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OUR RESULTS

Planckian remnantNon stellar black t ff Populationhole population

Explicit description of diffuse emission by remnant population
unveiling all information that purifies Hawking radiation mixed state

131 Confirm previous estimates of BH remnant's lifetime I m

Amplitude frequency of observed radiation l remnants

151 QFT picture stable remnants are extremely unlikely in lab

161 Remnants are the ideal DM candidate now observable indirectly
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INTRODUCTION

Long live the remnants
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INTRODUCTION

Long live the remnants THE

MOTIVATION FOR REMNANTS
HaggardWH with tiny horizon and huge interior volume are exact classical solutions Rovelli15

Classical spacetimes with localised BH WH quantum tunneling
Haggard
Rovelli75

G R LQG shows tunneling is allowed ChristodoulouRovelliSpezialeVilensky 16
ChristodoulouDAmbrosio 18

and increasingly probable at the DAmbrosio Christodoulou MartinDussau
RovelliSoltani 21

Non pert end of Hawkingevaporation SoltaniRovelliMartinDussaud 21

QG
QG stabilises Planck scale remnants RovelliVidotto 18

Old objections against remnants don't apply BianchiChristodoulouDAmbrosio
Haggard Rovelli 18

fromBanks Giddings
Strominger 92 95 2
























































































ENTROPY FROM INTERIOR

PURIFIES BEKENSTEIN HAWKING RADIATION

an BH WH Event horizon ergodic system

as For non ergodic systems
ce

Rovelli 17 Suneum SThDynSuneum SThDyn Rovelli 19

Maldacena 21
Interior state of BH is highly entangled

with Hawking radiation
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MODEL ENTROPY IMPLIES LIFETIME OF REMNANTS

PARENT BH EVAPORATION REMNANT

ñ MPC

Me em
HEY In t.am

Sremnant
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MODEL ENTROPY IMPLIES LIFETIME OF REMNANTS

PARENT BH EVAPORATION REMNANT

ñ
MF em HE in t.am

M

Sremnant

a Non ergodic system a Sremnant 4pm 1
emmitted later
as diffuseradiation

4
























































































MODEL ENTROPY IMPLIES LIFETIME OF REMNANTS

PARENT BH EVAPORATION REMNANT

ñ MPC

Me em HE In t.am
Sremnant

emmitted later
an Non ergodic system Sremnant 4AM t as diffuseradiation

RADIATION

REMNANT WH REMNANT

Mp Mp
BLACKTOWHITE QUANTUMTUNNEL

Sremnant Sremnant
Tw mat TB

by
causality
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RADIATION
as Simple approx model Preskill 92

uniform file gas of radiation
in equilibrium for which

by
causality

an S LT E LT Skobolev 131

L Tw 6M 12 T 131
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RADIATION
as Simple approx model Preskill 92

uniform file gas of radiation
in equilibrium for which

by
causality

an S LT E LT Skobolev 131

L Tw 6M 12 T 131

an Planckian distribution Upeak T 0 2.82 14

am For 1 photon E N Ny Ee
Total number s
ofphotons

Photongas to 2 ME 161
an

V

Mr 2dgME 17
V 5
























































































MODEL ENSEMBLE RADIATION
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MODEL ENSEMBLE RADIATION

141 91
mass MPL
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MODEL ENSEMBLE RADIATION

141 91
mass MPL
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MODEL ENSEMBLE RADIATION

Enter
mass MPL

lot R
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MODEL ENSEMBLE RADIATION

Enter
mass MPL

lot R

181
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LINEAR EMISSION

as BH population forms at 1 0 with mass Me

uniformly distributed with number density I

a Emit radiation during WH phase

approximate steady linear emission Find

0 for t m

Grad t 1 for ME at a 6 me 101

1 for to 6m

F
























































































LINEAR EMISSION

as BH population forms at 1 0 with mass Me

uniformly distributed with number density I

a Emit radiation during WH phase

approximate steady linear emission Find

0 for t m

Grad t 1 for ME at a 6 me 101

1 for to 6m

What about Quantum Mechanics Area gap
I
























































































QUANTUM DESCRIPTION OF EMISSION

an LQG minimum Quantum leap from Ap to radiation state
area gap Ap Ea

analogous to conventional nuclear radioactivity
RovelliSmolin95

as QFT perspective remnant state 1m

energy quantum number
interior configuration
quantum numbersHorizon A 1651m

i es em

physicalemission µ Xi µ X with µ's µ
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QUANTUM DESCRIPTION OF EMISSION

an LQG minimum Quantum leap from Ap to radiation state
area gap Ap Fr

analogous to conventional nuclear radioactivity
RovelliSmolin95

as QFT perspective remnant state 1m

energy quantum number
interior configuration
quantum numbersHorizon A 1651m

i es em

physicalemission µ Xi µ X with µ's µ
a Quantum area gap implies Mmin Mpc

a To 1ˢᵗ order only one transition allowed

Mmin Xi 8 ru
state with

1111 n photons
8
























































































a To 1st order only one transition allowed

I Mmin i 8 ru
state with

1111 n photons

as Entropy cannot decrease NFMEHuge.lt 112
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a To 1ˢᵗ order only one transition allowed

I Mmin i 8 ru
state with

1111 n photons

as Entropy cannot decrease NFMEHuge.lt 112
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a To 1st order only one transition allowed

Mmin i 8 ru
state with
n photons

as Entropy cannot decrease NFMEHuge.lt 112

as Vast number of photons need to converge for long living remnant in lab

e g PBH sized remnant in lab 1 68

Can't find remnants in lab No wonder
9
























































































QUANTUM ELMISSION OF ENSEMBLE

For a population
as Single decay constant probability radioactive decay

113eremlt Re

correspondence principle
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QUANTUM ELMISSION OF ENSEMBLE

For a population
a Single decay constant probability radioactive decay

113eremlt Ie

correspondence principle

as Substitute TB m and Tw 6M

H

an Recall Vpeak ME Find frad t upear
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QUANTUM ELMISSION OF ENSEMBLE

For a population
a Single decay constant probability radioactive decay

113eremlt Ie

correspondence principle

as Substitute TB m and Tw 6M

Linear
emission

Quantum
emission

H

an Recall Upeak ME Find frad t Upeak

10
























































































CONCLUSION

em Area gap Planckian remnants

Em Unitarity remnant vast number of correlated photons

Lean Extremely rare in lab

Em BH population e g PBH bath of diffuse emission

Em can measure rad t.me lremfexpf i 1 for t m 14

em Taking t th 1060tpi measurement of frad Upeak measure rem

Be Inflationary scenarios bothbigbangandbouncing pose strong constrains on abundance BarrauFerdinand
MartineauRenevey 2

am In Matter bounce scenario remnants can account for DM
EmmanuelFrion'stalk

Planckian remnants originating before the cosmological bounce are

observable Dark Matter candidates
11
























































































Questions

Thanks

mpascua uwo.ca






















































PBH REMNANTS

Radiation bath today if 1015Mp MpBH 102 Mp Mp 10 59

Upeak m 2

10 Hz Npeak 102Hz

amba Measure Crad Upeak

value of even

Does Crem Cpm

KNO YES
Not major

PBH remnants are
component

of DM a component of DM
17


