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Singularity resolution
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Hamiltonian constraint 
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Loop Quantum Gravity is a theory about spacetime quanta:

No need to violate SEC !
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Big Bounce

What have we learnt from Loop Quantum Cosmology?

Ashtekar,Pawlowski, Singh, Vandersloot 0612104!
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see talks by Grain and Martin-Benito!
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FIG. 2: In the LQC evolution of models under consideration, the big bang and big crunch singular-
ities are replaced by quantum bounces. Expectation values and dispersion of the volume operator
are compared with the classical trajectory and the trajectory from effective Friedmann dynamics.

The classical trajectory deviates significantly from the quantum evolution at the Planck scale and
evolves into singularities. The effective trajectory provides an excellent approximation to quantum

evolution at all scales. a) The k=0 case. In the backward evolution, i.e., as φ decreases, the wave
function follows our post big-bang branch at low densities and curvatures but undergoes a quantum
bounce at matter density ρ ∼ 0.41ρPl and joins on to the classical trajectory that was contracting

to the future. b) The k=1 case. The quantum bounce occurs again at ρ ∼ 0.41ρPl. Since the big
bang and the big crunch are replaced by quantum bounces and the classical re-collapse survives,
the evolution undergoes cycles. In these simulations, p⋆(φ) = 5 × 103, ∆p(φ)/p

⋆
(φ) = 0.018, and

v⋆ = 5× 104.

peaked at that point, and evolve it using the LQC Hamiltonian constraint. One then finds
the following [19].

• The wave packet remains sharply peaked on the classical trajectory so long as the
matter density ρ remains below 1% of the Planck density ρPl. Thus, as in the WDW theory,
the LQC evolution meets the infra-red challenge successfully.

• Let us evolve the quantum state back in time, toward the singularity. In the classical
solution scalar curvature and the matter energy density keep increasing and eventually di-
verge at the big bang. The situation is very different in LQC. As mentioned in section I, once
the density and curvature enter the Planck scale quantum geometry effects become dominant
creating an effective repulsive force which rises very quickly, overwhelms the classical gravi-
tational attraction, and causes a bounce thereby resolving the big bang singularity. (See Fig
2.) Numerical simulations show that the density acquires its maximum value ρmax ≈ 0.41ρPl
at the bounce point.

• Although in the Planck regime the peak of the wave function deviates very substantially
from the general relativistic trajectory of figure 1, it follows an effective trajectory with very
small fluctuations. This effective trajectory was derived using techniques from geometric
quantum mechanics [40, 41]. The effective equations it satisfies incorporate the leading
corrections from quantum geometry which modify the left hand side of Einstein’s equations.
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See also related works by Bianchi, Smerlak, Perez, Gosh, Frodden, Gambini, Pullin…
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Where does matter falling into a  Black Hole  go?

See works by Barrau, De Lorenzo, Haggard, Pacillo, Rovelli, Speziale, Vidotto…
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mf <
1p
2
mi

Different cases:

1.  Hawking evaporation only 2.  Bounce 3.  Black to White Bounce

mf ⇠ 1p
2
mi tb ⇠ m3

tb ⇠ m2mf ⇠ mitb ⇠ m3



mf <
1p
2
mi tb ⇠ m3

t

r = 2mr = rin rr = 0

1.  Hawking evaporation only

no information paradox: no firewalls!
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r = 2mr = rin rr = 0

2.  Bounce

no information paradox: no firewalls!
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Eburst =
hc

2rf
⇠ 3.9GeV The bigger the BH,  

the lower is the emitted burst

The only parameter is the initial mass of the BH

Mass-loss Rate

dm

dt
= �f(m)

m2

• mass decreases 
• temperature increases 
• new particles produced

mi =

✓
3 tHf(m)

1�mf/mi

◆1/3

Halzen et al. Nature 353

rf ⇠ 10�14cmmi ⇠ 6.1⇥ 1014g mf ⇠ 4.3⇥ 1014g

Integrated over Hubble time:

Page time: mf/mi =
1p
2

    f(m): the branching ratio  
depends on the internal dof
f(m)



1. Which signal? 

2. From where? 

3. Of which origin? 

4. Have we already seen it?

Experimental search for Planck Stars
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1.  Which signal?

per state of angular momentum and spin s. The absorp-
tion coe�cient �s, that is the probability that the parti-
cle would be absorbed if it were incident in this state on
the black hole, is a function of E, m and s. By integrat-
ing this expression it is straightforward to show that the
mass loss rate is given by

dm

dt
= �f(m)

m

2
, (2.3)

where f(m) accounts for the degrees of freedom of each
emitted particle. As times goes on, the mass decreases,
the temperature increases and new types of particles be-
come “available” to the black hole. Above each threshold,
f(m) is given approximately by [6]

f(m) ⇡ (7.8↵s=1/2 + 3.1↵s=1)⇥ 1024 g3s�1
, (2.4)

where ↵s=1/2 and ↵s=1 are the number of degrees of
freedom (including spin, charge and color) of the emit-
ted particles. If f(m) is assumed to be constant, e.g.

f(m) = f(mi), the initial and final masses of a black hole
reaching its final stage today, that is in a Hubble time tH ,
are easy to calculate. In the Planck star hypothesis, the
final stage is reached when m = mf � mPl. Integrating
Eq. (2.3) leads to:

mi =

✓
3tHf(mi)

1� a

3

◆ 1
3

. (2.5)

In practice, to account for the smooth evolution of
f(m) when the di↵erent degrees of freedom open up, a
numerical integration has to be carried out. This leads,
for a = 1/

p
2, to

mi ⇡ 6.1⇥ 1014 g, (2.6)

and

mf ⇡ 4.3⇥ 1014 g. (2.7)

The value of mi is very close to the usual value m⇤ cor-
responding to black holes requiring just the age of the
Universe to fully evaporate. This was expected as the
process is explosive. The details may change depending
on the exact shape chosen for f(m).

The value of the radius when m reaches mf is rf ⇡
6.4 ⇥ 10�14 cm. The size of the black hole is the only
scale in the problem and therefore fixes the energy of the
emitted particles in this last stage. We assume that all
fundamental particles are emitted with the same energy
taken at

Eburst = hc/(2rf ) ⇡ 3.9 GeV. (2.8)

Of course, a more reliable model would be desirable but
this is the most natural hypothesis at this stage.

eGamma
Entries  1001464
Mean   0.1068
RMS    0.1116

E(GeV)
0 0.1 0.2 0.3 0.4 0.5

N

0

1000

2000

3000

4000

5000

6000

7000

8000

eGamma
Entries  1001464
Mean   0.1068
RMS    0.1116

uubar channel: energy spectrum of photons eCM = 3.9 GeV, event = 100000

FIG. 2: Gamma-ray spectrum resulting from 105 uū jets (lin-
ear scales).

III. SINGLE EVENT DETECTION

We now study the signal that evaporating Planck star
would produce. From the phenomenological viewpoint, it
is natural to focus on emitted gamma-rays: charged par-
ticles undergo a di↵usion process in the stochastic mag-
netic fields and cannot be used to identify a single event
whereas neutrinos are hard to detect. The important
fact is that most of the emitted gammas are not emit-
ted at the energy Eburst. Only those directly emitted
will have this energy. But assuming that the branching
ratios are controlled, as in the Hawking process, by the
internal degrees of freedom, this represents only a small
fraction (1/34 of the emitted particles). Most gamma-
rays will come from the decay of hadrons produced in
the jets of quarks, notably from neutral pions. Eburst is
already much smaller than the Planck scale but the mean
emission of emitted photons is even smaller.
To simulate this process, we have used the ”Lund

Monte Carlo” PYTHIA code (with some scaling ap-
proximations due the unusually low energy required
for this analysis). It contains theory and models for
a number of physics aspects, including hard and soft
interactions, parton distributions, initial- and final-state
parton showers, multiple interactions, fragmentation
and decay. PYTHIA allowed us to generate the mean
spectrum expected for secondary gamma-rays emitted
by a Planck star reaching the end of its life. The main
point to notice is that the mean energy is of the order of
0.03 ⇥ Eburst, that is in the tens of MeV range rather
than in the GeV range. In addition, the multiplicity is
quite high at around 10 photons per qq̄ jet. Fig. 2 shows
the mean spectrum of photons resulting from 105 jets of
3.9 GeV uū quarks.

It is straightforward to estimate the total number of
particles emitted mf/Eburst and then the number of
photons < Nburst > emitted during the burst. As for
a black hole radiating by the Hawking mechanism, we
assume that the particles emitted during the bursts (that
is those with m < Eburst) are emitted proportionally to

2
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uu channel:  
mean energy spectrum  
of  secondary photons 

  
MonteCarlo PYTHIA code  

inputs: eCM=3.9 GeV  
     events=105

-

The energy of  most of  the emitted photons is not Eburst

Ē� ⇠ 0.03Eburst ⇠ 10MeV



How many photons?
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FIG. 4: Full spectrum of gamma-rays emitted by a decaying
Planck star at z = 3 (log scales).

the explosion remain to be investigated. The shape of
the di↵use integrated signal, and more specifically its po-
tential specific signature allowing to distinguish it from
standard primordial black holes, requires a full numerical
analysis. It could also be interesting to investigate the
emission of charged articles, in particular positrons and
antiprotons (some interesting threshold e↵ets could be
expected). As well known, the much smaller horizon can
be compensated by the large galactic confinement e↵ect.

Acknowledgments

A.B. would like to thank Wei Xiang.

[1] C. Rovelli & F. Vidotto, “Planck Stars”,
arXiv:1401.6562

[2] A. Ashtekar, T. Pawlowski & P. Singh, “Quantum Na-
ture of the Big Bang,”Physical Review Letters 96 (2006)
141301,

[3] A. Ashtekar & M. Bojowald, “Black hole evaporation: A
paradigm,” Class. Quant. Grav. 22 (2005) 3349–3362,

[4] G. Amelino-Camelia, “Quantum Spacetime Phenomenol-
ogy” Living Rev. Rel. 16 (2013) 5.

[5] J.H. MacGibbon & B.R. Webber, “Quark- and gluon-jet
emission from primordial black holes: The instantaneous
spectra”, Physical Review D 41 (May., 1990) 3052–3079

[6] F. Halzen, E. Zas, J.H. MacGibbon & T.C. Weekes,
“Gamma rays and energetic particles from primordial

black holes”, Nature 353 (October., 1991) 807–815
[7] J. Bovy & S. Tremaine, “On the local dark matter

density”, arXiv:1204.4033 Astrophysical Journal 756
(September., 2012) 89

[8] J.H. MacGibbon & B.J. Carr, “Cosmic rays from pri-
mordial black holes”, Astrophysical Journal 371 (April.,
1991) 447-469

[9] E. Nakar, “Short-Hard Gamma-Ray Bursts”,
arXiv:astro-ph/0701748 Physcis Report 442 (April.,
2007) 166-236

[10] D.B. Cline, S. Otwinowski, B. Czerny & A. Janiuk, “Does
Very Short Gamma Ray Bursts originate from Primordial
Black Holes? Review” arXiv:1105.5363

5

Total particle emitted, each species according to # internal dof

their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.

The question of the maximum distance at which a sin-
gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by

Rdet =

r
S < Nburst >

4⇡Nmes
. (3.1)

If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢

DM
⇤ ⇡

0.3± 0.1 GeV/cm3 [7]. If Planck stars reaching mf were
to saturate the dark matter bound, and if they cluster
as ordinary cold dark matter, their number within the
detectable horizon would be

N

max
det =

4⇡⇢DM
⇤

3mf

✓
S < Nburst >

4⇡Nmes

◆ 3
2

⇡ 3.8⇥ 1022. (3.2)

However, as their history is not that di↵erent from the
one of standard primordial black holes with the same
initial mass (of course the end of their lives is di↵erent
but the total energy emitted remains the same) the usual
constraint ⌦PBH

< 10�8 for initial masses around 1015

g basically holds [8]. This leads to

Ndet <
4⇡⇢DM

⇤ ⌦PBH

3mf

✓
S < Nburst >

4⇡Nmes

◆ 3
2

⇡ 3.8⇥ 1014.

(3.3)
This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
sponds to Planck stars that have masses between mf and
m(�t) at the beginning of the observation time, within
the volume R < Rdet. In this case, m(�t) is simply:

m(�t) =
�
m

3
f + 3f(m)�t

� 1
3
. (3.4)

This number n(�t) is (estimated for a unit volume)
given by

n(�t) =

Z m(�t)

m
f

dn

dm
dm, (3.5)

where dn/dm is the di↵erential mass spectrum of
Planck stars today, still per unit volume. Importantly,
the shape of this mass spectrum in the interesting
region is mostly independent of the initial shape.
This is exactly true only in the limit m ⌧ 3f(m)tH
and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
correct. In this case, due to the dynamics of the
evaporation, dn/dm / m

2. This can be straightfor-
wardly seen by writing dn/dm = dn/dmi ⇥ dmi/dm,
where dn/dmi is the initial mass spectrum and
dmi/dm = m

2(3f(m)t+m

3)�2/3.

If primordial black holes leading to Planck stars are
formed through a kind of phase transition in the early
universe, their mass spectrum can be very narrow. In
the most extreme optimistic case, this would cover ex-
actly the range of masses reaching mf in the observation
time window �t. In that case, the number of observed
explosions would be Nexpl = Ndet. This is obviously
unrealistic. On the other extreme, one can assume a
very wide mass spectrum. As the primordial cosmologi-
cal power spectrum P (k) / k

n is now known to be red
(n < 1) whereas it would have had to be blue to produce
a sizable amount of primordial black holes by standard
processes, the usual historical spectrum

dn

dmi
= ↵m

�1� 1+3w
1+w

i , (3.6)

where w = p/⇢ is the equation of state of the Universe
at the formation epoch, can only be taken as an approx-
imation on a reduced mass interval. This is however not
unrealistic in models like Starobinski’s broken scale in-
variance.
This leads, assuming that the formation occurred in

the radiation dominated era, to a contemporary spectrum
reading

dn

dm
⇠ ↵

h
m

� 5
2⇥(m�m⇤) +m

� 9
2⇤ m

2⇥(m⇤ �m)
i
.

(3.7)
The number of expected ”events” during an observing

time �t is given by

N(�t) =

Rm(�t)
m

f

dn
dmdm

Rm
max

m
f

dn
dmdm

⌦PBH
N

max
det ⌦sr, (3.8)

3

direct emission



2.  From where?

Maximal distance:

Distribution:
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their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.

The question of the maximum distance at which a sin-
gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by

Rdet =

r
S < Nburst >

4⇡Nmes
. (3.1)

If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢

DM
⇤ ⇡

0.3± 0.1 GeV/cm3 [7]. If Planck stars reaching mf were
to saturate the dark matter bound, and if they cluster
as ordinary cold dark matter, their number within the
detectable horizon would be

N

max
det =

4⇡⇢DM
⇤

3mf

✓
S < Nburst >

4⇡Nmes

◆ 3
2

⇡ 3.8⇥ 1022. (3.2)

However, as their history is not that di↵erent from the
one of standard primordial black holes with the same
initial mass (of course the end of their lives is di↵erent
but the total energy emitted remains the same) the usual
constraint ⌦PBH

< 10�8 for initial masses around 1015

g basically holds [8]. This leads to

Ndet <
4⇡⇢DM

⇤ ⌦PBH

3mf

✓
S < Nburst >

4⇡Nmes

◆ 3
2

⇡ 3.8⇥ 1014.

(3.3)
This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
sponds to Planck stars that have masses between mf and
m(�t) at the beginning of the observation time, within
the volume R < Rdet. In this case, m(�t) is simply:

m(�t) =
�
m

3
f + 3f(m)�t

� 1
3
. (3.4)

This number n(�t) is (estimated for a unit volume)
given by

n(�t) =

Z m(�t)

m
f

dn

dm
dm, (3.5)

where dn/dm is the di↵erential mass spectrum of
Planck stars today, still per unit volume. Importantly,
the shape of this mass spectrum in the interesting
region is mostly independent of the initial shape.
This is exactly true only in the limit m ⌧ 3f(m)tH
and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
correct. In this case, due to the dynamics of the
evaporation, dn/dm / m

2. This can be straightfor-
wardly seen by writing dn/dm = dn/dmi ⇥ dmi/dm,
where dn/dmi is the initial mass spectrum and
dmi/dm = m

2(3f(m)t+m

3)�2/3.

If primordial black holes leading to Planck stars are
formed through a kind of phase transition in the early
universe, their mass spectrum can be very narrow. In
the most extreme optimistic case, this would cover ex-
actly the range of masses reaching mf in the observation
time window �t. In that case, the number of observed
explosions would be Nexpl = Ndet. This is obviously
unrealistic. On the other extreme, one can assume a
very wide mass spectrum. As the primordial cosmologi-
cal power spectrum P (k) / k

n is now known to be red
(n < 1) whereas it would have had to be blue to produce
a sizable amount of primordial black holes by standard
processes, the usual historical spectrum

dn

dmi
= ↵m

�1� 1+3w
1+w

i , (3.6)

where w = p/⇢ is the equation of state of the Universe
at the formation epoch, can only be taken as an approx-
imation on a reduced mass interval. This is however not
unrealistic in models like Starobinski’s broken scale in-
variance.
This leads, assuming that the formation occurred in

the radiation dominated era, to a contemporary spectrum
reading

dn

dm
⇠ ↵

h
m

� 5
2⇥(m�m⇤) +m

� 9
2⇤ m

2⇥(m⇤ �m)
i
.

(3.7)
The number of expected ”events” during an observing

time �t is given by

N(�t) =

Rm(�t)
m

f

dn
dmdm

Rm
max

m
f

dn
dmdm

⌦PBH
N

max
det ⌦sr, (3.8)

3

S=1m2 

Nmes=10if               ==> Rdet~200 light years

local

isotropic



4.  Of which origin? Barrau, Rovelli 1404.5821

• black holes formed at the beginning of  the universe  
(recombination time ~ 13.4 billion years ago) 

• for mi ~ 1015g  we have  
 

Primordial  
Black Holes

their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.

The question of the maximum distance at which a sin-
gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by

Rdet =

r
S < Nburst >

4⇡Nmes
. (3.1)

If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢
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This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
sponds to Planck stars that have masses between mf and
m(�t) at the beginning of the observation time, within
the volume R < Rdet. In this case, m(�t) is simply:

m(�t) =
�
m

3
f + 3f(m)�t

� 1
3
. (3.4)

This number n(�t) is (estimated for a unit volume)
given by

n(�t) =

Z m(�t)

m
f

dn

dm
dm, (3.5)

where dn/dm is the di↵erential mass spectrum of
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their number of internal degrees of freedom : gravity is
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corresponds to directly emitted photons that are clearly
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virtually no gamma-rays and therefore being here a pure
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can be detected is just a few tens times the distance to
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This already has an interesting consequence. Except
if there is a significant dark matter clump within this
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This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
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m(�t) at the beginning of the observation time, within
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Planck stars today, still per unit volume. Importantly,
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region is mostly independent of the initial shape.
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and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
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their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.
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gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by
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. (3.1)

If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢
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0.3± 0.1 GeV/cm3 [7]. If Planck stars reaching mf were
to saturate the dark matter bound, and if they cluster
as ordinary cold dark matter, their number within the
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This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
sponds to Planck stars that have masses between mf and
m(�t) at the beginning of the observation time, within
the volume R < Rdet. In this case, m(�t) is simply:
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where dn/dm is the di↵erential mass spectrum of
Planck stars today, still per unit volume. Importantly,
the shape of this mass spectrum in the interesting
region is mostly independent of the initial shape.
This is exactly true only in the limit m ⌧ 3f(m)tH
and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
correct. In this case, due to the dynamics of the
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2. This can be straightfor-
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where dn/dmi is the initial mass spectrum and
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If primordial black holes leading to Planck stars are
formed through a kind of phase transition in the early
universe, their mass spectrum can be very narrow. In
the most extreme optimistic case, this would cover ex-
actly the range of masses reaching mf in the observation
time window �t. In that case, the number of observed
explosions would be Nexpl = Ndet. This is obviously
unrealistic. On the other extreme, one can assume a
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their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.

The question of the maximum distance at which a sin-
gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by
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. (3.1)

If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢

DM
⇤ ⇡

0.3± 0.1 GeV/cm3 [7]. If Planck stars reaching mf were
to saturate the dark matter bound, and if they cluster
as ordinary cold dark matter, their number within the
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This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
sponds to Planck stars that have masses between mf and
m(�t) at the beginning of the observation time, within
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where dn/dm is the di↵erential mass spectrum of
Planck stars today, still per unit volume. Importantly,
the shape of this mass spectrum in the interesting
region is mostly independent of the initial shape.
This is exactly true only in the limit m ⌧ 3f(m)tH
and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
correct. In this case, due to the dynamics of the
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wardly seen by writing dn/dm = dn/dmi ⇥ dmi/dm,
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their number of internal degrees of freedom : gravity is
democratic. The spectrum resulting from the emitted
u, d, c, s quarks (t and b are too heavy), gluons and
photons is shown on Fig. 3. The little peak on the right
corresponds to directly emitted photons that are clearly
sub-dominant. By also taking into account the emission
of neutrinos and leptons of all three families (leading to
virtually no gamma-rays and therefore being here a pure
missing energy), we obtain < Nburst >⇡ 4.7⇥ 1038.

The question of the maximum distance at which a sin-
gle burst can be detected naturally arises. If one requires
to measure Nmes photons in a detector of surface S, this
is simply given by
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If we set, e.g., Nmes ⇡ 10 photons in a 1 m2 detector,
this leads to R ⇡ 205 light-years. Otherwise stated,
the “single event” detection of exploding Planck stars is
local. The maximum distance at which such an event
can be detected is just a few tens times the distance to
the nearest star. This is a tiny galactic patch around us.

This already has an interesting consequence. Except
if there is a significant dark matter clump within this
small sphere – which is unlikely–, the signal is expected
to be isotropic as the halo is homogeneous at this scale.
This is very di↵erent from most galactic signals usually
peaked either in the galactic center direction, or the
direction of the motion of the solar system for directed
searches for dark matter. This means that the Planck
star signal could mimic a cosmological origin.

Let us call the local density of dark matter ⇢
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0.3± 0.1 GeV/cm3 [7]. If Planck stars reaching mf were
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This number is still quite high. It shows that the
individual detection is far from being, in principle, out
of reach.

One can then estimate the number of events that can
be expected for a given observation time �t. This corre-
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region is mostly independent of the initial shape.
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and constitutes a rough approximation here. To get
orders of magnitude, we however assume this to be
correct. In this case, due to the dynamics of the
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FIG. 4: Full spectrum of gamma-rays emitted by a decaying
Planck star at z = 3 (log scales).

the explosion remain to be investigated. The shape of
the di↵use integrated signal, and more specifically its po-
tential specific signature allowing to distinguish it from
standard primordial black holes, requires a full numerical
analysis. It could also be interesting to investigate the
emission of charged articles, in particular positrons and
antiprotons (some interesting threshold e↵ets could be
expected). As well known, the much smaller horizon can
be compensated by the large galactic confinement e↵ect.
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• integrated emission over huge distance 
• the smaller BH, the higher the burst 
• harder spectrum 
• red shift dominates



1. Which signal?    

2. From where?   Local and Isotropic   

3. How often?   One event per day 

4. Of which origin?   Primordial Black Holes 

5. Have we already seen it?   Maybe: VSGRB
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Quantum pressure 

Planck density object  
radius >> Planck length 

quantum effects appear at 

asymptotic proper time  
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quantum tunneling
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1. Which signal?    

2. From where?   Isotropic  (close or distant) 

3. How often?   TBC, but enough… 

4. Of which origin?   Primordial Black Holes 

5. Have we already seen it?   Maybe: Fast X-ray Burst

Experimental search for Planck Stars v2.0

Eburst ⇠ 10MeV
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BH are bounce in slow motion 

Quantum Gravity Phenomenology!�

Summary

1. Which signal?    

2. From where?                   

3. How often? 

4. Of which origin?                           Primordial Black Holes 

5. Have we already seen it?

Eburst ⇠ 3.9GeV

Local and Isotropic 

One event per day

VSGRB
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Metric for Black-to-White processQuantum Tunneling

Summary

1. Which signal?    

2. From where?                   

3. How often? 

4. Of which origin?                           Primordial Black Holes 

5. Have we already seen it?

Eburst ⇠ 3.9GeV

Local and Isotropic 

One event per day

VSGRB

Eburst ⇠ 10MeV

Fast x-ray Burst
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