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Ruiz, Padilla, Dominguez, Cora (2011)

LSS-Galaxy connection: simulations (Tool #1)

Cosmological
periodic box
simulation of
150Mpc/h a side,
12003 particles.

DM particles of
108h-"Msun and
haloes of >300

particles of
3x101%h " Mgyn.




Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

LSS-Galaxy connection: SAM (Tool #1)

4 )
o Standard Cosmology
o DM only simulations -

-

e Measured merger trees, substructures included,
minimum of 300 particles for angular momenta.
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)

SF and BH accretion during starbursts:

. Enough massive disk Disk component may become unstable
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)
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The spin paradigm
(pc and kpc together)

log Ly ferg s_l)

o Motivation: Why complicate the model with the BH spin?

Merloni, Heinz & Di Matteo (2003)
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° Accretion rate is not the only

parameter regulating radio-loudness.
e Radio-loudness occurs preferentially in
Elliptical galaxies.




Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)

The implementation of the BH Spin

Blandford (1990) Low accretion rates
a = Jn/Jmax = cJn/GMgay H/R<a<1 > v/ R a
Papaloizou & Pringle (1983)

Shakura & Sunyaev (1973):

The a-model High accretion rates

Ly, > L gy (Volonteri et al. 2004)
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)

Observational results on the fraction
of RL gala,}ﬂes
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

Semi-analytic model (Tool #1)

The implementation of the BH Spin

Coherent spin evolution:
There is some memory of the direction of the
angular momentum of the infalling material.

Chaotic spin evolution:
No memory.




Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

oemi-analytic model (Tool #1)

Following the angular momentum of galaxies

Bulge component: only the directiori

Disc component: direction + magnitude
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Springel et al. (2001), Lagos, Cora & Padilla (2008), Lagos, Padilla & Cora (2009)

oemi-analytic model (Tool #1)

Following the angular momentum of galaxies

Bulge component: only the directiori

Disc component: direction + magnitude
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Paz, Stasyszyn & Padilla (2008), Paz, Sgr6, Merchan & Padilla (2011)
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Paz, Stasyszyn & Padilla (2008), Paz, Sgr6, Merchan & Padilla (2011)
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LSS alignments
The ratio between correlation functions in the directions
perpendicular and parallel to L (perp. to the stellar disc)
10.0 E_. n' a .I ' l iRecll edge—'on (02l) E
2:3/ 1.0 i ) : L] =
aw tol i " a :
: ::rto L : = ]
S| S S
~3 o1 i i i —
3’ o‘goa.lo 0.19 0.38 0.73 141 : 274 532 10.31 20.00
R Scale [Mpc h™']
- 2-halo
1.08
Aver lar :
veraged iat arge l
separations .
; 1.02
e Orientation of ‘-002
angular momenta somewhat 0.98]
perpendicular to the LSS. _
. LCDM Ok N R
10 10"
J




Angular momentum alignments

Use mark correlation to measure
alignments between the angular

momenta of a galaxy and its neighbors: & o/ O
o,’O‘
Q e’ | \Te
O @ R — & O .
I '-\,\‘
In mOdQIS: . L >} x M,= cos(6) ; Mg= cos(8) '
Me=1-cos(8) ; Me= cos(8)
M,=b/a Me= b/
1.02 1 % J[ % o M=1-b/c i Me= b/ _
s [\ E /1 s
= — A % % i i i
1.oo—li%%%é%é@§§§§g!“ r

Paz et al., in prep

0.98 . R . L
100 1000 10000




Mpc to Kpc scales

o Development of angular momentum from TTT

o Mergers with angular momenta in a slightly
non-random orientation.

o Unequal fraction of pro- and retrograde
mergers?
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Lagos, Padilla & Cora (2009b)

Model results: The BH spin and
other angular momenta

frequency

Using the DM L to L2 I Alignment with DM
infer the cooling gas L, and substructure L is present,
therefore other galaxy components although to a lower degree.
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Lagos, Padilla & Cora (2009)

1. The effect on the BH spin growth
as inferred from the model

> 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
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Lagos, Padilla & Cora (2009)

1. The effect on the BH spin growth
as inferred from the model
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<. Measurable effect?”: Observational
results on alisnments between stars

and sub-pc region ;
2 & Observations
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measured L EllL b/a>0.6

Number

=4random

Schmitt et al (2002), measuring Battye & Browne (2009),
the difference in position angle measuring the difference in
for the dust disc and radio jets of  position angle for the optical and
20 radio galaxies. radio images of 14,300 galaxies.
Possible concern: low number Possible concern: sample
statistics, projection effects. selection, projection etfects.




Padilla & Strauss, 2008

Tool #2: Shapes and orientations
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The Kpc-pc connection

o After selecting control samples for AGN types I and II, by matching
luminosities, colors, sizes, and concentrations (weighting by 1/
Vmax), the distributions of b/ a look like this:
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The Kpc-pc connection

o After finding the intrinsic shapes of the control samples for
Seyfert types I and II, the expected distributions of inclinations
as a function of b/ a are:

Observations

4 )

Spirals

Ellipticals are
rounder and
only marginally

Ellipticals |- =

usable to find
\ inclination
s J

Seyfert 11 Seyfert I




The Kpc-pc connection
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The Kpc-pc connection

e The 1/Vmax weighted fraction of edge-on (viewing
angle<C/B) galaxies is higher for high [OIII] EW, by
~20%:

Sample Type II AGN spirals
All AGN in the sample 0.58

Low [OIII] EW 0.59
High [OII) EW 0.70

o Consistent with estimate by Juneau et al. (2011) of
404+20% of missed AGNs by comparing to hard X-ray +
[OIII]5007 detection.

o Shape parameters of Type I and high [OIII] EW type II
galaxies are consistent in favour of AGN unified model
(significantly more so than without a limit on EW).




The Kpc-pc connection

e Effect from the
dust in the disc?

resulting distributions of
b/a when the dust in the
disc is assumed to
provide the absorption of
broad lines.

not good matches to
observed AGN host
distributions.
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Kpc to pc scales

o Some memory of the angular momentum that
came with the material that formed the torus.

o Possible inclination angle dependent
systematic effects in identifying edge-on
Seyfert II galaxies.

o Influence on process of growth of BH spins.




Summary

Observations point to an alignment between the LSS and
galaxy angular momenta. In turn, the angular momenta
of the stellar and accretion discs show signs of alignment.
Simulations indicate that the first effect comes from tidal
torques.

The second effect is studied using a new model where the
material falling into the nucleus of galaxies either

(i) arrives with a randomly oriented angular momentum
(ii) or remembers the direction of the angular momentum
of the source.

Model (ii) produces a better agreement with the
observations in the angle between the accretion disc and
the stellar disc but preferentially for type I Seyferts.

Thank you
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Numerical simulations: Ruiz, Padilla, Dominguez & Cora (2011, MNRAS, arXiv:1103.5074)
pc-kpc connection: Lagos, Padilla, Strauss, Cora & Hao (2011, MNRAS, 414, 2148)
Padilla & Strauss (2008, MNRAS, 388, 1321)

BH spin in the model: Lagos, Padilla & Cora (2009, MNRAS, 395, 625)
Mpc-kpc connection: Paz, Stasyszyn & Padilla (2008, MNRAS, 389, 1127)
Paz, Sgré, Merchan & Padilla (2011, MNRAS, 414, 2029)
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