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ACDM cosmology

m Fits well all current observations: background + perturbations

Radiation [0 Gaussian perturbations
Q. ~0.049%
Dark Matter

Qg™ 23% [0 No evidence for non-adiabaticity

Ordinary

Matter [0 Accelerating flat universe today
Q,~ 4%
A
Cosmological QA - SHS o 073
Constant
—K
Q,73% Q. =—=04+0.01

m  Almost scale invariant primordial power spectra

ne —1~-0.036 =0.013
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Unaddressed questions in ACDM cosmology

m Dark sector

0  Qgm: dark matter of unknown origin and nature (WIMP?)
0 €, #0: see later

m Decelerating issues: flatness is unstable and horizon problems

Us now

Past light cone

Some time
in our past

Position

Position

m Fine-tuned parameters and [C?

0 Q. ~0, ng <1, adiabatic IC, Gaussianity
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Primordial inflation

Accelerated expansion at early times

0 Can be triggered by a cosmological fluid P = wp with w < —1/3

0 Scalar field: w~ —1 = H? = H2_ is almost constant

1

Answers flatness, horizon problems

eHinft

Hinf

a(t) oc efintt Q) (1) oc e 2Hintt ) ~

Answers n, ~ 1 and Gaussianity from quantum fluctuations

/<;2an dln ey
_—f? ns:1_261*_d—N gl

*

As

- 8712y,
A scalar field decaying into cosmological fluids yields adiabaticity
ONdm/Ndm = 0N~ /Ny = INp /N,

Could inflation say something on €2 7
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Interpretations of the current acceleration

m  Standard approach: GR has two fundamental constants M., and Agr

The accelerated eras of
the universe

ACDM cosmology ]\4131 ~ 1019G6V, p}\/4 ~ (pCQA)1/4 ~ 10_36V

Unaddressed questions

Primordial inflation

Interpretations of the m  No reason of having an intrinsic space-time tension Agr = 0

current acceleration

el e 0 Ais (T,,) induced by the zero point energy of QFTs

Dark energy from
primordial inflation

= |t is absurdly large in the current Standard Model and extensions

Conclusion

= Once GR will be quantized, unified... = A = A edicted

[0 A is induced by a new cosmological fluid: dark energy

» Assumes that “Agr — (T},,) = 0"
= It is dynamical: coincidence problem + extra parameters

[0 Various proposals of dark energy

= Modification of GR, extra-dimensions, a late time dominating
scalar field: quintessence
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Freezing quintessence models

m Scalar field ) in potential domination + tracking
0 Ratra—Peebles potential V(Q) = M*TeQ—«
1 aw — 2
3(1+w)/(a+2) =7 “
Q) xa ’ pQOCCLB(l—I—wQ)’ wqQ = o+ 2
1 Dominates over matter now: z + 1 = (Qq/Qpat) @ 12)/6
m [estable [caawen 051 and SUGRA motivated [grax o9
°-°T dw/d1na m  Freezing models: wg > —1 and wgq — —1
0.4
m Tracking ensures |C are washed out!
0.2
L — one observable M
0.2 ' . m Thawing models are exactly as inflation
0.4 \ 0 How to start? Which IC? 3 params
-0.6 1 1 L L w
-1.0 -0.95 -0.9 -0.85 -0.8
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Current acceleration from a free scalar field

s Simplest thawing model: V(¢) = =m?¢?

, K o . dp
H* = ?[prad(t)+pmat(t)+p¢(t)]a @—FBHE T m Qb:O

m Extra model parameters: @ini, ®ini, M

N qBini has no effect: relaxation towards slow-roll (see inflation)
O For py small: ¢(t) oc HJ,(m/H) which is constant m < H
[0 Starts to roll-down when H ~ m

m Fitting current data

[] Type Ia Supel’novae —|_ BAO —|_ CMB peak [Amanullah 10, Komatsu 10, Percival 10]

0 Gridding over Hy, ¢ini, m + Bayesian statistics
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Posterior probability distributions

m  From prior choices

The accelerated eras of

i e 0 Jeffreys’ prior on ¢in; > M, (necessary to trigger acceleration)

Dark energy from
primordial inflation

0 Flat prior on m < 100 km/s/Mpc

Massive scalar field
Posterior probability

distributions

During primordial inflation 0 Large flat prior on Hy around 70 km/s/Mpc

Field variance and
inhomogeneities
Inferring the energy scale

of infiation m  Marginalised posteriors for ¢;n; and m (over Hy)

Conclusion

09 i
o8 .
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0.2 |

0.1 L L L 1 1 1 1 1 L L L L 1 1 1
1 2 3 4 5 6 7 8 9 10 01 02 03 04 05 06 07 08 09 1

@niMp m/(100 km/Mpc/sec)

m/(100km/Mpc/sec)
posterior

m  95% confidence intervals: m < 75km/s/Mpc = ultra light field
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During primordial inflation

m  Thawing field quantum fluctuates (test field): ¢(t,x) = ¢(t) + do(t, x)
[0 Homogeneous part

2

b+ 3Hine + m2¢ = 0 = ¢(N) = e~ N /BHiue) 5 0

0 Fluctuations in Fourier space: u = ad¢pg (aHins = —1/n)

. : k2 2
5¢k+3Hinf5¢k+(—2 -+ m2) 5¢k5 =0= ,LL//—|— (m2 + ]€2 — —2) =0
a Ui
[0 Free field quantization: positive energy waves for kn > 1
2
_ iwrym/2 | T A _ 2 m
p=e g Vi, (kn), v=4/7 i
k3 |2

m  Power spectra after Hubble exit: Psy = limp,«1 52 ‘—|
™ la
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Field variance and inhomogeneities

Primordial inhomogeneities as small as tensor modes

7) Hian k 2m2/(3Hi2nf) B Hian N
00 = Y2 aHi,¢  4qx2

Field variance in physical space after N e-folds

aHint 3k 3HA 2 2 3HA
5 2\ 5 - inf {1 _ _—N(@2m~*)/(3H; N inf
(067) /aiﬂmf (27)3 00%| 8m2m?2 ‘ 8m2m?

Universal energy density expectation value

1 3H?
(V(9)) = 5m*(96°) = T2

This is dark energy provided: Hi¢ = (9, )"/ VArHo My,

Hins ~ 6 x 107%eV,  pi/t = (3M2 H2,)'/* ~ 5TeV
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Inferring the energy scale of inflation

e eelerted era of m @iy is Gaussian distributed with 0% = 3H2/(87%m?)

the universe

P(Hing,m|D, I) < P(Hing, m|I) // dH Aini o~ Pini/ (207)
e bt b e ore
During primordial inflation X P(HO |I)£(D, m, ¢ini, HO, I)

distributions
Field variance and
inhomogeneities

Inferring the energy scale . . . 1/4
m  Marginalised posteriors for Ei,¢ = pin/f

Conclusion 20

T T T T T T T T T T T T T T T T T
18 .

16 ]
14 + ]
12 ]
10 ]

8 \\\\
I
2

Ein/ TeV
posterior

01 02 03 04 05 06 07 08 0.9 1 2 4 6 8 10 12 14
m /(100km/Mpc/sec
( pc/sec) En TeV

16 18 20

m 95% confidence level: 3.8 TeV < Ei s < 12.1TeV
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Conclusion
e accelerated eras of m  Dark energy as a new inflationary era triggered by the primordial one
rmordiat milaton 0 Needs ultra light field m < 10733 eV (and N huge)

[0 Makes predictions: primordial inflation occured at TeV scale

0 A = energy density typical of TeV quantum fluctuations.

m  Actually works for any field potential V' (¢) having a minimum

[0 Stochastic inflation formalism

872 SHf;lf
P(61 ) x xp |~V ()| > (V) =

0 Needs however a frozen field during radiation/matter (light)
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