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Qutline

- Real versus harmonic space CMB
- Correlation function in real space

- Super-Hubble stochastic waves and bounds on
the size of the universe

« Conclusions
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Temperature power spectrum
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R\
Why worry about real-space CMB?

o Clear connection between

pre-recombination physics and data. ol — ACDM, Qh’=0.03
(Bashinsky & Bertschinger, PRL2001) T\ ..., same, dip cut out
o~ — 1/46_+ ¢, inst. rec.
b T
: : _— ? 6t - = ACDM, Qh?=0.02 |
« Clear interpretation of causality in o
: .— 0 =0=035
physical processes. = m
(Abramo et. al, PRD 2010) E_'; 4l
« Arguably the most important source of | —

large-angle anomalies. 04 08 1o 16 2
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CMB in different representations

Harmonic Space Real Space
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* Cls decoupled at different Is. * C(0) coupled at different 0.
« All scales contribute to a  Physics is interpreted
given l. locally.

Both representations convey the same physics!!
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Why C(0)=0 at large scales?

C(0)

(0 +1)Cy = cst. > 2C] =2 x 3C5




R
Why C(0)=0 at large scales?

C(30%) = ((H)(F)) 20 C(100°) = {(£)(F)) <O

What about larger and shifted super-Hubble waves?



Sachs-Wolfe effect: ar-= %q»

C(0) = (AT (n;)AT(nz))

_/ dkkn 1smkr

where
(@(k)®(q)) = 21"k P(k)é(k + q)
P(k) = Ak
r=2A7vV1 — cosf
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Sachs-Wolfe effect
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Given ns, how large a super-Hubble can be?



Filtered stochastic waves
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Initial Conditions:

Gravitational (W(k)y(q)) = P(k)o(k +q)
Dynamics:

¢" +3H(1+ )¢ + [2H +H?*(1+3c2)]p+ k*cp =0



Filtered stochastic waves

Large scale approximation: 0

¢+ 3H(1+ )¢ + [2H + H? (1 +3¢2)]o + 2 = 0
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Ansatz for initial conditions:
fic = VP (k)e®" > p(k) = Akt

> One realization!




Filtered stochastic waves

Large scale gravitational wave:
P (7_7 X) ¢ Z wﬁm Y;?m (X

Wom = We(T)Pem <906m90£'m'> = 000’ O/

Initial conditions:
(k) = (_i)ﬁ P(k)jo(kL) Hankel transform...) ()

Super-Hubble limit: z/L « 1

() = 2% 1A D0 4 2pe) )(x)e

L€+ 3)D (22
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CMB @ large scales
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SW ISW Doppler
¢
AT (ro,m) = Z aemYem  Qpn = O(Tdec)Pem (Se + Lo + Dy) (deeC)
/m
2
S = gge(ns)

T, = —2g4(ny) |1 f i ( - )Ed
912 Tdec qb 7_dec d{E Ldec

D, = mdg%—j () = f(ec)f] £(r) = (ag) dnGia’o(1 + )




Fixing free constants

Global scale invariance:

P(k) _ Akn3_4 Fixes S A
Linear regime:

5_; 5 1 fes > ¢)(Tdec)




Multipolar contribution

Primordial dipole identically zero!

(Erickcek et. al, PRD 2008)




Observational constraints

Temperature power spectrum

Co = ¢(Tdec)* (S + Lo + Dy)* ( z )

Ldec Z)
Czoc( T \) Grishchuk-Zel’dovich

effect

Planck quadrupole

2241 _
( . )02 = (299.495T727-250) x 10~ 12
Planck’s best fit ns=0.9624 > L < 87

Ldec

Lower bound on e-folds: > N 2 Ny +In87~ Ny, +4




Observational constraints
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Conclusions

- Translating harmonic CMB to real space is not
trivial...

- Large scale fluctuations severely constrain early
inhomogeneous/anisotropic signatures.

- In principle, the running of ns could be
associated with the C(0) anomaly.



Obrigado!



