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n Structure of the talk:
u Introduction toL QG, , and the Big Bounce.
u  Advantages of a covariant action for
u Finding a covariant action farQC: do it yourself.
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does not address the problem of the uni cation of all phyldiceces,

| Covariant Action for LQC

| Effective LQC Dynamics just the quantization of GR.

i Elitgfﬁc}i n The main successes of loop quantum gravity are:

By e Car sl u It replaces the classical notion of a smooth diff. geomeyra discrete
The End guantum geometrwith quantized area and volume operators.

u It provides a microscopic calculation of tkeatropy of black holes

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

u The fundamental description irl)C is discrete.

u It admits an effective continuum spacetime descriptioncivhi
successfully captures the quantum gravity effects at higingges and
becomes classical at low energies.
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u A CEA could provide new insights on the properties of the effectiv
geometry of QG and

u A CEA could be used to study cosmological perturbation theonygusi
standard techniques, in contrast to the involved treatimient
iInhomogeneities in the Hamiltonian description_oiC.
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Covariant Action for LQC

n Why do we need &ovariantEffective Action for ?

u

u

If a CEA did not exist, it would be a bad symptom fot

A CEA could provide new insights on the properties of the effectiv
geometry of and :

A CEA could be used to study cosmological perturbation theonygusi
standard techniques, in contrast to the involved treatimient
iInhomogeneities in the Hamiltonian description_of

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

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

u

u

u

Is the dynamics of scalar-tensor type?
Can it be written as af(R) theory?
Is it something more complicated than these candidates?
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Effective LQC Dynamics

n Using coherent state techniques, from the fundamentardifice
equations one can nd the following effective o.d.e. :

-
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, With 1 ¢rit = 0:41r pjanck

4" 4GP 1 2

I crit I crit

Madrid, April 17, Ibericos 2009 - p. 6/11




| About this talk ...

LQG LQC and Palatini

| LQG and LQC

| Covariant Action for LQC

| Palatinif(R) theories

| Finding the CEA

| Numerics and Fits

| Summary and Conclusions

The End

Gonzalo J. Olmo

Effective LQC Dynamics

n Using coherent state techniques, from the fundamentardifice

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

HZ2= %5r 1
8- 4G
2= 31 1

:
e

4

rit

-
I crit

, With 1 ¢rit = 0:41r pjanck

4pGP 1 2

-
I crit

n No new degrees of freedariMatter alone can cure the singularity.
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n No new degrees of freedariMatter alone can cure the singularity.

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

Requiring second-order equations and covariance one iqualy led to the Einstein-
Hilbert lagrangian density (modulo a cosmological consgjamnd hence to the Einstein
eld equations.
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g - —éLr 1 4rcrit 4pGP 1 2rCI'it

n No new degrees of freedariMatter alone can cure the singularity.

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

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

n Any f(R RnR"";:::) action inmetric formalismand any scalar-tensor
theory introduce additional degrees of freedom, not pregsen

n Palatini f(R) theories have the same number of d.o.f. as GRLana:
they seem a natural candidate to produce an effective action
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Palatini f(R) theories

n Action and eld equations of Palatini(R) theories:
R _
S= L d4xp gf(R) + Sn(gun:y) ,Where(gun;G';‘g) are independent.

2k2

fRRiN(® 30 f(R) = k®Tyn , wherefg  df=dR

R, P

tun - ngun .

“gfrg® =0 )

G, = L Tbtg+ gy Trtog , Where
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n Action and eld equations of Palatirfi(R) theories:

R
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Na p —nggbg = O ) %g: % ﬂbtrg + ﬂgtrb ﬂr tbg ,Where
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n Resulting equations for the metiggn:

2 o
Gun(9) = IT%Tpn %QR—fgpn 2—?% TufrIn fr %gpn(ﬂfR)z +Tlg NuNnfr  guin TR

“gfRg™ =0 ) G = L Tbtg+ gy Trtog , Where

In short: Gyn(9) = l1<=—:Tpn+ tun(T)

Rfg f

n Note that in vacuum Gyn(9) = LeffQun , With Lesft 2R RIR

n Palatini f(R) looks like GR with a modi ed source !!!
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n We nd the following o.d.e.: frr= fr Z(Rf:fgf)BAJrRB :
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Finding the CEA

N For a massless scalar, the Hubble function is given by

u InLQC: 3H? = 8pGr 1 f—i

o , With 1 ¢rit = 0:41r panck -
fr(k’r+(Rfg )=2)
2 .

u In Palatinif(R): 3H? =

f 12(2I’ fRR
R 2ARTrRr TR

n The trace Equatior Rfr 2f = 2k?r , implies) r =r(R)

1 r _ fr(K?r+(Rfr f)=2)
I crit - 12k2r fRR 2
R 2(RTrr fR)

n Equating the R.H.S. of these equatio 8pGr

f Afg B
R 2(Rfr 3NA+RB

n We nd the following o.d.e.: frr=

where A= " 2(Rfx 20(2R. [Rfa 2f] |

B= Zp R.fr(2R.fr 3f) ,and R. Kk?r¢ .

N There is aunique solutiorwith fr! 1 when R!

0 satisfying d qc = épa at
r=reg.
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Numerics and Functional Fits

n Dashed red line: Numerical Curve.

e df 5 R
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Numerics and Functional Fits

n Dashed red line: Numerical Curve.

n  Solid line:; functional ts.
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n This f(R) lagrangian exactly reproduces the dynamics of isotrofi€.
n Thecosmic bounceccurs a R= 12R. , where fg! O .
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requires an in nite series iR to capture the full non-perturbative dynamics
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The dynamics of isotropicQC can be derived from a covariant action.

We have found ainique Palatinif (R) lagrangianwhich exactly reproduces its
dynamics.

At low curvatures the lagrangian is almost linear, but nkarliounce the modi ed
dynamics is non-trivial. The lagrangian,

R 2
f(RI= dRtanh 3;In % ,

requires an in nite series iR to capture the full non-perturbative dynamics

Our results provide new insights on the kind of elds that atian 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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