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The End iIssues of the very early Universe such asBigBang singularity

= Structure of the talk:
O Introduction to : , and the Big Bounce.
[ Advantages of a covariant action for
U Finding a covariant action farQC: do it yourself.
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e Palatinif(R) theories

AITEEE = The main successes of loop quantum gravity are:

* Summary and Conclusions 0 1t replaces the classical notion of a smooth diff. geomeyra iscrete
The End guantum geometrwith quantized area and volume operators.

01t provides a microscopic calculation of tkeatropy of black holes

O Is a symmetry-reduced homogeneous and isotropic modedl lmase
in which theBig Bang singularityis replaced by guantum bounce

1 The fundamental description in)C is discrete.

1 It admits an effective continuum spacetime descriptioncwhi
successfully captures the quantum gravity effects at higingges and
becomes classical at low energies.
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e Summary and Conclusions

iInhomogeneities in the Hamiltonian description_oiC.

11 One could test the resultifgEA in black hole spacetimes and other
regimes.

The End

= This problem will also force us to use our knowledge on moditfesories
of gravity to reproduce an explicitly given set of dynamieglations.

0 Isthe dynamics of scalar-tensor type?
1 Can it be written as amn(R) theory?
7 Is it something more complicated than these candidates?
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Effective LQC Dynamics

= Using coherent state techniques, from the fundamentardifice

equations one can find the following effective o.d.e. :

H? = %p (1_ pgit) , With perit = 0.410pjanck

a_ 4nG p P
3 —Tp(1—4m) —4T[GP(1—2pCm)

No new degrees of freedarMatter alone can cure the singularity.

There is a problemkey new insights needed to find an effective action.

Requiring second-order equations and covariance one iquely led to the Einstein-
Hilbert lagrangian density (modulo a cosmological congjamnd hence to the Einstein
field equations.

Any f(R,RyRF,...) action inmetric formalismand any scalar-tensor
theory introduce additional degrees of freedom, not prasen

Palatini f (R) theories have the same number of d.o.f. as GRLand:
they seem a natural candidate to produce an effective action
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The End = Trace Equation Rfr—2f =k°T = R=R(T)

= Resulting equations for the metlg?g\,:

Gpv(g) — %Tpv %gpv 2f2 (aprav fr— gp\) (0 fR)Z) + Tlg (DpDv fr— gp\)DfR)

2
In short: Gy (@) = % T + T (T)

= Note that in vacuum Gy (9) = —NeffQw , With Agtf = R;?Rf

= Palatini f (R) looks like GR with a modified source !!!
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B Dashed red line: Numerical Curve.
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Numerics and Functional Fits

B Dashed red line: Numerical Curve.

B Solid line: functional fits.
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The End r L

0_07 l / l / L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L 1 L L L

1020 10718 10710 10 1 -12 -10 -8 -6 -4 -2

m This f(R) lagrangian exactly reproduces the dynamics of isotroi€.

B Thecosmic bounceccurs a R= —-12R. , where fr — 0 .
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can be derived from a covariant action.
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requires an infinite series iRto capture the full non-perturbative dynamics
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Summary and Conclusions

The dynamics of isotropicQC can be derived from a covariant action.

We have found anique Palatinif (R) lagrangiarwhich exactly reproduces its
dynamics.

At low curvatures the lagrangian is almost linear, but nearidiounce the modified
dynamics is non-trivial. The lagrangian,

f(R):—detanh<1%3In {(%)ZD ,

requires an infinite series iRto capture the full non-perturbative dynamics

Our results provide new insights on the kind of fields that@a must contain to
capture non-perturbative quantum gravity effects:

Unlike in the classical spacetime of GRRe metric might not be the sole fundamental
geometric entity which shares similarities with the effective continuunorgetry of
crystals.
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