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Local Primordial Non-Gaussianity (LPnG)

@ Non-trivial soft limits of correlation functions characterise LPNG :

Be(q — 0, k1, ko) o< fyi Pe (ki) Pe(q)

% o~ e

@ fyr ~ 1 is an important theoretical target for observations.

e Distinguishing feature of at least one additional light (m<H) field
during inflation. (Meerburg et al. 2019; Achdcarro et al. 2022)
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Measuring LPnG

@ CMB constraints from Planck (Aghanim et al. 2020) :
fap=-09+51

@ Large Scale Structure (LSS) constraints are, as yet, systematics
dominated.

BOSS (Cabass et al. 2022) — fy, = —33 £ 28
DESI LRG+QSO (Chaussidon et al. 2024) — fiy, = —3.6792

e Significantly higher potential for improvement from LSS surveys (with
improved control on systematics)
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LPnG and Scale dependent bias

@ Signature of LPnG on galaxy 10°3 — 2 =40, fy,=10
bias (Dalal et al. 2008) : 3 — =20, fu=10
10-14 z = 0.0, f.‘\'l. =1.0
U
AbNG (0.8 bqﬁﬁ &; 1024
A
<
10’3—5
@ Constraints limited by a 10—4-;
degenerate nuisance parameter : A aner
by ! k (b/Mpc)
b, — 28|Og ng Figure: Fractional change in the galaxy
¢ Olog As power spectrum due to local fy; = 1.
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(Non-) universality and Assembly Bias

Universality ansatz : by = (b —1)dc = b1 6c , 9. ~ 1.68

@ Examples of universal tracers : dark-matter halos selected by mass or
mass + spin/sphericity

@ Non-universality : by # (b — 1)dc

Examples of non-universal tracers : most (if not all) galaxies/quasars,
dark-matter halos selected by mass and concentration.

(Focus on the latter to understand the origin of non-universality)
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Separate Universe framework

Effect of a long wavelength matter perturbation §; on small-scale
clustering can be described in terms of modified, 'local’ cosmological
parameters. Eg.:

1 di,
Hy,=H (1 - 3d|oga> (local Hubble rate)

1
aw = a (1 - 361_) (local scale factor)

Growth factor response :

Dw(a) = D(a)(l + Rsu(sL)

13 13
Rsu = 57 (EdS) 5 Rsy ~ - (2 ~0.7)
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(Non-) Universality in the Separate Universe

Separation of scales in halo formation:

b — dlogn, Olog ny, db;
FTodo T4~ 06 dog
b dlogn, Jlog np, do;
" “dlogAs — 06 “dlog A,
Universality <—
do; do;

o 7% dioga, T

Need to know which small-scale statistics of the matter density field {6,}
govern halo abundance n({6;})
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Halos selected by Mass

Only relevant small-scale statistic : (M, z) = <5%7R>1/2 x AY?

dlogo
dlogdy |gy

= Rsy ~ 13/21 ~ §_1

by = (bn — 1)Rg;;

(universality of mass-selected dark matter halos)
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Halos selected by Mass
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Figure: by vs by for halos selected by

Figure: by vs by for halos selected by
mass in ACDM cosmology

mass in EdS (scale-free) cosmology
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High mass, concentration-selected halos

For high-mass halos, concentration «<— peak curvature
Additional relevant statistics : 01 = (§gV20g) ; 02 = {(V?0r)?)

Both 68;, 6, obey :
do; do;
Rl o T
ds;, Y d log As

—> High mass, concentration selected halos obey universality ! (i.e.
by = (b—1)Rg) ~ (b — 1)dc
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Low mass, concentration-selected halos
For low-mass halos, concentration «— proximity to neighbouring massive

peaks

Mhigh conc = npk(U(M)) *M-X 1 DMow conc = npk(U(M)) : (1 - 77)

7 . probability of proximity to high-mass halos
X : conditional escape probability

195% . ox

37(5L<0 ' 8|ogAs;UO -

bg high > (bhigh — 1)dc i bglow < (biow — 1)dc
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Concentration-selected halos
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Figure: by vs by for halos selected by
mass and concentration in scale-free,
EdS cosmology
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Concentration-selected halos
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Figure: by vs by for halos selected by
mass and concentration in ACDM
cosmology, z=0
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Figure: by vs by for halos selected by
mass and concentration in ACDM
cosmology, z=1
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Discussion /Implications

@ The Separate Universe framework presents a useful way of
understanding halo bias and/or non-universality in halo clustering.

@ Universality restored for halos with high masses with
v >2¢ M~ 102 — 10 Mg/h at z = 3 (high-redshift
quasars/LBGs)

= non-universality observed in quasars / tracers with high halo
mass is an effect of the underlying tracer selection function. Eg. :

6|Og<N>HOD5 75 5. 8|Og<N>HOD
00, ¢ 0log As
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