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Isocurvature perturbations

Several matter components in the Universe
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CDM isocurvature pert: Scdm = 3(Ccdm — C’y)

Adiabatic and isocurvature »
initial conditions lead to o0
different angular power spectra. ’
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Isocurvature perturbations

* QObservational constraints on S —a=
P 1l —a
ao < 0.064 <95%CL) depending on the correlation C = Ps.¢
a1 < 0.0037  (95%CL) PsP

[ WMAP7+BAO+SN ]

 Non-Gaussianities from isocurvature modes ?
— If isocurvature modes exist, can they contribute to NG ?
— What would be their observational signature in the CMB ?




Primordial non-Gaussianities

Adiabatic non-Gaussianities of local type
B (x) = &(x) + fur(P?(x) — (9%))

) = &) + 2 e (@) — {E%)

or

Present observational constraints

—10 < i <74 (95% CL) [WMAP7: Komatsu et al.]

Detection of significant local NG would imply
— single field inflation ruled out
— several degrees of freedom during inflation ?



Non-linear perturbations

* In a multi-fluid system, one can define for each fluid

1 PA ~ 3(1+wa)(Ca—6N)
=oN + In == A)(Ca
Ca 31+ wa) nﬁA PA PAE

* Non-linear isocurvature perturbation

Sa,B = 3(Ca —(B)

* Primordial entropy/isocurvature perturbation

Sm=3(m—¢) =In (@) 30 <€i>
pm 4 Pr



The curvaton scenario

Mollerach (1990); Linde & Mukhanov (1997) ;
Enqvist & Sloth; Lyth & Wands; Moroi & Takahashi (2001)

« Light scalar field during inflation (when H > m)

which later oscillates (when H < m), and finally decays.

In p

A

4

pr o< a

In a

 Mixed curvaton-inflaton scenario: both inflaton and curvaton
fluctuations contribute to the observable perturbations.

DL & Vernizzi '04; Ferrer, Rasanen & Valiviita ‘04 + many others



Post-decay perturbations

Decay hypersurface: H =1,
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Post-decay perturbations

Up to third order, one can write

<:A+—ZTA (s +ZU£CCB Co—+ > VIPlp_Co—(p-

B,C,D
with the background-dependent coefficients

T = fA(l—B—U)AAJr(l—fA),
Ba
o _ _ B Bo
fa = fA<1 5A>)\ +fA5A
TS = fA(l—B—C’))\C, C+Ao.
Ba

_ _ Bafda
Ba=314+wa), Ia= S 6505




Post-decay perturbations

Up to third order, one can write

CA+—ZTA (s +ZU£CCB Co—+ > VIPlp_Co—(p-

B,C,D
with the background-dependent coefficients

1
Ui = 5 ZBETE((sEB — AB)(0ECc — Ac)
E

—Ba(Tap — AB)(Tac — Ac)]



Post-decay perturbations

Up to third order, one can write

Car = TP+ UFC oo+ > VIPlCe—(p-
B B.C

B,C,D
with the background-dependent coefficients

1
Vier —3 Y BeTap(0zs — AB)ArBr(6rc — Ac)(0rD — Ap)
B,F

1

+ Y BETar(6es — AB)(0Ec — Ac)(0ED — AD)
E
1
—Ba(Tap —Ap) |UT" — 5 > BeAe(bec — Ac)(0eD — Ap)
E

_éﬁi(TAB —A)(T'ac — Ac)(Tap — Ap).



Mixed curvaton-inflaton scenario

Simple example: radiation + cdm + single curvaton

- After the decay (assuming (.- = (,— = (inf and 2. < 1)

Cor = Go 3FelS0 = 50+ 11— 1) (S5 = 5.
+1_18fc<1 o Sfc + 2fc2)(sa — SC)S
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Curvaton perturbations

H,
During inflation: fluctuations 00, ~ .
Oscillating phase: p, = m?o?
1 Prm
~ — =N+ =In|Z=
Po — Po 63(CG ON) [ m T 3 " (ﬁm> ]

On a constant energy density hypersurface (subdominant curvaton)
ON = (,
oo

2
/OO' — ﬁaeg(CJ_Cr) — 150'650 — esa — (1 _|_ )
o

Using the conservation of 50/5 , one gets
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“Primordial” perturbations

Curvature perturbation ¢ = Cinr + 213 + %Zzgz + %ZSSAB
z1 = g Zo = 18(3 87‘+t—r—2;)

- r? (6; 2;;2 B 457;2 B 4§r 15527« YN 15_8 B 36>
Isocurvature perturbation S, = 319 + 532§2 + 68333
5= foor sme= <3fc( Cof) 25 _ 422 L8 37~> ,

53 = —%ff(:% —4f) — E (6;13 + 225 - 457"32 - 4? - 1;’; + 647 + 15—8 — 36

)



Power spectra

Tz 1 T2
« Curvature: Pe, = Pee + gpg == gpé
B 2
« Isocurvature: Ps,. = (fc — 7“) PS

P
» Correlation: C = Serbr gf\/i £t = Sgﬂ(fc — r,»)

P N\’
The observational constrainton « = S _ g (1 — f—) =
. e Pe. r

is satisfied if

=<1 or |fo—r<r (eg fe=1,r~1)



Bispectra

« Generalized bispectra:
(X1 (k1) X7 (ko) X5 (k3)) = (27)°8(2:k; ) B 5 (ky, ko, k3)

1
One substitutes X' = N/5p® + §N6{b5q§a5¢b ...

B (ky ko, k3) = ATE P(ky)P(k3) + MNP P(k)Pks) + M1 P(ky) P(ks)

I,JK I nrJanrKb K _ g1k (LK) ’
AT = Ny NTEN NL = Pe(k)
q
I . . -
« Inourcase X' = {(,S5}, one finds 6 distinct coefficients:
FCCC P2 o2 RG0S 8122 o GS.CC 52 =9
NL Z% = NL Zi), ) NL Z% )
£C,SS S%ZQ —2 7S, ¢S S152 —2 ;S,SS 8%82 —2
NL T 4 — > NL — 3 = fNL = T 1 =




Bispectra
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Bispectra

* Hierachies between all the 5

coefficients ? sss;

- For fo<r«1 10 ;s

I JK 7,
~ (=3)% i’

NL — & 10 F CCe 1

where Zgs is the number of S indices 1+

« For r < f. <1 [ :;;,:'
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Angular bispectrum

 Temperature anisotropies

% = Z A1 Yim, Al = 477(—2')l/ (;Zﬂl){:g (Z XI(k)glI(k)> Yir, (k)

lm I

« Angular bispectrum

mM11MmMoMNs

gml m2m3
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<al1m1al2m2a13’m3> 111515 111213

G2 = [ Vi, () Vi () Vi, ()

9 3
by = 30 (2) [wtan [ Bans [ aks of k) o ) off 0
I1,J,K
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Angular bispectrum

« Substituting
B (ky, ko, k) = 175 Pe(ka) Pe(ks) + f7 R Pe(ka) Pe(ks) + f57 Pe(ky) Pe (ko)

the reduced bispectrum is of the form

b ~I JK I JK
l1lal3 — l 11lsols
I,J, K

« Six different contributions

k*dkji(kr)g; (k)

S RV
— —

pLIK 3 / Pdral, (NBLBE () ol (r)

k*dkji(kr)g; (k) P (k)



Angular bispectrum

2 2
(r)=2= /kdejg(kT) g} (k) Pc(k) ci= ;//#dk (g (k) P (k)
-




Angular bispectrum

* Angle-averaged bispectrum

B 61 62 63 Bm1m2m3
515263 E : ml m2 m3 £1£2£3

mi,Mm9o,1s3

B \/(2£1+1)(2£2+1)(2£3+1) b1,
B At 0 0 0 ) Gtebs

» Total bispectrum

Bl1l2l3 Z f l1l2l3
with 7 = {(C, ¢C), (€, CS) (€,55),(5,€C), (5,65),(5,55)}



CMB constraints

Minimization of

X _ Bobs ZflslzI)JB(Z Babs Z (z)B(Z

Bl1l2l3 Bl112l3

<B,B/>EZ .

. 1115
2 _ 2 2
Ol11513 — <Bl1l2l3> _ <B1112l3> ~ Al1l2l30l10l20l3

Parameters = solutions of Z(B(’L) BW@) f(J) (B0, Bobs)
J

Fisher matrix: Fi; = <B() B(3)>



Fisher matrix

6 parameters: i = {((,¢(), (¢, €5), (¢, 55), (5,6C), (5,65).(5,55)}

Fisher matrix [38x 107 44x107 21x10% 21x10% 65x 100 53x 10\

— 70x 102 50x10* 35x10% 1.0x 103 8.9 x 10*
— 3.1 x10% 1.7x10% 34x10% 1.2 x10%
- — 1.4x10% 2.1 x10* 7.6 x107°
— — — 5.0 x 100* 2.5 x 10*

Fij =

\ - — ~ 2.3 x 10*
Statistical error on the parameters
Aft=\/(F1); = {10,7,143,148, 166,127}
- 1
Af' = — =1{5,4,56,83,45,66}  (single-parameter)

VFi

Isocurvature NG / adiabatic template: f1) = (Fis/F11)f® ~ 1072 f(©



Fisher matrix

* Improvement of the statistical error

10’

— G6¢
_ C7CS — L] L
-~ (SS Better precision on the

parameters:

FIGCO) gng FLECS)

10% R
N

100 I I I
10t 10° 10°

« Large | behaviour: (1 < ly =l3 =1
Only the (¢,¢¢) and (¢, ¢S) bispectra contain s (r) 55 (r)



Adiabatic trispectrum

« Adiabatic local trispectrum

(Ciy Cia Cies G ) e = (2m)76(2:Kk;) T (k1 , ko, k3, ka)

1 1
« Assuming (= N,0¢% + §Nabcs¢a5¢b + 6Nabccs¢a5¢bé¢c + ...
one gets
T (ky, ko, ks, ka) = e, [P(kvs) Pk ) P(ks) + 11 perms] + % oxt, [P (ko) P(ks) P(ky) + 3 perms]
with Nay NN N, 25 Nap N*NPN°

TNL — (Nde)3 ) gNL _ 54 (Nde)3

« Constraints .
—3.2< TNL/l() < 3.3 (95% CL)
—3.80 < gn1./10% < 3.88  (95% CL) [Smidtetal. "10]



Trispectra

« Generalized trispectra:

<X1£1 XkJ2X1gX1£4>C — (27’(’)35(Eiki)TIJKL(k1, kg, kg, k4)

1 1
Substitute X' = N/ 5o + 5ij5¢@5¢5 + éNgbcagbaagbbagbc + ...

In our case
TTEL (k) ko, k3, ky) =ty " Py(ka) Pg(k3) Py (ks) + 3 perms

+ 1Y [Po(ks) P (ka) Py (ki) 4 Pg(ks)Pg(ka)Pg(k14)] + 5 perms

I J K L I J K L
rokp _ % rakr - Ve NoNONG s ke - MoV NoNG)
INL = %QNL = 20 — TN 0= 20 =

.. ~I.JKL .. IJ,KL
8 coefficients g\ , 9 coefficients 7



Trispectra:

Hierarchy between the
coefficients ?

For f.<r<il

~I,JKL _ (_B)Is 91446

INL — INT

For 1< [, < 1
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Conclusions

With adiabatic and isocurvature initial perturbations, the
local bispectrum is the sum of six distinct shapes:

— purely adiabatic shape

— purely isocurvature shape

— four shapes from adiabatic-isocurvature correlations

For the trispectrum, one finds in total nine 7r. - like
coefficients and eight gni.- like coefficients.

Models with interesting hierarchies between the various
coefficients.

It would be interesting to constrain or measure these
new shapes by using the CMB data.



