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Halo & Galaxy assembly
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Scatter of the Halo Mass

Accretion Rate and the SF-MS
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SHMR for Central galaxies

from Bolshoi-Planck sim.
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sSFR Main Sequence as a Function of Redshift

derived from the SHARC assumption
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Scatter of the sSFR MS derived from the SHARC

assumption
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Cosmic Star Formation Rate derived from the SHARC
assumption

log M.> 10,9,8 &\
Madau & Dickinson 2014

— Behroozi+13
Comp. from Behroozi+13
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Evolution of the GSMF derived from the SHARC

assumption
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The rate at which:

"

the fraction of the baryonic inflowing
fb <1 — geﬂ:> A[Vir

material that won’t reach the ISM

f b g eff ]\[ VIr
M gas, 1sM

— Nw.,ISM SFR

. previously ejected gas is re-
Th , 1SM SER infalling to the ISM

Bouché+11, Davé+11, Krumholz & Dekel 12, Dekel - ST | due to SF
) ) — — gas mass loss due to
+13, Lilly+13, Dekel & Mandelker 14, Forbes+14, (l 11)) bb l%

Feldmann+15.



Mgas1sm = fo€et Myiy —

(Mw,1sM — Mr,1sm + 1 — R)SFR

Bouché+11, Davé+11, Krumholz & Dekel 12, Dekel
+13, Lilly+13, Dekel & Mandelker 14, Forbes+14,
Feldmann+15.



Equilibrium Model: E+SHARC

Myas 1sM = fo€et Myir — (Mw.1sM — Tr1sm + 1 — R)SFR

Equilibrium Condition: Mgas s = 0

MXISM = fo€ei Muir — (Mw.1sM — Mrasm + 1 — R)SFR

We define the net mass

loading factor: = Tw,ISM — TJr,ISM




Equilibrium Model: E+SHARC

Mgas,ISM = fbgefvair — (Mw.asm — Mrasm + 1 — R)SFR
Equilibrium Condition:  \f_.o 1o = 0

MXISM = foeti Muir — (Nw,1sM — Mr1sm + 1 — R)SFR

We define the net mass

loading factor: = Tw,IsSM — Tr,ISM

SHARC
SFR = Jolert Moi. SFR = f. x € x Myiz/(1 — R)
n+1—-R
E+SHARC
Jolett fre€

Ph)’SiCS W ~“1_R Empirical



Net Mass loading Factor
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Using information from high redshifts




Using information from high redshifts

Behroozi et al. 2013

1. Choose a stellar mass - —
halo mass (SMHM) relation @ /
from parameter space. o

2. Find galaxy growth histories
by applying the SMHM relation
to dark matter merger trees.

3. Derive the inferred stellar |
mass functions and star ° \

formation rates.

4. Apply effects to simulate
observational errors and &
biases.

Markov Chain Monte Car],,

5. Compare to data and

calculate likelihood of the ¢
chosen SMHM relation.
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Using information from high redshifts
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Using information from high redshifts

Halo Mass [M_]
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Using information from high redshifts
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Using information from high redshifts

Rodriguez-Puebla et al. in prep.
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Using information from high redshifts
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Using information from high redshifts
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Uncertainties affecting the Galaxy-Halo

Connection



Uncertainties affecting the Galaxy-Halo

Connection

Bernardi et al. 2010

Table 2. M, /L IMF offsets used in this work. Offset is with respect to
the Salpeter (1955) IMF: logio M. /L (IMF Salpeter) = bogo M, /L (IMF
reference) + offset.

IMF Offset (dex) Reference

Kennicwt 0.30 Kenmicut (1983)

Scalo 025 Scalo (1986)

Diet-Salpeter 015 Bell & de Joag (2001)
Pscudo-Kroupa 0.20 Kroupa (2001)

Kroupa 0.30 Kroupa (2002)

Chabrier 028 Chabeier (2003)

Baldry & Glazbeook 0.305 Baldry & Glazebrook (2003)

¢. / Mpc? dex™!

¢. / Mpc2 dex™!
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Uncertainties affecting the Galaxy-Halo

Connection
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Uncertainties affecting the Galaxy-Halo

Connection: Summary

e Choice of IMF: Introduces a systematic of ~0.3 dex.

« Choice of SPS model: Different models treat stellar evolution differently.

e Parametrization of SHFs: ~0.18 dex.

* Dust attenuation models: ~0.1 dex.

e Statistical errors from individual stellar masses: ~0.1 dex at z~0.1 and ~0.15 at z~1

« Sample variance. Finite regions of the observed universe are susceptible to large scale fluctuations in
the number of density galaxies.

 Photometric redshifts.
 Uncertainties on the halo mass function.

* Uncertainties on the cosmology.



Uncertainties affecting the Galaxy-Halo

Connection: Formalism

| d log M,
Abundance matching: Gdirect(My) = pp(Mp(M,,)) ,
dlog M,
Including scatter on the o° v
M*-Mvir relation Prrue(My) = Gdirect(107) Ps(y — log,q My )dy
—00

o0
Modeling the observed g (M) = / Brae(10") P(y — log,o(M))dy.
—00

¢meas(M*) — ¢direct(M*) O PS(A loglo M*) O P(A 10g10 M*)



Uncertainties affecting the Galaxy-Halo

Connection: Impact on the GSMF

Behroozi et al. 2010 1
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Uncertainties affecting the Galaxy-Halo

Connection: M *-Mvir relation

Behroozi et al. 2010
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Uncertainties affecting the Galaxy-Halo

Connection: M *-Mvir relation

Behroozi et al. 2010
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Uncertainties affecting the Galaxy-Halo

Connection: M *-Muvir relation

Leauthaud et al. 2012
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Three contributions to the stellar mass error budget. i) Model error is given by the 68% confidence interval
of the mass probability distribution determined for each stellar mass galaxy. ii) Photoz error with derives
from the uncertainty in the luminosity distance owing to the error on a given photometric redshift. iii)
Photometric uncertainty on the observed K-band magnitude.



Constraints at high redshift




Constraints at high redshift

Wake et al. 2012
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Environment dependence on the Galaxy-

Halo connection




Environment dependence on the Galaxy-

Halo connection

Dragomir, Rodriguez-Puebla et al. in prep.
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Environment dependence on the Galaxy-

Halo connection

Dragormir, Rodriguez-Puebla et al. in prep.
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Growth in halo mass

Redshift evolution of the Redshift evolution of the

o Schechter Parameters for the luminosity function for different bands:
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Halo connection
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Beyond Halo Mass
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Comparison to Age Matching
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Summary

The Empirical modelling allow us to construct self-consistent models with the data
and our standard structure formation model without invoking any physics of galaxy
formation.

Empirical modelling constraints indirectly the galaxy-halo connection.

Understanding systematics and errors in observations is vital in order to interpret
correctly results from the empirical models.

The Rock says that you can gain insights on the physics of galaxy formation using
empirical modelling.

Don't replace empirical modelling with galaxy formation models.



