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o Planck prospects: Ma, Efstathiou, Challinor (2011

e Age ~0.01 (20);
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e w) (t, k) mode functions: i

F

e k/a > H: Bunch- Dawes vacuum;
o k/a < H: cIaSS|caI perturbatl ]

e Spectra: P, Pr and PH‘ :

e Anisotropy parameters:
Q'PH
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o forp el e g onIy vector flelds :
o forp =1, § < 1: vector f|eld contrlbutlon is subdominant;
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Anisotropic Spectrum

o 6N formula: ¢ = Ny + NSW; + s N NISW;6W; + ...

e 0¢ - statistically isotropic & gaussian;

3 2,
Pe (k) = PE° (k) [1 ) (k-W) }
e
N2
EZ (M) PL+Pr
e N¢ 2P¢

o for p < 1, £ > 1: only vector fields;
e forp 2 1, £ < 1: vector field contribution is subdominant;
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and ¢ determines the magnitude and angular modulation of
fNu;
For p > 1 fn1 predominantly anisotropic.
Parity violation modulates the shape of fr;

Angular modulation is configuration dependent;
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Parity Violating Vector Field

gl 1 ~ 1
L==2f O FwF" — 2h (t) Fu F*™ + om” (t) A, A"
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FRW metric: ds® = dt? — a? () dx?;
Physical, normalised vector field W = \/fA /a;
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Equations of Motion

1 1 ~ 1
L=—71f () FuF™ = 2h (@) Fu F* + Sm* (t) A, A"

e Mode functions in Fourier space
SW (L, x) E/\fe,\( )w,\ (t, k) e xdk;

Equations of motion (# ~ 0):

i - SH +{(g)2+\/'~’i(g'—’} =0

W)+ (.‘))Jr s g)Hu + { l’)ill’H~ (l+r2) (L)z} wy =0
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Q (k) > M;
Ansatz: ) « a;

Scale invariant spectra:
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Bunch-Davies initial conditions
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Overproduction of primordial black holes
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The bound on inflationary scale:

H > ,/=gc10°GeV & V14>
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Curvaton and Non-Gaussianity

The bound on inflationary scale:
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Vector Curvaton and Non-Gaussianity
The bound on inflationary scale:

H > /=g;105GeV & V14 > (—g)/*1012GeV
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Summary

e Vector fields can generate or contribute to ¢;
o Generally statistically anisotropic ¢;

e Present bounds:
b )
o« P =P {Hgg (k-n) ]: gc < 0.29 or |gc| < 0.07;

e Planck: Age ~ 0.01 and gc ~ k™, An ~ 0.3;

° fNL 4l 150 [1 _'_fanlso]. no bOUndS on fanlso

® fi*° > 1 can be dominant and observable even for g < 1;

Parity Violating Perturbations
e Vectors with axial couplings can generate parity violating (;
e Parity violation affects only higher order correlators;

e An example with the vector curvaton scenario;






Excessive Large Scale Anisotropy

o For massless or light U (1) vector field W = (0,0, W):
T, = diag(p, p, p, p)
N0
1e(A 1 A2
PR <E) — gl

1. Vector Curvaton Scenario;
2. End-of-Inflation Scenario.
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A Note on f oc a * Scaling

If f(¢) with ¢ being the inflaton, f oc a=* is an attractor
solution

e For U (1):

o For SU (2):

"Short cosmic hair”: weak large scale anisotropy;

Statistical anisotropy due to anisotropic background;

Here f (o (t)) oc a=* is assumed.
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