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No non-Gaussianity from Planck

Type
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Is non-Gaussianity no more interesting ...7
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Beyond fnL

Planck analysis mainly focuses on the purely adiabatic
perturbations at bispectrum level (except for tn.)

However, there may be other types of non-Gaussianity

 Non-Gaussianity in isocurvature perturbations

e NG in vector/tensor perturbations

® gni (trispectrum)
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Plan of the talk

® gNL
* non-Gaussianity in isocurvature perturbations

e primordial magnetic fields and NG in tensor perturbations
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WMAP 9yr constraints on gni

IS & Suglyama arXiv:1303.4626

Local-type non-Gaussian perturbations (higher-order)

kl k4 kl k4

<~ T e
ko ~>>k3 kg\ k= o

Optimal constraints from WMAP 9yr (temperature V+W)
[ gNL =30 2 ) x 10° ]

cf. Planck forecast (Fisher matrix): Agn.= 6.7x104
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Isocurvature perturbations

Relative entropy perturbations btw. photon and CDM/neutrinos

R CDM/b/v A
ScoM/b/v (L) = 01n >
. B
vanishes for single-source model CDM

Planck constraints on power spectrum
(CDM isocurvature)

a < 0.04 (uncorrelated y=0)
a < 0.0025 (anti-correlated y=-1)

efr
Ps v Ps Py
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Isocurvature perturbations

vanishes for single-sou’  Hints from low-ell power suppression?

Planck constraints on power spectruiii
(CDM isocurvature)

a < 0.04 (uncorrelated y=0)
a < 0.0025 (anti-correlated y=-1)

Py v Ps Pg
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Non-Gaussianity in isocurvature
perturbations

Extension of local-type NG to non-adiabatic perturbations
e.g., Linde & Mukhanov 1997

Primordial bispectrum
Axion type (uncorrelated with @) Kawasaki, TS+ 2008: Hikage+ 2009
(S(k1)S(F2)S(ks)) ~ 2f\y [Ps (k1) Ps(ka) + (2 perms.)]

~ [Pcp(kl)Pq)(kg) + (2 perms.)]

Curvaton type (totally correlated) Langlois, Vernizzi & Wands 2008:
. . . =5 Kawasaki TS+ 2009
(S(R))B(F2)D(Ks))

cf. general case: six distinct bispectra (Langlois & Tent 2011)
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Studies on Isocurvature NG

Theoretical models

curvaton scenario: Linde & Mukhanov 1996; Boubekeur & Lyth 2005; Langlois,
Vernizzi & Wands 2008; Kawasaki+ 2009; Moroi & Takahashi 2009, Kobayashi
Mukohyama 2009; ...

axion model: Kawasaki+ 2008; Hikage+ 2009; ...
Affleck-Dine mechanism: Kawasaki+ 2009
multi-field inflation: Langlois+ 2008,...

modulated reheating: Boubekeur & Creminelli 2006; Takahashi, Yamaguchi,
Yokoyama 2009

neutrino isocurvature: Kawasaki 2012; Kawakami+ 2012

Observational constraints
Fisher matrix forecast: Hikage+ 2009; Langlois & Tent 2011, 2012; Kawakami+ 2012
Minkowski functionals: Hikage+ 2009
Optimal bispectrum estimator: NONE!
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Data & analysis

Optimal estimator  Komatsu, Spergel, Wandelt 2005; Creminelli+ 2006;
Yadav+ 2007, 2008

(X) (Y)ml’rTLng

NL E : XY) E : 111515 al1m1a12m2al3m3 _3<al1m1a12m2>al3m3]

{,m}

gLl’m — (C_la/)lm X,Y=9,S
e full inverse-covariance filtering of maps Smith+ 2007

e normalization determined by exact NG CMB simulation for local-type
Elsner & Wandelt 2009

Data: WMAP 7yr Jarosik+ 2011; Gold+ 2011

 Temperature maps at V+W bands Haslam 408MHz

AT
e g

e KQ75y7 conservative sky cut (fsky=72%)

e Template marginalization of Galactic foregrounds
(synch, free-free, thermal dust)
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Result;: CDM isocurvature

C. Rikage; MrKawasaki, 1S, T.Takahashi, arXiv:1211.1095, 1202.6001

Uncorrelated case (axion type) i Correlated case (curvaton type)

250 400
Nigo=0.963, w/ marg  + N,4i=Niso=0-963, W/ marg

200 Ngo=1, W/ marg = 300 Nagi=Niso=1, W/ marg =
Gaussian = Gaussian =

100

100

50
0
0

-50

JNL =36 £ 23 (s \ 27| Oh
sSigma 1 sigma
*far ) =~ 39 £69 i 6+ 1u i
(for Niso = Nadi — 0963) (for Niso = Nad; = 0963)

cf. Fisher matrix forecast Hikage+ 2010
2 p(ISO)y
Afor i o4 )= il



Result: neutrino density isocurvature

CoHikage, M. Kawasaki, TS, T.Takahashi, arXiv:1202.6001

Uncorrelated case ated case
800

" n,,,=0.963, w/ marg Nie,=0.963, W/ marg  +
Ns,=1, W/ marg EN Ngo=1, W/ marg =«

600 _ \ | .
Gaussian Gaussian

400

200 A NG 0
AN -100

0
-200

-300
-400
-500

-600 1 1 1 1 1 1
-100 -50 O 50 100 150 200 250

1:NL

Consistent with Gaussianity
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Application: axion model

M. Kawasaki, K. Nakayama, IS, 1. Suyama, F. Takahashi 2008

* Axion field o has a nearly-quadratic potential

4 0°

V(o) o AQCDﬁ

I,: axion decay constant
/ 17 6: initial misalignment angle
inf : : :
| /E\ o Hins: Hubble rate at inflation
_7T 0 7.‘. i

with = Faﬁ, <5O’2> o Hinf/Qﬂ'
* Uncorrelated non-Gaussian isocurvature perturbations

— NG is local-type

(Sapm(Z)®(7)) = 0



Application: axion model (cont'd)
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NG in isocurvature perturbation marginally improves the constraint on Hins
when the misalignment angle 0 is small.

 Parameter dependences differ by whether fluctuation or the classical field value
dominates. (Daxion) 0¢ a2 & (0a2) = (F,0)2 + (Hing /272
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Application: axion model (cont'd)

Classical value Fluctuation
dominates A dominates
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NG in isocurvature perturbation marginally improves the constraint on Hins
when the misalignment angle 0 is small.

 Parameter dependences differ by whether fluctuation or the classical field value
dominates. (Daxion) 0¢ a2 & (0a2) = (F,0)2 + (Hing /272

136 H24HBEH



Primordial magnetic fields

* motivation: cosmic magnetism

* magnetic fields in galaxies and
galaxy clusters

— B~uG @ Mpc

e TeV vy blazers spectrum w/o pair

echoes
) ) 10 100 1000 104 10°%
— B=210-(15-20) G in cosmic voids E [GeV]
Tavecchio+ (2010),... Tavecchio+ (2010)

— Primordial magnetic fields (PMFs) may be suggested to exist
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non-Gaussianity in PMFs

Stochastic background of PMFs
* mean field strength: (B(Z)) = 0

e energy density: p(Z) = B(£)? /8

— fluctuation is of O(1):  0p(Z) = (p)

— large bispectrum

((0p()/0)°)* = ((6p(@)/p)")? =~ O(1)

— PMFs can be probed by CMB bispectrum.
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CMB signatures

We assume PMF strength B is Gaussian

27 k don
PB(k) i —B2 : . "
k3 7 1Mec | e with np ~ —3 : nearly scale-inv.

PMFs can generate all (scalar/vector/tensor) perturbation modes

iy
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) Shiraishi+
(2012)
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Signal-to-noise ratio

STT + TST + TTS
SST + STS + TSS
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Shiraishi+(2012)

e Signal dominantly comes from 3-point function of tensor modes <TTT>
(for nearly scale-inv. spectrum ng >~ —3)

e S/N is saturated at 7., ~ 100



Constraints from CMB

e Data: WMAP 7year temperature maps at V+W bands

e Result: >
BlMpc S 3.2nG (20’)

~J
. J

cf. constraint from the angular power spectrum (Planck+\WP)

Bimvpe S 4.1nG (20, ng marginalized)

Bispectrum is also a good probe for PMFs.

— Improvement with Planck polarization?
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Conclusion

« CMB constraints on several extensions of primordial non-Gaussianity
are investigated.

* JNL
* |socurvature perturbations (CDM/neutrino, correlation w/ @)

e tensor perturbation from primordial magnetic fields

« WMAP data is consistent with Gaussian primordial perturbations even
these extensions are allowed. (Some of) the constraints will be
upgraded by Planck data.

e Constraints give implications to models of early Universe (axion,
PMEFEs).
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How to constrain fiy;, optimally

e NG is manifested in the CMB bispectrum.

<a(th) muoi L Ve gl

limiq “lomg “lsms/ — Tlilals OCfNL

¢ Eistimator of fyr. can be constructed from cubic product of CMB anisotropy with
suitable weight (“matched filtering™) [Komatsu, Spergel, Wandelt (05), Yadav+ (07, 08)].

r 1 mimsm obs — obs — obs
fNL : ._/—\—/ Z Bl1l12l32 3(C 1CL( . )) l1mq (C 1CL( : ))l2m2 (C 1CL( ? ))l3m3
{i,m}

S N : ; : :
Cimvm' = Clipprme + Ol e+ B0t (Signal+noise) covariance

< off-diagonal due to
inhomogeneous noise, sSky cuts

e Normalization can be determined from simulations.

N Z Z7l”bl12TlT;2?n3 C 1a(81m))l1m1 (C—la(sim))l2m2 (C_la(Sim))l3m3>fNL:1
{tmj}
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Single-field slow-roll inflation model

e Standard class of inflation models
e Potential energy of a scalar field (inflaton) drives the accelerated expansion.

e Slow-roll: inflaton rolls down a flat potential during inflation.

Pend ieheating

¢ Initial perturbations are generated only from the fluctuations of inflaton field.
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Prediction of single-field slow-roll inflation

Initial perturbations should be ...
e Adiabatic

1 \/\/\/\/ | curvature perturbations
p(T)

¢ Gaussian
(%) = N{E) = D

dN _ L i g N=In(a): e-folding number
ng(x) e 102 GOLT)= A -

e Nearly scale-invariant in amplitude

H

(k) ox 8p(k) o= o=

— match with current observations




Implications of deviation

¢ If non-Gaussianity is detected,

¢ Single-field slow-roll inflation model is ruled out.

e Multiple degrees of freedom during inflation?

e Other mechanisms for perturbation generation than inflation?

— Probe for not only beginning of our Universe, but also
physics at very high energy scales

e Non-adiabatic (isocurvature) perturbation is another probe.
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Signals of non-Gaussianity

e Non-zero n-point correlation functions (n>3)

bispectrum trispectrum

<<(E1)C(EZ)C(EB)C(EZL)>connected

(C(k1)C(k2)C(k3))
7& ki ‘\1{4
/2’

e Enhancement in
formation of rare objects

object
formation

136 H24HBEH




Signals of non-Gaussianity

<<(E1)C(EZ)C(EB)C(EZL)>connected

-

—~
e Non-zero n-point correlation functions (n>3)
bispectrum trispectrum
(C(k1)C(k2)C(R3))
VY
/2)
o

e Enhancement in non-Gaussian
formation of rare objects |

136 H24HBEH
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Local-type non-Gaussianity

¢ A specific type of non-Gaussianity
() = Col) T ANCECEEE

— coupling btw. modes at very large & very short scales

k
— large signal at squeezed configuration i ; T Kk
« 5]

ks g

e Single-field inflation models predict small undetectable non-Gaussianities.

fnL ~ (1 —ng) = O(0.01)

¢ Large fi1.is predicted by many theoretical models

curvaton scenarios[Engvist & Sloth; Lyth & Wands; Moroi & Takahashi (01)], modulated
reheating[Dvali, Gruzinov, Zaldarriaga; Kofman (03)], ...
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CMB signatures of non-Gaussianity

e CMB bispectrum: (indirect) measure of primordial bispectrum.

B l1l2l3
<al1m1 Alomo al3m3> e blllzl3 Gml moms

-

coupling of angular momenta
B ()Y ()Y, ()
¢ reduced bispectrum

— — —

broiats ~ Y 9ia (k1) gis (ka)gis (k) (C(1)C (k2 )¢ (Ks))
k1koks
= LD, 1l

— We can make template bispectrum for fyi..

e I'rom data, fy1, can be optimally estimated from data by matched filtering.
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Implications of isocurvature perturbations

¢ In inflationary universe

¢ Initial perturbations for structure formation are generated from
vacuum fluctuations of light (scalar) fields.

¢ If a single field sources the perturbations, no isocurvature
perturbations can be generated at super-horizon scales.

¢ Detection of nonzero isocurvature perturbations

e Single-field model is ruled out.
e Multiple degrees of freedom exist during inflation.

e Non-Gaussianity?

S(2) = Sa(@) + fir S& (@) —> B(7) = (&) + fuLO(F)’
Additional information beyond power
spectrum.
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Delta-N formalism

Starobinsky (85), Salopek & Bond (90), Sasaki & Stewart (96)

e Delta-N formalism

* For each fluid i, we can define its uniform-density hyper-surface X, .

¢ curvature perturbation on Y, : e-folding # N -
Difference in e-folding numbers btw. the A \/—\/ i
initially flat hyper-surface and ¥, T c
tot
(i(Z) = N, (%) — Ny, (£) o7 flat
Ny
¢ energy density in nonlinear formalism 7

0:(E) = p;e> T WG E o]

e curvature and isocurvature perturbations

= Gtot
C = Gto This definition is fully nonlinear.
Si; = 3((; — Cot) At linear order, . ( L
7 ( X

1+ w;) p; 3 Py
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Example(1l): curvaton model

Linde ¢ Mukhanov (96), Boubekeur & Lyth (05),

Langlois, Vernizzi & Wands (08), Kawasaki+ (09),
Moroi & Takahashi (09),..

e A spectator field during inflation (curvaton) decays into radiation (and
matter) after inflation and contributes to primordial perturbations.

Enquist & Sloth, Lyth & Wands, Moroi & Takahashi (01)

e Setup: ] : :
Kawasaki, Nakayama, TS, Suyama, Takahashi [arXiv:0905.2237]

— During decay, the Universe is dominated by radiation and curvaton.
(CDM energy density is negligible)

— Curvaton mostly decays into radiation.
However, curvaton also decays into CDM with nonzero branching ratio.

— Some fraction of CDM is generated when curvaton is subdominant.
The rest of CDM is generated directly from the curvaton decay.
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e |

curvaton model (cont’d)

e At H=I', decay occurs synchronously on the uniform density hyper-
surface of total matter.

— energy conservation (sudden decay approx.):

radiation: o El )G - 6,3 =)
(

)63(C¢_<r))_|_ ECDMeS(CJ _Cr)

CDM: e3eoom—6r) — I(] _ eqpy

from inflaton

curvature and isocurvature perturbations

rSy 3 (1S, : (snd order) e ecpv < 1
5 12 ( )

3

. induced NG

ScoMm =~ (ecpm — 1) Se +|—— {(ecpm — 7“)50}2
€ECDM — T

e Even if fluctuations generated during inflation ( (s, S, ) are Gaussian, NG
is induced from S, . Induced NG is local-type.
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Application(&): curvaton model

e Correlated isocurvature perturbations are generated.

e amplitude of isocurvature power spectrum

e 94 ]2 Parameters:

@ G [GCDM TR
- 30 (o)
e adiabatic non-Gaussianity e . oDM
2 1 Oy PCDM
.
il s oS
e isocurvature non-Gaussianity )
aso)  94* | .
NL = 5o €ECcbM — T
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-ﬂ o [ ]
Extra radiation?

Kawasaki, Miyamoto, Nakayama, TS [arXiv: 1107.4962]
Kawakami, Kawasaki, Miyamoto, Nakayama, TS [arXiv:1202.4890]

7 /g /3
e Neutrino energy density p, = Neﬂ:g (ﬁ) P~

— In standard cosmology, Neg =~ 3.
¢ Observational constraints
— abundance of light elements (& sigma,)
Neg = 3.6879:5) [Izotov & Thuan (10)]

— CMB power spectrum (1 siSma,)
Neg = 4.56 £0.75 WMAPHACT [Dunkley+ (2010)]
Neog = 3.86 +0.42 WMAPHSPT [Keisler+ (201 1)]

e Isocurvature perturbation in “dark radiation (active neutrinos+extra rad.)”
¢ Very weak interaction of extra rad. with SM particles

— Different origin & initial fluctuation? Never be in thermal equilibrium?

¢ [socurvature perturbation in active neutrinos can be generated from
the Affleck-Dine mechanism with large lepton asymmetry.
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-ﬂ o [ ]
Extra radiation?

Kawasaki, Miyamoto, Nakayama, TS [arXiv: 1107.4962]
Kawakami, Kawasaki, Miyamoto, Nakayama, TS [arXiv:1202.4890]

- /4 4/3
e Neutrino energy density p, = Neﬂeg (ﬁ) P~

— In standard cosmology, Neg =~ 3.

e Observational constraints

— abundance of light elements (2 sigma.)

Neg = 3.6879:5) [Izotov & Thuan (10)]

— CMB power spectrum (1 sigma) = Can Dbe tested by Planck
Ne = 4.56 £ 0.75  WMAP+ACT [Dunkley+ (2010)] ANeg = 0.1
Nog = 3.86 + 0.42 WMAP+SPT [Keisler+ (201 1] [Ichikawa, TS, Takahashi (08)]

e Isocurvature perturbation in “dark radiation (active neutrinos+extra rad.)”
¢ Very weak interaction of extra rad. with SM particles

— Different origin & initial fluctuation? Never be in thermal equilibrium?

¢ [socurvature perturbation in active neutrinos can be generated from
the Affleck-Dine mechanism with large lepton asymmetry.
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Simulation: method

e NG CMB simulation (local type) [Liguori+(03), Elsner & Wandelt (09)]

Gl /dﬁ Yl*m(f)/ dr 12 o (r) X (7)
l.o.s

initial perturbation
transfer function in real space X(7) = Xa(F) + fanXa(7)?

Simulation procedure: Xo(@) — X2 @ PP
e Set concentric spherical shells

covering the observable Universe.

e Randomly realize X (7) on the shells
and square it to get X (7).

e Integrate along the line of sight with
transfer function «o;(r).

(c) Elsner & Wandelt (09)
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X
Non-Gaussian CMB simulation x

Gaussian | non-Gaussian

=1,838€-04 IR 7. ARaE-04q

S0, 09 T O .93 NNGIEIEE O <. G5 -0

136 H24HBEH



X
Non-Gaussian CMB simulation x

Gaussian | non-Gaussian

T <. AR -0

cu 0 SUang - T T, ¢ (66 -0
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AD vs ISO: CMB bispectrum

M. Kawasaki, K. Nakayama, TS, T. Suyama, F. Takahashi (08)

e model: uncorrelated CDM isocurvature I
: i . ; <] I3
¢ bispectrum in isosceles triangular configuration ({; ~ I5) 5

100 1000 1 10 100 1000 1

;'=9.’2=11 }'=99.}2=101

isocuryaturg
adiabatic

)
—
-

o
=~
. O
o
.
+
R
£
S—
_7(")
sty
+
N
=
N
£

b=9,4 =11 £4= 199, £, = 201

Isocurvature
adiabatic

g ] “
fHiz243 .'(2’[)

100 1000 1 100 1000 1 100
£ £ £

= Distinct in spectral shape from adiabatic bispectrum.
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AD vs ISO: CMB bispectrum

M. Kawasaki, K. Nakayama, TS, T. Suyama, F. Takahashi (08)

e model: uncorrelated CDM isocurvature I
: i . ; <] I3
¢ bispectrum in isosceles triangular configuration ({; ~ I5) 5

100 100

l"=9,i2=11 }‘=99.}2=101

isocuryatU(e
adiabatic

Isocurvature
adiabatic

100 100 100
large power ; ‘ ‘

at low ell

= Distinct in spectral shape from adiabatic bispectrum.
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AD vs ISO: CMB bispectrum

M. Kawasaki, K. Nakayama, TS, T. Suyama, F. Takahashi (08)

e model: uncorrelated CDM isocurvature I
: i . ; <] I3
¢ bispectrum in isosceles triangular configuration ({; ~ I5) 5

100 100

isocuryatU(e
adiabatic

Isocurvature
adiabatic

100
large power ’f out-of-phase '
at low ell acoustic oscillation

= Distinct in spectral shape from adiabatic bispectrum.
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AD vs ISO: CMB bispectrum

M. Kawasaki, K. Nakayama, TS, T. Suyama, F. Takahashi (08)

e model: uncorrelated CDM isocurvature I
: i . ; <<:Z:::::]l3
¢ bispectrum in isosceles triangular configuration ({; ~ I5) 5

100 1000 1 10 100 1000 1 10 100 1000

=9, =11

isocuryatusje
adiabatic

;1=9, }2= 11

Isocurvature
adiabatic

10 100 \!-—'-”'“ -"_I‘l‘ﬂ
large power ut-of-phase small power

at low ell acoustic oscillation at large ell

= Distinct in spectral shape from adiabatic bispectrum.
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Simulation: check(1)

[

1
Variance of simulated a lm: ——— m .
: e D ol

m=—I

adiabatic isocurvature

AD: samplé

1SO: samplel
AD: model

ISO: model

NI—I
N
E

5
AN
\—

-

-
Q
~—
i
£
>
=
O
()
Q.
(7]
S
()
=
@)
o

power spectrum [(I+1 )CTT|/2n: [mK2]

200 300 200 300

multipole | multipole |
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Simulation: check(2)

AD, analytic
e Skewness: - ISO, analytic
N ! AD, simulation :--
: | | ISO, simulation >

A
mA
=
|—
3
\
)
%)
(O]
c
=
O]
X~
)
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Inverse-variance weighting(1)

a=[C+N| 'd

- Our universe: random realization
- Large variance means less reliability.

observed data

cosmological model our Universe

random
realization

C

noise

- Both variance should be taken into account
- Universally required in optimal estimation

Need O(N_pix"3) arithmetics(!)
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Inverse variance weighting(2)

[Oh, Spergel, Hinshaw(99)]

Solve a linear equation (C—l e N—l)& i C—lN—ld

° 1/(noise power)

(C+N) is correlated at large
angular scales (small I’s)
<— inhomogeneous noise + sky cuts

o

Good pre-conditioner close to (C+N)*! is required.

. [Smith+(07)]

Use (C+N)* coarsified t0 Nsige/R as
pre-conditioner at Nsige.

— O(10) speedup /4

FIG. 21. Sequence of coarsifying and decoarsifying operations
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Filtered map

e Wiener filtered map from WNEAR NSV Dand
a=C[C+ N 'd=Ca
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Table of constraints: uncorrelated case

ISO
setups JNL a’ 1£IL )

CI, njso = 0.963 w/o template marginalization 43 + 21 13 4+ 66
(50 £23) (=51 72)
w/ template marginalization 37 £ 21 22 + 64
(41£23) (=28 +71)
w/o template marginalization 46 + 21 26 £ 63
(51+£23) (—34+69)
w/ template marginalization 33 + 21 30 £ 66
(35+£23) (—15+72)
NID, ni, = 0.963 w/o template marginalization 43 4+ 21 191 & 140
(65+39) (—173 =+ 261)
w/ template marginalization 34 4+ 21 164 + 143
(48 +39) (—116 =+ 266)
w/o template marginalization 40 4+ 21 178 + 137
(57 +40) (—133 + 257)
w/ template marginalization 36 + 21 175+ 137
(48 +40)  (—87 + 257)

Table 4: Constraints on fyr, and a? fISIIISJO) at 1o level for the cases of uncorrelated isocur-
vature perturbations. A value with (without) parenthesis is a constraint on a nonlinearity
parameter without (with) marginalization of the other one.
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Table of constraints: correlated case

setups

SNL

SO
Oéf1£1L )

CI, njso = Nag; = 0.963 w /o template marginalization

41 + 21
(50 & 25)

76 £ 114
(—82 + 138)

w/ template marginalization

34 + 21
(37 + 25)

90 £ 120
(—26 & 144)

w /o template marginalization

40 + 21
(48 & 25)

70+114
(—79 4 138)

w/ template marginalization

37 + 21
(40 & 25)

09 + 117
(—25 + 141)

NID, niso = naqi = 0.963  w/o template marginalization

45 £ 21
(93 & 86)

103 + 55
(—126 + 220)

w/ template marginalization

35 + 21
(55 & 80)

82 + 54
(—53 == 203)

w /o template marginalization

42 + 21
(72 + 75)

99 + 53
(—78 4 191)

w/ template marginalization

36 + 21
(67 & 80)

86 + 53
(—80 = 204)

Table 5: Constraints on fyr, and « fISIISO) for the cases of correlated isocurvature pertur-
bations.




Previous observational constraint

e Minkowski functional method |[Hikage, Komatsu, Matsubara (06), Hikage+ (08)]

— Topology of excursion set depends on skewness
area fraction, S ~ Z b1, 1,1 Wi, (0) W, ()W, (0)

circumference,... l1lals

e WMAPS5 constraint (uncorrelated isocurvature model)
[Hikage, Koyama, Matsubara & Takahashi (09)]
o~ P S / PC

1SO (ISO) 2
lilals X NI, O

ISIISO) —15 = 60 (1 sigma) 2

are fraction circumference 015 BEuler characteristic

$58,n,=1,0=0.067 8 ;8 —

[Hikage+(09)]
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What’s new in our analysis?

¢ Optimal constraints based on bispectrum
e Joint constraint on fyr. and (5%

e Other types of isocurvature models than uncorrelated CDM one

— correlated isocurvature models

— neutrino density isocurvature
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Analysis and validity check

e Analysis
- Data: WMAP 7-year V+W temperature maps.
- Conservative KQ75y7 mask (fsky=72%)
- Fiducial cosmological parameters: WMAP 7-year mean

- Template marginalization of Galactic foregrounds

e validity check: purely adiabatic case (fyr.0°9=0):

JnL = 31 £ 21 (1 sigma) cf. WMAP result [Komatsu+(11)]

= Consistent with the WMAP group. Band Foreground®  fy
V+W Raw 59 + 21
V+ W Clean 42 + 21

V+W Marg.¢ 32 £ 21
\" Marg. 43 + 24
\\ Marg. 39 +£ 24
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Local-type non-Gaussianity

e Local in real space
C(Z) = el fNLCG(f)2 g gNLCG(g‘;’)?’ S
* Signals are largest at squeezed configurations

a1, #0 gL 70 s
kl e - \
P

s

4

3

¢ Single-field inflation models predict small undetectable non-Gaussianities.

fan=(l-n)— Ol 0E i o(o0 )
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CMB Constraints on gnL

WMAP constraints

e N-point pdf (Vielva & Sanz 2010): gni./10°=0.443.0

e Kurtosis (Smidt+ 2010): gni/10°=0.5+£3.9

e Trispectrum (Fergusson+ 2010): gn./10°=1.6+7.0

e Minkowski functionals (Hikage & Matsubara 2012): gni/10°=-1.916.4
e Trispectrum+exact filtering (TS & Sugiyama 2013): gn./10°=—3.3+2.2
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Estimator of gnL

Optimal estimator of gnL  Regan+ 2010; Fergusson+ 2010

mimao1n3my [~ ~ ~ ~
[a’llml Alomo Alzmsz Alymy

[1l31314

{l,m}

_6<&11m1 &l2m2 >G&l3m3 gleJLmzL T 3<&l1m1 &lzmz > <G&l3m3 gLl4m4 >G]

111111 lgmz 11m1 lgmz 11II11 1gm2 1im; lzmg

Ismz lamg Ismz lamg lsmz lama Izsmz lamg
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Details of analysis

Estimator: optimal KSW estimator Komatsu et al. '03

. b [ [ [
6 L I s
BlMpc N ~ (ml Mo m3> Bl15213 2

~ o = _1 a
X |:a'l1m1 a’l2m2al3m3 03 3011m1712m2al3m3i|

Normalization is determined from simulation Fergusson et al. '09

o =l ol
e
ote S e i o al(m)u al(gfn)zz
o 0 o - O,
1M1 621M2

optimal C-! filtering Smith etal. '07 @um = »  Cirn 1y W
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