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u New approach to solve the problems: correlation functions.

Part Il: Cosmology

n Subject: Cosmic speed-up due to new gravitational dynamics?
n Structure:

Observational evidence for the cosmic accelerated expansi
Possible explanations: dark energy, modi ed dynamics, ...
Modi ed dynamics: f(R) gravities.

Analyze the solar system constraints on these theories.
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Black Holes evaporate
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Evaporation with backreaction

n

The outgoing radiation modi es the geometry. This
effect (backreaction) could restore the correlations.

Charged black holes represent good toy models.
A.Fabbri, D.Navarro, J.Navarro-Salas and G.J.O. , PhyddR2003)

Strong correlations appear in the outgoing radiation:

e2kix1 Xo]
X Xo® whereC(Xxq;Xo)

Crel — Cubr(X1;X2)

Chbr(X1;%2) inOjf (X1)f (x2)]Oi'in

Involved computation o andb:

u Unknowni, hOjN°“0i j, = ?
u Unknown density matrixjOii, ! ?
Moving-mirror model physically equivalent but . ..

u Unclear computation o andb.
uUnclear relation between particles and energy uxes.
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n With the decomposition
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- T
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We construct the normal-ordered operator

- f
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Example: Conformal Invariance

n In d-dimensional Minkowski space, a conformally
iInvariant eld theory satis es:

inMOJf (y)f (y2)]0iin - =

inMOJf (y)f (y2)]0iin - =

C

jy1

Y2j°P

ﬂ/ X1 Ty X2

» Normal-ordered two-point function

fx)f(x) : F(x)f (x2)

‘ﬂyDzd

inh0]: T (X1)f (X2) :JOlin

1x X1

."_yD=d

ﬂxz

C

inM0jf (X1)f (X2)]Oi'in

outfOJf (X1)f (X2)]0i out

C

iy(x1) Y(x2)j*P

jx1 xoj2P

It vanishes for Conformal Transf. ,hojN°“j0i;, = O.
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Example: Conformal Invariance

n In d-dimensional Minkowski space, a conformally
iInvariant eld theory satis es:
C

inMOJf (y1)f (y2)j0iin

inMOJf (y1)f (y2)j0iin

V1

Y2j°P

qMx D=d qx D=d

ﬁ/ X1 Ty X2

n Normal-ordered two-point function

()t (%) :

inN0): T (X)f (X2) :JOlin

f(x1)f (x2)

.”_yD:

X

d

ﬂ_yD:
ﬂXZ

d

C
iy(x1) y(x2)jP

inM0jf (X1)f (X2)]Oi'in

outMOJf (X1)T (X2)] 0l out

__Cc
jX1 %j%P

It vanishes for Conformal Transf. ,rojN°Yj0i;, = 0.

» bj; should vanish for all Conformal Transf.
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Observations tell us about the geometry of the
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Only for f(R)= a+ bR the two formalism lead to
the same equations of motion.
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Search for a suitable f(R)

n By trial and error:(very common method)

R £ /R E+DR

R alogR

cR'

R 6a

sinhR

n As part of effective actiongmore involved method)

v From quantum effects in curved space
o From low-energy limits of string/M theory

» Ask Nature about the admissibf¢R) functions.

(Method of this Thesis)

July 3", 2005 - p. 20/26




Constraining the gravity lagrangian

» Take a clean scenario to test gravity.

| Outline

. Cosmology Is not a clean laboratory.
. The solar system is more appropriate.

| Accelerating Universe

| Mechanism for the acceleration
| f(R) gravities

| Metric and Palatini formalisms

| PN limit I: Scalar-Tensor

| PN limit II: Metric

| PN limit IlI: Palatini

| Summary and Conclusions

The end

Gonzalo J. Olmo July 8N, 2005 - p. 21/26




| Outline

Quantum Correlations and BH

Cosmology

| Standard cosmologies

| Accelerating Universe

| Mechanism for the acceleration
| f(R) gravities

| Metric and Palatini formalisms

| Constraining the lagrangian
| PN limit I: Scalar-Tensor

| PN limit II: Metric

| PN limit IlI: Palatini

| Summary and Conclusions

The end

Gonzalo J. Olmo

Constraining the gravity lagrangian

n Take a clean scenario to test gravity.

s Cosmology Is not a clean laboratory.

v The solar system is more appropriate.

» Compute the predictions of the theory in that

regime post-Newtonian limit .

July 3", 2005 - p. 21/26




| Outline

Quantum Correlations and BH

Cosmology
| Standard cosmologies

| Accelerating Universe

| Mechanism for the acceleration
| f(R) gravities

| Metric and Palatini formalisms

| Constraining the lagrangian
| PN limit I: Scalar-Tensor

| PN limit II: Metric

| PN limit IlI: Palatini

| Summary and Conclusions

The end

Gonzalo J. Olmo

Constraining the gravity lagrangian

n Take a clean scenario to test gravity.

s Cosmology Is not a clean laboratory.

v The solar system is more appropriate.

n Compute the predictions of the theory in that

regime post-Newtonian limit .

» Confront predictions with experimental data.

July 3", 2005 - p. 21/26




| Outline

Quantum Correlations and BH

Cosmology
| Standard cosmologies

| Accelerating Universe

| Mechanism for the acceleration
| f(R) gravities

| Metric and Palatini formalisms

| Constraining the lagrangian
| PN limit I: Scalar-Tensor

| PN limit II: Metric

| PN limit IlI: Palatini

| Summary and Conclusions

The end

Gonzalo J. Olmo

Constraining the gravity lagrangian

n Take a clean scenario to test gravity.

s Cosmology Is not a clean laboratory.

v The solar system is more appropriate.

n Compute the predictions of the theory in that

regime post-Newtonian limit .

n Confront predictions with experimental data.

» Determine the observational constraintsiqr).
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PN limit I: Scalar-Tensor representation

» The original actiors=

1 4P
de

can be rewritten as follows:

p_h
S= 55 d'% g fR(g)
u  where f g—; and

i
FATH) V() + Sn

V(f)= RfYR) f(R)

o E.OM. (3+2w) f+2v % =KT

v Metric ) w=20
o Palatini)  w=

) dynamical

- 9f(R)+ Sn(9un;y)

3=2 ) non-dynamical
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PN limit I: Scalar-Tensor representation
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Stana cosmologies S— 2—|1-2 d4Xp g f R(g) \.'{_V(ﬂufﬂ lJ.f ) V(f ) + S’n
| Accelerating Universe
| Mechanism for the acceleration
: :\;Zir?gz\:zeI:alatiniformalisms u Where f S_I]; a‘nd V(f ) - R fo( R) f (R)
| Constraining the lagrangian
| PN limit I: Salar-Tnso u E . O . I\/I ) (3 + 2w) f + 2V f Ccll_}:/ — kZT
| PN limit II: Metric

Metric ) w=0 ) dynamical
Palatini) w= 3=2 ) non-dynamical
» This Is more than &rans-Dicketheory.

v InB-DV(f)= 0 (or near an extremum) and

w IS determined by observationg,s> 40.000).
o« Noww is xed andV (f) is to be determined.

c
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PN limit I: Scalar-Tensor representation

» The original actiors= L, d*%" ~Gf(R+ Su(gmy)
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Quantum Correlations and BH

h |
_ —
Stana cosmologies S— Ilz d4Xp g f R(g) \.'{_V(ﬂufﬂ l"lf ) V(f ) + S’n
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| Mechanism for the acceleration
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| Constraining the lagrangian
| PN IimitI:SaIar—Tnso u E. O . M . (3+ 2w) f + 2V f ?j_}/ — kZT
| PN limit II: Metric

Metric ) w=0 ) dynamical
Palatini) w= 3=2 ) non-dynamical
n This is more than Brans-Dicketheory.

v InB-DV(f)= 0 (or near an extremum) and

w IS determined by observationg,s> 40.000).
u Noww is xed andV (f) is to be determined.

» We want to constraint the form o(f) , f(R).

c

The end

c
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PN limit Il: Metric formalism or

» The metricg,

Nun+ hyne

w=0

(2)
Moo

M 2
%Gr_i-Gfr

Gexp= const.

(2)

! 29(3MT

2
6f re dij

Gexp 1

with m2 8%
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PN limit Il: Metric formalism or

W =

0

n The metricg,, hyn+ hyp:
h i
h(?) %G'Vl'r + g Vo 2 i G= % 1+ &0 | Gexp= const.
hi(jZ) ZQGMT 6o er? dy | g= ;22 Gexp 1
. 00 h I
with m2 0% g, fR) - 4

h

» Fundamental constrain Ry

Lsis a relatively short lengthscale.

fARo)

Ro f%Ro)

I
1 L2

1
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PN limit Il: Metric formalism or

w=0

n The metricgy, hyn+ hy:
h(()%) %G'V'r + g]fo 2 i G= Spf h1+ egjr! Gexp= const.
hi(jZ) IIZQGMT sl dij | g= ;2—:1 Gexp 1
with m 2 M—Roh%(gﬁ% 1
h i
» Fundamental constrain Ry R;?(O?Fgo) 112 1

Lsis a relatively short lengthscale.

n Conclusion:

|2

2L

f(R)

R 2L+$

LZ is a bound to the current range of the scalar interaction
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» The metricgy, hyn+ hy!

PN limit lll: Palatini formalism or
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Noo %Gr el + log To G_W 1+ o~
2 oM V.2 f(r)y 4. - M My
hij 209G Bfo! log o dij | 9= M + My

2

d3& (9= , My

K
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PN limit Ill; Palatini formalismor w= 3=2

n The metricgy, hyn+ hy:
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| Accelerating Universe

| Mechanism for the acceleration

0
| f(R) gravities Wlth M dSXOr (t,Xg:f ) MV k B dSXC{\/O V(f ):F]-

| Metric and Palatini formalisms
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n Fundamental constrain RfqR) ffO(R) 1L%(r) 1

| PN limit Il: Metric

R)
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» Conclusion:
f(RR a+ %+ gp 1+(12R)2+ 5 log[I?R+ P 1+(1?R)?]
fR a K+ ;p 1+(12R)2+ L log[I?R+ P (7R

Expanding in°Rwe get:

a+R ™ f(R) a+R+F
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Summary and Conclusions

n IS the cosmic speed-up driven hyR) gravities?

n Solar system experiments impose severe
constraints on the lagrangidiR).

n Non-linear contributions dominant at low
curvaturesi=R, logR, ...) are ruled out by
observations.

» Viable models are almost equivalentR 2L in
their late-time cosmological predictions.
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Thanks!
iGracias!
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