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* Introduction
* Hydro-simulations

* Semi-analytical models
* Including AGN
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What is relation between dark matter
halo and its visible galaxy?

Two approaches:

*Semi-analyic modelling
*Hydrodynamical Simulations

Tom Theuns BCC  Institute for Computational Cosmelogy
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GALFORM galaxies Dark matter density

Redshift = .00
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Dwarf galaxy with GIMIC/OWLS code Dwarf galaxy with GIMIC/OWLS code

g (Gas densiny) i [Maanh / (Mpesh) 3] g (COM Jensiny) in [Maanh / (Mpeh) 3]

29.888 z = 29.888
L~ 0.999 Mpe/h e 0. L~ 0.999 Mpc/h
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(Minimum) Key physics included:

|. Gas cooling
2. Star formation

3. UV-background (reionization)
4. Feedback (SNe)
5. Enrichment (stellar evolution)

Caveats:
|. Numerical resolution versus dynamic range
2. Physics poorly understood (e.g. initial mass function)

Tom Theuns BCLC Institute for Computational Cosmelogy
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ggDurham Star formation: what we want:
vnvessty Schmidt law

ESFR x Lo (n =1.4+0.15
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Local Schmidt law
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Log|Z, (M, pc™®)]

(Calzetti et al, in preparation)




How to obtain Schmidt law?
Sub-grid model for SF and ISM

~lnsufficient resolution to model multiphase ISM

~Need effective pressure of unresolved, multiphase ISM

~Need star formation law that reproduces observed threshold and
Schmidt law with the minimum number of free parameters

~We do not want to simulate more than we can




Sub-grid model for SF and ISM

~What goes in

Effective equation of state (gives the pressure of the gas)

P x pgsf (Pgas > Ptr)

Schmidt law (surface densities)

| YISFR X Ygas
Surface density threshold

~What comes out
Volume density star formation law
Volume density threshold




Implementation guarantees a
Schmidt law
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Observed:
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Galaxy NGC 3079 HST « WFPC2

MNASA and G. Cecil (University of North Carolina) » STScl-PRC01-28

M 82 (NGC 3034)

Subaru Telescope, National Astronomical Observatory of Japan
Copyright(© 2000 National Astronomical Observatory of Japan, all rights reserved

FOCAS (B, V,
March 24, :
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Suite of simulations:
GIMIC/OWVLS

Galaxy-Intergalactic Medium Interacti

Millennium volume GIMIC high-resolution region Disc galaxy

L =500 Mpc/h L =0.05 Mpc/h

Zoomed simulations of 5 spheres picked from the

Millennium Simulation Combine LSS with high numerical resolution

Tom Theuns 1ICC Institute for Computational Cosmelogy
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Star formation history (Madau-Lilly plot)
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SNe feedback: can

reproduce faint end

Dark halos
(const M/L)

\

els make galaxies
that are Yoo massive

—25 -30
Mm—ﬁlogh
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Motivations

- Observationally, many clusters of galaxies show evidence for X-ray cavities
filled with radio plasma, which are thought to be inflated by relativistic jets
generated by the central BH

Owen, 2000: VLA

radio image at
90cm of M87
(67kpc)

Blanton,2001:
Chandra 37ks
image of Abell
2052 (140kpc)

Tom Theuns
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Sanders&Fabian

2002:
Chandra 31ks
image of
Centaurus
(50kpc)

Fabian, 2006:
Chandra 1Ms
image of
Perseus
(220kpc)
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- In the newly emerging scenario AGN

feedback might be composed of two - EEenen
modes: ;

—
o
|

Cooling (Small Mgy,)

1. At high z, due to the major mergers,
large amount of gas can be accreted by
the central BH => powerful QSO

—
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2. SMBH at low redshifts, have very low
L__— but they show evidence of outflows

Heating, Cooling Rate [Lg,,]

Cooling (Large Mgy)

(Jets, bubbles), withL _ >L .

C

1075 Lol Lol L1 1111l L1 11l L1 111
10-° 1G~4 10-3 10-2 10t

M/MEdd
Churazov et al., 2005
-see also, Croton et al, Bower et al, Merloni et al.

- In analogy with X-ray binaries, the switch between these two modes
of feedback might be determined by a threshold in BHAR => Aim:. explore
this simple, but attractive scenario in cosmological simulations of structure

formation!
Tom Theuns S |j acki 08 BCC  Instiute for Computational Cosmelogy
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- two modes of BH feedback: “quasar” and “radio”
- a simple switch in BHAR regulates in which state a given BH

“Quasar” feedback:
- a small fraction of L, coupled thermally, isotropically and

continuously to the surrounding gas particles

2

Fteed = s Ly = €6, Mpuc
withe, = 0.1 and e£= 0.05

“Radio” feedback:
- below BHARradio= 0.01, AGN feedback is mechanical =>

recurrent, hot bubble episodes

Tom Theuns S |j acki 08 BCC  Institute for Computational Cosmolagy



Cold accretion “Quasar’
mode

2B
W Durham

L'IliV(:‘I'SlllV Two mOdeS: during mergers (eg. Granato et al.,

2004, Springel et al

gives rise to QSOs 2005)

“Radio” mode
feedback

(eg. Croton et al 2006, Bower et
al 2006 Okamoto et al 2007)

Hot accretion from nearly hydrostatic
halo gives jets and feedback, shutting-off
star formation (cooling flow)

Tom Theuns Institute for Computational Cosmelogy




28 Two types of accretion?
AN
" Durham SS — accretion energy is

University radiated

RIAF — accretion energy
powers jet

Pl

Smooth accretion
from cooling flow gas

| »

Prevents hot gas
from cooling

Rapid accretion in mergers
and bar instabilities

Expels cold gas from
merging galaxies

“Radio” mode » “Quasar” mode
feedback :

(eg. Granato et al., 2004, Springel
' - | 2
(eg. Croton et al 2006, Bower et . & et al 2005
al 2006 Okamoto et al 2007)

Tom Theuns RCC Institute for Computational Cosmelogy
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y (comaoving Mpc/h)

Red circles The problem is to
represent black — 0 1 ~1 0 1 stop this disk

holes and their x {comving Mpe/h) x {comving Mpe/h) galaxy forming a
radii are
proportional to

log(MgR)

bulge!!!
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C.01 0.02

y (phys Mpc/h)

-0.02-0.01

Okamoto et al 2007
-0.02-0.01 0 0.01 0.02-0.02-0.01 O 0.01 0.02
x (phys Mpc/h) x (phys Mpc/h)
Tom Theuns 1ICC Institute for Computational Cosmelegy
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—

w/0o AGN-FB
with AGN-FB

AGN suppresses

late star formation

SFR/(Ma/yr)
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"g}l{gslﬁlym Inclusion of AGN in models produces
observed cut-off in number density of bright
galaxies
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Direct evidence:
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Y AGN feedback in isolated halos: bubbles, weak shocks
and sound waves

300 qrrrr I“‘

200

i 10" HALO

o

-100 §

10" HALO

0
-100

-200

-300 x10’ - 3 0.99
-300 -200 -100 0 100 200 -200 -100 0 100 200 300
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TEMPERATURE MAPS PRESSURE MAPS  Dalla Vecchia et al
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Metal distribution

-10000  -5000 0 5000 10000  -10000  -5000 Q -5000 0 5000 10000
x [hkpe] x[h'kpe] x[hkpe]

no AGN with AGN with AGN

no galactic winds no galactic winds with galactic winds,
v~480km/s

Tom Theuns S|laCk| 08 1ICC Institute for Computational Cosmelegy
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Yirlal Temperature at z = 2.00

Division between cold
+clumpy accretion and
smooth+hot accretion
sets-in at similar mass-
scale

Log{maximum temperature)

O 11 12 13 14 15
Log(group mass)

[ IS
0.4 0.5 1.4 1.5 2.0
Log(number of particles)

Van de Voort et al. (2008)
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And mow for

semething completely

differemt?
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First stars and the nature of the dark matter

I 8 Cold Dark Matter
e ‘ e Single star per halo
e Massive: 30-300 M_sun
 Short-lived: 2-4 Myr
* Very luminous

* No strong mass loss
* die as SN or BH

Warm Dark Matter

* Many stars per filament
* Low and high mass
e Milky Way remnants!?

Institute for Computational Cosmelogy
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!'Durham e Galaxy formation models may need
nvesity. AGN to shape the bright-end of the

luminosity function

*Feedback needs to operate when

stars form in nearly hydrostatic halo

(cooling flow)

*VWarm dark matter may provide

seeds for super-massive black holes

Summary:

AGN feedback in isolated halos: bubbles. weak shocks

51 154

T T T T
Dark halos |
(const M/L) | ;
2o :, 4 10" HALO
1 1

-20 -25
MK’f5logh

log(®/mag-'h® Mpc~3)

galaxies

Tom Theuns Institute for Computational Cosmelegy
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Status of runs:

L ow-resolution

0

High-resolution

-2 -1 0

Z 0.9 2 2

Gas mass = |.5 10% Mo/h







Dwarf galaxy with GIMIC/OWLS code

log (Gas density) in [Msun/h / (Mpc/h) ™ 3]

z — 29.888
L= 0.999 Mpc/h







GIMIC Sigmag galaxies at z=2.75
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M:=108% Mo, SFR=5 M¢/yr, z=2.75

Sigmal Lres, z=3
[rrerrrrrrp T T T T T

Sigmal Lres, z=3
LN L RN

20Myr
S0Myr

)
mass [Msun/h]

1
sfr [Msun/yr]




M:=108% Mo, SFR=5 My/yr, z=2.75
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M:=108% Mo, SFR=5 Mo/yr, z=2.75
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M:=108% Mo, SFR=5 Mo/yr, z=2.75
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Spectra




Spectra

Fauchears?
MILL+HROA

2.0 2.5 3.4 3.0 4.0 4.5 5.0
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Spectra

I'(z) / T'(3)

Redshift
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