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Some Motivations
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Motivations
@ CMB observations allow the existence of anomalies.

@ Vector field perturbations may cause part of the primordial
perturbations.

@ Vector fields are natural sources for statistical anisotropies, parity
violation, among others.

@ Statistical descriptors in cosmology relates theory and
observation.

@ Symmetries gives information about physical systems.
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The Method
[ ]

Key idea
@ We exploit the isomorphism between the 4D de Sitter space and
the 3D Conformal space.
@ We will asume that correlation functions of primordial
perturbations are invariant under conformal transformations.
The Method
@ Solve the equations of motion of the fields.
© Find the asymptotic fields in the limit when —k7 — 0.

© Find the conformal weight of the fields in 3D by using the
transformation laws for the fields in 4D.

© Propose a general form for the correlation function.

@ Find the form of the correlator using the conditions impose to the
fields.

@ Use the Ward identities to constrain the form of the correlation
functions.
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The Scalar-Vector Coupled System
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The Scalar-Vector Coupled System

The action

5= 2 [ oy 5 [OF" B + 1OF ] + S+ 5.

Dynamical equations

Vi (AOF* + f2(9)F*) =0,
V.F* =0.

Dynamic equations for A;

A 10f1 0

fi O Ot

@ We use the gauge symmetry to
impose the Coulomb gauge.

@ We assume that the inflationary
dynamic homogenize the scalar field.

1 0f2

EEVX) A‘(T, Ii") =0.
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L . Canonical fields
@ Dilatation imply that the coupling

functions must be proportional and of
the same order:
fi=7f2and fi o< (—HT)7?*

le and Results Summary

The equation to solve

0? 1)  2avk "
O L gp_cletl 209k B0,
or2 72 T
The solution
B (1, k) = CF () G-a-1(£E, —k7) + Oy ())F_a-1(£6, —kr).
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Taking the asymptotic limit [8£k7| < 1 and come back to coordinates:

wi (7, @) & us () (—EHT) + 0y () (—EHT) ™ .

When o > —1/2:
vy conformal weight
lim wi (7, %) =7 “v4(Z) .
|7|=0 (%) (@ Ay,=1—a.
When o < —1/2: u conformal weight
A, =a+2.
lim wy(7,Z) = 7 uy () .
|7|—=0
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The Ward Identities

Dilatation Ward identity for a N-point correlation function

—3(N—1)+ZAG—Z/<G-B—E

a=1 a=2 a

[ N N . 0

(VR vV (k) =0

SCT Ward identity for a N-point correlation function

M) =

b = km(G)VQ = Qk

[2<Aa e

Il
i

a

Mz

e i[( T “aki)j)<Vn<’31>~--le<l%’z>~--m<l%'m>>’}=

a=1[=1
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The vector two-point correlation functions

General form:

(0Ai(k)SA;(—K)) = Pa(k)(8i; — br(k)kik; + ba(k)eijaka) = Py (K) .

By using the divergenceless condition for A; and the reality condition:

Py (E) = Hap P(K) = [Aab + ib(k)€aveke) P(k).  Aab = Sab — kaks.

Applying the dilatation Ward identity we get:

—

(=3+2A, —k-8;)P(k) =0, k-8b(k)=0,

“Electric case”: “Magnetic case”:

Y (K) = Auk®* T Ay + iBeabcke] - PA(K) = Ak~ T [A + iBeapcke] -
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Vector 3-point correlation functions

We propose the general form:

<5¢(El)5Ai(E2)5Aj(E3)>/ = a10i; + 021;721'1273”' + 0312731']27% + a4i€2ii€2j + (15]%31];‘3;'
+ br€ijakag + bo€ijaksa + b3/212i€jab/212a1%3b
+ b4i€3i6jabi€2af€3b + b5k2j6iabff2a]%3b + beff3j€mbf€2a7%3b

v

Following the method and taking the squeeze limit we can write:

(3(k1)5Ai(k2)5A; (y)) =
1 - , A
W [(Oﬂ + ) (51']' - k2ik2j> + 210&36@'@7924 :

josue.motoa@correounivalle.edu.co Josué Motoa Manzano September 11, 2018

10/16



Some Motivations The Method The Scalar-Vector Coupled System Example and Results Summary
o o 0o 000000 0000

Tensor perturbations

Equation of motion Conformal weight for the 3D field

9 Ay =44 2n,

Mjp

2 l EM
h;’—;h;—v%z e

J Solution in terms of the polarization
tensor

Asymptotic solution

yI(k) =) Y (kyya(k) -

A=%2

ha(7, K) = 7 (k) (~Hr) ™",
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Results

Two point functions

3 (R)S O (=k) =0,
(AP R)CCOD (=k)) o §(Rr2)k™3HA7F4¢ [1 — 24X — 2BN?]) E'E™IIY™,
(O ®)y D (k) oc 8(k12)k 247 [1 — 2ABy — 2B3A?] 8y
(AT RSN (k) oc 8(kr2)k > T2 2Y EXE™ Ag, [L+ AUz + A?Us] 85 ». |

Example and Results
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3-point functions (squeezed limit)
Jim (17 (R1)¢” (R2)¢” (k) oc
1—

oz .k

k1231

lim (3" (k1)

k1—0

5~

k123™"2

—3+20y ) —3= A4 +2A¢
2

(k)¢ (ks)) o

—3—Ay+2A¢; —342A 11ij
k k; I

— ARz — A’ R3] 2%° (1 )koakas ,

[1

(k1) BB (R2)IISE) (K2) [1 = AS2 + A%Ss] .
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Summary

@ We probed that the coupling (f1(¢)E? + fo(¢)FF) is compatible
with conformal symmetries in the asymptotic future when the
coupling functions are homogeneous.

@ Using this method for f(¢)(F? + vFF) we found a form for the
correlators is in agreement with the literature. With the only down
side being that you can’t compute the amplitudes with this method.

@ The parity violation term in the action generates an explicit
dependence of the polarization in the tensor correlators.
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THANK YOuU!!!
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matrices resulting from the conditions over the v — ¢ vector sourced
correlation function

B = Ay + A Aim — Bij Ay,

ijlm

B(2) = Ailfjma];'a + Aljeima]%a - AijEZma];ay

ijlm

3) P :
Bjiim = €ilaka€imbky + €imaka€jinks — Aij Ay,

B®

ijlm

= Aim(’fjlaka + Amjfilaka + Aijelmak[l‘

Maxwell dual tensor

1
F=—
I 2/_g

6#,,a5Faﬂ
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Conformal de Sitter metric
1
ds® = 3 (—ah‘2 + dl‘Q)
(HT)
y
Conformal Transformations
T; — :U; = a; + Mij(L‘j s
:ci—>a:;:)\xi T =7 =M1,
()
xz — J)i — >
1+2b- 2+ b2 (—72 +2?2)
/ T
T—>T = > s
142b-Z+ b2 (—72 + 1?)
v

September 11, 2018 16/16



	Some Motivations
	The Method
	The Scalar-Vector Coupled System
	Example and Results
	Summary

