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Primordial Non-Gaussianity (PNG)

Primoradial perturbation characterizes physics during inflation

If Primordial perturbation is Gaussian, the statistic is only the power spectrum.
(®(k)®(K')) = (21)°0p (K + k') Py (k)

If non-Gaussian, the bispectrum characterizes the leading effect of the deviation from Gaussian
<(I)(’{31)(I)(I{22)(I)(k33)> = (27‘(‘)3(5]) (’{11 + ko + k3)Bq>(k1, ko, k?g)

The bispectrum is a good indicator of the features of physics during inflation.
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Local type PNGs

Simple case O(x) = Pa(x) + fl?f(q’e(w)Z — <(I)2G>)

Bispectrum B (k1, k2, k3) = 223 [P (k1) P(k2) + perms.] ki, = ky
ks = ko — ki, /2
ki, < kg ~ k3
The local type bispectrum has the peak in squeezed limit ko
B(I)(klv k27 k3) = 4f11\?]'_CJP(kL)P(kS) kl - kL !>'
3
Indicator to distinguish the inflation models
Single-field inflation 11\?1(3 ~ Maldacena(03), ...
Multi-field inflation R >0 Lyth+(03),..

Planck result  f3of = —0.9 £ 5.1
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Property of Local type PNGs

We can understand by splitting the perturbation into short and long wavelength modes.

Gaussian case O =Pgs+ Pa 1,
Local type non-Gaussian Og = a5 + [NL(PEs — (PEs)) + 2/ Pa,Pa,s
The short-mode power spectrum depends on the position Pg(kg; x 1+ 4f1°C<I>G L(

0
!
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Galaxy (halo) Bias

Halo forms when § is larger than the collapse threshold é,

Halo is easy to forms on the top of the long-wavelength density perturbation

on(x) = bsop(x) + O(5%) 40 =L

déy,

2021/11/30




4

Scale-dependent bias Dalal+(07)
R S **

The short-wavelength mode power spectrum also depends on the long-wavelength mode &,
Ps(ks; ) = [1 + 4 ®a ()] Ps(ks)

Poisson Eq.

Number density contrast  d, (k) = bsdr, (k) + 4bs /15 P1, (k) + O(62) 5o () = M(B)D (k)
= [bs + 4bs fREM ™ (k)61 (k) + O(6°) M(E) x k2 (k — 0)
M E7?(k = 0)
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Angular dependent PNGs

. . . . o o Arkani-Hamed&Maldacena(15)
Template of primordial bispectrum in the squeezed limit (soft limit)

ki, =k
ki, ks = ko — ky,/2
Bo(k1, k2, k3) 6022 AgPy(ks - kL)(kS> Py (ks) Py (k) kf<<k22~k:3L/
COS@EI;:S-’;:L

Po(ks - kr)
If spin-¢ particles exists during inflation, the ¢-th Legendre polynomial appears
If massive particles, the scale dependence and oscillation appears

- 3/2+iv, ki 3/2
_) s — | cos (veln(kr/ks) + 1y)
ks kS

v, : parameter depending on the mass and spin
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Shape bias

In a scheme similar to the galaxy number density, Catelan+(00)
Galaxy shape may respond to the tidal field of large scale structure.

gij(a3) = bKKij(a3) Kij(x) = (agzj - %&j) o(x)

The galaxy shape is a bias tracer of the tidal field.

-
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Galaxy shape and Angular dependent PNGs

: L : . Schmidt+(15)
Primordial bispectrum in the squeezed limit

By (k1, ko, k3) = AyPa(kg - ki) Py (ks) Py (k)

‘ The short-mode power spectrum has the dependency on position.

Pu(ks; ) = [L + Asoyj () kikL] P (k) as@ =3 | (d;:)g o b [ o ek

Galaxy shape function also depends on the primordial long-wavelength perturbation.

gij(k) = b K;; (k) + bo Asavij (k)

N Poisson Eq.
= [br + §baA2M‘1(k)]K¢ (k) Om(k) = M(k)® (k)
o k™2 onlargescale M(k) o< k* (k — 0)
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Angular power spectrum Schmidts(15

Angular power spectrum

107 e Including weak lensing C, — 217T gj;;: /dkk2 P (B)[E (k)2

Blue (Gaussian)
Fo) = [ 52D |50 | o

. (kx)?
% 108 Green (spin-2 PNG)
F(k) = /d %D( ) [(éi)g] [br + 3bng A M~ (k)]
| — No NG Red (massive spin-2 PNG)
[ e NG with Ay =1, =0, = bngAs = —10Q,,

F(k) = /d d_ND( ) [Jl(kX)] [bx + 3bng Ao MLk )<kﬁ*>%cos(vz ln(:)—i—@g)]

== NG with Ay =3/2,11=3,0,=0 bygAdy = —800Q, dz (kx)?

102 o -
3 5 10 2030 50 100 200 600
[

Assumptions

dN (L)”‘“ ot | — (L
dz < \051 P17 \051
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Angular power spectrum

-7

Inclidine weak [ensing

Rough estimation on nonlinear scale
InL ~ kENLX(Zpeak) ~ 470
Py (knw )k /(27%) = 1

N

bng Az =
0 brygAe =

—10Q2,
—80082,

107 — - —— : :
037510 2030 50 100 200 600 (je
[
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Schmidt+(15)
KK+(18)

Angular power spectrum

1 (142)! -
Cr= (=g | kP (B[P

Blue (Gaussian)
dN

Green (spin-2 PNG)
P = [ 406 [0
Red (massive spin-2 PNG)

- a1

o i

] [bx + 3bngAe M (E)]

3
2

) + O2)]

cos(vy ln(:

][b - Bbag AsM ()<kﬁ*>

Assumptions

N (L)”‘“ o |- (o5
dz ~ \051 P17 \ost
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Simulation Result

Akitsu+(20)
. A ® Gaussian . . . . o
B ¢ I A PNG(s = 0) The primordial bispectrum in squeezed limit
% 1 LY PNG(s=2)
Matter-halo =% 10 > AﬁAé ' Blue circular
i = gY%sw
correlation = f v v, Ba(ky. kg ks) = 0
(00n) = 5 v, .
o ii’ " Orange triangle
102 10! Bg (K1, k2, k3) ~ [ Py (ks) Py (kr)
k [AMpe™] Green Inverse trigonometric
— By (k1, kg, k3) ~ APy (ks - ki) Py(ks)Py(ky)
2 |Y
TE 10 T "y : Angular independent PNG influences on only ¢
Matter-shape = TV _ 1
correlation = |, l_?éé””a;l Angular dependent PNG influences on only §i;
oF Aié* 3, Pa(ks - ki)
<5gij> AT 103t J . 5. . |
| | 1 Can we detect the higher multipoles PNGs by using galaxy?
klfl;;/[pc‘l] 10_1 PE(I%L ' I%S) (K — 47 67 8’ e )



4
Shape definition

The surface brightness in 2D polar coordinate

) + Z Cn (1) cos(ng) + s, (1) sin(ng)]

(Usual) Shear (2" moment / quadrupole) n =2

72 / 420 (0,0, " 1(6)

4th moment / hexadecapole n =4
7 / %0 [0,0,0.04)"“1(6)
General definition of shape moment decomposition

A / 220[0,, - -0, 1"V 1(0)
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(Scale-dependent) Bias for shapes

Yai--a, = |Projection operator|g;,...;

Shape bias
Gii--ip (CE) = Qzlzn [5L(ZB), KLij(w); Pg(ks; ZE)]

n=1 §

Gishm () = bY [Kij () Ko ()] T + O(5%)

Leading term : non-linear

KK+(21)

PNG Bs ~ A4'P4<’%S . IACL)qu(k’S)qu(kL)

Power spectrum in local region is modulated

Py (ks; @) = [1 4 Ask§kLkERS owijr ()] Py (ks)
3
arijk(x) = 59 / <d kL) lepikrjkp ek "i @ p (k) etkE®
Shape function with PNG

Gijkm (k) = 5(4) aAairi (k)

35 S
=2 22 Aulkik bk TP M T (RO ()

Applying a similar scheme,

each moment of galaxy shape may respond to each mode of angular dependent PNGs.
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Angular Power spectrum
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500 1000

Auto-correlation of 4th moment shape function

4 4
(Y)2) ~ b As(aZ;) + bl a (K2K?)

(K2K2) ~ [ d*pPullk = p)Pu(p)

Note: we show only the scale dependence
since some parameters are unknown.




Summary

 Galaxy shapes may become promising detectors for angular
dependent PNGs (e.g., from higher spin particles).

« Each moment of galaxy shape respond to each mode of multipoles
In PNGs.

Girig--in mm) By~ P, (k- ks)P(k)P(ky)
« For future work, we need to investigate shape noise for each

moment shape, how responsive to PNGs, especially for
scale-dependent PNGs. (e.g., by using simulation)




Forecast

Imax 2
[S/N]Q(Z) N fsky Z(Ql + 1) 0(4,4)PNG(Z, Z)
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%oc(ﬁ)llﬂexp [_ (0.—251)1.01]
InT, ~ kNLX (Zpeak)

X (Zpeak) ~ 2Gpc
knt, ~ D(Z :peak)kNL (Z — O)

InL ~ 470 Pu(kno)kRe/(27°%) =1
103
1/072—0
“““ vy,2 =3
102§
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Weak Lensing

The deformation matrix of weak lensing

X /
1071 A /0 dx X 0;0;(® + W)
10-11 4
<(7(4))2> ~ b1(\1();A4<0%2jkl>
5 107 + b A (K2K?) + b ((°K)?)
ﬂ .
S s | +((A%)(4%) + ((8°A)%)
1071 — NLABY, =01
—— LAY =0.1
10174 T T e Linear WL
—.— 2D 1LOOP
| — PNG,A,=0,6{4,=0.5
10-19'..-*"' - PNG,Re[A4]=%,b§2A4=5x1o3
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[
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LAbY = —0.1
NLA,b, =0.1
WL

- LA-WL

PNG, A, =0,b Ay =5

- PNG,Re[As] =3, bg Ay =5 x 10°




Power spectra
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