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OUTLINE

Standard model and cosmic acceleration.
Horndeski theories.

Screening mechanisms: Chameleon and Vainshtein.
The meaning of screening.

Piercing the screen: constraints from LLR and GW’s
speed.
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STANDARD MODEL OF COSMOLOQGY
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COSMIC ACCELERATION
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COSMIC ACCELERATION
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Unstable against quantum corrections. Not technically natural.
Some MG aim to alleviating and / or solving this problem
(degravitation, unimodular gravity...)
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COSMIC ACCELERATION

- Nobel Prize in Physics 2011
Missing photons ,Oi Flze Lot s
Grey dust ot ' \‘\‘/) |

Mixing with axion-like particles 8/ 7 4
Saul Brian P.
Perlmutter Schimdt

dp = (1+2)%d4

miércoles, 2 de diciembre de 15



COSMIC ACCELERATION
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COSMIC ACCELERATION

: Nobel Prize in Physics 2011
Inhomogeneous universe e

(Backreaction)
Saul Brian P. /f
GVV ( <gl’”/> ) # <G]’£V (g]’“/) > Perlmutter Schimdt
Perturbative Non-Perturbative
backreaction backreaction
Small effect in LCDM ?
Things may change in modied cosmologies

JBdJ, A. de la Cruz-Dombriz,P.K. Dunsby and D. Saez-Gomez, JCAP (2014)
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DARK ENERCGY VS SELF-ACCELERATION

At the level of the background evolution we typically obtain an effective
Friedman equation in modified gravity:
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DARK ENERCGY VS SELF-ACCELERATION

At the level of the background evolution we typically obtain an effective
Friedman equation in modified gravity:

Dark Energy

Self-acceleration

f(R) theories o — %M,zg /d4x\/jgf(R)
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SELF-ACCELERATION IN DGP

Modified Friedmann equation
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Normal branch Self-accelerated branch

(ghost)
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SELF-ACCELERATION IN DGP
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8 In the normal branch, the bending mode satisfies the equation
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This is the cubic Galileon. The most general lagrangian sharing
the properties of this bending mode leads to the family of
Galileon theories and their covariantization give rise to

Horndeski theories.
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LOCAL GRAVITY/5TH FORCES

IR modifications of gravity add new dof’s which give
rise to 5th forces that have never been detected.

L(/)—matter = /! (Qb) T
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LOCAL GRAVITY/STH FORCES

IR modifications of gravity add new dof’s which give
rise to 5th forces that have never been detected.

L & matter = A(¢) I e — (1 r e_mr)

/£

We need to reconcile the absence of 5th forces on Solar system scales while having
non-trivial effects on cosmological scales.

Screening mechanisms provided by non-linearities*

(# N
I 1
L = 3 Z($0)2,6¢3"6¢ — Sm°(95)6¢” + 8(¢) 09T
2 2
T
Vainshtein / Kinetic/ K-mouflage Chameleon = Symmetron/Dilaton

* NB: We have the obvious “screening” of canceling the coupling constant at all scales.
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CHAMELEON SCREENING

Vet = V(¢) + A(@)T
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J. Khoury and A. Weltman,
PRL 93 (2004)
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CHAMELEON SCREENING

J. Khoury and A. Weltman,
PRL 93 (2004)
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CHAMELEON SCREENING

m~ (pap) S 40pm Ok

J. Khoury and A. Weltman,
PRL 93 (2004)
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CHAMELEON SCREENING

m~ (pap) S 40pm Ok

How do we avoid Solar

N J. Khoury and A. Weltman,
System constraints?! N

4 6
m (40 solar system) S 10°AU! PRL 93 (2004)
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The screening is determined by
the surface potential of the object
and depends on the environment.

g IARM

Pl RS e o

Mle r

Thin-shell effect: the mediated force is

strongly suppressed it

AR

e 1
R<<



NO-GO THEOREM

To avoid local gravity
conflicts we need

AA
ity it
A IMW=cos ™

Since POMW = Pz~1

we have
AA - AA‘
A lz152~0 7 A IMW—cos

so no self-acceleration
& ) is possible.

On the other hand, the effective
mass can be shown to be given by

AAN T
m? ~ (7> H; > (Mpc)™®  Effects only on non-linear scales.

J. Wang, L. Hui and J. Khoury, PRL 109 (2012)
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MAGNETIC SCREENING
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| Now the cosmological variation of the
— 5 (09)* — V(¢) — A($)T — = f(¢)FwF"  conformal coupling is not constrained by
local gravity.

. There is a hierarchy between the galaxy
V(@) = V(9) + A@)p + 5 F(9) B .
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SYMMETRON MECHANISM
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K. Hinterbichler & dJ.
Khoury, PRL 104 (2010)
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V(9) =~z + At
Line = 25 04T

Fluctuations decouple in
dense environments.

Applicable to screen vector fields
JBdJ, A. Froes and D.F. Mota, PLB (2013)



SYMMETRON MECHANISM
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The scalar waves can spoil the screening.
R. Hagala, C. Llinares & D.F. Mota, arXiv:1607.02600
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VAINSHTEIN SCREENING

The cubic Galileon is the simplest example A. Vainshtein,
Phys.Lett. B39, 393 (1972)
BEien ( 2 (P)Z Gk i3 ( J gb)2|:| ¢ + ors (PT First discovered in massive gravity
A Mpy

Around a spherical object: 6q>' e

F 7 472 Mpy 2 branches
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VAINSHTEIN SCREENING

The cubic Galileon is the simplest example A. Vainshtein,
Phys.Lett. B39, 393 (1972)

e ey ( o (P)Z Ay ( 9 (P)ZD Qb b L (PT First discovered in massive gravity

Around a spherical object: ~ 6¢" + TS ey ATy
Pl

The screening is determined by the total
mass of the object.

The Vainshtein radius of the Sun comprises
the whole galaxy.

Essentially all objects in our universe are
screened.
There is also a cosmological screening.

There seems to be problems in deep voids.
Superluminalities.

non-linear linear
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VAINSHTEIN SCREENING

N (

Galileons General Relativity

h"9%h
1 rv\3/2|| £ = M2,./—¢R = hd*h +
£= 3007 - @0V T e~ (L) PV =8 Wy v

non-linear linear

. 5 & J
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WHAT SCREENING REALLY MEANS

H.G Horndeski, Int.J.Theor.Phys 10 (1974)

Most general scalar-tensor theory with Deffayet, Deser & Esposito-Farese, PRD80 (2009)

second order equations of motion.

Deffayet, Gao, Steer, Zahariade PRD84 (2011)
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J

Quintessence / K-essence
Galileons/

, , DBI
Brans-Dicke theories

Kinetic Gravity Braiding

The fab four/ G-Inflation/

self-tuning Galilean Genesis
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Higher dimensional

el Proxy for massive gravity /

Generalized Weyl e RDIE
geometry

Disformal
Pl sl ot NIAC transformations

Bouncing solutions

Beyond Horndeski



WHAT SCREENING REALLY MEANS

H.G Horndeski, Int.J.Theor.Phys 10 (1974)

Most general scalar-tensor theory with Deffayet, Deser & Esposito-Farese, PRD80 (2009)

second order equations of motion. Deffayet, Gao, Steer, Zahariade PRD84 (2011)
[ ' o

£2 e K((P/ X) 140

B

Ly = Ga(¢, X)R — Gy x (¢, X) [ o

1 =

Ls = GS((P/ X)Gyvvyvv(P‘F g ?, 80 |
\ T Wl
Quintessence / K-essence "

Galileor
_ | DBI
Brans-Dicke theories 20

Kinetic Gravity Braiding e § § 2 2 g § S g
- - - - Yegr o~ o~ o~ o~
self-tuning Galilean Genesis Beyond Horndeski

viernes, 2 de diciembre de 16



WHAT SCREENING REALLY MEANS

H.G Horndeski, Int.J.Theor.Phys 10 (1974)
Deffayet, Deser & Esposito-Farese, PRD80 (2009)
second order equations of motion. Deffayet, Gao, Steer, Zahariade PRD84 (2011)

Most general scalar-tensor theory with

HEP Encontrados 11 registros ' ' - - . )

1. Lagrange Multipliers and Third Order Scalar-Tensor Field Theories |
Gregory W. Horndeski. Aug 9, 2016. 43 pp.
e-Print: arXiv:1608.03212 [gr-qc] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service 7
Registro completo "

2. The Relationship Between Inertial and Gravitational Mass
Gregory W. Horndeski. Feb 28, 2016. 7 pp.
e-Print: arXiv:1602.0851€ [physics.gen-ph] | PDF
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote _
ADS Abstract Service
Registro completo

3. A Simple Theory of Quantum Gravity T
Gregory W. Horndeski. Aug 22, 2015. 54 pp.
e-Print: arXiv:1508.06180 [physics.gen-ph] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
ADS Abstract Service

Registro completo - Citado por 1 registro

4. Effective Determinism In A Classical Field Theory With Space - Like Characteristics
J. Isenberg (Oregon U.), G. Horndeski (Waterloo U.). 1986. 7 pp.
Published in J.Math.Phys. 27 (1986) 739-745
DOI: 10.1063/1.527176

1 1 1 1 | 1
_ < Ty} < Ty] < Ty]
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote b a p=4 p=4 b= b=
ADS Abstract Service - Yegr* o ™ ™ ™
Regqistro completo - Citado por 3 reqistros
411C 1AV 1vUuUl b_lnl—latlon/
self-tuning Galilean Genesis Beyond Horndeski

viernes, 2 de diciembre de 16



WHAT SCREENING REALLY MEANS

H.G Horndeski, Int.J.Theor.Phys 10 (1974)
Deffayet, Deser & Esposito-Farese, PRD80 (2009)
second order equations of motion. Deffayet, Gao, Steer, Zahariade PRD84 (2011)

Most general scalar-tensor theory with

HEP Encontrados 11 registros

1. Lagrange Multipliers and Third Order Scalar-Tensor Field Theories
Gregory W. Horndeski. Aug 9, 2016. 43 pp.

]

e-Print: arXiv:1608.03212 [gr-qc] | PDF ACKNOWLEDGEMENTS

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

ADS Abstract Service 7
Registro completo I wish to thank Dr. A.Guarnizo Trillera for presenting me with a copy of his -

2. The Relationship Between Inertial and Gravitational Mass Ph.D. thesis [27]. This thesis provided me with an introduction to the efforts of those i

Gregory W. Horndeski. Feb 28, 2016. 7 pp.
e-Print: arXiv:1602.08516 [physics.gen-ph] | PDF people who were trying to find third-order scalar-tensor field theories, the so-called

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote

ADS Abstralt Slervicel W51 EL | “Beyond Homdeski Theories.” Well, so long as | am alive, no one goes beyond 7

Reqistro completo

Homndeski without me! And that explains the inception of this paper.

3. A Simple Theory of Quantum Gravity T
Gregory W. Horndeski. Aug 22, 2015. 54 pp.
e-Print: arXiv:1508.06180 [physics.gen-ph] | PDF

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote .
ADS Abstract Service

Registro completo - Citado por 1 registro

4. Effective Determinism In A Classical Field Theory With Space - Like Characteristics
J. Isenberg (Oregon U.), G. Horndeski (Waterloo U.). 1986. 7 pp.
Published in J.Math.Phys. 27 (1986) 739-745

DOI: 10.1063/1.527176 ; ulv <':> u-_’ — <;> u-_’
References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote el o e p = =
ADS Abstract Service - \(egp ™ ™ o o
Registro completo - Citado por 3 registros
111C 1dyv 1vuUl J b_lnl—latlon/
self-tuning Galilean Genesis Beyond Horndeski

viernes, 2 de diciembre de 16



WHAT SCREENING REALLY MEANS

~\
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Expanding around a scalar field background configuration
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WHAT SCREENING REALLY MEANS

~\

¢, X) X = —%aygba}‘gb

X
 X)R = Gax(9,X) [(O¢)? — (V. V)]
X

Gs (¢, )GWV”VVQIHL%GS,X((I?/X)[( $)° —3( (P)(Vuvvq>)2+2(vﬂv“¢)3l

® ', ¥ Expanding around a scalar field background configuration

Jii uvap e 2 INIEF U Gl Non-linearities suppress
o 4hy % ((P)haﬁ " 2 o £¢ Mpy M T M 2 the coupling to matter
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WHAT SCREENING REALLY MEANS
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COSMOLOGY PIERCES THE SCREEN

No shift-symmetry

The field sits at the bottom of the effective
potential, which is determined by the local
matter distribution.

The scalar field effectively decouples from
the cosmological evolution.

qscos

Q
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COSMOLOGY PIERCES THE SCREEN

No shift-symmetry

The field sits at the bottom of the effective
potential, which is determined by the local
matter distribution.

The scalar field effectively decouples from
the cosmological evolution.

g chos

Q
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Shift-symmetry

Nothing prevents the field from rolling.
The local matter distribution determines
the spatial gradient, while the temporal
gradient is determined by the cosmological
evolution.
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No shift-symmetry
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matter distribution.

The scalar field effectively decouples from
the cosmological evolution.

Q

viernes, 2 de diciembre de 16

Ao

Shift-symmetry

Nothing prevents the field from rolling.
The local matter distribution determines
the spatial gradient, while the temporal
gradient is determined by the cosmological
evolution.




VAKIATION OF G

(3 ) _
Lunar Laser Ranging experiment E. Babichev, C. Detiayet, G.
i o T e Esposito-Farese, PRL 107
R o~ “‘“ff ; “"—‘f.""",* (2011)

G
G = (020,
. J
For a conformal coupling, the variation of : : :
- b The cosmological evolution gives
Newton’s constant is given by
© A e (PCOS ~ o H chos ~ H
E & Z A (P i MPCOS matter domination scalar field domination

Order 1 couplings to matter are
ruled out from LLR constraints
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ANOMALOUS GW SPeED

5 641G
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ANOMALOUS GW SPeED

Il

[ =
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The solution to the wave equation is the

usual one:

[’)’ij ] GG s
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ANOMALOUS GW SPeED

1
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The solution to the wave equation is the

usual one:

[’)’ij ] GG s
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ANOMALOUS GW SPeED

1

—
6471 Ggw “:;X Ci

i_ ‘ﬁ%clz

The solution to the wave equation is the
usual one:

2Gow
['Yij]quad o, & Q ( 7’)

CT

The emitted power results in a
decreasing of the orbital period of the
system. This has 2 contributions:
radiating gravitons (energy loss) and
potential gravitons (Keplerian orbits)
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ANOMALOUS GW SPeED

; ’ .

1 el
£ —q2 — |V
647-(Ggw “:; o | e « — V72l : e dr 327'L'CTGgW

/dQ at’)’z]at')’z]>

The solution to the wave equation is the
usual one:

2G %
[’Yij]quad = o Q ( Sy

The emitted power results in a

decreasing of the orbital period of the crGN S LY

system. This has 2 contributions: 73e 37, 1
radiating gravitons (energy loss) and X (1 pe I Sl W) mpmc(mp +me)” /3
potential gravitons (Keplerian orbits)

There is also monopolar emission due to the scalar mode. However, the Vainshtein screening is expected to
strongly suppress the emitted power in the scalar mode.

L= 3 Z(94)3609"5¢ — 2% (94)59° + 8(90)50 T
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HULSE-TAYLOR BINARY PULSAK
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m, (Solar mass)

J.B.J., F. Piazza & H.
Velten (PRL 2016)
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CONSTRAINTS FROM GW'§ ASTRONOMY
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CONSTRAINTS FROM GW'§ ASTRONOMY

Nan‘o d, Wuhhqto Ml) Uvingston, Louisiana (L1)
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CONCLUSIONS

® Scalar fields arise in many scenarios of HEP and MG.
Horndeski theories (and beyond) comprise most of them. '

e Screening mechanisms potentially allow for cosmological |
effects while being compatible with the absence of 5th |
forces.

e No-go result for the simplest chameleon/symmetron.

e For a class of theories, the cosmological evolution of the
scalar can pierce the screen.

e LLR and binary pulsar tightly constrain order 1 couplings
to matter and quartic and quintic Horndeski theories.
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