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In this talk:

B Quantum cosmology from the full theory:
Spinfoam Cosmology
B A new look at singularity resolution:
maximal acceleration
B Black holes tunnels into withe holes:

Planck Stars



Quantum Cosmology from the full theory ... ...
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Loop Quantum Gravity

B Jtis atheory about quanta of spacetime
B  [ocal Lorentz invariance

®  The states are boundary states at fixed time

¥ The physical phase space 1s spanned by SU(2) group variables



Hilbert space and operator algebra /\_/\

® Group variables: { }},l €SU(2) B Adjacency: I'={N,L} \\///

\
N\ T

L; € su(2)
® Graph Hilbert space: Hr = Lo [SU(Q)L/SU(Q)N]

B The space Hradmits a basis |P y 705 ’Un>

® Gauge invariant operator (Gyr = L; - Ly, with E Gy =0
len

Penrose’s spin-geometry theorem (1971)
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m [, = { f}, 1 =1,2,3 SU(2)generators L'1)(h) = E@{;(he”')
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| Area Ag = Z \/ L;L;’
lEX 9 | B cigenvalues are discrete

® Volume Vg = Z Vo, V2= 9 |€ijkLz'Lf,Lffa|. B the operators do not commute

. n€ER B quantum superposition

B Angles L’f 7

L/' coherent states



Spinfoam amplitudes

Probability amplitude P2 (’tﬁ) — |<W|¢>|2

for a state Y associated to the boundary of a 4d region

B Superposition principle (W) = Z W (o)
® [ocality: vertex amplitude W (o) ~ i—I W.
B Lorentz covariance W, = (Psr(2,c) oY: Yy ) (1)
B UV and IR finite (with A)

® Classical limit: GR (with A)

(via Regge discretisation)

Spinfoam Hartle-Hawking state




Spinfoam amplitudes

Probability amplitude P (?,b) — |<W|’¢>|2

for a state Y associated to the boundary of a 4d region

B Superposition principle (W) = Z W(o

B [ocality: vertex amplitude W(g) ~ H W,.
B Lorentz covariance W, = (Psr(2,c) © Y'q, ¥y ) (1)
B UV and IR finite (with A)

® (lassical limit: GR (with A)
(via Regge discretisation)

W(qgja%'j) ™~ /a
g




Cosmological transition amplitudes

®  lixed graph with N nodes: approx kinematics of the universe

B The graph captures large scale dot

B The full theory can be regarded as an expansion for growing N

B Coherent States peaked on Homogeneous and Isotropic geometry

B Iriedmann Equation recovered in the classical limit: Minkowski, de Sitter, Bianchi I

B The result holds for: ¢ every regular graph in the boundary
* considering radiative corrections in the bulk

B Understanding the quantum state at the bounce



Spinfoam Dynamics

Unitary 1rr reps of |], m) = Hj and |k;, v; 7, m) € Hiy = 9 Hi,u
i=k,00
O v=-k+1)
L map: Y’Y : HJ 2 Hja’}’j with image s.t. g = k

lgsm) = |(G,y(G +1)); 4,m)

[ ]_{' -4 9 E =0 satisfied weakly on the image of Y7
Boost generator Rotation generator

B /' is the area operator: the Lorentzian area A — / [* has a minimal value!
R

simplicity constant: A = / wKi has also a minimal value!
R



Lorentzian Area

tA

Z 0? 1 n 1s the boost parameter
A= 9 — 202 Ui along the trajectory from P to P’
B J.orentzian area Ain = 47Gh
|

B Max acceleration  @par =

8rGh

® Min length



Spinfoam “wedge” amplitudes

B motion of an accelerated observer in spacetime
B evolution of spacetime seen by an observer

W(g,g',h) =) (2j+1) Tr, [Ytg’ﬁ/_th]
J

9,9 € SL(2,C) h € SU(2)

B Fourier transform:

RET )L W(n, g) = (G, iV Te™ =Y |4, 5)




SingUIarity resolution Bojowald 1999

“Big Bounce”

See also talk by Piechocki



What have we learnt from Loop Quantum Cosmology?
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® Planck density



What have we learnt from Loop Quantum Cosmology?
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Where does matter falling into a Black Hole go?

Planck Star

B Quantum Tunneling

B superposition

m [ffective repulsive force

® Planck density

m Size > Planck length

ry ~ (ﬁ) 0
mp




Eddington-Finkelstein coordinates

ds® = r*dw® + 2dv dr — F(r)du’

F(r)=(1-2m/r)

horizon

r =2m r



Eddington-Finkelstein coordinates

ds® = r*dw® + 2dv dr — F(r)du’

2mr?

F =1 —
(r) r3 + 2a2m

trapped

hotrizon

r =1y r =9m I



Penrose diagram

a collapsing quantum
quantum light-like shell

region bounces and re-expands

trapped

hotizon

time-symmetric process:
white hole



ds® = —F(u,v)dudv + r*(u,v)(df* + sin® d¢?)



Planck Star: Black Hole — White Hole

r=const
space-like in the trapped region

B Quantum pressure

®  Planck density object m \ 3
radius > Planck length b ( )

mp

B quantum effects appearat 7~ = 2m

B asymptotic proper time T ~ —

Shortcut to the future / Bounce seen 1n slow motion

hc

B  ecmission at Fpyyper = P ~ 3.9 Gev
Ty



Energy spectrum of photons

9 — ~ eGamma
A - Entries 318043
. 1 = Mean 0.09656
E RMS 0.3454
. E- !
; :
1% :
| E-— ‘ ] ‘.-l -
| EIGcV]-
he m ~]10 MeV
Ebumt B 2 Tf ~ 3.9 Gev m One event per day
m [sotropic
Detectable? m Short gamma-ray burts

From ~200 light years
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Summary:

B Quantum cosmology from the full theory:
Spinfoam Cosmology
B A new look at singularity resolution:
maximal acceleration
B Black holes tunnels into withe holes:

Planck Stars



