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Non-gaussianity in cosmological perturbations

Consider a slow-roll inflaton field ¢ = g + d¢ with the average fluctuation
< ¢ >= o but the variance is not zero < §@? ># 0.
To first order

H k nc—l
W= 7%5% = Pe(k) :A%(ﬁ) . (1)

At second order

@ = (L4500 = @ (- (2)

Primordial curvature perturbation

¢ 4 26 = ¢ 4 2y Y2, 3)

limy, 0 < Chy Gy Ck3 >oc ng — 1.

Humberto. A. Borges Seminario PPGCosmo

Growth of struture in interacting vacuum cosmologies



Redshfit space distortion

The galaxy's total velocity

cz=Hr+ Vg -F. (4)
1 9y,
8(s) = 8(r) — — == 5
(s)=o(r) — -5, (5)
The linear continuity equation
Vv
— =fé 6
A : (6)
5
f=qH f=—. 7
o, 7 ™

We measure fosg.

Humberto. A. Borges Seminario PPGCosmo

Growth of struture



Redshfit space distortion
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Figura 1: ACDM cosmology with Q,, =~ 0.3

From Planck Collaboration, 2018. arXiv:1807.06209
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Background models

Dimensionless interaction parameter

(®)

Model 1

Q = 3aHpampv/(Pm +pv) = &= —3c(l— Qim).

The matter density parameter and the Hubble parameter are given by

QdmO
Qum(a) = , 9
¢ (3) QdmO + (1 - Qdm0)33(1+a) ( )

1
Q gmi 2(1+a)
#(a) = aHo| 1~ Qamo + 17

i (10)

m Planck 2018+JLA+SHOES prior implies 0.13 < a < 0.27
M. Benetti, H. A. Borges, C. Pigozzo, S. Carneiro, and J. Alcaniz, arXiv:2102.10123
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Background models

Model 2

Q=gqHpy = g=—q(1—Qum)/Qam-

The matter density parameter and the Hubble parameter, given by

3(1 — Qumo)a*+9 + 3Qumo + ¢
H = H, . 11
(2) 0\/ R (1)
_ _ 3+q
Qdm(a) _ 3Qdm0 +q q(l Qdm)a (12)

3QdmO +q+ 3(1 - Qdm0)33+q ’
m Inclusion of the physical prior g < 0 in the statistical analysis considering Planck
2018 and SNla.

R. von Marttens, H.A. Borges, S. Carneiro, J.S. Alcaniz, W. Zimdahl, Eur.Phys.J.C 80
(2020) 12, 1110.
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Background models

Model 3

Q =cecHpgn = g=—¢.
The matter density parameter and the Hubble parameter, given by

(3 + €)Qgmoa— )
(3 + 6) + 3Qdm0(a—(3+e) _ 1)’

Pdmo A
H(a) = —(3+e) 4 —, 14
(a) ay/ 310 + 3 (14)

Qdm(a) =
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Comoving-synchronous gauge

The energy-momentum tensor of matter plus vacuum is
Tuv = PdmUp Uy — PvEBuv - (15)
The energy-momentum conservation equations
VET Wy = Qu, (16)
VET dmyur = —Qu s (17)
where the energy-momentum transfer is
Q. =Vupy = Quy. (18)

The four velocity in this gauge is u, = [—a,0,0,0].
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Comoving-synchronous gauge

Comoving-synchronous gauge
ds? = a2(n) [ —dn? + o ] (19)

Deformation tensor and the perturbed scalar expansion is

. 1 . .
i = E'y'kyfk, 9 =19t (20)

The perturbed Raychaudhuri equation for the expansion, energy continuity equation
and energy constraint are

1

O+ HI + 9 + Eazﬁdmddm =0. (21)
Pgm + (3H + ) pam = —aQ. (22)
02 — i + 4HI + R = 22%pgm , (23)
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Comoving-synchronous gauge

The metric and comoving matter density contrast can be expanded up to second order
using only scalar quantities as

1 1
i & [1 =290 — 295 + (9,0 — sz)x(l) + (0:0; — sz)x(Z), (24)

1), 1l
Using the 0 — j component of the Einstein equations require
1o ]
1
RQ:[MHEV x”} =0. (26)
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The linear equations

The perturbed Raychaudhuri, energy continuity and energy constraint equations up to
first-order are

1
9D 4 29 4 Eazﬁdm(sg;g -0, (27)
5 4 g1l 9™ = o, (28)
1

HID) — §a2ﬁdm6§2 +V2Re = 0. (29)

Combining the continuity equation (28) with the constraint (29), we find a first

integral

21D |:a2ﬁdm + 2g'H2:| 50 = 2v2R, . (30)
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The linear equations

(1)
- = a0 (31)

—1 w2
392"’") VRe (32)

5D (n, %) = (frsd + -

1 1 3 -t 3 -t
1/)(1) =Rc+ §V2Rc [ﬁ (frsd + EQdm> + / % (frsd + EQdm) dn:| . (33)

1 3 -1 3 -
X(l) = —2Rc [ﬁ (frsd + 595],71) + / % (frsd + EQdm) dn:| . (34)

|
Here fis = fi + &.
The only surviving perturbation is the primordial curvature perturbation 1/1(1) — ((1)

|
Re = —C(D) express our initial conditions in terms of gauge-invariant curvature
perturbation on uniform-density hypersurfaces.
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The linear equations

First-order differential equation for the redshift-space distortion parameter

QHTILy + (2freg + 4 — 3Qum — 28) Fred = 3Qum- (35)

frsd = ng ° (36)

6 + 6c 6+ 2q 6+ 2¢
= oY==, = . (37)
11 + 6a 11 +2q 11 + 3¢
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The linear equations

20 3s : : : :

6frsd/ frsd
6frsd/ frsd

o7
Figura 2: Left panel: Plot of the relative percentage difference fldTné — X 100 between the

analytical formula f,s4 and the numerical solution fi + g for —0.5 < o < 0.2.
Right panel: For the model with —0.2 < g < 0.2.
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The linear equat

055 . . .

Figura 3: Magnitude of redshift space distortions for dark matter, f,;yos versus redshift, z,
normalised to og = 0.83 at present. Left panel: ACDM model (black curve) and model 1:

o = —0.2 (green curve), o = —0.1 (blue curve), a = 0.1 (grey curve) and « = 0.2 (yellow
curve) all with Qgmo = 0.3. Right panel: ACDM model (black curve) and model 2: g = —0.2
(green curve), g = —0.1 (blue curve), g = 0.1 (grey curve) and g = 0.2 (yellow curve). For the
model 3 we have plotted for ¢ = —0.01

Humberto. A. Borges Seminario PPGCosmo

Growth of strutur:



Secol

As we did for the first-order equations, we can obtain a first integral

a2 42 |:32pdm + 2gH2} 52— R® — 29?2 _ 29MWigM _gpsPy, (38)

where
1 .
SR =292 + 60" Vou® 116002 1+ (V). (39)
The coupled system of these equations is solved by separating the solution
2 2 2 - 2) 2), o
B = B Oy RO (%) = RP () + R (%) (40)
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24 5\ 0RO Re 5\ RcV2Re
(o 2) T (-5

" 5[2fsg + 3Qqm] 12 H2 3) H2
S(a,x V2R \?
b BB (TR
2(4fH + 3Q4m + 2g) H
where we introduce the dimensionless shape coefficient
Vi YRR
Y(R)= L= (42)

92 (V2R ()2
and define the dimensionless source function

(1= %) + 8frsq + 4(frsd + 3m)(1+ X) N
(fisa + 2Qam)?

3 —1
+4(1 + T)H? / a% (f,sd + EQdm) da. (43)

2f2
S(a, z) — rsd
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< k0, 0k3 >= (2m)30p (k1 + ko + k3) x [2F (K1, k1) Py (k1) P (k2) + 2perm.].

Kernel in Fourier space:

3 5\ ki -k 5\ k2 + k2
Fi(ky, k2) = g7‘l2(2frsd+3ﬂdm)KfNL+ *) U2y (fNL - *) L 2], (44)

12) K2k2 3) 2kZk2
and
Fa(lo ko) — T+ 3@hsa + Qam) | (hsa + 3 — £) (ki Ra)* | Ka - Ko + 13)
R = 4 1 3 + 28) | 2(8f + 3 + 28) KK 26212
27942 ki - ko ) Ky - 1?2(k12 + k22)
H2(2fsq + 3Qqm) ——— 2~
+ 4f2+3Qdm+2g( + k12k22)+ ( rsd+ dm) 2k12k22
g
X | —————————dn.
/ H(2frsg + 3Qam)

(45)

Humberto. A. Borges and D. Wands Phys.Rev. D101 (2020)
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Thanks !
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