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2.- Hawking’ s semiclassical approximation

.Schwarzschild black holes 

.Near extremal black holes

3.- Quantum effects ☛ Memory burdem 

4.- Summary: 

of 5D primordial black holes

1.-Hidden agenda

.primordial black holes as dark matter 

.the dark dimensioón: a quick glance

OUTLINE

Limits on all-dark-matters interpretation



Speculation BH could be formed from collapse of large amplitude fluctuations in early universe 

Zeldovich 1967; Hawking  1971

Scaling of cosmological energy density with time ☛ 𝝆 ~ Mp /t2 

Required density for MBH to collapse within its Schwarzschild radius ☛ 𝝆 ~ Mp /MBH

Primordial black holes as dark matter

What's MBH ?

2

PBHs would initially have around the cosmological horizon mass

2.
.

MBH ~ tMp ~ 1015 (t/ 10-23 s) g 
2



MBH ~ Mp ~ 10-5 g  ☛ formed @ Planck time 10-43 s

MBH ~ M⊙ ~ 1033 g  ☛ formed @ QCD epoch 10-5 s

MBH ~ 105 M⊙ ~ 1038 g  ☛ formed @ t ~ 1s

PBHs could span an enormous mass range

Behave like typical CDM particles on cosmological scales

.

.

.

Mass spectrum is yet to be shaped 



A PBH all-dark-matter interpretation is severely constrained by observations12
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FIG. 2. Constraints on the fraction of DM in the form of PBHs fPBH, with mass MPBH, or in the form of compact objects, fCO,
with mass MCO for each of the di↵erent types of constraint. In each case the excluded regions are shaded. Top left: Evaporation
constraints on PBHs (Sec. III A): extragalactic gamma-ray background [55], CMB [153, 154], dwarf galaxy heating [155],
EDGES 21cm [156], Voyager e± [157], 511 keV gamma-ray line [158, 159] and the MeV Galactic di↵use flux [160]. Top
middle: Gravitational lensing constraints on compact objects (Sec. III C): stellar microlensing (MACHO [161], EROS [12],
OGLE [162], HSC [163]), Icarus lensing event [164], and supernovae magnification distribution [165]. Top right: Constraints
on PBHs from gravitational waves (Sec. III D) produced by individual mergers [166, 167] and the stochastic background of
mergers [168]. Note that there are substantial uncertainties on GW constraints, arising from the possible disruption of PBH
binaries. Bottom left: Dynamical constraints on compact objects (Sec. III E): from dwarf galaxies [169] and wide binaries [170].
Bottom right: Accretion constraints on PBHs (Sec. III F): CMB [171], EDGES 21cm [172], X-ray [173], radio [173], and dwarf
galaxy heating [174]. Digitised bounds and plotting codes are available online at PBHbounds.

B. Interactions with stars

Asteroid mass PBHs can potentially be constrained by the consequences of their capture by, and transit through,
stars [179–182]. See Ref. [182] for detailed recent calculations and discussion.

As a PBH passes through a star it loses energy by dynamical friction, and may be captured. A captured PBH will
sink to the centre of the star and also accrete matter, potentially destroying the star. A large capture probability
requires a large DM density and low velocity dispersions. Stellar survival constraints have been applied to globular
clusters [179]. However, as emphasised by Ref. [180], (most) globular clusters are not thought to have a high DM
density. Moreover, Ref. [182] argues that the survival of stars does not in fact constrain the PBH abundance, but
that the disruption of stars may lead to constraints, if the observational signatures are worked out (see Ref. [183] for
work in this direction).

The transit of a PBH through a carbon/oxygen white dwarf will lead to localized heating by dynamical friction,
which could ignite the carbon and potentially cause a runaway explosion [181, 182]. Reference [182] again finds that
the survival of white dwarfs does not constrain fPBH, but if white dwarf ignition by a PBH leads to a visible explosion
there could be constraints.

Green, Kavanagh 2020
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FIG. 2. Constraints on the fraction of DM in the form of PBHs fPBH, with mass MPBH, or in the form of compact objects, fCO,
with mass MCO for each of the di↵erent types of constraint. In each case the excluded regions are shaded. Top left: Evaporation
constraints on PBHs (Sec. III A): extragalactic gamma-ray background [55], CMB [153, 154], dwarf galaxy heating [155],
EDGES 21cm [156], Voyager e± [157], 511 keV gamma-ray line [158, 159] and the MeV Galactic di↵use flux [160]. Top
middle: Gravitational lensing constraints on compact objects (Sec. III C): stellar microlensing (MACHO [161], EROS [12],
OGLE [162], HSC [163]), Icarus lensing event [164], and supernovae magnification distribution [165]. Top right: Constraints
on PBHs from gravitational waves (Sec. III D) produced by individual mergers [166, 167] and the stochastic background of
mergers [168]. Note that there are substantial uncertainties on GW constraints, arising from the possible disruption of PBH
binaries. Bottom left: Dynamical constraints on compact objects (Sec. III E): from dwarf galaxies [169] and wide binaries [170].
Bottom right: Accretion constraints on PBHs (Sec. III F): CMB [171], EDGES 21cm [172], X-ray [173], radio [173], and dwarf
galaxy heating [174]. Digitised bounds and plotting codes are available online at PBHbounds.
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Asteroid mass PBHs can potentially be constrained by the consequences of their capture by, and transit through,
stars [179–182]. See Ref. [182] for detailed recent calculations and discussion.

As a PBH passes through a star it loses energy by dynamical friction, and may be captured. A captured PBH will
sink to the centre of the star and also accrete matter, potentially destroying the star. A large capture probability
requires a large DM density and low velocity dispersions. Stellar survival constraints have been applied to globular
clusters [179]. However, as emphasised by Ref. [180], (most) globular clusters are not thought to have a high DM
density. Moreover, Ref. [182] argues that the survival of stars does not in fact constrain the PBH abundance, but
that the disruption of stars may lead to constraints, if the observational signatures are worked out (see Ref. [183] for
work in this direction).

The transit of a PBH through a carbon/oxygen white dwarf will lead to localized heating by dynamical friction,
which could ignite the carbon and potentially cause a runaway explosion [181, 182]. Reference [182] again finds that
the survival of white dwarfs does not constrain fPBH, but if white dwarf ignition by a PBH leads to a visible explosion
there could be constraints.
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middle: Gravitational lensing constraints on compact objects (Sec. III C): stellar microlensing (MACHO [161], EROS [12],
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on PBHs from gravitational waves (Sec. III D) produced by individual mergers [166, 167] and the stochastic background of
mergers [168]. Note that there are substantial uncertainties on GW constraints, arising from the possible disruption of PBH
binaries. Bottom left: Dynamical constraints on compact objects (Sec. III E): from dwarf galaxies [169] and wide binaries [170].
Bottom right: Accretion constraints on PBHs (Sec. III F): CMB [171], EDGES 21cm [172], X-ray [173], radio [173], and dwarf
galaxy heating [174]. Digitised bounds and plotting codes are available online at PBHbounds.
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on PBHs from gravitational waves (Sec. III D) produced by individual mergers [166, 167] and the stochastic background of
mergers [168]. Note that there are substantial uncertainties on GW constraints, arising from the possible disruption of PBH
binaries. Bottom left: Dynamical constraints on compact objects (Sec. III E): from dwarf galaxies [169] and wide binaries [170].
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Swampland distance conjeture

.

.

Infinite distance limits 𝝓 → ∞ in the field space 

of massless scalars are accompanied by an infinite tower of 

exponentially light states m ~ e-𝞪𝝓 ☛ 𝜶 ~ O (1)

Kaluza-Klein tower ☛ decompactification of extra dimensions

𝜙 = ln R ☛ m ~ 1/R

Ooguri, Vafa 2006

Smallness of some physical parameters might signal that we live 
in asymptotic corner of field space

.

Such parameters can be ☛ scales of dark energy and neutrino masses

distance and masses are measured in Planck units

.
☛



The Dark Dimension: a quick glance

1.- AdS distance conjecture 𝝓 = -ln|𝜦| 
Lüst, Palti, Vafa 2019

2.- Extension to dS:

.could help elucidate radiative stability of cosmological hierarchy

𝜦 ~ 10-120 Mp
4

because it connects size of compact space R⊥to dark energy scale 𝜦

R⊥ ~ 𝝀 𝜦-𝜶

.Null results on deviations from Newton’s law ☛ R < 30 𝜇m ⇒ 𝞪 = 1/4

𝞪 = 1/4 ☛ consistent with string computations
LAA, Antoniadis, Lüst, Lüst 2023

.Astrophysical constraints ☛ dark dimension

R⊥ ~ 1 to 10 𝜇m 10-3 ≲ 𝝀 ≲  10-2
Montero, Vafa, Valenzuela 2022

.



1.- Species scale where gravity becomes strong
2/3

2.- Interesting dark matter candidates

LAA, Antoniadis, Lüst, 2022.

.
Gonzalo, Montero, Obied, Vafa 2022

(explicit realization of dynamical dark matter)
Dienes, Thomas 2012

 KK graviton tower

5D PBHs

Dvali 2007
M✲ ~ m1/3 Mp  ~ 109 GeV



Stunning coincidence

size of the dark dimensioón ~ wavelength of visible light

Schwarzschild radius of 5D black holes ☛ well below wavelength of light.

For point-like lenses:  

this is precisely critical length where geometric optics breaks down  

and  effects of wave optics suppress magnification,  

obstructing  sensitivity to 5D PBH microlensing signals!

.



Assumptions
1.- Gravity propagates in bulk spacetime while SM fields lie on a brane 

2.- Rely on probe brane approximation 

Adequate approximation provided MBH ≫brane tension

presumably of order of but smaller than M✲

3.- Black hole can be treated as flat  d-dimensional object

Assumption valid for ☛ rs ~ (MBH / M✲)1/(d-3) M✲  ≪ R⊥-1

Ensures only effect of brane field is to bind  black hole to brane.

. ☛

.
Tangherlini 1963; Myers, Perry 1986



Schwarzschild black holes

dΩd-2 ☛ interval of spherical solid angle in dimension d-2

f(r) = 1 - rs/r

.

.

ds2 = - f(r) dt2 + f-1 (r) dr2 +  dΩd-2
2



 Hawking's semiclassical approximation

BH emits thermal radiation as it were a blackbody

Temperature TH ~ 1/rs ~ M✲ (MBH/M✲)-1/(d-3)

Entropy SBH ~ MBH rs ~ (MBH/M✲)(d-2)/(d-3)

Particle emission rate 𝚪H ~ TH ~ M✲ (MBH/M✲)-1/(d-3)

Hawking's lifetime τH ~ SBH rs ~ (MBH/M✲)(d-1)/(d-3)

.

.

.

.



Black holes radiate mainly on the brane  

Emparan, Horowitz, Myers 2000

KK modes are excitations in full transverse space and so their 

overlap with small (higher dimensional) black holes is suppressed 

by geometric factor (rs/R⊥)d−4 relative to brane fields

This geometric suppression precisely compensates for the enormous 

number of modes and total KK contribution is only of same order as 

that from single brane field



Figure 1. Instantaneous flux dN
dtd! of species on the brane and in the bulk for a representative black

hole of mass M = 10�10 g and n = 2 and n = 4 extra dimensions, respectively. The same qualitative
trends are observed for the power spectra dE

dtd! .

limit, the greybody factors for all species approach the geometric optics limit. Note that
we truncate the x-axis at the frequency at which the low frequency approximation used in
deriving the greybody factors breaks down. At low frequencies, the emission of particles with
higher spin is suppressed due to the larger barrier such particles have to surmount.

In general, the emission rate of species on the brane exceeds that of bulk species, and
this effect becomes more pronounced with increasing number of extra dimensions n. This
is perhaps surprising, since both black hole temperature and the multiplicity of states are
enhanced at higher n. However the absorption probability is suppressed with increasing n,
and ultimately it is this effect that dominates. Thus for all bulk degrees of freedom, we observe
a low energy emission rate which decreases with increasing n, consistent with the findings of
[26]. We also confirm these authors’ claim that among the gravitational perturbations in the
bulk, vector-type dominate.

Now we turn to calculate the gravitational wave signal from this source, as parameterized
by the spectral density parameter ⌦GW, defined as

⌦GW =
1

⇢crit

d⇢GW

d ln f
. (6.3)

Our starting point is the instantaneous power spectrum for a single degree of freedom for a
brane-localized graviton, dE

(2)

dtd!
, the general expression for which is given in Eq. (6.1b) with
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2 in Eq. (4.27). Multiplying by 2 to account for

the 2 graviton polarizations we define dEGW

dtd!
= 2dE

(2)

dtd!
. For an entire population of black holes

with number density nBH, the instantaneous energy density emitted in gravitational waves is
then

d⇢GW

dtd!
= nBH

dEGW

dtd!
. (6.4)

To obtain the total energy density in zero-mode gravitons emitted over the black hole lifetime,
we integrate this expression from black hole formation at ti to evaporation at t⇤ = ti + ⌧BH,
where the black hole lifetime ⌧BH can be obtained by numerically following the black hole
evolution

dM

dt
= �

X

all d.o.f.

Z
d!

0

@d

(ˆ)
El(s)

dtd!

1

A , (6.5)

– 19 –

Recent numerical analysis 

Ireland, Profumo, Scharnhorst 2023 



Emission rate per degree of particle freedom i of particles of spin s 

with initial total energy between (Q, Q + dQ)

.

Average total emission rate for particle species i is then .

greybody factor taken as dimensionless contant 𝜞s = 𝝈s /A4

normalized to the horizon surface area

seen by the SM fields 

LAA, Goldberg 2002 

.
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4D versus 5D

TH ~ (MBH /1016 g)-1 MeV TH ~ (MBH /1012 g)-1/2 MeV

τH ~ 13.8 (MBH /1014.7 g)3 Gyr τH ~ 13.8 (MBH /1012 g)2 Gyr

LAA, Antoniadis, Lüst 2022
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where R? is the radius of the extra dimensional compact
space, and where �(x) is the Gamma function [17]. The
transition between a 4-dimensional black hole and a (4 + n)-
dimensional occurs when rs(MBH) < R?, and this transi-
tion occurs independent from n at black hole masses MBH <
R? M

2
Pl. Note that at the transition point the four-dimensional

Schwarzschild radius agrees with the higher dimensional one.
As observed in [12], for R? ' �⇤�1/4 and n = 1 as suggested
in the dark universe [6], there is a remarkable coincidence,
namely the 4D-5D transition occurs at a black hole mass of
about MBH ⇠ 1020 g, precisely the value, below which pri-
mordial black holes are viable all-dark-matter candidates.

PBHs radiate all particle species lighter than or comparable
to their temperature TBH. For a higher-dimensional black the
Hawking temperature is given as [18]

TBH =
n + 1
4 ⇡ rs

, (3)

and the associated entropy takes the form

S =
4 ⇡MBH rs

n + 2
. (4)

In Figs. 1 and 2 we show the (logarithmic) scaling of
the Schwarzschild radius and TBH with MBH for 4- and 5-
dimensional black holes. For MBH ⇠ 1020 g, the horizon
size is equal up to some numerical constants to the compact-
ification radius. As one can see, for a given black hole
mass, the five-dimensional horizon is larger than for a four-
dimensional black hole, whereas the Hawking temperature is
smaller in five dimensions than in four dimensions. As a re-
sult the five-dimensional black holes have a longer life time
compared to four-dimensions, which makes them viable all-
dark-matter candidates.

Let us briefly also recall the main features of the dark gravi-
tons as dark matter candidates, where we refer to [14] for more
details. The dark gravitons are produced thermally by the hot
brane at mDM ⇠ 4 GeV. While the total mass of the dark
KK gravitons remains approximately constant over time, its
mass distribution quickly shifts to lower values by the large
number of available KK modes of lighter mass, thereby pre-
venting DM from substantially decaying back to SM fields.
The dark graviton model then provides a particular realiza-
tion of the dynamical dark matter (DDM) framework [19],
with dominance of intra-tower decays and a small decay rate
(/ m

3
DM) to the SM fields. Consistency with experimental data

requires that the DM mass from the time of matter-radiation
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FIG. 1: Scaling of the Schwarzschild radius with MBH for 4- and 5-
dimensional black holes. The thick horizontal line indicates the size
of the compactification radius.

FIG. 2: Scaling of TBH with MBH for 4- and 5-dimensional black
holes.

(MR) equality till today decreases from mDM(MR) ⇠ 1 MeV
to mDM(today) ⇠ 50 keV [14].

Before proceeding, we pause to review experimental con-
straints on these dark matter candidates. PBH dark matter has
been challenged by many observational probes that set bounds
on the relative PBH abundance across a broad range of viable
PBH masses [20]. Among these bounds, those coming from
microlensing gravitational surveys yield the most restrictive
constraints for MBH & 1022 g [21]. An astonishing coinci-
dence is that the size of the dark dimension R? ⇠ wavelength
of visible light. This means that the Schwarzschild radius of
5D black holes is well below the wavelength of light. For
point-like lenses, this is the critical length where geometric
optics breaks down and the e↵ects of wave optics suppress
the magnification, obstructing the sensitivity to 5D PBH mi-
crolensing signals. In principle, femtolensing of cosmological
gamma-ray bursts (GRBs) could be used to search for dark
matter objects in the mass range 1017 . MBH/g . 1020 [22].
The lack of femtolensing detection by the Fermi Gamma-ray
Burst Monitor was used to constrain PBHs with mass in the
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with the (4 + n) Planck mass

MPl,n =

0
BBBB@
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CCCCA

1/(n+2)

, (2)

where R? is the radius of the extra dimensional compact
space, and where �(x) is the Gamma function [17]. The
transition between a 4-dimensional black hole and a (4 + n)-
dimensional occurs when rs(MBH) < R?, and this transi-
tion occurs independent from n at black hole masses MBH <
R? M

2
Pl. Note that at the transition point the four-dimensional

Schwarzschild radius agrees with the higher dimensional one.
As observed in [12], for R? ' �⇤�1/4 and n = 1 as suggested
in the dark universe [6], there is a remarkable coincidence,
namely the 4D-5D transition occurs at a black hole mass of
about MBH ⇠ 1020 g, precisely the value, below which pri-
mordial black holes are viable all-dark-matter candidates.

PBHs radiate all particle species lighter than or comparable
to their temperature TBH. For a higher-dimensional black the
Hawking temperature is given as [18]

TBH =
n + 1
4 ⇡ rs

, (3)

and the associated entropy takes the form

S =
4 ⇡MBH rs

n + 2
. (4)

In Figs. 1 and 2 we show the (logarithmic) scaling of
the Schwarzschild radius and TBH with MBH for 4- and 5-
dimensional black holes. For MBH ⇠ 1020 g, the horizon
size is equal up to some numerical constants to the compact-
ification radius. As one can see, for a given black hole
mass, the five-dimensional horizon is larger than for a four-
dimensional black hole, whereas the Hawking temperature is
smaller in five dimensions than in four dimensions. As a re-
sult the five-dimensional black holes have a longer life time
compared to four-dimensions, which makes them viable all-
dark-matter candidates.

Let us briefly also recall the main features of the dark gravi-
tons as dark matter candidates, where we refer to [14] for more
details. The dark gravitons are produced thermally by the hot
brane at mDM ⇠ 4 GeV. While the total mass of the dark
KK gravitons remains approximately constant over time, its
mass distribution quickly shifts to lower values by the large
number of available KK modes of lighter mass, thereby pre-
venting DM from substantially decaying back to SM fields.
The dark graviton model then provides a particular realiza-
tion of the dynamical dark matter (DDM) framework [19],
with dominance of intra-tower decays and a small decay rate
(/ m

3
DM) to the SM fields. Consistency with experimental data

requires that the DM mass from the time of matter-radiation

FIG. 1: Scaling of the Schwarzschild radius with MBH for 4- and 5-
dimensional black holes. The thick horizontal line indicates the size
of the compactification radius.
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FIG. 2: Scaling of TBH with MBH for 4- and 5-dimensional black
holes.

(MR) equality till today decreases from mDM(MR) ⇠ 1 MeV
to mDM(today) ⇠ 50 keV [14].

Before proceeding, we pause to review experimental con-
straints on these dark matter candidates. PBH dark matter has
been challenged by many observational probes that set bounds
on the relative PBH abundance across a broad range of viable
PBH masses [20]. Among these bounds, those coming from
microlensing gravitational surveys yield the most restrictive
constraints for MBH & 1022 g [21]. An astonishing coinci-
dence is that the size of the dark dimension R? ⇠ wavelength
of visible light. This means that the Schwarzschild radius of
5D black holes is well below the wavelength of light. For
point-like lenses, this is the critical length where geometric
optics breaks down and the e↵ects of wave optics suppress
the magnification, obstructing the sensitivity to 5D PBH mi-
crolensing signals. In principle, femtolensing of cosmological
gamma-ray bursts (GRBs) could be used to search for dark
matter objects in the mass range 1017 . MBH/g . 1020 [22].
The lack of femtolensing detection by the Fermi Gamma-ray
Burst Monitor was used to constrain PBHs with mass in the



PBH all-dark-matter interpretation

Same PBH density

Difference in number density

Compensated by black hole mass.

.

.

𝝆4D  (TH) ~ 𝝆5D  (TH)PBH PBH

nPBH (TH) <  nPBH (TH)
4D 5D

MBH (TH) >  MBH (TH)
4D 5D



Limits on fPBH}

1015  < MBH /g < 1021

LAA, Antoniadis, Lüst to appear



Reissner-Nordström black holes  

ds2 = u(r) dt2 - u-1 (r) dr2 - dΩd-2
2

u(r) = 1 - 2MBH/ (M✲   rd-3) + Q2/ (M✲   r2d-6)

c = (MBH - Q2       )1/2
2

MBH − Q2 M✲     > 0 ☛ two horizons2

MBH − Q2  M✲      = 0 ☛ extremal black hole

MBH − Q2  M✲    < 0 ☛ naked singularity

2

2

☛

Chamblin,  Emparan, Johnson, Myers 1999

unit (d−2) sphere

d-2 d-2

M✲d-2

d-2

d-2

d-2



Near-extremal black holes

.For Q M✲      / MBH ≪ 1 ☛ c ~ MBH

leading to non-extremal relation between c ~ M✲ SBH
(d-3) / (d-2)

For near-extremal case . ☛

☛

Cribiori, Dierigl, Gnecchi, Lüst, Scalisi 2022 ; Basile, Cribiori, Lüst, Montella 2024 

order-one parameter controling difference between MBH and Q𝜷

MBH ~ Q
expanding square root it follows that leading term cancels 

and sub-leading term gives

c ~ M✲ 𝜷1/2 SBH
(d/2-2) / (d-2)

M✲(d-2) /2

(d-2) /2



Near-extremal temperature .

Particle emission rate .

Evaporation rate of near-extremal black holes  

would be suppressed by a factor of (𝜷 /SBH)1/2  

with respect to Schwarzschild black holes of same mass 

LAA, Antoniadis, Lüst 2024 

Tne = TH (𝜷 /SBH)1/2 

𝚪ne ~ Tne = (𝜷 /SBH)1/2 𝚪H



LAA, Antoniadis, Lüst 2024 

.For 105 g ☛ TH ~ 4 GeV BUT Tne ~ 10-5 𝜷1/2 eVBUT

.

.

For 105 g ☛ τH ~ 4 x 10-5 yr

.

For near-extremal black hole of the same mass ☛  τne ~ 20 / 𝜷1/2 Gyr

Order of magnitude estimate:

a PBH all-DM interpretation would be possible in mass range 

105  < MBH /g < 1021

If there were 5D primordial neBH in nature

quantifies near-extremality is very small because of large entropy

. Ĉ = c / MBH = (𝜷 / S)1/2 ☛



Self-similarity

1.- Semiclassical approximation relies on assumption of self-similarity:

black hole gradually shrinks in size while maintaining the standard 

semi-classical relations between its parameters: rs, MBH, TH

2.- Would semiclassical approximation hold

3.- Assuming self-similarity ☛ SBH ~ Semission at 𝝉

throughout entirety of the black hole lifetime?

MBH → MBH/2 rs → rs/2 SBH → SBH/4

for d=4 Page 2013 

Page



Quantum decay rate: effect of memory burden

2.- However ☛ remaining black hole has only 1/4 of its initial

4.- Assume evaporation is slowed down by further n powers of entropy SBH

Dvali 2018; Dvali, Eisemann, Michel, Zell 2020; Alexandre, Dvali, Koutsangelas 2024

entropy and so much less information storage capacity

3.- Analysis of prototype models shows ☛ after 𝝉Page system gets

1.- Self-similarity implies that at each stage radiation is thermal

and information is maintained internally

effectively stabilized and gains much longer lifetime formula

𝝉{n} ~ S1+n rsH BH



Hawking decay rate of Schwarzschild black holes.

.Compared to Hawking decay rate ☛ quantum decay rate has 

additional 1 /SBH suppresion

𝜞H ∼ TH ∼ M✲ SBH       ∼ M✲ (MBH/M✲)−1/(d−3)
{0} −1/(d−2)

n

Compared to evaporation of Schwarzschild black holes ☛  

near-extremal black holes have additional (𝜷 /SBH)1/2 suppression

.

. Quantum decay rate of near-extremal black holes 

𝜞H ∼ TH / SBH ~ M✲ SBH                  ~ M✲ (MBH / M✲) (-1 - nd + 2n)/(d-3)
(-1 - nd + 2n)/(d-3){n}

𝜞ne ∼ 𝜷1/2 TH / SBH ~ 𝜷1/2 M✲ SBH            ~ 𝜷1/2 M✲ (MBH / M✲)-d / (2d - 6)
{0}

{n}

1/2 -d / (2d - 4)

𝜞ne ∼ 𝜷1/2 TH / SBH    ~ 𝜷1/2 M✲ SBH                  ~ 𝜷1/2 M✲ (MBH/M✲)(-d/2 -nd +2n)(d-3)
n + 1/2 (-d/2 -nd + 2n)(d-2)

n



4D versus 5D

LAA, Antoniadis, Lüst to appear
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How would memory burden impact  

the mass range of PBH-DM interpretation?

Assuming only two phases in evaporation process

LAA, Antoniadis, Lüst to appear

Page𝝉 𝝉{1} 𝝉{2}

1/SBH 1/SBH 

H H

2

𝝉   ~ 180 (MBH / 104 g)2 s Page 𝝉{1} ~ 4 x 1017 (MBH / 5 g)2 s H



Conclusions 

1.- 5D black holes are bigger, colder, and longer-lived

than usual 4D black holes of same mass 

2.- Adopting Hawking’s semiclassical approximation ☛

PBH all dark matter interpretation would be possible if 

Schwarzschild black holes  
.

. Near extremal black holes  

3. Memory Burden ☛ stay tuned

1015  < MBH /g < 1021

105  < MBH /g < 1021





Extra slides



4D versus 5D

LAA, Antoniadis, Lüst 2022
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ci (TH) ☛ counts  number of internal degrees of freedom of particle 

species i of mass mi satisfying mi ≪ TH

. f = 1  (f = 7/8) for bosons (fermions)
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