idden in the background:
A local approach to CMB anomalies

Juan Carlos Bueno Sdanchez

Dpto. de fisica, universidad del Valle

( JBS, Phys. Lett. B 739 (2014) 269-278

Based on: in preparation (for too long now)

plus some other work 1{ in progress
\

in store

X IberiCOS 2015, Aranjuez 31/03



The robust and healthy inflationary paradigm

Inflation is a successful paradigm addressing difficulties of the Big Bang
Flatness , horizon, initial density perturbations, unwanted relics...

Not being a theory, inflation is much like Pandora’s box:

Too large a number of inflationary models

Observations (COBE, WMAP, PLANCK) to discriminate models ‘
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The CMB anomalies

Planck confirms the anomalies seen by WMAP

1. Mode alignment

[2. Variance, skewness, and kurtosis anamaﬁes}

A 0. 072:I:O 022

3. Hemispherical Asymmetry
[ J direction (/,b) = (224,—22) £ 24

4. Phase correlations

—(n =s()[1+4(A.p)] A
5. Power asymmetry /

[E. Dipole mndm‘atran

7. Generalized modulation

8. Parity asymmetry
[ 9. The Cold Spot |




A framework to break the homogeneity of the CMB

The question
How much do you need to twist the inflationary paradigm to obtain anomalies?
(i.e. breaking homogeneity & isotropy of the.CMB)



A framework to break the homogeneity of the CMB

The question
How much do you need to twist the inflationary paradigm to obtain anomalies?
(i.e. breaking homogeneity & isotropy of the.CMB)

The ingredient
Other scalar field(s) contributes to the perturbation imprinted on the CMB

(Isocurvature perturation)



A framework to break the homogenel‘ry of the CMB

The ques‘rlon

How much do you need to twist the inflationary paradigm to ob’ram anomalies?
(i.e. breaking homogeneity & isotropy of the.CMB)

The ingr'edienf'
Other scalar field(s) contributes to the perturbation imprinted on the CMB

(Isocurvature perturation)




A framework to break the homogeneity of the CMB

The question
How much do you need to twist the inflationary paradigm to obtain anomalies?
(i.e. breaking homogeneity & isotropy of the.CMB)

The ingredient
Other scalar field(s) contributes to the perturbation imprinted on the CMB

(Isocurvature perturation)

The set-up
Inflaton responsible for most of the CMB perturbations (homogeneous & isotropic)

An initially excited isocurvature field does not fully relax to its
equilibrium configuration during inflation
(Inhomogeneous isocurvature field distribution)



A framework to break the homogeneity of the CMB

The question
How much do you need to twist the inflationary paradigm to obtain anomalies?
(i.e. breaking homogeneity & isotropy of the.CMB)

The ingredient
Other scalar field(s) contributes to the perturbation imprinted on the CMB

(Isocurvature perturation)

The set-up
Inflaton responsible for most of the CMB perturbations (homogeneous & isotropic)

An initially excited isocurvature field does not fully relax to its
equilibrium configuration during inflation
(Inhomogeneous isocurvature field distribution)

e D)

The outcome
Inhomogeneous distribution of the field at the end of inflation
Breaking of statistical homogeneity of the CMB
Avenue tfowards CMB anomalies




Warm up: The Cold Spot

(WMAP 1: Vielva et al. '04)
Only significant deviation from Gaussianity (WMAP 3: Cruz et dl.“07)
(Planck '13 XXIIT)
2._350 effect,

(ESA Planck collaboration)
(b= —57°, 1 = 209°
Angular size ~ 10°
AT ~ 78 uK
LPGMSS* ~ 0.2%
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Warm up: The Cold Spot
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Warm up: The Cold Spot

[Ini‘rially excited, massive, interacting o ] [Spaﬁal profile ]

A== 2 o
g0y >H" — o.~g H Emergence of a patchy structure

(1) 0.0 0z 04 06 0z 10
. »

Out-of-eq. configuration

10F

Eq. configuration

08}

V(o)

Cold Spot

seed "

-

o

‘___________Out-of-eq. patches

02k

10 -5 Rl R 5 It 00,

JBS, Phys. Lett. B 739 (2014) 269-278 + in preparation (full-blown details)
(c modulates inflaton's decay: Localized inhomogeneous reheating)



Breaking the isotropy of the CMB

Contribution of vector fields to the CMB is strongly constrained

Pe(k) = P (k) (1 +g(d - 11)2) g < 0.02 , Kim & Komatsu, 2013

0.0 0z 04 06 0z 10

Can we generate a Local direction-dependent contribution to the CMB?



Breaking the isotropy of the CMB

A simple example known to be free of instabilities is Ouifofeq confiuration (1)
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Breaking the isotropy of the CMB

A simple example known to be free of instabilities is Ouifofeq confiuration (1)
1 1 - : :
i _1 f(J)F”I,F’UV A im?élApA” q. configuration (2)
; : i) (3)
Vector curvaton mechanism to contribute to the CMB o
172 o
S e pia | | oz
(3)

Out-of-eq. configuration
Using f(o) x a® —> Scale invariance for o = -4

Scaling continues until the end of inflation

0.5t
eq. configuration
End of scaling feq(c = 0) =1
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Breaking the isotropy of the CMB

A cartoon
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Breaking the isotropy of the CMB

A cartoon

Correlated spatial variation of r
Full sky maps required with enough sensitivity (CORE,CMB-Pol LiteBIRD)
r~1072—-10"°




Breaking the isotropy of the CMB

A cartoon

Correlated spatial variation of r
Full sky maps required with enough sensitivity (CORE,CMB-Pol LiteBIRD)
r~1072—-10"°

-

Correlated parity violating signal

1 < 1
£ ) (—ZFWF*“’ + %FWFW) o m?A, A

& Non-vanishing EB correlations =)
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Conclusions

The production of localized perturbations stems from the relaxation
dynamics of fields undergoing particle production during inflation

If slow-roll inflation is not too large, say O(10?) e-foldings, some fields
may retain an out-of-eq. configuration by the end of inflation

The contribution of these fields fo the curvature perturbation provides
a mechanism to break statistical homogeneity and isotropy of the CMB

(Local versions of inhomogeneous reheating , vector curvaton, ...)

CMB anomalies as an indirect probe of the inflaton dynamics + interactions
What is the prediction from motivated inflationary models?
Come to IberiCOS 2016 to find out!
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