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Outline

O Motivations
O Formalism : The Growth Index Y

0O Resulks

O Non-negligible decaying mode

0 Varying Equation of State wy;(a) = wy +w,(1 - a)
0 Beyond GR: A bump itn G (a, k)

0 Beyond GR: DGP Models

O Cownclusion and ?arspe&&ive_s
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Motivations

—>  CMB data in perfect
agreement with Gaussian,
(Mearij) Scale~Invariankt

Perturbations generated by
the Inflaton ¢

—>» Tensions within the ACDM

o

paradigm suqqest A (or &GR) Soole s
[Planck '15]

might not be the end of the story

>  LSSF is highly-dependent on the One of our best probes,
| , Discrimination between
nature of Dark Energy / Laws of gravity

\/_’ Models

—> Trace back the evolution of those seeds in time, and try
to infer something about the backqground’s expansion H(z) from 6(2)

—»  Next generation of data
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Assumptions

O We place ourselves long after the RD Epoch ( Z~<<Z.eq)

+ Flak Universe (Qk ~ O) - Insured bv

Inflakion!
H? NE 1 +wpe(Z )
h2(z) = (22) =Q (1+2°+1-Q,,) exp 3J dz’ DE,( )
Hg ’ ’ 0 1+z

O Newtonian Framework valid for dust, non-relativistic matter
(DM & Baryons) deep inside the Hubble Radius (k>aH)

/

)
a
—» &R treabment ncludes corrections 0 <—> ~ a*H?
a

(dilation terms) which are negligible inside the Horizown

0 We only consider models where DE does hot cluster! 5ppp ~ 0
(Valid for A, Quintessence and non-interacting DE)

o Asusual 61, as soon as 6p, ~ p, the scale becomes
non-Linear and our formalism breaks down.
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Linear Matter Perturbations

“EEMSLE:}
.o . e _ %Py Cownkrast”
i 3 d 5m + 2H5m —\ /e m¢ 3 5m — E
di  dlna e e The Growth
Rewritbten in terms of alb): > 9) H Qmém
Index ¥
d H 3~ dIns, | |
A /=8 = = Q,fD—
dlna H? 2\ dIna
{ The Growth
g(a,k) = G,z/Gy  Function f y(z =0) ~ 0.55
In agreement with ACDM
| Encodes the modification of gravity
Solving for ¥ (s2m): e
6w QI Q. — 4 3w (@), (27— | 1297\3491—7—0
Wpg==pE 11 " I O + 3wpe(€2,)Qpp(2y — 1) + 1 +20Q), =388, " =0 -\ ted
m
. @ Present
USE’MS QQC&SL‘E’{E (" ~ rn.s densik ’ /? O Time
Space Distortions (RSDs) fLuc&ua&aouj V4 |

0g, |
we cal constrain Y fUS(Z) Ef(Z) y GS(Z) = — (1 + Z)é_\/ (Z)
_ @scales k=¥ht.Mpc 0

Via the robustk observable
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The Growth Index ., 7"

d
—6QppInQ — T 30, (2 — 1)+ 1 +2Q7 —3Q1~7 =
N dlnf, \
| ~"DE - N 3wg — 1
, — (©9) ACDM
| 0.62} Voo 608 Y
Starting at sz, = 1 - oo
6 _
i\OCODM = — ~ (0.5454 | In
1 0.60| y = / , Q,, €1[0,1]
. , > - InQ
Cawn solve Mumemtau.? |
‘{O'T' }/ACDM 0.58'
<> Neartv conskant behaviour |
ACDM 0-361 s
0.0 02 | 0.4 0.6 0.8 / i’.)o
As the DE component gradually 2,03 0O - )
cabches up, the growth oaf F&r&urbo\ﬁons " oo = _611‘“’
Slows and ¥ increases rayidiv anardsz Notice the -
| . the asymptotic value y2PM == Dependence o Wy
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Setting

The Growth Index "™, ",

Nown-nhegliqg ible

3w, — 1
Decaying Mode
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‘Fur;ai.j growing mode!

f @f+®f
st s

In the fubure
Cat®ab

3w,
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Inf

"“Tha,

Function n (Q,, y)-plane

Such Ehak:

d
o
dQ,,
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EoS Paramelberized b*j ’

Varying EoS for DE @ =wswi-s

d
6Wp(Q)In 2, — yQ + 3wpp(Q ), 2y — 1)+ 1 +2Q7 —3gQ17 =0
n

m

Using the useful relation: Lo__ 1 dnmg,
PE7301-Q,) dlna

We can solve for a!

ACDM

a(Q2,) — wpp(L2,) — r(€2,)

| We reskrick ourselves ko

0.62} — wa=01 T | )
' — W, =02 [w_m=w0+wa<OJ
— — w, =03 l _ ) ,
0.60/ — w,=04 |
_  wi—05 To ensure MD
&
0.58 3(1 —
=5 b \\ [w > OJ
] Z :
0.56/ _—
e J To ensure D
0.0 0.2 0.4 0.6 0.8 1.0 Dominakion
Qm
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EoS Paramelberized bj ’

Varying EoS for DE @ =wswi-s

d
6Wp(Q)In 2, — yQ + 3wpp(Q ), 2y — 1)+ 1 +2Q7 —3gQ17 =0
n

m

Using the useful relation: Lo__ 1 dng,
PE7301-Q,) dlna

W ( {: : a(€,) = wpp(€2,) — y(€2,)
e con solve ror a.

| We reskrict ocurselves to

: YACDM e 1
0.62 — womox O J‘\ | ]
| — w.=02 0.625 3w, — 1 ] W =wy+w, <0 J
| - w, =03 — }/oo = f ) _ ,
0.60| | | To ensure MD
| &
0.58 ' ) |
o w00 100 w00 s | (Wa>0)
___—/ |

0.56" —
e ’ To ensure DE
0.0 0.2 0.4 0.6 0.8 1.0 Dominakion
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Beyond General Relativity

MG enters through the source term in the equation

dIna

a +f2+<

- /
H 3V
2+ﬁ>f=2{g’ﬁm’

Notice how ¥ is more sensitive

to MG at early times! ($2m ~ 1)

Modified Poisson equation —k*® = 472G p

G - Gz (a,k)

—> A Bump/Dip i Gy

1.35¢

0.0
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1.0
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gDGP

—» Braneworld Gravity (DGP)

100
| 11+Q2
0.95 Q m
gpcp(L2,) = —g 1 — o2
0.90 m
0.85}
0.80"
0.75¢t
0.70"
0.0 0.2 0.4 0.6 0.8 1.0
OQm
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Beyond GR: Abump in Geg

% Behaviour previously found in many f(R) theories...

065 R 4 _ 5m T 2H5m — 47TGeffpm6m
.' T~ . yACDM |
" L goN ~ p
_ — o As G/, f also
o0 b Bump
ACDM hlf
I I l }/ — l 9 Qm = [091]
0.55 R = naz,
:E [ \ ' ' :E
X ‘ : : %
| v : g —> ¥ decreases!
050 |- / A 1
) "\ [
- Lower Value o K
h . . r ;s 1.1
than th ACDM PN
045 - & pronounced Y //'
-> slope
0.40 - ! ! ! L L I 4"' l ! ! l‘\- | L ! ) | L ) ! 1.0
0 0.2 0.4 Om 0.6 0.8

We could even infer
our Fwsi&on wikh resgec&

; i
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Beyond GR: DGP Models >

Dvali-Grabadadze-Porraki : Braneworld Graviby

2
-1 1 1+Q;
= — Q)l=1—-——
Wpep(Q,) = — (1 +Q,) 8 Q) = 1 =2
m
\ \
—=ar
0.65 —
"8 0.600
G s ,yDGP
K L
0.60 - 0575 y/ACDM ]
0.550
| 10-14 | | 10-11 | | 10-8 | | 103 | | 102 |
0.55 O —
_____ FDGP
yé\CDM ~ (.55
ACDM
| | | | | | | | | | | | | | | N
0.0 0.2 0.4 0.6 0.8 1.0
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In these models:

gPGP 1
DGP 1
W =3
1 9
GR(y) — _ —\ —
A LT
31— w_ —(@
== =TS Ton '}‘
dg 1
o —— £
() =57
11
DGP _ _~
= 6
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Conclusions

O A global analysis of the behaviour of ¥ starting deep in MD (2w = 1)
up until the for future (£2m = ©) yields some interesting properties

O Variable £0$ wpg (@) =wyg+w, (1 —a)

ACDM

@ Follows essem&aibj the same Fhav\omev\oiogj as y on Llow-Z,

with (_verfj) different behaviours in the past & fubure
O B@jm«d GR: A Bump in Gy

C> Yields Lower values for y, = y(z = 0) than ACDM (+) Slope!

0 Bevav\d GR: PGP Models

11

- dg Lo
— oML o = —
6 Mg, ) T3

L Explicit origin of yPOF —

O An (accurate enough) estimation of ¥ & 7'(2) could indicate a
departure from ACDM (&/or GR)
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