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Overview: Inflation

e |nflation:

» Phase of accelerated expansion
» Different models make different predictions for the statistics of
primordial potential ®

(P(k1)... @Pky)) #0 for n>2
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Overview: Inflation

e |nflation:

» Phase of accelerated expansion
» Different models make different predictions for the statistics of
primordial potential ®

(P(k1)... @Pky)) #0 for n>2

e In this talk: focus on local type models, whose perturbations are
sourced by a single, Gaussian field ¢

D(x) = p(x) + far (9*(x) + (P*(x)) + ...

e.g, inflaton, curvaton
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Overview: Constraining fxr,

e Cosmic Microwave Background constraints, from bispectrum of the
2D temperature anisotropies map at z = 1100

WMAP9 : -3 <fnxr. <77 at 95%CL
Planck2015 : —9.2 <fn1, < 10.8 at 95%CL
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Overview: Constraining fxr,

e Cosmic Microwave Background constraints, from bispectrum of the
2D temperature anisotropies map at z = 1100

WMAP9 : -3 <fnxr. <77 at 95%CL
Planck2015 : —9.2 <fn1, < 10.8 at 95%CL

o Large-Scale Structure? Potentially offers a 3D map at different
redshifts...but

» Biased objects respect to the underlying density field
» Non-linear evolution: can a primordial signal survive?
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Overview: Large-scale structure

Inflationary perturbations Density contrast
“ N Perturbation theor “ N
Y
d(x,0) > 0(x,T)
N-body simulations
J{halo biasing
(Sh(X, 7—)

galaxy biasingl

59 (X, 7_) Observations 5g(97 Z)

from Assassi et al. arXiv:1402.5916
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Overview: Large-scale structure

Inflationary perturbations Density contrast
-\ ~ . ——
. 2 Perturbation theory
O =9+ fNLe” + ... d(x,7)

N-body simulations

J{Scale—dependent halo bias
on (X7 T)
galaxy biasingl

59 (X, 7_) Observations 59(9’ Z)

from Assassi et al. arXiv:1402.5916
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Scale-dependent bias: Dalal et al. ArXiv:0710.4560

Primordial non Gaussianity: ® = ¢ + fyL@? + ...
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Peak-background split: ¢ = o1 + @
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Scale-dependent bias: Dalal et al. ArXiv:0710.4560

Primordial non Gaussianity: & = ¢ + fxne? + ...

Peak-background split: ¢ = o1 + @

Poisson equation: 0 =d; +d; =a®, where a(k,z) = %
mEL0

The short modes are responsible for the halo collapse while the long modes
modulate the background: §; ~ a (1 4+ 2 fx1.¢1) @s- - - J

...and the statistics of short modes is now different from patch to patch
of the sky: local variance oeff = o (1 + 2fnL0L) J

The mass function acquires a dependence on the local value o . ..

— 1Ny b
nh:nh(5L7Ueff§M,Z):>5h=u: bio+ —21 )5,
1 a(k, z)

... producing a large correction to the halo overdensity on large scales
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LSS constraints on fnr,

Scale-dependent bias: Abjg o fNL J
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LSS constraints on fnr,

Scale-dependent bias: Abjg o fNL J

e Power spectrum:
» WMAP-like constraints already achieved

Giannantonio et al. (ArXiv:1303.1349): —36 < fxp <45 at 95%CL

[Slosar et al. (ArXiv:0805.3580), Ross et al. (ArXiv:1208.1491), Leistedt et al.
(ArXiv:1405.4315),. . .]
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LSS constraints on fnr,

Scale-dependent bias: Abjg o fNL J

e Power spectrum:
» WMAP-like constraints already achieved

Giannantonio et al. (ArXiv:1303.1349): —36 < fxp <45 at 95%CL

[Slosar et al. (ArXiv:0805.3580), Ross et al. (ArXiv:1208.1491), Leistedt et al.
(ArXiv:1405.4315),. . .]
e Bispectrum?

» A more natural statistic to look for PNG: shape information available

» Scale-dependence is even stronger and breaks other degeneracies
[Jeong & Komatsu (ArXiv:0904.0497), Tasinato et al. (ArXiv:1310.7482)]

» Constraint o, ~ 1 expected, in principle...
[Scoccimarro et al. (astro-ph/0312286), Sefusatti & Komatsu (ArXiv:0705.0343),
Baldauf et al. (ArXiv:1011.1513)]
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LSS constraints on fnr,

Scale-dependent bias: Abjg o fNL J

e Power spectrum:
» WMAP-like constraints already achieved

Giannantonio et al. (ArXiv:1303.1349): —36 < fxp <45 at 95%CL

[Slosar et al. (ArXiv:0805.3580), Ross et al. (ArXiv:1208.1491), Leistedt et al.
(ArXiv:1405.4315),. . .]
e Bispectrum?

» A more natural statistic to look for PNG: shape information available

» Scale-dependence is even stronger and breaks other degeneracies
[Jeong & Komatsu (ArXiv:0904.0497), Tasinato et al. (ArXiv:1310.7482)]

» Constraint o, ~ 1 expected, in principle...
[Scoccimarro et al. (astro-ph/0312286), Sefusatti & Komatsu (ArXiv:0705.0343),
Baldauf et al. (ArXiv:1011.1513)]
..but, in practice, complications exist!
(Redshift space distortions, complicated mask geometry, non-linearities in halo
populations, ...)
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e Improve the bias model, ¢, = F(9)
e Focus on the second-order, non-local and non-Gaussian effects

o Investigate the signature in the tree-level bispectrum
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Local Lagrangian Biasing
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Local Lagrangian Biasing

e Local relation between the initial number density of objects and the
initial density field

5h q, =z Z

n=1

)"
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Local Lagrangian Biasing

e Local relation between the initial number density of objects and the
initial density field

5h q;z Z )]

e The dynamics of halos is then captured in the transformation to the
Eulerian space

x(q,2) = q+ ¥(q, 2)

where W is the displacement field.
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Local Lagrangian Biasing

e Local relation between the initial number density of objects and the
initial density field

)"

5h q, =z Z

e The dynamics of halos is then captured in the transformation to the
Eulerian space

x(q,2) =q+ ¥(q,z)
where W is the displacement field.

e Given that the number of objects is conserved in a given volume
element,
14 68(x,2) = [1 +d(x, 2)] 1+ 6k (q, z)]
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Local Lagrangian Biasing: fxr, =0
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Local Lagrangian Biasing: fxr, =0

e Lagrangian halo overdensity:

bL
5};((17 Z) - b%dlin + 525121n +...
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Local Lagrangian Biasing: fxr, =0

e Lagrangian halo overdensity:

bL
5};((17 Z) - b%dlin + 525121n +...

Spherical collapse:  djin(q) = d(x) — H5(}() +... J

e Eulerian halo overdensity:
0P(x,2) = bES + 050 + ...

Local Eulerian model but not accurate enough
[Roth & Porciani (ArXiv:1101.1520), Chan et al. (ArXiv:1201.3614), Baldauf et al.
(ArXiv:1201.4827), Pollack et al. (ArXiv:1309.0504), Saito et al. (ArXiv:1405.1447),..]

Matteo Tellarini (ICG) Non-local bias in LSS with PNG Cosmo 2015, Warsaw



Local Lagrangian Biasing: fxr, =0

e Lagrangian halo overdensity:

bL
5;1;(q, z) = blfcslin + ?2512111 + ...

) 17 2
Sphericab-coffapse: i (a) = 0(x) — 51 3(x) =" + ... J

. 1
where s = 558", sy = <V¢Vj — 355) V2§
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Local Lagrangian Biasing: fxr, =0

e Lagrangian halo overdensity:

bL
5;1;(q, z) = blfcslin + ?2512111 + ...

) 17 2
Sphericab-coffapse: i (a) = 0(x) — 51 3(x) =" + ... J

i 1
where s = 558", sy = <V¢Vj — 355) V2§
e Eulerian halo overdensity:

2
o (x,z) = bE6 + b§527?b1f32 +...
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Local Lagrangian Biasing: fxr, =0

e Lagrangian halo overdensity:

bL
5;1;(q, z) = blfcslin + ?2512111 + ...

) 17 2
Sphericab-coffapse: i (a) = 0(x) — 51 3(x) =" + ... J

i 1
where s = 558", sy = <V¢Vj — 355) V2§
e Eulerian halo overdensity:
2
o (x,z) = bE6 + b§52f?blf32 +...

Tidal term introduces non locality in the Eulerian halo overdensity
[Catelan et al. (astro-ph/0005544), McDonald & Roy (ArXiv:0902.0991), Baldauf et al.
(ArXiv:1201.4827)]
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Local Lagrangian Biasing: fx1, # 0
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Local Lagrangian Biasing: fx1, # 0

e Lagrangian bivariate halo overdensity:
[Giannantonio & Porciani (ArXiv:0911.0017)]

bl b
0b(q, 2) = bl dn + b0 + %5&1 + b Ol + %902 .
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Local Lagrangian Biasing: fx1, # 0

e Lagrangian bivariate halo overdensity:
[Giannantonio & Porciani (ArXiv:0911.0017)]

bl b
0b(q, 2) = bl dn + b0 + %5&1 + b Ol + %@2 .

Sin(@) = 8(x) — =0(x)—=5" + ...
Sphericat-cofapss;  { in(®) = 00 = 5700} 7" +

o(q) = p(x)—T(x,2) - Vo(x) + ...
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Local Lagrangian Biasing: fx1, # 0

e Lagrangian bivariate halo overdensity:
[Giannantonio & Porciani (ArXiv:0911.0017)]

bl b
0b(q, 2) = bl dn + b0 + %5&1 + b Ol + %@2 .

Sin(@) = 8(x) — =0(x)—=5" + ...
Sphericat-cofapss;  { in(®) = 00 = 5700} 7" +

o(q) = p(x)—T(x,2) - Vo(x) + ...

e Eulerian halo overdensity:
[Tellarini et al. (ArXiv:1504.00324)]

2
S (x,2) = blfj05+boEl¢+b§052+blE1580+boE2902_;b%OSZ_bgl‘I’ -Vo+...
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Local Lagrangian Biasing: fx1, # 0

e Lagrangian bivariate halo overdensity:
[Giannantonio & Porciani (ArXiv:0911.0017)]

bL bl
o (a, z) = bidin + by + %5&1 + bY Sting + %@2 .

Sin(@) = 8(x) — =0(x)—=5" + ...
Sphericat-cofapss;  { in(®) = 00 = 5700} 7" +

o(q) = p(x)—T(x,2) - Vo(x) + ...

e Eulerian halo overdensity:
[Tellarini et al. (ArXiv:1504.00324)]

2
5y (%, 2) = blfj05+boEl¢+b§052+blE1580+boE2902_;b%OSQ_bgl‘I’ “Vo+. ..
Tidal and non-Gaussian shift terms introduce non locality in the Eulerian

bivariate model
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Halo overdensity

Fourier transform of halo overdensity in Eulerian frame
! . ) 2
(5;]:3(1{) = b1g0 + bmgo + bogd * 0 4+ by10 * v+ bgz(p * @ — ?blleSQ _ b31n2

where the density contrast, tidal and non-Gaussian shift terms are

! dq a(k)
i(k) = din(k — k— OV s (K) i (K —
o(k) (Slm( )+/(27r)3 |:]:2(Qa q)+fNLa(q)Oc(|k—q|) dhn( )(5lm( q)
5 1k ko (ki ko) | 2(ki- ko)
Falleke) = 7+ 550 (kQ k1> T KK

2(k) = / 495 4k — @diin(@)dm(k — )

n)?
No(ki, ko) = klﬂ'ﬂ?
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Halo bispectrum

(07 (k)67 (ko) (k3)) = (2m)*6” (k1 + ko + ks) Buan (K1, ko)

Bhph(k1, k2) = Bﬁﬁ:")(kth)

2 .
f?bfob%o (2P (k1) P(k2)Sa(ky, ko) + 2 cyc.)y,

1 1

*%b]obo]bh, <2P(k’1)P(A’Tz) (m + m) Sg(k],kg) +2 CyC.)

2 . P(k1)P (ks
*’hélb%o (QMSQ(I(‘M ko) +2 cyc.)

N

7 a(kr)a(ks) o
—b2,b, <2P(k1)P(k2) (NQSZ;;;”) + NQSZ;S‘”) +2 cyc.> i

Ng(kl,kQ) NQ(kQ,kl) 1 1
~bioborbgy <2P(’“)P(k2) ( alks) a(ky) ) <a(k1) + a(kz)) 2 cyc'>Q

o1 (o PUk)P(k2) (Na(ki ko) | Na(ks, ki) e
806 (2 et (ot A ) F2oe),

Baldauf et al. (ArXiv:1011.1513) model for the bispectrum, not including
52 and n2. Good fit against simulations within 10% error bars.
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Halo bispectrum

The relative difference in absolute value between our model and the one by
Baldauf et al., assuming M = 10'3h~' M, and fx1, = 10.

1

>0.1
0.9
0.09
. 08 P
K;
B 0.08
06 k=0.01 h Mpc! k;=0.05 h Mpc! k;=0.1 h Mpc™!
1=0- P =04 e 1=0- P 0.07
05 it it
0.9 0.06
;08
0.05
}‘ 0.7
06 ky=0.01 h Mpc™! k;=0.05 h Mpc! k;=0.1 h Mpc™! 0.04
05
0.03
09
. 08 0.02
S
= 07
0.01
06 k;=0.01 h Mpc”! ot !
1=0.1 pc’ k4=0.05 h Mpc ky=0.1 h Mpc
05 0
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kafky Ka/ky Ka/ky
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Conclusions

Main result:

e Found the presence of a novel non-Gaussian shift term, n2, in the
halo overdensity

e Extra contributions to the halo bispectrum from the tides s? and the
shift term n?

e Numerical comparison with the model by Baldauf et al. revealed
corrections mostly within 10%, though on large scales and/or high
redshift larger differences can arise in some configurations

e Redshift-space galaxy bispectrum with PNG (Tellarini et al. in prep.)

e Test against simulations

e Other types of primordial non-Gaussianity, including relativistic effects
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Thank you for your attention!
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Halo bispectrum: graphical representation

isosceles
1 T T
(a) (b)
09
0.8 |
<
0.7 f ‘%‘% S
3 @
0.6 |
(©)

05 b o 0 N
0 01020304 0506070809 1
ka/ks

Condition: k3 < ko < k3

Point (a) is for the squeezed limit, k1 ~ ko > k3

Point (b) for the equilateral configuration, k1 = ko = ks
Point (c) for the folded configuration k; = 2ko = 2k3
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Halo bispectrum

(05 (k1)67 (ka)5y (k3)) = (2m)*6” (ky + ko + ks) Buan (ki ko)

Bin(ki1,ka) = éﬁ:Wkl,kQ)
b%obm(ZP( 1)P(k2)Sa(ki, ko) + 2 cyc.)y

—7b10b01b10 ( V)P (k) ( T (;2)) Sk, ko) + 2 cyc.)

o N
2t (2 e % <(k2))82(k“k2)+2°y°)o
oty (2P ()l (A2 T ) 5 e )

“bioborbl, <2P(k1)P(k2) (f\é(il(c;;z) N NQS({IZ;Q)) (a(;l) L a(?@)) 42 cyc.)Q

82k <2P(k1)P(k2) (Ng(khkz) n Nz(k2,k1)> 4o cyc.)
R

alk)a(ks) a(ks) a(ky)

Sourced by (s268) + (6s25) + (365%)
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Halo bispectrum

(05 (k1)67 (ka)5y (k3)) = (2m)*6” (ky + ko + ks) Buan (ki ko)

Bhhn(k1, ko) :Béﬁ:L)(kl, ko)
2
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R

alk)a(ks) a(ks) a(ky)

Sourced by (s20¢) + (s2p8) + (35%p) + (ps28) + (5ps?) + (pds?)
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Halo bispectrum
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1 1
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2
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Halo bispectrum
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