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) MODELS OF GALAXY FORMATION

Hydrodynamical simulations:

&Detailed processes of gas
cooling, turbulence, preheating,

star-formation, feedback (SN and
AGINDE

&Difficulties: over cooling, no
orand-design spirals, difficulty to
obtain statistical samples, lack of
universality in codes.

Ele =2 Scanmnapiecot | 2, Marinacci+ | 35,

Crain+09, Powell+ | |, Brook+1 [,
Nagamine | 0, Hopkins+ | |, Tasker+1 |,
Kannan+13

Semi-analytic models

&Baryons via a set of equations
per sub-halo of a merger tree
extracted from cosmological
DM-only simulations.

&Difficulties: simplified
assumptions do not contain full
complexity of galaxy evolution;
e.g., by fitting z=0 LF, they make
ittle SF at high-z.

Springel+01, Lagos, Cora & Padilla 08, Lagos,
Padilla & Cora 09, lecece+ 0 Eas@ RS
Padilla+ 13
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2) ANGULAR MOMENTUM

Simplified assumption in SAM: dimensionless spin parameter Is constant
due to limrted resolution In large cosmological volume simulations.



2) ANGULAR MOMENTUM

Simplified assumption in SAM: dimensionless spin parameter Is constant
due to limrted resolution In large cosmological volume simulations.

Using Hydro, Sales et al. (2012) show that surviving discs (k_rot high) In
GIMIC show good alignment of angular momentum of mass enclosed In
oiven radius (m/m_tot) with total
angular momentum at time of !
turn-around.
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2) ANGULAR MOMENTUM

EE R doTnet [ollow gas: Bett & Frenk (20111 stUdyAtRe
occurrence of spin flips iIn DM halos in a high resolution
simulation (using enough particles per halo):
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2) ANGULAR MOMENTUM IN SAMS

In a SAM there are no particles tracing a disk, they trace DM halos.
The angular momentum Is easy to measure for well resolved ones.

| e14Msun.

| IOOS e - g
cosmologmal
- *volyme -

But halos in SAMs are sometimes resolved with [0 particles
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2) ANGULAR MOMENTUM IN SAMS

In a SAM there are no particles tracing a disk, they trace DM halos.
The angular momentum Is easy to measure for well resolved ones.
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2) ANGULAR MOMENTUM IN SAMS

Use high resolution Millennium [l simulation:
Angular momentum followed numerically
A halo needs to have at least 000 particles for a reliable
measurement of the three components of its angular
momentum vector.

Low resolution (SAMS):
Directions of spins assigned using MC simulations

Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009), Tecce et al. (2010)



2) ANGULAR MOMENTUM IN SAMS

| AM/M 0.003-0.007 Acr ———
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0.2 |- AM/M 0.03-0.1 Mer ~ =-=----
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P - B S. Contreras
>\§ z=1toz =25
I Interpretation for a semi-analytic
Z —

0.1 galaxy:

Convert into probability
of alpha_sep for
a given accretion event.
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of alpha_sep for
a given accretion event.




2) ANGULAR MOMENTUM IN SAMS
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2) ANGULAR MOMENTUM IN SAMS
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2) ANGULAR MOM

-NTUM IN SAMS
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Padilla et al., submitted to MNRAS
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2) ANGULAR MOMENTUM IN SAMS

Resulting ®
slower Increase £
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2) EFFECT ON SF

Using the SF law from Croton et al. (2006) which considers a
threshold surface density of gas to form stars.

Ra= > ( ;dd) Al fr0 e masia) (MM

2 c \97 c N * a2 Ve(Rau) -
fc— 3+ ( ) - fR(A$C’md,Jd)—2|;/0‘ € u Viie du

Star formation on dense enough discs (Croton+06):

Vvir Fdisc
i = 3.8 x 10° M
M % (ZOOkms“) (10 kpc) ©

My = esp(Meold — Mecrit)/ Layn, disc t_dyn="gisc/V vir.



2) EFFECT ON SF

Using the SF law from Croton et al. (2006) which considers a
threshold surface density of gas to form stars.

Ra= > ( ;dd) Al fr0 e masia) (MM

2 c \97 c N * a2 Ve(Rau) -
fc— 3+ ( ) - fR(A$C’md,Jd)—2|;/0‘ € u Viie du

Star formation on dense enough discs (Croton+06):

Vvir Fdisc
i = 3.8 x 10° M
M % (ZOOkms“) (10 kpc) ©

My = esp(Meold — Mecrit)/ Layn, disc t_dyn="gisc/V vir.

Smaller disc size => higher star formation rates



2) EFFECT ON SF

Disk instabilities: v
E — max
(G Mgise [Taise) /2

f lower than critical value
disc IS unstable

Smaller radius makes
more frequent instabilities

ter a disk Iinstability driven starburst, disc forms again with inrtial

O angular momentum.



2) EFFECT ON SF

Disk instabilities: v
E — max
(G Mgise [Taise) /2

f lower than critical value
disc IS unstable

-lip from merger lowers
rdisk and triggers instabilities

After a merger driven starburst, disc forms again with inrtial halo
angular momentum.
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2) EFFECT ON SF

Disk instabilities: v
E — max
(G Mgise [Taise) /2

f lower than critical value
disc IS unstable

DIscC Instability
as the only driver
of bursts In the

model.

-lip from merger lowers
rdisk and triggers instabilities

ter a merger driven starburst, disc forms again with inrtial halo

angular momentum.
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2) EFFECT ON MERGERS
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2) EFFECT ON SF
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2) EFFECT ON SF
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2) EFFECT ON SF

Disc life-times

Base Model

With episodic
diSCs

Median time between DI/Gyr
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2) EFFECT ON SF

Disc life-times

Base Model

With episodic
diSCs
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3) RESULTS: HIGH-Z MASSES

The stellar mass function at z=3.5
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3) RESULTS: HIGH-Z MASSES

The stellar mass function at z=3.5
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3) RESULTS: HIGH-Z MASSES

The stellar mass function at z=3.5
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CONCLUSIONS

Padilla et al., tonight in arXiv!

High redshift abundances in models and observations have been difficult
to reconcile. Observational and modeling techniques are still evolving...

& The infalling material carries only a small contribution to the increase of
the angular momentum, with a strong stochastic component => discs
become short-lived. Merger driven starpursts are obtained naturally.

Galaxy sizes are more compatible with observations at low and high
redshift and stellar mass grows more rapidly at high redshifts..
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Properties of Submillimeter Galaxies in a Semi-analytic Model using
the "Count Matching" Approach: Application to the ECDFS

Star Formation Activity in Balmer Break
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MOTIVATION

Fitting submillimeter galaxies (SMGs) into the current theory of galaxy
formation has been a challenge since their discovery. They are the most

luminous star-forming sources at the epoch where

formation

peaks, being detected by their redshifted FIR emission from warm dust

in the submm wavebands. Recent

lecent ALMA observations of the Extended

Chandra Deep Field South (ECDFS) show that the brightest sources
detected

LABOCA (LESS, Weiss et al. 2009) are

by comprised by
emission from multiple fainter sources (ALESS, Karim et al. 2013).

\MthmealmdlaxplonnghpmpemesofSMGsnmﬁdd and in

i . physical galaxy
given by the model as proxies for their submillimeter luminosities,
assuming a monotonic relationship so that the combined LABOCA plus
bright-end ALMA observed number counts are reproduced.

a) Select a galaxy

the semi-anal L 3

Each lightcone covers 30'x30, having an orientation in the sky

such that the repetition of structure is minimum. All sources

belonging to one lightcone comprise a unique gala: ng

b) Choose a physical galaxy property (given by G)ua
for the 870 um luminosity, and sort the galaxy values of

that proxy in increasing order.

1) Cumulative Number
Counts at 870 ym

cumulative number counts, where we have combined the LABOCA
counts at low fluxes and ALMA counts at fluxes brighter than 8 mJy
(we want to test whether we are able to recover LESS counts after
simulating the observational process, while avoiding biases in the
counts arising from targeting only LESS sources and not other
regions in the ECOFS having S/N slightly lower than the LESS
threshold.

METHODOLOGY

After tuming the catalogs of galaxy positions and fluxes given by the
different proxies into submillimeter maps (LABOCA beamwidth), we
perform a source extraction. With this we study the effects of the
observational process in the recovered counts, as well as the galaxy
properties derived from the detected sources for each proxy.

We perform a cross-match between the extracted sources and input
ones (brighter than 0.4 mJy), assigning the properties of the brightest
source within the search radius to the extracted one. In addition, when
finding multiple sources for a given extraction, we compute the
separation in redshift between the components of the blended source.

Exploring the distribution of properties as redshift, SFR, stellar mass
and host halo mass can help us to find the best proxy. Moreover,
sources with the highest submm fluxes will have different clustering
depending on the assumed proxy, since the sources with the highest
value of a given property will be clustered in a particular way.

CONCLUSIONS

* For all proxies, there are lines of sight giving counts consistent
with those derived from LABOCA observations. This is found even
for input sources with randomized positions in the simulated map.
* MDS proxy gives redshift, stellar mass and host halo mass
distributions consistent with observed ones. Our model still is not
ablowropmdwemeobwvodSFRsmumingaswoterlMF.
The majority of components of blended sources are spatially
unassociated. However, for the stellar mass and MDA proxies the
amount of sources being spatially associated Is not negligible.

RECOVERED DISTRIBUTIONS

2) Redshift 3) Stellar Mass 4) Host Halo Mass

7) Redshift Separation
between Components

5) SFR 6) Effective Radius of Blended Sources

P Stellar Mass

R SFR

o Dust Mass x SFR

Stellar Age
X (“MDA")

N(>S,) [deg™)

I Dust Mass x SFR
(“MDS")

E Dust Mass®* x SFR*“
(Hayward et al. 2013
S fit, “H13")

(-

Random Source
Coordinates
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We derived star formation rates (SFR) and investigated the evolution of the SFR-stellar mass, specific SFR (SSFR)-
stellar mass and SSFR—color relations as function of the redshift. The studied sample composed of star-forming and
post-starburst galaxies, span a redshift range from 0.094 to 1.47, and they have stellar masses from 108-1012 Msun.
We observe that for a given mass or color, high-redshift galaxies have higher SFR and SSFR values than local
galaxies. A break in the star-forming sequence appears when post-starburst galaxies are included, revealing an
increasing trend with redshift for the SFRISSFR values. Theses results let us hypothesize about a characteristic
mass and color at which the red sequence could mostly be formed at a'given redshift.

Fig. 1: - LEF : FRiow e e obtained using exponentially deciining SFHs. Black squares show the SFR values obtained for the spectroscopic sample presented in this work
while gray triangles show th Telo et al. (2013) sample. The solid line represent a 1:1 relation, while the dashed line shows the linear fit applied to the sample. It can be seen that
the SFR derived from both methods cort slightly trend of SFH models to give higher SFR values at larger SFRs

RIGHT: SFR as function of total stellar mass. Black squares represent our low-redshift galaxies (0<z<0.5), gray triangles are our intermediate-redshift galaxies (0.5<z<1.0), while light gray diamonds are our high-
redshift galaxies (1.0<z<1.5). The solid, long-dashed and shor-long-dashed Ines show the fitting function (power-law and break component) appled to each group. The short-dashed line shows the trend observed
n SDSS at reds! 2 (Brinchmann et al. 2004), the dotted line shows the trend observed in GOODS by Elbaz et al. (2007) at redshift 0.8<z<1.2, while the dot-dashed line shows the trend found by Daddi et al
(2007) in GOODS at 1.4<2<2.5. It can be seen how the mass break in the power-law shape appear to be necessary for following the trends showed by star-forming and post-starburst galaxies

dshift galaxies and ligh diamonds our high-redshift

Fig. 2: - LEFT. SSFR as function of total stellar mass. As was shown in Figure 9, black squares are our low-redshift galaxies, gray triangles our intermedi
adehift 2<0 2 (Brinchmann at
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[B) SEMI-ANALY TIC MODELS

Summary of processes:

@Lm/ode BH Feedback
Radio mode and SN Feedback
Radia
Hot gfs (2) A
BH g
n Rad
Z from SN

INSIDE % k
A DM HALO

Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009), Tecce et al. (2010)



[B) SEMI-ANALY TIC MODEL

Fix free parameters using a set of z=0 statistics:
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009), Tecce et al. (2010)
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2) M\LLENN\UM I ANALYSIS
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Cos(alpha_sep) as a function of fraction of accreted mass.
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2) ANGULAR MOMENTUM IN SAMS

Assumption:

The angular momentum of the dark matter is carried by the baryons.
Flips in DM == Fip in baryons

Cooling baryons will find a disc with a different L.

Missaligned accretion prevents the angular momentum of the disc
from growing.

(1.e., no need to follow the amplitude of the angular momentum
of DM haloes).



2) EFFECT ON MERGERS
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2) EFFECT ON MERGERS
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BEFTEC | ON MERGERS

S. Salazar
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BEFTEC | ON MERGERS
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2) EFFECT ON SF

Number of disc ' | T :
. o - Al .
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2) EFFECT ON SF

Number of disc
instabilities

_ Vmax

 (GMyis. [Taisc)/?’

€

If lower than critical value
disc Is unstable

r_disc IS now subject to
changes due to accretion
which make epsilon very low

With episodic discs:
* 50% global increase In

instabilities at high masses
* 8% of galaxies with DI

N (Disk Instabilities)
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2) EFFECT ON SF

Number of disc
instabilities

_ Vmax

 (GMyis. [Taisc)/?’

€

If lower than critical value
disc Is unstable

r_disc IS now subject to
changes due to accretion
which make epsilon very low

With episodic discs:
* 50% global increase In

instabilities at high masses
* 8% of galaxies with DI

Log,,(No. of gals with >=1 DI)

o Blase mc|>de1 |
— Flip model

" Padilla et al., submitted to MNRAS
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SAM PARAMETERS FIXED WITH LF
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SAM PARAMETERS FIXED WITH LF
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3) RESULTS: GALAXY SIZES

Low z High z:
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Even though discs would become smaller along with their spins, this
makes only large discs survive perturbations: larger discs in the population.



3) RESULTS: GALAXY SIZES
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Even though discs would become smaller along with their spins, this
makes only large discs survive perturbations: larger discs in the population.
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3) RESULTS: MORPHOLOGIES
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4) COLD GAS INFLOWS

High-z low mass halos: most of the gas reaching the center of a
oalaxy Is able to arrive cold without going through a heating phase.
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Dekel, Birnboim, et al., 2009

see also Keres et al., 2009, van de Voort et al., 20| |, etc.




4) COLD GAS INFLOWS

High-z low mass halos: most of the gas reaching the center of a
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4) COLD GAS INFLOWS

High-z low mass halos: most of the gas reaching the center of a
oalaxy Is able to arrive cold without going through a heating phase.
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4) COLD GAS INFLOWS

High-z low mass halos: most of the gas reaching the center of a
oalaxy Is able to arrive cold without going through a heating phase.
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4) COLD GAS INFLOWS

Implemented in the GALFORM semi-analytic model by
Benson & Bower (2010):

Analytic approximation.
Assume Infalling cold gas |
relaxes in halo (also relaxed).

—
<

p./h® MoMpe2 Gyr-!

-ast cooling on

As a result, even though No fast cooling

there 1s more cold gas In -
galaxies at high-z, the discs f Benson & Bower

are larger: not an important
SiE &2en the SER.




4) COLD GAS INFLOWS

However, In gas simulations most of the gas that forms discs has
been In a hot phase, Indicating that cold flows are somehow
responsible for the existence of a spheroid component.
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4) EFFECT ON SF

VWe adopt two different treatments:

Angular momentum of filament gas as that of a relaxed DM
halo: more angular momentum, more gas, larger disc, may not
lifslke -ise ST

Angular momentum assumed to follow flips according to
the baryonic mass coming with the cold inflows: comparatively
smaller gas disc.



4) COLD GAS INFLOWS IN SAG

In SAG, we use the Sutherland and Dopita
metallicity dependent cooling rates:

3 kT p,(r)
1 ZLcool(r) = 2
dt o de 2 um n;(r)A(T,Z)

Metals:

S

Portinari et al. Ilwamoto et al.
(1998) (1999)




4) COLD INFLOWS FROM
HYDRODYNAMICAL
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4) RATE OF COLD GAS INFLOW:

7 L
-1
6 | inflow
T
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N 4 §
iy
3 -3 .5
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°
2
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1
0 -5
10 10.5 11 11.5 12 12.5 13 13.5
log M,;;[M)]

incorporated in SAG via metallicity dependent fit (variables: metallicity, mass, redshift)
keeping the SD cooling rates for slow cooling



4) RATE OF COLD GAS INFLOW:

7 L
6 Cold inflow
5 ==
i |
N 4 Cooling
3 *1_— -
2
NM
1 T
0 2 2 f 2 %
10 10.5 11 11.5 12 12.5 13 13.5
log My[Mo] 0 metals to solar

incorporated in SAG via metallicity dependent fit (variables: metallicity, mass, redshift)
keeping the SD cooling rates for slow cooling



4) RATE OF COLD GAS INFLOW:

Cold inflow

Cooling
NM
10 105 11 11.5 ll2 12l.5 1l3 13.5
log Myis[Mo] 0 metals to solar

incorporated in SAG via metallicity dependent fit (variables: metallicity, mass, redshift)
keeping the SD cooling rates for slow cooling



4) RATE OF COLD GAS INFLOW:

Cold inflow

Cooling
NM
10 10.5 11 11.5 12 12l.5 ll3 13.5
log Myis[Mo] 0 metals to solar

incorporated in SAG via metallicity dependent fit (variables: metallicity, mass, redshift)
keeping the SD cooling rates for slow cooling
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S RESUL TS MADAU PECES
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4) RESULTS: Z=0 LF

No cold inflows

Do we still reproduce z=0 properties?

Cold inflows zero |
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4) SPIN OF BHS:



Base model. Model with BH spin:

We have 3 different mechanism of BH growth: Bondi-Hoyle
@ The QSO mode

.. fBu M=t McoldGas
Msn = A X feonimal X T3 (200kms—1/Vi;,)?’
with fgg = 0,76. :
@ The Radio mode Sp | ﬂ .
fom = racn BH ot Vr )’ last stable orbit
Mea = kacN 159~ X 01 X (200kms‘1) ’
with K;AGN=6)(10_2 Moyr_l_ |IeS further |n.

e Mergers of BHs
Mg = Mgy + My

My, 1 -Q / N .
F(r)y=—f+- : , E" — QL7 )Hrdr,
@ The BH luminosity _ (r) 47rrf r (BT —QLt)? ,.mﬂ( J e
Lgu = nMgH,
with n = 0,1.
e The modification of the cooling rate is given by |_| |gh er accre.tl on
' - Lgn :
! = Mcoo = 9 I~
oot = Mool T2 2 disc flux.
e We limit the luminosity by the "Eddington limit”
47Gm
Lega = £ Mgy

ar



We use the model of Wang, Xiao & Lei (2002), with the improvement of
Wang et al. (2003)

Astrophysical Load
)
? f | 0r, = 0,457
|
, ’ £0llt

,' cosfr = cosfr + G(a«, &,n)dE.

Accretion Disk

Mo

This model allows the coexistence of the BZ and MC processes
(CEBZMCQ).

The magnetic field on the horizon

oo
LBH 2 / FE 2xrdr

oo
TI%{ — M[](]- — E;;S) + 471'/ HQrdr

= €My + Lyc



Log,o(Lgy/Moc?)

4) SPIN OF BHS:

Loglo(Pjet/ Mo("'z)

(AMrehcated)AGN

= TIBH

Lpn

V2

vir

/2

.. n=5.5

l | 1 1 l 1 1 1 l 1 1 1

l 1 1 1
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-cht
Vv2ir/ 2

.- .
Mcool = Mcool — TIFB

0.8




4) SPIN OF BHS

10

< Norberg (2002)

o
o
—

-
o o
-—

(Bew;odpy.y) @

)

([u/"*w ") 6o

<
—
'

-16

24 22

10° .
-26

10‘g—

g
]

™~
<o
-

X Cole (2001)

o

[Bew/odp/y] @

104

1 12

10
l0g(Mg.ge (M, /N])

107

-18

-26 -24
M, - Slog,(h)

-28

-30



4) IS THERE EVIDENCE OF ALIGNMENTS!?:
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S I FIERE EVID

Evidence Is conflicting:

Possitive In Schmitt

(2002) and In Bat
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4) ISTH
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> One of the main advantages in use a SAM is to follow the baryon physics and to

distinguish between different phenomena in the galaxy SFH

Lagos, Padilla & Cora (2009a)
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same mechanisms that produce the
main BH growth

processes involving same
galaxy components
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