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Abstract: Group field theory (GFT) is a background independent approach to quantum gravity in which the quanta represent "building blocks of
space”. It has been successfully applied to the cosmological setting and shown to have the potentia for rich phenomenology. In this talk we will
explore a novel proposal to construct operators in GFT based on symmetries of the action, which can then be identified with respective classically
conserved currents. This construction relies on a relational coordinate system spanned by four massless scalar fields. As the classical currents are
related to the components of the metric, the expectation values of the new GFT operators can be interpreted as giving rise to an effective metric
originating directly from the quantum theory. We proceed to investigate the implications of this proposition for a flat homogeneous universe and its
perturbations.

Zoom link https://pitp.zoom.us/j/988436341922pwd=0OWs1SEdiWnlyY mISbTh3bU9MaDBDdz09
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GROUP RELDAIHECRY

e Field theory on a group manifold

~ real valued functions

> bosonic group field (g, x*) e.g. v:SU@2)*xR* =R

- group elements
e Field excitations: building blocks of spacetime A
o tetrahedron or spin network vertex

" :
Action ~ Laplacian on R*

° Slyl= / d'x (é D> K s Amps(x*) - V(m)

o —)

e Macroscopic geometry: several building blocks

s University of 5
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GRESRRIEEDAlEECRY COSMOIE G Y

e Relational dynamics: single massless scalar field x as a clock ‘ X

e Effective scale factor from volume operator of loop quantum

gravity (f/) =g

e Dynamics e Effective Friedmann equation
o Mean field [oriti, Sindoni, Wilson-Ewing (16), (17)] o Bounce
» Schwinger Dyson equations o Recover GR at late times
o Hamiltonian (wison-gwing (18)], [Gielen, Polaczek, Wilson-Ewing (19)] * State dependence differs in

= Deparametrisation w.r.t. clock field approaches

A University of

Effective Metrics from Group Field Theory 91/12/23 Lisa Mickel

& Sheffield

O~

Pirsa: 23120042 Page 6/29



EAJENDED G ECEOSNMOIS@ Y

e Other phenomenology:
o Cyclic universe with interactions [de Cesare, Pithis, Sakellariadou, (‘16)]
o Dark energy with multiple field modes (o1, pang, (21
o Anisotropic universe (Gilen, Calcinari, ("23)]

o Perturbations

[Marchetti, Oriti ('21) ('22)], [Jercher, Marchetti, Pithis ('23)]

A University of
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RELATIONAL COORDINATE SYSTEM

e Couple four massless scalar fields ¢ : SU(2)* x R* - R

> Relate to coordinate system in which 3,y = 5;?

o> One clock field \Y, three ‘spatial’ fields x' x* x*

e Studies in mean field approach Here:

Hamiltonian approact
o Dynamics of the perturbed volume operator Sl LSS s

and additional
o Two-sector GFT: spacelike and timelike tetrahedra | operators

A University of

% Shoffield 9
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CONSERVATION LAWS FROM SYMMETRY

e Translational invariance XA — XA + A

o GFT stress energy tensor

oL

AB ,__ o P R v U o )
T i — ()]_—,’-.r_.- 10 L

- 9(04¢)

e Simplifications: finite sum, no interactions

B \ | l ~(0) l ~(2) 7 9 ‘3’..
o — Z (7}\; S —)}\; (()-\‘::—/)_)

J % 2

e Conservationlaw §,748 _

o |dentify in relational coordinate system ;48 — (T45)
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CONSERVATION LAWS FROM SYMMETRY

e Translational invariance XA — XA + A

e GFT stress energy tensor
T.Hi’ e 0L

 9(0a)

e Simplifications: finite sum, no interactions

) — Z (;/’\.‘j”;,/ — _.—)f\_,., : (()_\\,:,;)‘)

J 7 =

e Conservation law 9,748 —

e |dentify in relational coordinate system ;48 — (T45)
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QUANTIZATION PROCEDURE

e Fourier decomposition w.r.t. spatial fields
* Hamiltonian approach  (gieten, potaczek (21

o Promote field and its conjugate momentum to operators

[0k (X%), T s (XO)] = 187.00(27)2 (K + K)

d°k }ng) 1 0 0 2 0 0
5 / (2m)3 > R UC(Q)PWJ’_k(X )Tak(X7) + Wik P,-, (X )Pk (X)
A

A University of

o Sheffield L
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QUANTIZATION PROCEDURE

e Fourier decomposition w.r.t. spatial fields
* Hamiltonian approach  (gieten, potaczek (21

o Promote field and its conjugate momentum to operators

[0k (X%), e (XO)] = 185.00(27) 28 (K + K)

i ) 1 ’ A 0 0
= f (271-)3 Z 9 _‘}C(Q)PWJ,—RJ(X )ﬂ—J,k(X ) +CUJ’k (ioJ,—k(X )@J,k‘(x )
J 7}

e Two types of Hamiltonian:

- 2 . 2 wz],k
© squeezing wj, >0: H,; = sgn(inﬂ)' 5 | (aJ,kaJ,—k i aTJ,kaB,—k)
) e : w
o oscillating i _sgn(lcff))| ‘2”“| (aJ,_kaB,_k i aj}’kaJ’k)

A University of ‘I 2
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QUANTIZE GFT ENERGY MOMENTUM TENSOR

e Focus on single 7 mode - generalisation possible

e Replace ¢y, m; with operators in classical Fourier decomposition 748 — 748

* Impose normal ordering for ¢ a,};

e Conservation law ¢, : 7;:03 : _}_jz k, : 7;“3 : — (0 holds at operator level also after
normal ordering i
o Independent of state choice

o Klein-Gordon equation holds exactly in GFT

Can now construct effective metric for any sufficiently semiclassical state

o State determines physical scenario

e University of ] 3
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EFFECTIVE FLRW METRIC

e Apply this construction to cosmology: flat FLRW metric
ds® = —N2(H)dt* £ a“(t)dz’dz’

e State determines physical scenario

o Coherent state is sufficiently semiclassical
[Gielen, Polaczek (20)]

axlo) = a(k)|o)

o Gaussian peaking function: almost homogeneous

o A+iB ey

Co

e Cosmology: Peak around homogeneous mode f;, — 0

Effective Metrics from Group Field Theory 91/12/23 Lisa Mickel
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EFFECTIVE FLRW METRIC

clock field conjugate momentum

e Classical currents o8 0
:AB __ [ 170
J = 0 a’ (.S'fﬁl..h

LY

* |dentification with operator expectation values

mol = (Tp") = |m|(B* — A%, (To)) =0, (T3")=0

a* = —|m|(Tg*) = m?*(B°—A%) ((A? + B?) cosh(2|m|x") — 2ABsinh(2|m|x"))

o Spatially flat metric

o Lorentzian signature dependent on initial conditions

e University of

o Sheffield 16
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EFFECTIVE FLRW METRIC

~ clock field conjugate momentum

e Classical currents 170! 0
-AB __ [ I"'0
J e 0 a’ (.s;u..h

ol

e |dentification with operator expectation values

mo| = (Tp") = |m|(B* — A7), (To') =0, (Tg")=0

a* = —|mo|(Tg*) = m*(B°—A%) ((A? + B?) cosh(2|m|x") — 2ABsinh(2|m|x"))

o Spatially flat metric

o Lorentzian signature dependent on initial conditions
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COMPARISON

1

5 e J ¢ ] 9
e GFT Friedmann equation: -m : o ~m
B ate times 4

~ g =803
e Classical Friedmann equation with a single scalar field H?* = g

~ negative constant (initial condition)

e GFT with a clock field: o e (1 el 2)

[Gielen, Polaczek ('20)] 6

* Effective Friedmann equation from volume operator  a* = (¢|V|o) x (¢|N|o)

® Here: o (g|N|o)

A University of 'l 7
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GR IN RELATIONAL FRAMEWORK

\7*'04> 1
= —_— =11l

e

Qa late times 4

 Classically, the gradients of spatial fields change background Friedmann equation

7\ 2 4 /" 4
H2:(3> :f(1+3a’—2), a—:f(1+9a—2)
a 6 5 @56 (s

e GFT bounce at ¢* = WS
o Can only reproduce GR with single massless scalar field at late times

e Gradient terms absent also in other GFT approaches
o Consistency with GFT literature

. _ Conflict between homogeneity on GFT side and relational coordinate system

A University of

% Shoffield 18
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BIGGERRICTHERIE

GFT Cosmology

T
1

effective

meftric
Background

o LR L
G

State choice

S S R S S S S
—-—— - [ ————
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PERTURBATIONS FROM OPERATORS

e General relativity: Add small inhomogeneous perturbations on homogeneous

background

o Perturbed line element

)
ds*

=N (l + )<I))(h‘ + 2Na 0; B dtdx*

e Effective metric identification gives (k # 0)

+a® ((1 — 24))6;; + 20,0, E) dz*dx’

/>

0 — |mo|(® + 3¢ + k2E)

=

4

|70

4
TA7E — y il A,

—— D O )

0A
Tk‘

7o)
— ia’ksB
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PERTURBATIONS AROUND THE BOUNCE

* Gaussian state: peaked on homogeneous mode

o Study low k-modes

e Compare to

Effective Metrics from Group Field Theory 91/12/23 Lisa Mickel @gﬂzfrﬁgﬁ 22
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CLASSICAL PERTURBATIONS

 Perturbed stress energy tensor

7.{.2 1 """‘—"> Needs to vanish for adiabatic
(X)5T0 — _g(b _|_ _2 (_Sw _|_ VQE) perturbations: ”‘/) /)’
a a — :

2
o5 = M0 4|2

ab a?

7
f"] f ) ’f}'

(—¢ + (V* — 207)E)

e Non-adiabatic perturbations in GR with relational coordinate system

o Additional terms not negligible, as bounce happens at a* = 72

B University of 2 4
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COMPARING DYNAMICS

e Consider e.g. Tk# — 22— kikpE

| 7o
Classical Quantum
" (L4 2 IS 2 2 2
kakpE" = —kakp— (2kE + K°E) kakgE" = kakg | E (k* — TH?)
o
Ch| o
o
4at

e Different small wavelength limit (sign of k?): Euclidean signature

e Different overall factor g4
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PERTURBATIONS AND GAUGE L

e Perturb Friedmann equation at linear e Gauge invariant variables
order: K > Comoving curvature perturbation
H2 . —NQP.F 9 P
3 |
WL
\L | R=v+ —00

=i OF ‘ @
G g 7 pl ataild |
Hy = —H ((11::—1—2'0-1—2]__) Lo , ,

Lapse perturbation

> Curvature perturbation on equal

density hypersurfaces
e Gauge freedom: choice of perturbed |

coordinate system

p
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E@NIEAKRIINGEREES RS | 8

e Statements about long wavelength perturbations from Friedmann
equation only
o Consistency check

= E.g. conservation law for adiabatic perturbations for ¢

(i 700
( =1+ = ~ =Y ~ const.
3 37['0

e Connection to other theories with modified Friedmann equations?
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OUTLOOK

e Fifth dominating matter field

o Intermediate regime with agreeing Friedmann equations?
e State choices

o Peaked around different value

o Other spacetimes

e Connection to observables: study gauge invariant variables to connect to

the CMB
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