DlFFUSE EM\SS\ON FROM EWK

Howte Remnants

[arXiv 220%.06978 |

Mateo PascuaL
PhD <rudent of \aestern Uf\'we(s\mkj

S.Kazeman , CRovewr , F.Vioorro

emaul : mpascua @ uwo.ca



Ouwe RKesuue

4 Non-stellar black <« > H@htnﬂ N Planckian  remnont
hole.  populodion /\ew0£orattoa Populod'ior\

E Explicit description of diffuse emission by remnant population
unvelling all information that pusifies Hawlzma rodiakion mixed state.

E C,Or\ﬁrm previous estimodes of BH remnonts lifetime = T ~ m*

—_—]

,_4_ Ampllt\kde, $ J’re‘q_ue—MH O‘F Ob%(’_r\/e.d rac\i&ﬂor\ SN2 Qfemnmfs .

ES: QF T pictwe — stoble remnants ore extreme_lj tmuke_lj in Llob .

[6] Remnonts are the ideal DM candidate | now observable (indivectly)




N,
10
ODUCT

R

-
In

Y
Jcs 5
l'\ remnoun

Jc &

L'Nc

|.or\3

0




TNTRODUCTION.

l.or\j live the remnants Y

MOTIVATION FOl LEMNANTS

® WH uith -va:) horizon and hu3e interior volume ore exact clossical solutions. [Ez’jﬁi ]
@ Classical spocetimes with localised BH - WH quun’mm {'Mnthf\j | E:?jﬁﬂ

GR LOG shows Eunnelir\ﬂ IS c\”owecl, [ Clhvistadoulan. Rovelli Spesiole Vilensky 16 ]
. . [ Christodoudon D' Amerasio *18 ]
¢ OJ\C[ l’ncre'QSl'“SLy PrOb&ble’ Q{ -H,\e‘ {D’AW\brosio Chrstodowlo.  Martin-Dussaud
' _ Rovelli Softani *21]
NO'\. - Pﬁd’ end of Hawhmﬂ QVOL'POTOL‘i'\GV\. [ Sottani Rovelli Mortin-Dussaud *21]

QG

@ QG stobilises Plonck scole remnants.  [Rowli Vit 18]

@ Old objections ogaunst remnoats don't O‘PP\fJ . [ Bianchi Clarigtodookess. D' Amoresio

H&%w‘d Rovelli “18]
Hfovv\ Bonks Giddiwas,

Steomirger 92295



EnTROPY FROM INTERIOR
PiriFies BexenSTEIN- HawkiNG R aDiaTION

g BH s WH = evert horizon = %adfsnjs\’em

2 For non-ergodic systems,

[Pxove_lu \17]
SvNeu.m > STkD)j" [Rove_lli 1q]

[ Maldaceno. 21 ]

Tnteror state of BH is kiaklj cn’ranjled
with HQwKLnj rodiotion .



MooeL: EntroPy iMPues LIFETIME

PARENT BH EVAPORATION
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MobeL: Entropy impues LIFETIME oF REMNANTS

PARENT BH EVAPORATION REMNANT

M
Hp.w&mc o
N RA0IATION o Q renrvont
. - 5 A 2 emmitted loder
B NOF\ - traodl(_ Sjbt&m '——> remnont N 'q-" = 4’“ mF o5 diffuse rodiotion



MobeL: Entropy impues LIFETIME oF REMNANTS

PARENT BH EVAPORATION REMNANT
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VAD\AT ION
B Simp\e. O-PProx. model: [ Presn 92 ]

wniform 1-D 90$ of rodiation

n e,qui\ibrlu,m, for which: | -,

B S = 7-—3:[ LT ¢4 E = LT [ Skoboley *13]

by

comsalit Y

=D = -Cw = 6”\';q T’—'




VAD\AT ION
B Simp\e. O-PProx. model : [ Preskit, *92 ]

wniform 1-D 90$ of rodiation

e equilibrium, for which:

T l-— = -Cw bn
comsality
B S = ?'—3:[ LT 1 E = LT [ Skobolev *13] E‘En=1
=ﬂ> — 'Cw = 6m: T: ._171
Mme
Planckion distribution Vo - « 1 = v%'z
_E _ me
®  For 1 photon, e=~v : Ny = == =
E- _ _i__ -12
Photon g8 . Qo = —\-/- R m.
v =&
N"g 1 -10
Ny = =
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MooeL : Ensemere RaowaTion
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MooeL : Ensemele Raowation
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MooeL : Ensemere Raowation
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MooeL : Ensemele Raowation
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Livean. EMission

= BH populotion forvs af  £-0 , with mass Mg
ur\lformlj distributed with  aumber  density L

s Emit rodiotion dur'w\j WH Pkast.

e approximocte : s’teadj lincor emission. Find:
O for t < VV\E
R [B) = ((_t[;iz\x L for mict <om

ﬂ_ ‘FOF t> 6m|=4



Livean. EMission

= BH populotion forvs af  £-0, with mass Mg
ur\lformlj distributed with  aumber  density L

= Emit rodioation dur'w\ﬁ WH Pkast.

g approximacte : s’tmdj lincor emission. Find:
O for t < VV\E
R ) = ((frfa L for mi<ct <om

_()_ ‘FOF t> 6m|=4

Whot about  Quardum Mechanics 7 Area 90 g



QUANTUM DESCRIPTION of Emission

s LQG MIN WUAM. Quentum leowP ‘From. APL o rodiotion state .

—

oreo SQP' ~ AP(. T
[Rovdh Smolm\cﬁ]

B QFT Perspac.’c'\\lc . remnont  state W \ N, Xi)

J

enerag grucmtwn number interior c_onfigurcd:ion
A = (G ot qumtum numbers
= ™ N

phﬁsiml emission , M, X ) — ' }-l’, X:)  with ,JU <M.



QUANTUM DESCRIPTION of Emission

s LQG MIN WA, Quentum leowP ‘From. APL o rodiotion state .

——

\OJ'QQ SO*P ~ AP(. —
[Rovdh Smolm‘cﬁ]

B QFT Perspac.’c'\\lg . remnont  state \Dg‘é ‘ N, Xi)

J

enerag qumtwn number infterior configurcd:ion
A = (G ot qumtum numbers
= ™ N

phﬁsiml emission , M, X ) — ' }-l’, X:)  with ,JU <M.
B Quantum areo 9o implies [y ~ M, .

= To 1% order, or\b one. tronstion allovsed:

state withe
| Fooin, 6 —> [ 7,59 A pholor



s To 1% order, or\g one. tronstion allowsed:

state with

| Hmiv\, Xt> — I'{'; "':K”’ > [\ ’\)»\O&QV\S

o En’cropv connot decrease => n =Ny ~ m?: Hu\ﬁe 1

remnant




s To 1% order, or\g one. tronstion allowsed:

state with

| Hmiv\, Xt> — I'{'; "':K”’ > N ’\)»\O&QV\S

o En’cropv connot decrease => n =Ny ~ m?: Hu\ﬁe 1
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s To 1% order, O“B one. tronstion allowsed:

state with

| /‘kmiv\, Xi> — |'{'; "-;K"' > N ’\)\\OhV\S

o Er\’cropv connot decrease => N =Ny ~ m?: Huﬁe 1

Ba!

remnant remnant
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Tn

® Vost number of photons need to converge for Long-Living remnant in Lab .

¢.g. PBH sized cemnant in lab, 10°< Ny < 10"

.}

Can’t find remnants in lab 7 No wonder!!



QUANTUM Emission of Ensemele

For o popu(oﬂc'wn -.

® SLr\Sle_ deQaj + constant probcxbili’cj =3 “radioo,c‘cive Ny cle_cq‘j.

R () = Qe N~ (To-Ty)



QUANTOM Epission of Ensemeee
For o popu(odcton:

® SLr\Sle_ deQaj + constant probcxbili’cj =3 “radioo,c‘cive Ny cleQQj.

Qrem(t) = ﬂe——A({:-tB) >\"" (_Ew"-clsy‘

5 Suksttule Tg~mM; ond Ty = 6mf )

-

O -f-or Jcsm?
de(t’m") - QQM[Q)(P(1-{:M;S> —1] for t 2 m;

1-o6M¢

-
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Recall Vo ~ M => Find g (£, vpus)



QUANTUM Emission of Ensemee

For o popu(odcton -.

® SLr\Sle_ deQaj + constant probabili’cj =3 “radioo,c‘cive Ny cleQQj.

- -
Qr‘evv\(t) = ﬂe——A({: T:B) 1 >‘ ~ (—Ew"-CBL
s Sukshhde  Tg~mi ond Ty -6mf ) o
', - L‘lf\tor

( & €MiSSion.

O -f-or ‘t < ME =
Qro.cl ( tlmp) B Q 1"{:MF_3 t 3 %:‘\1;1‘;“:

rem CXP 1_6MF . 1 ‘FOF 2 mp



CONC.LUSION

> Areo @p = Ploanckion. remnonts.

> Uni{’ori’(j =>  remnant — vast number of correlated photons.
> Extrmely rore i lab

arXiv:2207.06978

> BH population — bath of diffuse emission, .

> Con meosure Qm,(t,m;) = Reem [txp(l—jg—,'?\?)%] for t>m?

> Taking t = £~ 10tn , meoswement of ¢, § Vo => Meosure K,

= In{—l&’cion&flj SCenorios pose sfrona onstrauns  on abundonce. [ Borrau Ferdinand
Martineau Rmtvej ' 2']]

> In Matter- bounce scenario, remnonts con occount for DM
(Emmcmud Frion's {alk)

PL&aniM remnants  or iﬁiﬂ&’tiﬂj before the cosmological bounce are
observable Dark Matter condidates



Questions ¢

OnHO
a_@fﬂ f %

arXiv:2207.06978

Thanks !

MpPasCua @ uwo.ca



PBH Remnants

@ ?\OsdehOVL b&+\’\ ’{'Z)dQ‘J 'IF 10 ® m'pL < Mng < 1010 M?
\\/ Vpeak ~m-?
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