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- Introduction -

Simplest parameterization

*Focusing on Local type non-Gaussianity

. . . (Komatsu & Spergel(2001), Byrnes, Sasaki & Wands(2006), ...)
primordial curvature fluctuations

O = D¢ + fyL (PG — (7)) + gnn PG + -+
Gaussian fluc. non-linearity parameters
~107°
Non-zero higher order spectra

( higher order correlation functions )
leadingly, ...

* Bispectrum (3-point corr. func.) <= (P(ky)P(ks)P(ks))
Bq)(k’l, ko, /{73) = 2fNL [P(I)(kl)P(I)(kQ) -+ P@(kg)Pq)(kg) -+ P@(/Cg)Pq)(kl)]

e Trispectrum (4-point corr. func.) <4 (O (k)P (ko )P (k3)P(ks)).



Importance of trispcetrum

.TrispeCtru m (Byrnes, Sasaki & Wands(2006), Boubekeur & Lyth(2006) ...)

<¢k1 ¢k2 @kg (I)k4>c — (27T)35(3) (kl + k2 + k3 + k4)T(I)(kla k27 k37 k4)
be(kla k?a k37 k4): 6gNL [P(I)(kl)P(I)(kQ) + 2 perms.]

25

+HTNL{P<I>(]C1) [Po(k13) + Po(ka3)] 4+ 10 perms. }

need two terms (different momentum-dependence)
Suyama and Yamaguchi (2008), ...

We can generalize ...

1+R\ /6 ?
e.g.) TNL = T ngL
® = pg + e + faL (08 — (08))

(Pca) =0 6 2
R = P¢/P¢ TNL 2 (ngL)




(Suyama, Takahashi, Yamguchi and SY (2010))

FAl vs taul fMl vs gNiL

Different lines represent different models
-

distinguishing models !!!




Integrated Perturbation Theory (iPT)

I, Matsubara (2011), Matsubara (2012)
Cn
initial mass density field | p initial number density field
Lagrangian bias
: : non-linear .
non-linear | evolution non-local process evolution H formation
final mass density field | > final number density field
Eulerian bi
I\(n) werian bias > biased objects
X

Non-linear perturbation theory integrated with non-local bias, redshift-distorsions,
and primordial non-Gaussianity

initial mass density field; 5L final mass density field; 5772,
initial number density field; 5%( final number density field; (5X

Without high peak limit and peak-background split picture



Introducing multi-point propagators

55 x (k)
5o1.(k1) - - 001 (kyn)

.

Power spectrum of the biased objects

with primordial non-Gaussianity
(without any high peak approximation, peak-backgroud picture, ...)

&Bp 2 Matsubara(2012)
——31x (p,k—p)BL(k,—p,k+Pp)
(27)°

1 &prd?
+§F§')(k)/%ﬂ '(p1.p2.k — p1 — p2)TL(k, —p1, —P2, —k + p1 + P2)

)= (2735 (kg + - + ky — KT (K, -+ L k),

Px(h) = Q0] P+ 100 [ S L

d3pid®
—|—4/ P1 pQF(Q)( 1,k—p1)Fg?)(—P27_k+P2)TL(p1ak_Pla_PQa_k+p2)

(2m)°
- , M) = 2 D@ KT (k)
Pr(k) = M(k)" Py (k) 3(1 + 2D Ho Qg
BL(k17k27k33> — M</‘31)M(/‘32)M(k3)3®(k17k27k3) including growth factor,

TL(kla k2a k37 k4) — M(kl)M(kQ)M(k3)M(k4)T(I>(k1, kQ, kgj k4) transfer function,

— Poisson equation, ..



* Diagrammatically, ...

* Introducing renormalized bias functions

L o — (97 3n dgp 5715%((13)
sk o) = 0" [ 5 e ey

€ depend on the mass function of the biased objects

multiplicity function |

Pk =1+ ckk)

ki -k ki-k
E> Fg)(k1,k2)=F2(k1,k2)+(1+ 1](22)(1%(k2)+(1+ lkzz)flf(kl)“LC%(kl”Q)

1 2

non-linear evolution
of the matter density field

Fn<k17k27”' 7kn) — 0
ki +ky+---+k, =K — 0 (onlarge scales)



* Multiplicity function

3

k.
i fo :f—”"kaRa k
200 fmr(v) dInoy variance of on = J e MDD

n(M) = -
/ M 2\ dM

number density multiplicity function

of the biased objects v=20:./0Mm
Then critical density

Press-Schechter formalism,
Sheth-Tormen fitting formula, ..

’- A”
N 5“,54)

n An.—l(M) O-M” d W(klR) e W(knR)
O dlnoy om"

- n

N
AM) = 3 =0 B (M)

J=0

v

b};(M) _ (—I/O'M)”flf,’ill):/fMF bias parameter

can be evaluated!




Scale-dependent bias

* Bias parameter
Px(k) —_— bx(k)PL(k)
on large scales (k — 0), |bx(k) ~ bi(M)*+ Ab(k)

Scale-dependent part;

by (M 14+ 0.(b1(M)—1
Ab(k) =~ 4fnL 1(M) b%(M)+2 (1.(2 ) ) O}QV[ —» k~"-2-dependence
M(k) 0z
25 by (M)
+ QNL+§TNL M) —> kA-2-dependence
2+ 20.(by (M) — 1) + 62b% (M dIn S3(M
x[blg(MH + 20e(by(M) — 1) + 0By )(4+ 05 ))]aﬁ,,sg(zu)
53 In oy
25 L [onpapy o ol 4 0e(bi(M) = 1)]*
+?TNLM(1‘:)2 [62(]\[)4—2 52 Uﬂ/[’

—> K~-4-dependence

53
S3(M) = <52M>2 0 = 1.68 b1(M)=1+c}
< M> Matsubara(2012), Yokoyama and Matsubara(2012)




 fNL vs gNL ; same k-dependence...

=>» Different redshift-dependence !
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Higher redshift objects =» tighter constraints for gNL?



* fNL vs tauNL ; inequality 71 > ngL

Introducing a stochasticity parameter;
P x (k) ; matter density field — biased objects
Cross power spectrum

. P (k)Px (k)
r(k) Pox (k)2

On large scales,

6

P (k) ; matter density field

power spectrum

3,
/ alk c5(p, —p)PL(p)

2

25 1 [
r(k) ~14+ | — —4f2
=1+ (T =15 i [ e
Directly dependent on the inequality !~ ™=
700 \‘\_10
AnL = L/ (6fNL/5)? o
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2.0
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* Higher order from non-Gaussian mass function

_ NG
JME = fpgisT) X R > b?
'. .l .' L L L s e e .
100[+o 0t % g ]
L | 4
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L O | 4
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negligible for not so high peak objects..



Higher order contribution (from b2, b3, ...

|1 [d®p-- d®pn_
Px(k) = Z[—/ pl( Pn T (p1, 2,k — Pro1)2Pr(p1) Pu(pa) - - Pu(|k — Pr_1)

— | n! 27)3n
n=1
1 d3p1 dpn (n)
+(n - 1)!/ (27r)(3n) Ix (P1,-- s Pn-1,k = Pni)
XF(};H—I)(_pl’ o+ ,—Pn,—k+Pp)Pr(p1) - PL(pn—1)BL(k —Pn_1,—pn, —k +Py)
1 d*py - dpny1 (n)
+3(TL—1)' / (27()3"'+3 PX (pla"' apn—lak_P’n—l)
XFS?H)(—Pl, o, —Pn+1, K +Pui1)PL(p1) - Pu(pn—1)TL(k — Pn_1,—Pn; —Pn+1, —k + Pnyi)
d’py -+ d*pp_1d’q
+Z 4(n—2)'/ (27r)377: I (p1, - s Prn1. k= Pn_1)
F()?)(_plv 7 Pn-2,79qG, -k + P'n—2 + q)
XPL(p1) -+ Pu(pn—2)Tu(Pn-1,k — Ppn_1, —k+Pr_2+q), (33)

- @%




* Higher order in stochasticity parameter

100:_ I ' ! I L I ' ! I ! o l‘;‘
; 25 '
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For “primordial stochasticity”,
fnL = 40 and 7nL = 5 x 36 f31,/25.

k < O(10~2) hMpc~?

is needed ??

fixing z =1 and M =5 x 10" h= 1M,



* Equilateral ?

M=10" [h—IMsun]

0.1 E | | | | | |
T __——" | fNLreq=200
0.001 | - - |
st | z=1.5_-1  gNL"eq = 4x1074

M) I . — A A
3 105 L o e e e e e e ’,-~"’/f | ( (fNL eq) 2)
g b - z=0

1077 F |
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k [hMpc™)
25 4° g0 k* Po (k) P3

TV (—k, p1, pa. k — p1 — p2) =~

/

See e.g., Mizuno and Koyama (2010)

5
9 pipo |p1 + p2| (p1 + p2 + |P1 + P2|)

Negligibly small contribution



Summary and Discussion

Derive an accurate formula for the bias parameter with primordial
non-Gaussianity by using integrated Perturbation Theory

wide (large scales) and deep (redshift-dependence) surveys are
needed.

Galaxy bispectrum?
Forecast for the constraints on fNL, gNL and tauNL? (HSC, ...)



* preliminary

6 1 LSS + Planck w/wo ACTPol
4 —
— A 1 — DES + Planck
= - DES + Planck + ACTPol
=0 7 ——— HSC+Planck
) ~ HSC + Planck + ACTPol
4 | = LSST + Planck
6 B LSST + Planck + ACTPol
8 I 1 l 1
6
>
<4
2
| I




* Bispectrum of the biased objects

Up to the one-loop order in the multi-point propagators, we have
By (ki,ks, ks) = [T (ki)D (ko) 0P (ki ko) Py (ki) Py (k) + 2 perms. |

+T5 (k)L (ka) T (ka) Br (1, ko, k)

1 d*
+3 [Fg%)(kl)l’g(l)(kQ)/ (27:))3 T1(ki,ko,p, ks — p) +2 perms.]
d3
- [Fg)(kﬂfﬁ)(ke) (QTrl))g 'Y (—ki, p, —ke — p)Py(k1)BL(ke, p, —ks — p) + 2 perms.
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