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EXPAND VOUR UNIVERSE!

What if Dark Energy Is not a cosmological constant ?
Lots of proposal for dark energy/MG

Limited number of observables will be available

¢ no sign of strong coupling for the new DoF

¢ speed of gravity close tc

Goal
Build a sufbcient general effective description of DE

based on symmetries
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symmetries and Pelds
Basic assumption: action principle and diff invariance

If the metric Is the only Peleé=fp- GR and 2 DoF
adding belds == more DoF

Simplest option: scalar Pelds minimally coupled to gravity

Four scalars with shift symmeti ,4 . 444  4-0123
With four scalars their eqs of MotiOr <= V"7, = 0

rotational invariance ¢, — Ry a=1,2,3
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Effective description of the low energy dynamics
of a self-gravitating medium minimally coupled with gra

Basic variable®ur scalar belds

P =X a=1,2,3 spatial coordinate

© mediumOs clo

The presence of the medium breaks spontaneously Lore
scalars [3uctuate around non-trivial conbgurations

d — a4 -d .
o Ructuations are the Goldstone bosons

0 ="(t) +# (phonons) of broken translations
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ds® = (ﬁ,w + hffi)) dxtdzx” gpf(élU) = g
scalar Peld (Suctuations are gauged away, all dynamics is in the

at the quadratic level in the UG the scalar theory looks like |

2
L) = =g U| —BLING Rl 2+ 20 Rl % =208 b B+ N3 2 3 |

0(2)

typically&5 = 0 is required to vanish to avoid instabilitie:
with 5 DoF

however In the medium picture things are different: all mass tern
can be non zero with 6 DoF

Look for general stability conditions In (3at space, gravity negle
(high energy limit
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Linear Stabllity

.-O:-O(t)+$0 ni:Xi+#i$|+Vi

background EMT for Tl\%nk =("# # + pH H #ﬁ'): pSY + (" + p)ut U’
the medium

Scalar Secto

k2 : = : : L
Lgf):?(M1+p+p>7r§2+M07r62+?lequkQ(M1—2M4)7767rl+k4(M3—M2)7rl2

Vector Sector

| - Ao
LY) :§(M1 +p+P> V% — k> My V?

Absence of instabilitie

Mo>0, ! (p+!)< M;<0, Ms > 0, Ms>M 3

My =

2,
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(dRGT) formulation of massive gravity with 5 DoF

DGRT phenomenology is problematic

The case p + p = 0 Is special (Lambda med
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ds? = a2#, dxMdx' +2a2 " (t, $)dt2 + #(t, $)d$2
cosmological backgrour
o = o(t) + mo(t, ), ©? = x% + 0y (t, %)

large k limitsame condition as In (3at space for absence of

instabilities

together with
all k Mog>0 and M;+(p+!)>0

when My < p kinetic energy is positiv

[3at space analysis conbPrmed
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Symmetries determine:

- - : | goo = 28°V
¥ thermodynamics properties of the medium

. . ] _ 592']' — 257;ja2<1>
¥ dynamics of linear cosmological perturbatio

Supersolids
¥ two independent scalar perturbations 1 | 1”

¥ entropy per particle perturbation 1"
¥ anisotropic stress 1 £ "

¥massive dispersion relation for gravito
Fluids and Superf3uic

¥ one independent scalar perturbations ([3uid
¥ §o constantin time but still sourcess
¥ 5o dynamical for superRuids

¥ anisotropic stress IS zero



Four-dimensional media

Symmetries of the action LO scalar operators Type of medium
SO@R)s & "A# "A+fA 1fA=0 X, Y, #, Vn supersolids
nag mag fa(ro X, W
"Og "0+ f("0) Hay Wn, Owg
nag ragpfam0)y g "0g 04 ("0 Wh
"0y 04 f () Y, # solids
VsDil: "2 # "arb)y, det|t"?3/1"b=1 b, Y, X superRuids
"Og "0+ £ ("0 & VDil b, O-
"Og "0+ f("2) & VsDi! b, Y perfect Buid
"Ag tACMBY, det!"A/IMBI=1 bY perfect Buid with $+ p=0
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protected by

' is constant, scalar Pelds non-triy  IMpossible to distinguisk
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$0# $9+ f($))
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Special Super Solids
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Uss = U Xwh, 02 0 Pg04 ) 390
S # )$ |

entropy per particle  also constan
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and p constant, no perturbation

cC: matter perturbation also absent during CC perturbati

' = - p but non constant

non-trivial perturbations in the Hp= ! #3# #%

dark sector

anisotropic stress Is

Lambda Media: present: massive tensor

matter perturbations grow during 5
_ _ _ #Hom # a“#%
Lambda-medium domination

. . 3
Clear prediction for lensing #1$ =2 a’!" on



Examples
Fluids U(b, Y) Ty =(U! bW)gur +(Y W ! bW)uy, u,

p=wp

U(b) = b1+¥;
UY)=Y w ;
14w

UX)=X72v ;
U, Y)=b""UY b ™) or b +AY v

Super Fluids  U(b, Y, X)

Ta =(U! bW) g +(Y Wy ! bU) uyu +2XUx V, Vi
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In the unitary gauge the medium action ([3uids, solids ..) Is interpr
as modibcation of gravity
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S =1 pI/d4:1: \/—gR+/‘d4:L”v _gU(X~ Y, Tny yn)

i

In the unitary gauge the medium action ([3uids, solids ..) Is interpr
as modibcation of gravity

INn the unitary gauge diffs appear to be broken

in a generic gauge diffs are OrestoredO by the Stuckelberc 1 A

GR has 2 DoF realized in a minimal way: just by the metric
other theories will typically have more DoF and more Pelds



