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Local quadratic primordial NG:
®(x) = P(x) + frre” (%)
¢ ~ 1077

(® (k1)@ (ko) P(ks)), = (27)30p (ki + ka + ks) €5 (k1, ko, ks)
3 (K1, ko, ks) = 2fx1, [Py (k1) Py(k2) + 2 cyc.]

Py(k) oc k™% ~ k2

ko

k3
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Outline

® Non-Gaussian bias as a probe of PNG
® 3 universal truths about non-Gaussian bias
® Peak theory: the not so universal truths

® |mplications for fNL constraints
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Galaxy clustering probes:

® (|uster counts

53 ~ / /d3k2 5(3) (k1, k2, —k; — k»)
® Galaxy power spectrum
Aby (k) ~ / PPk P (ky, ki, k), S

® Galaxy bispectrum

é)g)(kl,kQ, _kl — k2) ) " T
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The non-Gaussian bias for local quadratic NG:

9
ng(k) — (bl + Abll\IG(k)) Pmm(k)
ABNC () = 2fnLbne 2fNLONG
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Most recent constraints:

—40 < fa, S 440 (95% C.L.)

Giannantonio et al. 'l 2, Ho et al. | 3, Leistedt et al. "1 4

Forecast for a Euclid-like survey :

Afnn ~ 3

Giannantonio et al.’[ 2

Thursday, 8 January 15



Peak-background split (PBS):

0

>
>
-
—
>

—
i

E:

AT

position X

overdensity 0

5(x) = 0y(x) + 6,(x)

Kaiser ‘84;: Bardeen et al. '86; Cole & Kaiser '89: Mo & White '96;: Sheth & Tormen '99: ...




PBS: Gaussian bias

_ ng(x) | ng (0c — di(x), 0) 1= ( 1 dng

Mg Ng(0c, 0)

Kaiser ‘84
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PBS: Gaussian bias
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PBS: Gaussian bias

_ Ng(x) ﬁg(5c—5l(x),0) i ( 1 dng

0g(X) = — 1=

Mg Ng(0c, 0)

PBS: non-Gaussian bias

O(x) = ¢(x) + fynp(x)’
¢(X) — ¢Z(X) + ¢S (X)
® = (¢ + fnngi) + és (1 + 2fxndn) + Lo

Slosar et al. '08

Os —7 Og (1 + 2fNL¢l)
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PBS: Gaussian bias
_ ng(x) ﬁg(éc — 5l(X)7U) 1= (_ 1 dng

0g(X) = ——= —1=

Mg Ng(0c, 0)

PBS: non-Gaussian bias

O o LR o )2fNLa<m< )+

— 6151 (X) + 2fNL (aln )

Slosar et al. '08
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PBS: Gaussian bias

0g(X) = — 1=

rng ﬁg((SQ 0-)

PBS: non-Gaussian bias A

1 dn 1 dn
5 X ) = — — g>5 X I <_ g) 2 o X _|_
g( ) < ng d(sc l( ) ng dU fNL qbl( )

01nng

= b101(x) + 2fNL ( no ) du(x) + ...

=0.b; iff Ng = ﬁg(dc/ U) Slosar et al. '08
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PBS: Gaussian bias

_ Ng(x) ﬁg(5c—5l(x),0) i ( 1 dng

0g(X) = — 1=

Mg Mg (0c, 0)

PBS: non-Gaussian bias

1 dn 1 dn
Oe(X) = | — = g)(SX I(_ g)Z oo (x)+ ...
g(X) < 7. do. 1(x) n do NLog(x)

01nng

— b15l(X) + 2 fNL ( no ) qbl(X) + ...

=0.b; iff Ng = ﬁg(dc/ U) Slosar et al. '08

Local bias approach:  64(x) = b1d;(x) + %bzéf(x) + ...
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PBS: Gaussian bias

ndd_nlhod) (I

0g(x) = — 1=

Ng ﬁg((SQ U)

PBS: non-Gaussian bias Rarser 64

1 dn 1 dn
0g(X) = | —= g>5X I<_ g)Q oPI(xX)+ ...
g( ) < e do. 1(X) g do INLOGI(X)

01nng

= b10;(x) + 2fNL ( Moo ) dr(x) + ...

=0.b; iff Ng = ﬁg(dc/ U) Slosar et al. '08

Local bias approach:  64(x) = b1d;(x) + %bzéf(x) + ...

Og(x) = b107(x) + 2fNLU2b2¢l(X) T Taruya et al. ‘08
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The following three statements are certainly true:
® [he amplitude of the non-Gaussian bias is given by

0lnng
811108

0lnng

® o.b1 isequalto ( I
8

) only if the halo mass function is universal

® |ocal bias expansions cannot correctly predict the amplitude of
non-Gaussian bias
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Hamaus, Seljak & VD "I |
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Toy model: maxima of the linear density field as a proxy for the formation sites
of dark matter haloes (Peacock & Heavens '85; BBKS '86)

ds(x) =6(x; R = Ry)
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Toy model: maxima of the linear density field as a proxy for the formation sites
of dark matter haloes (Peacock & Heavens '85; BBKS '86)

ds(x) =6(x; R = Ry)

1 1 1
v(x) = O—O5s(X)» ni(x) = O—lﬁiés(x), Gij = 0—2&@53()()
02 = 1 / dk k2" tY P (k)
27T2 0
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Toy model: maxima of the linear density field as a proxy for the formation sites
of dark matter haloes (Peacock & Heavens '85; BBKS '86)

ds(x) =6(x; R = Ry)

1 1 1
v(x) = 0_—058(}()7 ni(x) = O—laﬁs(x), Gij = 0—20@'83-53()0
02 = 1 / dk k2" tY P (k)
27T2 0

Peak constraint:

0.  1.68

(i) V(Xp):U—OZO—OEVc

(i) 7i(xp) =0

(ii) A(Xp) = Aa(xp) = As(xp) >0

Ao (x) = eigenvalues of — (;;(x)

Thursday, 8 January 15



“Localized” number density:

13/2
() = 3 6p(x — %) = O V) et (x)] 5p[n(x)] 0u[As(x)] Sp(v(x) — ve)

Kac 43; Rice '5|; Bardeen et al. ‘86

Thursday, 8 January 15



“Localized” number density:

13/2
o) = 3 dp(x — 3p) = O v) detC(x)| 8p[n(x)] 01 As(x)] Sp((x) — ve)

Kac '43; Rice '51; Bardeen et al. ‘86
Reduced N-point correlation is the connected piece of

<npk(X1) X o+ X ’npk(XN)>
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“Localized” number density:

13/2
() = 3 dpx — 3) = O v) detC(x)| 8p[n(x)] 01 As(x)] Sp((x) — ve)

Kac '43; Rice '51; Bardeen et al. ‘66
Reduced N-point correlation is the connected piece of

<npk(X1) X o+ X ’npk(XN)>

50, one ends up computing sth like

/dloyl .. ./leYN npk(Y1) X oo X npk(YN)PN(Y].a' .. 7YN)

Yo = (V). 71(xa), Ca(xa)

Bardeen et al. '86; Regos & Szalay '95;VD "086;VD et al. "1 0
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Local bias approach to discrete density peaks

VD 'l 3
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Local bias approach to discrete density peaks

® find all rotational invariants:  v(x)

VD 'l 3
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Local bias approach to discrete density peaks

VD13
® find all rotational invariants:  v(x)
u(x) = —tr(x)
1
7 (x) = 5 (Vé,)" (x)
3 .
CQ(X) = 5‘51’(@‘2)()(), ij — Cij —+ §’LL 5,,;3'
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Local bias approach to discrete density peaks

® find all rotational invariants:  v(x)

VD 'l 3
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Local bias approach to discrete density peaks

VD '3
® find all rotational invariants:  v(x)
u(x) = —tr¢(x)
1200 = 5 (95"
¢*(x) = gtf(52)(x)» Gij = Gij + 3 U 03

® \Vrite down the “effective” bids expansion:

1
5pk(X) = O'ObloV(X) -+ O'2b01U(X) —+ §nggov2(X) -+ 0'00'21711V(X)U(X)

+o7ix10m° (%) + 05x01(7 (%) + . ..

1

+ —0§b02u2 (X)

2
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Local bias approach to discrete density peaks

® (ind all rotational invariants:  v(x)

® \Vrite down the “effective” bids expansion:

1
5pk(X) = O'leoy(X) -+ UQbOlU(X) —+ 50’8[)20V2(X) -+ aoagbllu(x)u(x)

+o7ix10m° (%) + 05x01(7 (%) + . ..

VD 'l 3

1
—+ §0§b02u2 (X)

: o 1
® (Compute the bias factors:  oiodb,;,; = - /dloy npk(y)Hij (v, u)Pi(y)
p
1 3n°
01 Xko = .~ 'y np(y) Ly 2)<%) Pi(y)
p

1
o3 Xor = - A"y np(y)L
P

2
v/ 2)(%) Pi(y)
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xo1 : bias induced by peak profile asphericity

Hu B I R A R L L I AL
- P2 | x) contours Triaxial asy';i'ametry 1

2 X' X a"" ‘,/" ‘\ 7 =
- x=x.=1,2,.8 A 3 / -

oblate |
x .

prolate B

| 11 1 1 77

y/x

Fi. 7—The 95%, 90%, and 50% contours of the conditional probability for ellipticity e = y/x and prolateness p = z/x subject to the constraint of given x for
peaks (eq. [7.6]). (The x and x,, used here are 1.58 = y~* timos those used in the text, so v = 1,2, ..., 6 corresponds to the different curves,) This figure dernonstrates
that, even for high v, the shapes are triaxial. The values of ¢ and p are constrained to lie in the triangle, o - .

Fig. from Bardeen et al ‘86
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bias induced by peak profile asphericity
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Fi6. 7—The 95%, 90%, and 50% contours of the conditional probability for ellipticity e = y/x and prolateness p = z/x subject to the ci
peaks (eq. [?G]L(Thcxandx used here are 1.58 = y~! times those used in the text,sov = 1,2, .. 6conapondstothcd1ﬁ'erentwrves)ﬂ 06
that, even for high v, theslmpes are triaxial. The values of ¢ and p are constrained tohemthctnangle

Fig. from Bardeen et al ‘86
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peak height v
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® N-point connected correlations can be perturbatively computed
from

ok (X1, XN) = (Opk(X1) X -+ X dpk(XN))
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"Excursion set peaks”: combine peak constraint with first-crossing condition

do

p(x) = “4R. (%)

The "localized” number density of excursion set peaks becomes

s () = =) 0uli) ()

YvuVe

Appel & Jones ‘9 |; Paranjape & Sheth | 2; Paranjape, Sheth & VD ' 3
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"Excursion set peaks”: combine peak constraint with first-crossing condition

do

p(x) = “4R. (%)

The "localized” number density of excursion set peaks becomes

s () = =) 0uli) ()

YvuVe

Appel & Jones ‘9 |; Paranjape & Sheth | 2; Paranjape, Sheth & VD ' 3

and the “effective” bias expansion generalizes to

OESP (X) = Uoblogy(X) -+ 02b010u(x) -+ bo()l,LL(X) + ...

VD, Gong & Riotto I 3
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Consider local quadratic PNG

2 INLD
fNL¢2 : Abll\IG(k) _ fNL NG

M(K)
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Consider local quadratic PNG

2 INLD
fNL¢2 : Abll\IG(k) _ fNL NG

M (k)
bng = 001
b — 0 ln ny,
0oy
bng = 03 bo

Dalal et al ‘08
Slosar et al ‘08

Taruya et al 08
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Consider local quadratic PNG

2 b
fNL¢2 : Abll\IG(k) _ fNL NG

M (k)
bng = 0cby
b — 0 ln ny,
0oy
bng = 0352

Excursion set pedks:

Dalal et al ‘08
Slosar et al ‘08

Taruya et al 08

VD, Gong & Riotto I 3

bng = 0gbaoo + 207110 + 03020 + 207X 10 + 205 X01 + Adbooz + 2Y,,.00b101 + 27uu02b011
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Consider local quadratic PNG

2 b
fNL¢2 : Abll\IG(k) _ fNL NG

M(k)
bng = .01 Dalal et al ‘08
O0lnny
bng = 5 Slosar et al ‘08
o
bNG = 03bs Taruya et al 08

Excursion set pedks:
VD, Gong & Riotto I 3

bng = 0gbaoo + 207110 + 03020 + 207X 10 + 205 X01 + Adbooz + 2Y,,.00b101 + 27uu02b011

O0lnny

"
60_8 oo
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The following three statements are certainly true:
® [he amplitude of the non-Gaussian bias is given by

0lnng
811108

0lnng

® o.b1 isequalto ( I
8

) only if the halo mass function is universal

® |ocal bias expansions cannot correctly predict the amplitude of
non-Gaussian bias

Thursday, 8 January 15



The following three statements are certainly true:

® [he amplitude of the non-Gaussian bias is given by
0lnng
O In (O]
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All the results discussed so far have a common denominator: the collapse
threshold is assumed to be constant and deterministic while it is in fact
moving (e.g. halo mass-dependent) and stochastic
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Preliminary ! work in progress with

Matteo Biagett
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The following three statements are certainly true:

® [he amplitude of the non-Gaussian bias is given by
0lnng
O In (O]
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The following three statements are certainly true:

® [he amplitude of the non-Gaussian bias is given by
0lnng .
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Beyond galaxy power spectrum: galaxy bispectrum and matter statistics

S /N (< kmax)

10|

T [ T T [ T [ T T T T [ T T T T

High mass halos:
M>1.610"% h'M_
z=0.5

B, matter
By, halos

010 015 020 025
kmax [h Mpc™']

Sefusatti, Crocce & VD "I 2
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Conclusion

® Non-Gaussian bias is subtle: peak-background split may not work

® [f confirmed, many of the current constraints and forecasts are in
need of revision

® Pegk theory is a powerful approach to understand the nitty-gritty
details of galaxy bias
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