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Composition of the Universe
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Power spectrum of curvature perturbations
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Power spectrum of curvature perturbations
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Baseline ACDM model

@ Spatially-flat 6-parameter model = {Qyh?, Qcph?, Os, T, Ns, As}

o Qb = 0.02207 £ 0.00033 baryon density

("] QCDM h2 =0.1196 + 0.0031 cold dark matter density

(] 63 = (1 041 32 + 000068) x 1 072 angular size of sound horizon at recombination

@ 7T = 0097 + 0038 Thomson scattering optical depth due to reionization
@ Ng = 0.9616 + 0.0094 scalar spectral index

(] In(1 010 As) =3.103 £ 0.072 power spectrum of curvature perturbations

Ho = 100 hkm s~ Mpc ™"
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@ Ng = 0.9616 + 0.0094 scalar spectral index

(] In(1 010 As) =3.103 £ 0.072 power spectrum of curvature perturbations

@ Indirect constraints = h = 0.674 + 0.012 and Q5 = 0.686 + 0.020
are highly model dependent
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Baseline ACDM model

@ Spatially-flat 6-parameter model = {Qyh?, Qcph?, Os, T, Ns, As}

o Qb = 0.02207 £ 0.00033 baryon density

("] QCDM h2 =0.1196 + 0.0031 cold dark matter density

(] @S = (1 041 32 + 000068) x 1 072 angular size of sound horizon at recombination

@ 7T = 0097 + 0038 Thomson scattering optical depth due to reionization
@ Ng = 0.9616 + 0.0094 scalar spectral index

(] In(1 010 As) =3.103 £ 0.072 power spectrum of curvature perturbations

@ Indirect constraints == h = 0.674 = 0.012 and 2, = 0.686 + 0.020
are highly model dependent

@ Hubble Space Telescope = h = 0.738 + 0.024
more than 20 away from Planck result

Ho = 100 hkm s~ Mpc ™"
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Power spectrum of tensor perturbations

@ B-mode power spectrum,
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Planck Collaboration, arXiv:1303.5082
WMAP Collaboration, arXiv:1212.5226
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Power spectrum of tensor perturbations

@ B-mode power spectrum,
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@ Define tensor-to-scalar amplitude ratio
A
r==-1
As

Planck Collaboration, arXiv:1303.5082
WMAP Collaboration, arXiv:1212.5226
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Power spectrum of tensor perturbations

@ B-mode power spectrum,

1 k
k nt+§at|n(a)+“'
= A | —
Pn t (k*>
@ Define tensor-to-scalar amplitude ratio
A
r==-1
As

@ Planck temperature map
r < 0.11 @95%CL

@ WMAP temperature map

r < 0.13 @95%CL

Planck Collaboration, arXiv:1303.5082
WMAP Collaboration, arXiv:1212.5226
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68% and 95% confidence regions for 7-parameter fit
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BICEP2 Collaboration, arXiv:1403.3985
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68% and 95% confidence regions for 7-parameter fit
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68% and 95% confidence regions for 7-parameter fit
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Inflation, slow-roll, and all that...

@ Slow-roll inflation is essentially based in two parameters
MI%I v/ 2 MI%] IV 1 v/ 2
52@(7) wdon= g 7*5(7)

@ Amplitudes are related to ¢, n and V by

8V 2 128V 5
As = 3M§lé [1 —(4C+1)e+ (ZC — 5) n] and A = 3M§l [1 — (ZC+ 5) 5]

@ Spectral indices and their running to O(¢?) are
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S-dual Inflation

@ Hypothesize potential be invariant to the S-duality constraint

g—1/g o = —¢

¢ = dilaton/inflaton s g ~ e/M

@ S-duality forces functional form on potential

V(¢) = flcosh(¢/M)]

@ Two illustrative examples

V = Vj sech(¢/M)

V=V, |sech(3p/M) — %sechz(gb/l\/l)
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Parameter space available to S-dual potentials
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Parameter space available to S-dual potentials
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Running spectral index

@ Planck + BICEP2 data favor as < 0 @ 30
@ BICEP2 best fit = g = —0.028 + 0.009 (68%CL)

@ slow-roll = as ~ O(€?)
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Running spectral index

@ Planck + BICEP2 data favor as < 0 @ 30
@ BICEP2 best fit = g = —0.028 + 0.009 (68%CL)
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9-parameter fit {Q,h?, Qcpph?, Os, 7, Ns, As, Negr, 35 My }
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Tensor-to-Scalar Ratio ()
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Comparison of Hy and N, measurements (with 1o errors)
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Constraints on cosmological parameters

BBN and CMB
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Take home message

Combining observations of CMB with data from BAO
Planck Collaboration reported

h=0.674+0.012 and N, =3.30£0.27

However == if the value of his not allowed to float in the fit
but instead is frozen to HST value h = 0.738 + 0.024
Planck CMB data then gives N,y = 3.62 + 0.25
suggesting new neutrino-like physics (at around 2.3¢ level)

BICEP2 + Planck data favor
h=0.724+0.01 and N.=3.86+0.25

More CMB data is needed to resolve this issue

Alteratively = we may be lucky
and data from LHC14 could provide definite answer
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Confronting neutrino cosmology with LHC data

Consider right-handed partners of 3 (left-handed) SM neutrinos
For decoupling in quark-hadron crossover transition
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