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Motivation

N fochl GARK SECTOR\
* NewsTllasn:

» The Universe prese dark eﬂe(g\j pansion.

» To form cosmic SJ[I’LT ark el e matter than we see.
What is its nature? Is there interaction? Theory modification?

* What are the symmetries of the dark sector of the

i ?
Universe: We will consider the possibility of

broken symmetries in the dark sector.
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Symmetry breaking

2. We will modify the symmetries of the theory.

» Before: S= / d*z /gL — Diffeomorphisms (Diff)

. _ _ [ _,  Transverse :
Now: > / T flo) £ Diffeomorphisms (D)

Diff r — T
TD@/f J = det (%) — 1

B = gh P 9,ER =0
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EMT conservation

o~ (Noether)

e Diffinvariance = EMT conservation.
 TDiff: less symmetry!

however, we still have the Einstein equations...

« EMT conservation follows from the Bianchi identities:

—

Gy =8tG1T,,

N VMT[J,U —0 Trivial in GR,|
VMGW — 0 not anymore!

=

— | new information) in the form of an equation for g (‘constraint”)

This is true for any TDiff theory where the
gravitational action is the Einstein-Hilbert one
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Constraint & phenomenology

* The general constraint in a scalar field theory reads:

(0¢)*

N0 = [f—2gfi]

— [fo — 29£] V() = const

(Diego) <= > formal expression — need the equations of motion

Example: shift symmetry. (V =0)
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Multi-field model

* We will regard the perfect fluid approach:

_ b(T)l—QaA
pa=Ca(l - aA)a(T)6QA+3

T,uv — (p I p)u“uy — PGuv - e b(T)1—2CKA
PA = A&AG(T)GQAJFS

A=1,2

paA = A
pa  l—aa

> The equation of state parametersread — WA =

* The dynamios are given by Einstein Equations and the

a\° 881G
(Z) 3 Protb(T ) -
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* The conservation law for the total EMT yields the
following geometrical constraint:

Cigl—™ 201 — 1] + C’ggl_o‘2|2a2 —1| = C’ga6 = b(1) = bla(7))

Tl 50 Contributions from both components, the geometrical
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01 (CL) X a—3(1—+—w1)

p2(a) x a
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* The conservation law for the total EMT yields the
following geometrical constraint:

Cigl—™ 201 — 1] + C’ggl_o‘2|2a2 —1| = C’ga6 = b(1) = bla(7))

Tl 50 Contributions from both components, the geometrical
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 The single-field domination regimes allow us to study
the phenomenological possibilities of the model
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Effective interactions

Wefr contour plot

» Wide range of possible phenomenology.
» Possible to have a cosmological

-5.0 constant in subdominant regimes.

—100 % Possibility of phantom-crossing
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Fig.1. Effective equation of state parameter for the
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Dark sector

» \We consider a generic dark sector model:
— W4
ay (w2) v
a1 =0 = w1 =0 — ourparametersare -
= QDl\/I
Qpg

Y

—

* The Friedmann equation allows to obtain the Hubble rate:
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» \We consider a generic dark sector model:
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* The Friedmann equation allows to obtain the Hubble rate:

H?*(z) = H§ |QB(1+2)° + (1 — Qp) (1 + %) b(2)(1 + 2)°+

1 1\~
+ ;(1 — Qg) (1 + ;) b(z)172%2(1 4 z)002+3

89



Dark sector

» \We consider a generic dark sector model:

_ \7/3
0)) (’wg)
a1 = 0 — wp, = 0 — Our parameters are -
e Qpm
. (Qpr

The Friedmann equation allows to obtain the Hubble rate:

H?(z) = H? |Qp(1 +2)°> + (1 - Qp) (1 + %) b(2)(1 + 2)°+

1 1\ !
+ ;(1 —Qp) (1 + ;> b(z)17292(] 4 )02 +3

» We will use the matter
abundance at high redshift

90
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» \We consider a generic dark sector model:

_ \7/3
0)) (’wg)
a1 = 0 — wp, = 0 — Our parameters are -
e Qpm
. (Qpr

The Friedmann equation allows to obtain the Hubble rate:

H?*(z) = H; |Qp(1+2)° + (1 - Qp) (1 + %) b(2)(1+ 2)°+

1 1\~
+ ;(1 — Qg) (1 + ;> b(z)172%2(1 4 z)002+3

» We will use the matter

eff - l =
abundance at high redshift Oy =05+ (1-05) (1 T 7) bearly
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Analysis

» We perform an observational analysis of the model

A
[ |
SNla CMB
» Union2 database » Distance priors
» Distance moduli
R=/QSTHZ(1 + z,)d a(2)
(=) = 5logi(Hod1(2)) + M = w1 4 2 240)

obs th 2 T
2 (1°°%(2i) — ' (21)) 3
XSNIa = 2 Xenup = AT -Cov™' - A

i
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Analysis

» We perform an observational analysis of the model

A
[ |
SNla CMB
» Union2 database » Distance priors
» Distance moduli
R=/QSTHZ(1 + z,)d a(2)
(=) = 5logi(Hod1(2)) + M to = (1 + 2) 24
obs/..\ __ ,,th/. \\2 S
X3NTa = Cic) Efﬂ =) s = AT . Cov™! . A
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I SNIla
I CMB
I SNIla+CMB

A
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» Equation of state evolution for the best fit
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» Equation of state evolution for the best fit

Effective equation of state parameter vs redshift. Best fit
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» Equation of state evolution for the best fit

Effective equation of state parameter vs redshift. Best fit
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