2M2
P

mνm2
in

for M1 < T in
BH;

< gX;Hasph
256π2g⋆;H

1
ζ
YPBH
Y0
B

M2
Pmν

v2 for M1 > T in
BH;

ð23Þ

where Y0
B denotes the observed baryon asymmetry

at T ¼ T0 and Yevap
PBH ¼ nPBH=s at T ¼ Tevap, with nPBH ¼

ρPBH=min being the number density of PBH at evaporation
[63]. Here ζ parametrizes a possible entropy production

2The range of PBH masses between these bounds is at present
generically unconstrained [100].
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after PBH evaporation until now, i.e., ζðsa3Þevap ¼ ðsa3Þ0,
which can occur, for example, due to a long-lived moduli
field [63,110]. We will always consider ζ ¼ 1, unless
otherwise mentioned. To ensure nonthermal production
of baryon asymmetry it is also necessary to consider
M1 > Tevap [63] that leads to

M1 ≳ 3 × 10−3
�
G2g⋆ðTevapÞ

�
M5

P

m3
in

�
2
�
1=4

: ð24Þ

Otherwise, for M1 < Tevap, the RHNs produced from
PBH evaporation are in thermal bath and then washout
processes are in effect. Finally, in order for lepton asym-
metry to be sufficiently generated from RHNs produced
from PBH evaporation, one requires evaporation to be over
before sphaleron decoupling temperature Tevap ≳ TEW,
which translates into an upper bound on initial PBH mass
min ≲ 3 × 105 g.
In Fig. 1 we summarize the bounds on the lightest

RHN mass, required to produce the observed baryon
asymmetry, considering a purely nonthermal regime where
RHN is produced from PBH evaporation. The tiny tri-
angular white part is the only window where YB ¼ Yobs

B .
This region typically corresponds to 0.1 g≲min ≲ 20 g
and 1012 ≲M1 ≲ 1017 GeV when entropy is assumed to be
conserved.3

B. Baryogenesis from PBH

As advocated earlier, the present setup allows us to have
baryogenesis from the direct CP-violating decay of the

colored scalars Sα. The final asymmetry, therefore, depends
on the yield of S from PBH evanescence. Then, from
Eq. (5), during PBH domination we obtain4

YBðT0Þ≡ YBðTevapÞ ¼ ðϵ1 þ ϵ2Þ
nS
s

				
Tevap

¼ ðϵ1 þ ϵ2ÞN X
nPBH
s

				
Tevap

¼ ðϵ1 þ ϵ2Þ

8>><
>>:

gX;H
g⋆;H

5
π2g⋆sðTevapÞ

�
π3g⋆ðTevapÞ

5

�3
4

ffiffiffiffiffiffiffiffiffiffiffi
Gg⋆;H
10640π

q ffiffiffiffiffi
MP
min

q
for mS < T in

BH;

gX;H
g⋆;H

5
64π4g⋆sðTevapÞ

�
π3g⋆ðTevapÞ

5

�3
4

ffiffiffiffiffiffiffiffiffiffiffi
Gg⋆;H
10640π

q �
M9

P

m5
inm

4
S

�1
2 for mS > T in

BH;
ð25Þ

where we consider mS1 ≈mS2 ≡mS, which leads to nS1 ≈
nS2 ≡ nS [according to Eq. (20)]. As evident from Eq. (4),
ϵ1;2 are functions of the two couplings λ; λ0 and the scalar

mass mS. In Fig. 2 we show the parameter space satisfying
the observed baryon asymmetry in the mS −min plane
assuming PBH domination ðβ > βcritÞ, for different choices
of ϵ1 þ ϵ2. The contours obeying observed baryon asym-
metry are independent of mS when mS < T in

BH, while a
larger mS requires lighter PBH to produce the desired
asymmetry following Eq. (25). The red shaded region
corresponds to ϵ1 þ ϵ2 > ðϵ1 þ ϵ2Þmax, where the latter is
≃0.4 for our choice of parameters, as we shall discuss later.
Here we would like to mention that the condition

mS < Tevap is enough to ensure the nonthermal production

of asymmetry, even though in this case the new scalar

carries nontrivial color charge. In order to verify that we

FIG. 1. Bound on RHN mass from the requirement of obtaining
observed baryon asymmetry from PBH evaporation. All the
shaded regions are discarded, while the red solid line segregates
the two regions corresponding to the bounds derived in Eqs. (23)
and (24). The white triangular region in the middle is the region
that is allowed.

3The viable region of baryogenesis via leptogenesis from PBH
can be modified in case there is substantial entropy injection, and
also considering resonance enhancement in the generation of CP
asymmetry [65].

4As we will see, in most of our parameter space, the baryon
asymmetry is created below the electroweak scale (min ≳ 105 g).
If the asymmetry is created above the electroweak scale, it can be
washed out by sphalerons if B − L number is conserved. But,
since in our scenario we have B − L violating interactions, such
washouts would be absent. However, there exists a conversion
factor because of sphaleron which is of Oð1Þ [117].
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first note, the dominant 2-to-2 interaction of the scalar with the thermal bath takes place through SS → g̃ g̃ at the end of PBH
evaporation, where g̃ are the gluons. The corresponding cross section reads

σðsÞSS→g̃ g̃ ¼
g4s

576 π s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s

s − 4m2
S

r
; ð26Þ

where the presence of the strong coupling constant gs shows this is an irreducible process. The thermally averaged cross
section and decay rate of S is given by

hσviSS→g̃ g̃ ¼
1

8m4
STBHK2ðmS=TBHÞ2

Z
∞

4m2
S

ds σðsÞSS→g̃ g̃

ffiffiffi
s

p
K1ð

ffiffiffi
s

p
=TBHÞ

hΓSi ≈
K1ðmS=TBHÞ
K2ðmS=TBHÞ

ΓS; ð27Þ

where ΓS is given by Eq. (6). Note that we have calculated the thermal average with respect to the PBH temperature and not
the bath temperature. We find, for all PBH masses of our interest, the scattering rate nS × hσvi stays way below the decay
rate at T ¼ Tevap, where

nS ¼ sðTevapÞ

8>><
>>:

gX;H
g⋆;H

5
π2g⋆sðTevapÞ

�
π3g⋆ðTevapÞ

5

�3
4

ffiffiffiffiffiffiffiffiffiffiffi
Gg⋆;H
10640π

q ffiffiffiffiffi
MP
min

q
for mS < T in

BH;

gX;H
g⋆;H

5
64π4g⋆sðTevapÞ

�
π3g⋆ðTevapÞ

5

�3
4

ffiffiffiffiffiffiffiffiffiffiffi
Gg⋆;H
10640π

q �
M9

P

m5
inm

4
S

�1
2 for mS > T in

BH:
ð28Þ

This implies, the CP-violating decay rate of the scalar is
much more efficient than its 2-to-2 scattering rate at
T ¼ Tevap.

5 This is typically because of the suppression
from mS and TBH in Eq. (27). The noteworthy point here is
that a direct baryogenesis from PBH opens up a whole new
PBH mass range compared to baryogenesis via lepto-
genesis (as seen in Fig. 1).
A possible range of coupling values that can give rise

to the observed BAU are shown in Fig. 3. In the top left
panel we plot contours of correct baryon asymmetry in the
λ0 −mS plane for a fixed Δm, and choosing the minimum
and maximum PBH masses that satisfy CMB and BBN
bound, respectively. The blue colored contour corresponds
tomin ¼ mCMB

in ∼ 0.1 g, while the red colored contour is for
min ¼ mBBN

in ∼ 108 g. Thus, the region in between these
two can produce Yobs

B for gradually decreasing PBH mass,
as we move from the red to the blue contour. The red
shaded regions are disallowed as they require PBH lighter
(heavier) than the one viable from CMB (BBN) bound.
Note that, because of Δm ≪ mS, we do not discriminate
between two scalar masses and refer to them as mS. Note
that large Yukawa or lighter mS are forbidden (shown by
the gray shaded region) as they give rise to n − n̄ oscil-
lations with small lifetime, in conflict with the bound on
Eq. (8). In the top right panel we project the allowed

parameter space in the λ0 − λ plane for a fixed
mS ¼ 10 TeV, and for different choices of Δm, shown
by blue colored solid and dashed contours. The red and

FIG. 2. Contours satisfying Yobs
B during PBH domination for

different choices of the asymmetries, considering ϵ1 þ ϵ2. The
shaded vertical regions are ruled out. The shaded lower triangular
region leads to thermal baryogenesis where our analysis based on
nonthermal approximations is not applicable. The red shaded
region is where the CP asymmetry exceeds the maximum value
that is allowed by model parameters (see text).

5Following the prescription in [9,118], we have also checked
the scattering efficiency of a PBH generated S scattering on a
thermal S, and found that this rate is much below the Hubble rate
for the range of PBH masses that produce right DM and baryon
abundance.
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blue colored contours are for PBH of masses allowed from
BBN and from CMB bounds respectively. The region
outside each blue contour is discarded, as they correspond
to PBH masses lighter than the one allowed from CMB
measurements, as shown by the red shaded region in the top
left panel. However, as these contours overlap on each
other, depending on the choice of Δm, we refrain from
shading those regions. For each case we see that the correct
asymmetry can be found twice as the CP asymmetry shows
a resonance behavior, which becomes maximum when
Δm ∼ ΓS=2, as shown in the bottom panel. This results in
closed contours for right baryon asymmetry. Clearly, if we
deviate from the resonance regime, the required CP
asymmetry can be obtained by suitable choices of
Yukawa couplings. We find a maximum of CP asymmetry
of ðϵ1 þ ϵ2Þmax ¼ 0.43 is possible for parameters of our
interest. We thus discard values larger than ðϵ1 þ ϵ2Þmax, as

shown by the red shaded region in Fig. 2. As the top right
panel of the figure shows, increasing the mass splitting Δm
corresponds to larger Yukawa couplings in order to obtain
the desired asymmetry. Here we would like to remind
the readers once again that the results so far apply for a
PBH-dominated epoch, i.e., β > βcrit.
As noted earlier, the simple estimate for baryon asym-

metry adopted here holds in the nonthermal ballpark only.
While PBH evaporation at late epoch ðTevap < mSÞ leads to
such nonthermal production of S, it is possible to have
thermally generated S too given the fact that prior to PBH
domination, the Universe is assumed to be radiation
dominated. However, being a colored scalar, S will be in
equilibrium for a long epoch due to strong annihilations
into gluons (independent of the Yukawas λ; λ0) leading to
dilution in generated asymmetry. On the other hand, the
out of equilibrium criteria of its decay will force the

FIG. 3. Top left: contours satisfying Yobs
B in the λ0 −mS plane for min ¼ mCMB

in (blue) and min ¼ mBBN
in (red). The shaded region is

disallowed from BBN and CMB constraints on PBH mass (see text). Top right: contours of Yobs
B in the λ0 − λ plane for two different

choices of Δm shown in solid and dashed lines. The blue and red contours correspond to min ¼ mCMB
in and min ¼ mBBN

in respectively.
Bottom: variation of CP asymmetry as a function of mS. In all cases we choose mψ ¼ 1 GeV. The shaded regions are disfavored
from n − n̄ oscillation limits [cf. Eq. (8)].
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corresponding Yukawa couplings ðλ; λ0Þ to be in the smaller
regime, reducing the CP asymmetry [80,81]. In other low
scale baryogenesis scenarios like [119] and postsphaleron
baryogenesis [120], this is ensured by considering the
decaying particle to be color neutral whose baryon number
violating decay into quarks creates the asymmetry without
requiring any nonthermal origin. Additionally, there will
be washouts from inverse decay and scattering further
reducing the baryon asymmetry produced from thermally
generated S. Finally, PBH evaporation at late epoch is likely
to cause entropy dilution to any baryon asymmetry generated
at higher temperatures ðT > TevapÞ, as noticed in PBH-
generated leptogenesis works earlier [58,64]. Therefore, the
thermally generated baryon asymmetry can be ignored in our
setup validating the nonthermal estimates discussed above.

C. A common parameter space for baryogenesis
and dark matter

DM of arbitrary intrinsic spin can be produced directly
from PBH evaporation. Thus, the DM abundance can be
expressed as

YDMðT0Þ≡ nDM
s

				
T0

¼ 3

4

g⋆;HðT inÞ
g⋆;s

NDM ×

8<
:

β T in
min

; β ≤ βc

T̄evap

min
; β ≥ βc;

ð29Þ

where NDM ≡N X as given in Eq. (20). Thus, the DM relic
abundance ΩDMh2 ¼ mDMs0

ρc
YDMðT0Þ at the present epoch

reads

ΩDMh2 ¼ CðTevÞ

8>><
>>:

1
π2

ffiffiffiffiffi
MP
min

q
mDM for mDM < T in

BH;

1
64π4

�
MP
min

�
5=2 M2

P
mDM

for mDM > T in
BH;

ð30Þ

with CðTevÞ ¼ s0
ρc

1
ζ
gX;H
g⋆;H

5
g⋆sðTevapÞ ð

π3g⋆ðTevapÞ
5

Þ3=4
ffiffiffiffiffiffiffiffiffiffiffi
Gg⋆;H
10640π

q
. Note

that Eq. (30) is valid for PBH-dominated epoch. It is worth
mentioning that if we assume a PBH-dominated era, then
for the majority of the parameter space the DM gets
overproduced from PBH evaporation irrespective of their
spins and only mDM ≳ 1010 GeV can lead to right abun-
dance for min ≳ 106 g [41,63]. DM overproduction can
also be controlled by choosing sufficiently light DM mass,
but it is likely to face constraints from structure formation.
In order not to spoil the structure formation, a DM
candidate which is part of the thermal bath or produced
from the thermal bath should have mass above a few keV
(depending upon the details of the production mechanism)
in order to give required free-streaming length of DM as
constrained from Lyman-α flux-power spectra [121–123].

Such light DM of keV scale leads to a warm dark matter
(WDM) scenario having free-streaming length in the inter-
mediate range relative to that of cold and hot DM. If such
light DM is also produced from PBH evaporation, it leads to
a potential hot component in total DM abundance, tightly
constrained by observations related to the CMB and baryon
acoustic oscillation (BAO) leading to an upper bound on the
fraction of this hot component with respect to the total DM,
depending on the value of DMmass [124]. The lower bound
on DMmass from Lyman-α can be found in [63,65,110]. As
for the heavy DM case relic abundance has an inverse
dependence on the DM mass, hence heavy DM leads to
underabundance. This is shown in the left panel of Fig. 4,
considering the DM to be of spin zero. The white region in
the top right corner is where the DM is underabundant, while
along the black dashed line right relic abundance is obtained,
without considering any extra source of entropy injection
after PBH evaporation. Now, for the simultaneous realization
of both the observed DM relic density and the baryon
asymmetry, mS and mDM become connected through
Eqs. (25) and (30). In the right panel of Fig. 4, we show
the contour satisfying both DM relic density and baryon
asymmetry, considering ϵ1 þ ϵ2 ¼ 0.1. The range of min
which varies along this contour is shown with different
colors. For min ≲ 2.5 × 104 g, DM mass becomes super-
Planckian. On the other hand, for min ≳ 3.4 × 107 g, mS

becomes less than T in
BH and hence YB becomes independent

of mS [cf. Eq. (25)]. Note that the parameter space features
same characteristic as in Fig. 2 because of the requirement
of simultaneously satisfying right relic abundance and
baryon asymmetry.
Apart from PBH, pure gravitational production of DM

can also take place from the 2-to-2 scattering of the bath
particles via s-channel mediation of massless graviton. The
interaction rate density for such a process reads [125–130]

γðTÞ ¼ α
T8

M4
P
; ð31Þ

with α ≃ 1.9 × 10−4 (real scalar), α ≃ 1.1 × 10−3 (Dirac
fermion), or α ≃ 2.3 × 10−3 (vector boson). This kind
of production is unavoidable due to universal coupling
between the gravity and the stress-energy tensor involving
the matter particles. The Boltzmann equation governing the
time evolution of DM number density is thus given by

_nDM þ 3H nDM ¼ γ: ð32Þ

For temperatures much lower than the reheat temperature,
i.e., T ≪ Trh, the DM yield can be analytically obtained by
integrating Eq. (32),

Y0 ¼
45α

2π3g⋆s

ffiffiffiffiffi
10

g⋆

s �
Trh

MP

�
3

; ð33Þ
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where we define the DM yield as Y ≡ nDM=s, with
s ¼ 2π2

45
g⋆sT3 and consider mDM ≪ Trh. On the other hand,

if the DM mass is such that Trh ≪ mDM ≪ Tmax, where
Tmax corresponds to the maximum temperature during
reheating, then the DM can be produced during but not
after the reheating. In the case the DM yield can be obtained
by integrating Eq. (32) for Tmax ≥ mDM ≥ Trh,

Y0 ¼
45α

2π3g⋆s

ffiffiffiffiffi
10

g⋆

s
T7
rh

M3
Pm

4
DM

: ð34Þ

Now, the DM produced via gravitational UV freeze-in shall
undergo dilution due to evaporation of the PBH, which can
be quantified as [131,132]

SðT inÞ
SðTevapÞ

≃

8<
:

1; β < βc
Tevap

Tpeq
≃ 10−2

�
MP
min

�3
2 MP
βT in

; β > βc;
ð35Þ

where we define S ¼ a3sðTÞ. The temperature Tpeq is
defined as the epoch of equality between SM radiation
and the PBH energy densities ρRðTpeqÞ ¼ ρBHðTpeqÞ, and is
given by

Tpeq ¼ βT in

�
g⋆;sðT inÞ
g⋆;sðT inÞ

�1
T

: ð36Þ

The observed DM abundance can then be achieved,

mDMY0

SðT inÞ
SðTevapÞ

¼ΩDMh2
1

s0

ρc
h2

≃ 4.3× 10−10 GeV; ð37Þ

with ρc being the critical density of the Universe. Along
the blue contours in the left panel of Fig. 4, correct DM
abundance via gravitational UV freeze-in is obtained
considering Trh ¼ T in and a spin-0 DM candidate. The
two contours, shown via solid and dotted curves, corre-
spond to the lower and upper bound on β, following
Eq. (19). To the left of each contour, DM is overproduced
due to gravitational UV freeze-in. This shows the region of
overabundance corresponding to gravitational UV freeze-in
overlaps with the region of overabundance for DM pro-
duction from PBH evaporation.
It should be noted that we have considered a spin zero

scalar to be the DM candidate in the above discussion and
shown it to satisfy the correct relic abundance criteria,
together with correct BAU produced from PBH evapora-
tion, for superheavy DM masses. While the original model
has a DM candidate ψ provided its mass lies in the tiny
windowmp −me ≤ mψ ≤ mp þme and its coupling to SM
leptons and Higgs are forbidden by some additional
symmetries. However, as the above discussion shows, such
DM with mass around 1 GeV is likely to be overproduced
for the PBH mass range and initial fraction ðβ > βcritÞ we
are choosing to have desired baryogenesis and GW
spectrum. In earlier works, for example [81], such light
DM was found to be thermally overproduced requiring the

FIG. 4. Left: the red colored region of overabundance for DM produced entirely from PBH evaporation. We also show the warm DM
constraint, effective in the region of lower mass DM. Along the blue contours right relic abundance is produced considering gravitational
UV freeze-in for lower (solid) and upper (broken) bound on β [cf. Eq. (19)]. Along the black dashed contour right abundance is obtained
considering the entire DM is produced from PBH evaporation. Right: viable parameter space satisfying relic density and baryon
asymmetry in themDM −mS plane for a fixed ϵ1 þ ϵ2 ¼ 0.1 and scanned over a range ofmin, shown with different colors. In all cases we
consider β > βcrit.
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nonthermal production from moduli decay. While non-
thermal production of DM from a moduli dominated era
can be controlled by a suitable choice of couplings, this
freedom no longer exists in a PBH-dominated era due
to democratic gravitational couplings to all particles.
Therefore, we do not need to choose ψ mass in the
above-mentioned tiny window, it can be mass larger than
proton mass and can also play some role in generating light
neutrino masses via its coupling to SM leptons and Higgs,
in a way similar to [86,87].

IV. INDUCED GRAVITATIONAL WAVES FROM
PBH DENSITY FLUCTUATIONS

There are several ways in which PBHs can be involved in
the production of primordial gravitational waves. First, the
large curvature perturbations that form the PBH can induce
GWs [68]. Second, PBH can radiate gravitons through
Hawking evaporation which leads to high-frequency GWs
[66]. Next, PBHs can formmergers which can also emit GWs
[133]. Finally, the inhomogeneous distribution of PBHs also
leads to density fluctuations that can induceGWs [74,76,134].
In the present work, we focus on this last scenario.
Once PBHs are formed, their distribution in space is

random and is dictated by Poisson statistics [74]. These
inhomogeneities in the distribution of PBHs lead to density
fluctuations which are isocurvature in nature. When PBHs
dominate the energy density of the Universe, the isocurva-
ture perturbations are converted to adiabatic perturbations
which at second order can induce GWs. These GWs are
further enhanced due to the almost instantaneous evapo-
ration of PBHs. The present-day amplitude of such induced
GWs can be written as [76]

Ωgwðt0; fÞ ≃Ωpeak
gw

�
f

fpeak

�
11=3

Θ ðfpeak − fÞ; ð38Þ

where6

Ωpeak
gw ≃ 2 × 10−6

�
β

10−8

�
16=3

�
min

107 g

�
34=9

: ð39Þ

Note that the Poissonian approximation is valid only for
distances larger than the mean separation between PBHs.
This imposes an ultraviolet cutoff to the spectrum, with

FIG. 5. GW spectra induced from PBH density fluctuations, from the requirement of obtaining the observed baryon asymmetry Yobs
B ,

with ϵ1 þ ϵ2 ¼ 0.1 (left panel) and ϵ1 þ ϵ2 ¼ 0.01 (right panel). The experimental sensitivities of BBO [136–138], DECIGO [139–141],
CE [142,143], ET [144–147], LISA [148], and aLIGO/VIRGO [135,142,149]. Here we use the sensitivity curves derived in Ref. [150]
which are shown as shaded regions of different colors.

FIG. 6. Bound on PBH initial fraction β as a function of mS,
where ϵ1 þ ϵ2 ¼ 0.1. For each mS we also indicate the corre-
sponding min in the upper horizontal axis that provides the right
baryon asymmetry.

6The total GW spectrum also has an infrared tail, which is
however very much suppressed compared to the resonant con-
tribution near the peak given by Eq. (39) (see Ref. [76]).
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fpeak corresponding to the comoving scale representing
the mean separation of PBHs at the formation epoch.
This explains the appearance of the Θ function in
Eq. (38) with

fpeak ≃ 1.7 × 103 Hz

�
min

104 g

�
−5=6

: ð40Þ

Now, from the requirement of obtaining the observed
baryon asymmetry Yobs

B , one can express fpeak and Ωpeak
gw

as a function of the baryogenesis scale mS. Using
Eq. (25) for the PBH-dominated case, we arrive at

fpeak≃

8<
:
4×10−2ðϵ1þϵ2Þ−5=3Hz formS<T in

BH;

2×10−4ðϵ1þϵ2Þ−1=3
�

mS
GeV

�
2=3

Hz formS>T in
BH:

ð41Þ

Similarly

Ωpeak
gw ≃

8<
:

7.8 × 103
�

β
10−8

�
16=3ðϵ1 þ ϵ2Þ68=9 for mS < T in

BH;

2.6 × 1014
�

β
10−8

�
16=3ðϵ1 þ ϵ2Þ68=49

�
mS
GeV

�
−136=45

for mS > T in
BH:

ð42Þ

From the above equations, it can be seen if the CP
asymmetry parameters ϵ1, ϵ2 are fixed, the peak frequency
fpeak is determined solely by the baryogenesis scale mS. In
addition, from the requirement of obtaining the observed
DM relic, mS has one-to-one correspondence with the DM
mass mDM (as seen in Fig. 4). Now, for mS < T in

BH, the
frequency is degenerate for all values of mS. On the other
hand, the peak amplitude depends also on the initial PBH
fraction β, which remains a free parameter in our analysis.
In Fig. 5, we show the GW spectra from PBH density

fluctuations along with the current and future sensitivities
of various GW experiments. In the left panel we fix
ϵ1 þ ϵ2 ¼ 0.1 and, as we keep on decreasing mS, the peak
frequency gets shifted to the left as expected [see Eq. (41)].
For mS < T in

BH, the spectrum becomes independent of mS.
Similar behavior is observed in the right panel for
ϵ1 þ ϵ2 ¼ 0.01, with an overall shift towards higher fre-
quency. This shift can be understood from Fig. 2, where the
contours satisfying Yobs

B for lower CP asymmetry values
require lower values of PBH mass, and hence correspond to
a higher peak frequency [see Eq. (40)]. We find that for
ϵ1 þ ϵ2 ≲ 0.001, the peak frequency becomes out of reach
of any planned GW experiments shown, even with
mS < T in

BH. Note that in these plots we have chosen
β ∼ βmax, where βmax corresponds to the upper bound
given by Eq. (19). While this maximal value of β is
consistent with dark radiation bound at the epoch of

BBN, for some choice of parameters, the peak frequencies
can fall within LIGO ballpark and hence can already be
disfavored by LIGO constraints [135].
The bounds on β given by Eq. (19) can also be recast in

terms of mS, for fixed values of ϵ1, ϵ2. This is shown in
Fig. 6, where we have fixed ϵ1 þ ϵ2 ¼ 0.1. Note that for
mS < T in

BH, min is fixed from Yobs
B [see Eq. (25) and also

Fig. 2] and hence the bounds on β given by Eq. (19)
become independent of mS. The shaded region in Fig. 6
represents the allowed range of β for different values ofmS.
A similar pattern is observed for different values of ϵ1, ϵ2.
By keeping β within the allowed range, we provide some
benchmark values in Table II, along with the GW experi-
ments which can probe the peak of the induced GW
spectrum.

V. CONCLUSION

We have proposed a simple way of cogenesis of
baryon and dark matter from PBH evaporation which
can be tested via gravitational wave induced by PBH
density fluctuations. Because of the presence of new heavy
particles with baryon number violation, baryon asymmetry
can be generated nonthermally due to out-of-equilibrium
CP-violating decay of a heavy colored scalar, predomi-
nantly produced from PBH evaporation. The allowed
parameter space in terms of PBH mass consistent with
the nonthermal generation of the observed baryon

TABLE II. Some benchmark points (BP) of showing values of colored scalar mass mS, DM mass mDM, PBH mass fraction βc, PBH
mass min and the CP asymmetry parameter ϵ1 þ ϵ2, along with the GW experiments that can probe the peak of the induced GW
spectrum.

BP mS (GeV) mDM (GeV) ϵ1 þ ϵ2 minðgÞ log10 β log10 βc GW experiment

BP1 106 3 × 1012 0.1 107 −8.6 −12.22 ET, DECIGO, BBO
BP2 107 2.8 × 1014 0.05 1.7 × 106 −8.2 −11.45 CE, ET
BP3 3 × 107 2 × 1017 0.01 105 −7.3 −10.22 LIGO O5, CE, ET
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asymmetry also leads to the production of superheavy DM
with correct relic abundance. Assuming PBH to dominate
the early Universe, we get one-to-one correspondence
between DM mass and heavy colored scalar mass respon-
sible for baryogenesis. Since the induced GW spectrum
also crucially depends upon PBH mass and initial fraction,
we get a very predictive GW spectrum at both ongoing and
future experiments like LIGO, BBO, DECIGO, CE, ET etc.
This is not possible in nonthermal leptogenesis from PBH
scenarios where the requirement of PBH evaporation
before sphaleron decoupling forces PBH mass to be much
lighter leading to very high frequency induced GW out of
reach from experiments. Since baryogenesis can occur at
any temperature above the BBN epoch, contrary to the
canonical baryogenesis via leptogenesis mechanism, one
can have PBH as heavy as ∼106 g, depending on the size
of the CP violation generated from the decay of the new
colored scalars. We find a common parameter space

satisfying both DM abundance and baryon asymmetry
can be obtained entirely from PBH evaporation for
PBHs within a mass range of ∼104–107 g, where DM
can be as heavy as ∼1012 GeV. Apart from such observable
GW signatures of our cogenesis setup, the model can also
have complementary signatures at the collider as well as
experiments searching for baryon number violation like
neutron-antineutron oscillations.
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