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The basic picture:

shutdown
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observed

Quasar light curve



Teday’'s menu:

= Background
" The excursion set theory.
n = Halormerger rate
= Self-regulated grewth
=S The light cunve
= Observational tests
> lUminesity function
> blas
= Euture work and conclusiens
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Core of Galaxy NGC 4261

Hubble Space Telescope
Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

| |
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS
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Cosmological simulations

Credit: Volker Springel
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Merger history trees

Black Hole Bulge Stars Disk Stars
10%h-1M, 10%h-1M, 10%h-

10%h-1M, 108h-1M,

BH of mass (z=0)

34 x 10® h™! My in the
central galaxy of a
2.9 x 10! h-' M, halo

Credit: Marta Volonteri Credit: Rowena Malbon

(See also Moreno et. al., 2008)
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Analytic model

See also:
Wyithe & Loeb (2003, 2002)
Haiman & Loeb (1998)

Other methods
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= Key ingredients:

- | it erinvza

Our model
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I EXCUrSsIon Set theory
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Aim: the halo merger rate!!
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Lbhex = A |'-.|'|[L1r1'.
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Cloud-in-cloud problem
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Random walk model

Bond et. al. (1991)
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Random walk model

Bond et. al. (1991)
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Spherical collapse:

B

Collapse In

Over
the past

density

Scale 2 mass!
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# m-halos /
volume

Halo mass
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Halo mass function

. Spherical Collapse
Ng. ——- bllipsoidal Collapse
o ___ N—Body fit

100 1000 10*
m/[101° M, /h]

(Moreno et. al. 2009)
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Halo mass histories

.

e Mass History %
O Simulation Snapshots §

Major
mergers

Smooth

1 10 100 /

M (101 M_/h)  Today

— accretion
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Analytic

# mergers
| # M-halos
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Fakhouri & Ma (2007)

Mass ratio of

merging haloes

K = mi(M-m)
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..a closer comparison

(R/n) modulo fit
to Millennium

K = mi(M-m)

Mass ratio of
merging haloes

7=
1018 M
1012 M
1o M

Sph Collapse

— Ellip Collapse
— — Zhang et. al.

O 0.2 04 0.6 0.8
L

1
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So far:

= EXcUrsion set theory:
- Random walks!
- Halo abundance
- Merger history.
- Ellipsoidal collapse > more accurate!

. ... Still need:
- [Niaht cun/e!

quasar is
observed

a
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lll. The light curve

Recall...

triggering

quasar is
observed

Ascending beak Descending
phase - phase
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Simple picture

Fgrav = Frad
LE dd X M
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Ascending phase

LOCMZ
LOCMZ

Vo
M> o< M-
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L(t), M2 (t) oc exp (t/tc)




How does the beast kill itself?

triggering

VW

triggering \ Ppeak I
I

Self-regulation:
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Self-regulation

M> o

M= (1 + 2)52+°

halo

A




Self-regulation

M

halo

)5=2+°

Simple argument:

(See Wyithe & Loeb, 2002 & 2003)
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Descending phase

L(t) oct'® M,

See also:

Hopkins & Hernquist (2008)
Yu & Lu (2008) i / /

Here: /7

O = O‘(Mhalo)

log o x Mr;alo’ 6 >0



SUmmanz tnelight-cui/e:

« Ascending phase:
Exponentially
Increasing

. Peak:
controlled by

« Descending phase:
power law

stranfer decav faor massin/e halaesl!

M: — Mhalo

Log Mg,=7.00
Log Mg,=8.00 — — —-
Log Mg,=9.00
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" Science goals:

- Luminosity
function at all z.

- Quasar clustering
at all z.

- formidable task!!

39



The luminosity function

45 46 47
Log L [erg/s]
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The luminosity function

45 46
Log L [erg/s]
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Comparison: luminosity function
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Boyle (2000) fit to data

Wyithe & Loeb (2003) model
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Quasar clustering

45 4868 47
Log L [erg s7']
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Quasar clustering
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Log L [erg s7']
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Comparison: bias

45 46 47
Log L [erg s7']
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Previous models

Observations

Credit: Marulli et al. (2006)
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V. Future research

Correlation Between Black Hole Mass
and Bulge Mass

____ Tundo et al. (2007)
—._.. Tremaine et al. 2002
_ _ Marconi et al. 2004
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hole |
Mass of central bulge Increasing
Log,o o[kms™]
Credit: Yuri Beletski Credit; Elena Tundo
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More scaling relations!
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Credit: Vera Rubin Credit: Laura Ferrarese
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Black hole - Halo relation

peak

M Mhalo (at the peak)

M, Mhalo (at shutdown)

shutdown

Mpalo < Uyir

Correlation Between Black Hole Mass
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Preliminary results

Ve /NVyp="1

Ve Ngp=0.7 — — — -
Ve Np=1,4 ———— _
Local
M. — o 20 21 22 23 24 25 26 27

Log @ [km s7']
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VI. Final remarks

= Mbodel:
-Halo major mergers > guasars!
-Very simple model (6 parameters!)

= Observational constraints:
- Luminesity function

- Quasar hias
- Local MZ «— O (’7)

= Paradigm: shiits:
-Merger rate: ellipsoidal collapse
-lCight curve peak: Mz — Mhpaio
-Faster shutdewn for massive halees!!
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