Theoretical priors for quintessence.
Towards a general parametrization of Horndeski
cosmologies.

Coming soon. Comments welcome!
Carlos Garcia-Garcia, Emilio Bellini, Pedro G. Ferreira, Dina Traykova
and Miguel Zumalacérregui
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The landscape of Dark energy and modified gravity
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The landscape of Dark Energy and Modified Gravity

Quintessence
o Free A:
G,uzz + Ag,uu = T — G,uu + A(@)g,uu = lTuv

pn = A — p=%¢2+V(¢)

1

p=-A —  p=50"-V(9)

@ New equation of motion:
¢+3Hd+ V,5=0

@ Determined by 1 function; e. g. w = p/p:

log(a)
P = poexp [—3/ dlog(a')(1 + w)
0
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The landscape of Dark Energy and Modified Gravity

|deas from inflation: ng, r equivalents for DE/MG?
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Building theoretical priors for quintessence

What parameters can we use?

Parametrization must

@ reproduce observables accurately for next-generation experiments:
oo, < 1%; TDu(2z1ee) < 0.3%

@ have less parameters as possible
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Building theoretical priors for quintessence

Finding the optimal parametrization

Monomial | Axion EFT Modulus
Varied params 4 [14, 24] | [12, 17] | [13, 23]
V(g) ~ P" cos(p) | >n¢" e?

E.g. Monomial quintessence (V = Vp¢")
@ Vary free parameters:

e 2 cosmological pa

o he[0.6,08)
] chrn S [0.15,

rameters:

0.35)

e 2 model parameters:

° o € U[1,7)
e ne Uz[1,7]

o Note: Vp fixed by 1 = E’.Q,-

@ Compute H, D4 and
@ Do this 20.000 times
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Building theoretical priors for quintessence

Finding the optimal parametrization
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Building theoretical priors for quintessence

Finding the optimal parametrization

Monomial | Axion EFT Modulus
Varied params 4 [14, 24] | [12, 17] | [13, 23]
V(g) ~ P" cos(¢) | 3,9" e?

Parametrize

0.0
— EFT
—0.2 - —— Monomial w = wp + w,(1 — a)
—— Modulus
o —0.4+ Wo, W, that best reproduce
2 o6l observables at z < Zyec.
—0.8 1 > R Max. error that of next-gen.
RN experiments:
—-1.0+ i i i i SN
—-0.90-0.75-0.60-0.45-0.30-0.15

oo; < 1%; ODp(zree) < 0.3%
Wo
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Building theoretical priors for quintessence

Theoretical priors for quintessence

Monomial Axion

Modulus

Varied params

4 [14, 24]

[13, 23]

p[wo]:Ale_(%)al +Aze_(%)a2

P(wg)/max(P(wq))

Plwa

P(wa|wo)

Carlos Garcia-Garcia

Lo Fit  Axion EFT Monomial Modulus
0.8
0.6
0.4
02
0.0
-1.00 -0.99 -0.98 -1.0  -05 -1.0 -05 00-10 -05 0.0
wo wo wo wo
7a(wo)
_ 1 wa—wa(wp
|wo]= > exp| — 20 (wg)
2mo“(wp)
Monomial
0.00 005 -0.05 0.0 0.05
Wa =W, Wa =W,

Theoretical priors for quintessence

Wa

— EFT
—— Monomial
—— Modulus

-0.90-0.75-0.60-0.45-0.30-0.15
Wo

@ Wa(wo)~=Bo+B1wo+Baw?

@ o(wp)~oo+oi1wo+oo Wg
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Building theoretical priors for quintessence

Theoretical priors for quintessence: test
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Towards a general ework for Dark Ei

Towards a general framework for Dark Energy
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Next step: Horndeski

@ Most general theory:

e gy and ¢

o Local

e 4D

o Lorentz invariance

o 2"d order eq. motion

o L= ,§52Gi(¢7 (6L

@ Linear perts, w + 4 «;(z)'s:

Quint-
essence

o oK — Cs2 ,

o agp — mix g, & ¢

e apn — MP J. M. Ezquiaga & M. Zumalacérregui (arXiv: 1807.09241
°o aT — ng [astro-ph.CO])
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Next step: Horndeski

@ Most general theory:

e gy and ¢ :

Quint-
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e 4D

e Lorentz invariance
o 2"d order eq. motion

o L= éGi(d% (6L

o Linear perts, w + 4 «a;(z)'s:
o oK — Cs2,

ag — mix g, & ¢

e apn — MP J. M. Ezquiaga & M. Zumalacérregui (arXiv: 1807.09241

°o aT — ng [astro-ph.CO])

Fortunately. ..
GW170817 — a7 =0 — Gs =0 and Gy = Ga(9) |

Only 2.5 functions remain.
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Towards a general framework for Dark Energy

Summary: framework for quintessence

o w = wy + w,(1 — a) fitting observables (z < z.ec)

@ Accurate for next-gen experiments
@ Analytical expression for P[wp, w,] (Results with data coming soon!)
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Freezing models and z;,;
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Fit w vs fit observables
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