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Local primordial NG : �(x) = �(x) + fNL�
2(x), |�| ⇠ 10�5

PNG and halo bias

bNG = 2�c
�
b1 � 1

�

Dalal+ 08; Matarrese & Verde 08; Slosar+ 08

VD, Seljak, Iliev 09

(U. Michigan, 2011)
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Assembly bias with PNG
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Slosar+ 08: X=recent merger

Reid+ 10: X=formation redshift
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Slosar+ 08: X=recent merger

Reid+ 10: X=formation redshift



Barreira, Barreira+ 20, 21, 22, 23

Figure 3. The b�(b1) and b��(b1) relations for IllustrisTNG galaxies. The left and right panels are for
b� and b��, the colors indicate the redshift, and from top to bottom, the panels show the result for galaxies
selected by their total mass, stellar mass, black hole mass, black hole mass accretion rate and dust-uncorrected
(g � r) color, as labeled (the Mt results for b�� are shown also in Fig. 2, but are repeated here to ease
comparisons). Each data point shows the value of b� and b�� for the galaxies in some property bin, plotted
against the value of b1 for the same galaxies. The solid lines show the corresponding universality predictions
(cf. Eqs. (1.3) and (1.5)), and to ease comparisons, the grey points repeat the result of the top panels for
total-mass selection. The b�(b1) panels for Mt� and ṀBH-selection show also the variants of the universality
relation b�(b1) = 0.85⇥ 2�c(b1 � 1) (dotted) and b�(b1) = 2�c(b1 � 1.6) (dashed), respectively. The grey color
maps in the M⇤ panels indicate the amplitude of the Gaussian priors of Eqs. (3.3) and (3.4). This figure
displays results only on the observationally interesting range 1 . b1 . 3, but see Fig. 4 for bias parameter
values that do not appear here.
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Assembly bias with PNG

b�(b1) can be messy

z = 1



Ha emission line

NISP instrument:

0.92� 1.85 µm

�/�� ⇠ 400

�H↵ = 656 nm

Euclid

EH↵ = 1.89 eV

In HII regions:

Transition 3->2:

LH↵ / SFR



How large is �b� for galaxies selected by H↵ luminosity?

w/ M. Marinucci and A. Benson (2303.10337)



Extended Press-Schechter approach

Mh = 1012 M�
⌧s = const.



Extended Press-Schechter approach

Mh = 1012 M�
⌧s = const.

z = const.



Extended Press-Schechter approach

Mh = 1012 M�

�8 = 0.81 �8 = 0.83

⌧s = const.

z = const.



Extended Press-Schechter approach

Mh = 1012 M�

�8 = 0.81 �8 = 0.83

⌧s = const.

z = const.
Populate EPS merger trees with a semi-

analytical model (“SAM”) of galaxy 
formation



Extended Press-Schechter approach

Mh = 1012 M�

�8 = 0.81 �8 = 0.83

⌧s = const.

z = const.
Populate EPS merger trees with a semi-

analytical model (“SAM”) of galaxy 
formation

We use GALACTICUS (A. Benson, 2012) 



ng(X, z) =

Z
dMh n̄h(Mh, z)

⇥
Nc(X|Mh, z) +Ns(X|Mh, z)

⇤

Nc,s(X|Mh, z) = N̄c,s(Mh, z)Pc,s(X|Mh, z)

b�(X, z) = 2
@ lnng

@ ln�8
(X, z)

= b̄�(X, z) +�b�(X, z) ,

b̄�(X, z) =
1

n̄g

Z
dMh b

h
�(Mh, z) n̄h(Mh, z)

⇥
⇥
Nc(X|Mh, z) +Ns(X|Mh, z)

⇤

NG bias: halo density response

Comoving galaxy number density:

NG bias:

Halo density response:
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NG bias: HOD response

Rg
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HOD response:

Central vs. satellite:

Relation to Voivodic & Barreira 21:

In practice:
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central:

satellite:

HOD response for stellar mass + color (z=1)
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Tinker+ ’10 and universality relation: b̄� ⇡ �0.24

HOD response for stellar mass + color (z=1)



HOD response for Ha luminosity (z=1)
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SAM variations
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Improved Ha line model

Tvir ⇡ 2.9⇥ 104 ⌦1/3
m

✓
Mvir

1010 M�

◆2/3 �
1 + zvir

�
K

In addition to HII regions, include Ha emission from the hot, diffuse ISM phase

- Collisional-excitations

- Photo-excitations

- Recombinations

- Radiation from stars + AGN

w/ Ehud Behar, Ivan Rapoport

E3 � E1 ' 12.1 eV



Summary

Smaller assembly bias for LHa - selected galaxies due to lack of correlation 
between instantaneous SFR and s8

Large assembly bias for galaxies selected by color or stellar mass because 
a larger s8 produces faster mass assembly histories with more, and older 
stars


