ASTROPHYSICAL
COSMOLOGY

Some issues in 2012




How did galaxies form?
How did supermassive black holes form?

What is the connection between supermassive black holes
and galaxy formation?

Are there unexpectedly massive structures on the largest
scales? Superclusters, voids...

What is the nature of dark matter?

Is dark energy just Einstein’s Lambda?




What have we learnt in past 2 decades?

* Semi-analytical modelling c. 1990

a recent example




Table |: (come ) Values of parameters used in the example model Parameters selecting between disiesent implem
components ae only listed whese more than one non-null implementation curently exists within Garacncus.

SAM parameters

Table 1: Values of parameters wed in the example model Parameters selecting between ditierent im)

[isothermalCoreRadiusOverVirialRadius]

0.1

components are only listed whes: more than one non-null implementation cureently exists within Gazacmc Parameter Value Referer
[majorMergerMassRatio] 0.1 4.9.1
Parameter Value [mergerRemnantSizelrbitalEnergy] 1 .2
[mergerTreeBuildCole2000AccretionLimit] 0.1
[H_0] 70.2 kmys [mergerTreeBuildCole2000MassResolution] Sx 10°M;
[Omega_0] 0.2725 [mergerTreeBuildCole2000MergeProbability] 0.1
[Omega_DE] 07275 [mergerTreeConstructMethod] build
[Omega_b] 0.0455 [minorMergerGasMovesTo] spheroid
[T_CMB]) 272548K [modifiedPressSchechterFirstOrderAccuracy] 0.1
[accretionDisksMethod] ADAF [modifiedPressSchechterG0] 0.57
[adafAdiabaticIndex] 1.444 [modifiedPressSchechterGCammal] 0.38
[adafEnergy0Option] pure ADAF [modifiedPressSchechterGamma?2] -0.01
[adafRadiativeEfficiency] 0.01 [powerSpectrumIndex] 0.961
[adafViscosityOption] fit [powerSpectrusRef erenceWavenumber] 1 Mpc™!
[adiabaticContractionGnedind] 08 [powerSpectrusRunning] 0
[adiabaticContractionGnedinOmega] 077 [randomSpinResetMassFactor] 2
[barInstabilityMethod] ELN [reionizationSuppressionRedshift] 9
[blackHoleSeedMass] 100 [reionizationSuppressionVelocity] 30 kmy's
[blackHoleWindEfficiency] 0.001 [satelliteMergingMethod] Jiang2008
[bondiHoyleAccretionEnhancementHotHalo] 1 [sigma_8] 0.807
[bondiHoyleAccretionEnhancementSpheroid] | [spheroidEnergeticlutflowMassRate] 1
[bondiHoyleAccretionTemperatureSpheroid] 100 [spheroidOutflowExponent] 2
[coolingFunctionMethod] atomic CIE Cloudy [spheroidOutflowVelocity] 50 kmy's
[coolingTimeAvailableAgeFactor] 0 [spinDistributionBett2007Alpha) 2.509
[coolingTimeSimpleDegrees0fFreedon] 3 [spinDistributionBett2007Larbda0] 0.04326
[darkMatterProfileMethod] NFW [stabilityThresholdGaseous] 0.9
[darkMatterProfileMinimmConcentration] 4 [stabilityThresholdStellar] L1
[diskOutflowExponent] 2 [starFormationDiskEfficiency] 0.01
[diskOutflowVelocity] 200 kny's [starFormationDiskMinimmTimescale] 0.001 Gyr
[effectiveNumberNeutrinos] 434 [starFormationDiskVelocityExponent] -15
[galacticStructureRadiusSolverMethod] adiabatic [starFormationSpheroidEfficiency] 0.1
[haloMassFunctionMethod] Tinker2008 [starFormationSpheroidMinimumTimescale] 0.001 Gyr
[haloSpinDistributionMethod] Bett2007 [starveSatellites] true A
[hotHaloOutflowReturnRate] 1.26 [stellarPopulationPropertiesMethod] instantaneous 4.18
[imfSalpeterRecycledInstantaneous] 0.39 [summedNeutrinoMasses] 0 4.4
[imfSalpeterYieldInstantaneous] 0.02 [transferFunctionMethod] Eisenstein + Hu ¥
[imfSelectionFixed] Salpeter [virialDensityContrastMethod] spherical top hat 3

Benson 2012



What have we learnt in past 2 decades?

* Semi-analytical modelling c. 1990

a recent example

* Hydrodynamical simulations

a pioneering example
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What's missing?

A robust theory of star
formation

and

Improved astrophysics




FEEDBACK

Controls how stars formed
Controls how galaxies formed
Controls how supermassive black holes formed

Controls the interplay of AGN and galaxy formation




Star formation efficiency e =0.01 fits data for MW clouds
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AGN and the SSFR?

specific star formation rate =SFR/stellar mass
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SFR = g, I\/Igas/ t e

SFR/M. = constant means exponential SFR!
Metallicity-dependent SFR is bad at low z: Z "\, but M. /‘ with redshift

This is bad!
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1.9<z<2.5
THE MAIN SEQUENCE OF GALAXY FORMATION
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AGN feeding rate

Silverman et al. 2008
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Buried AGN correction ?

Buried AGN fraction
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THE NEED FOR OUTFLOWS
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Even stronger outflows at z=4!
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OUTFLOWS & THE DWARF & GIANT PROBLEMS
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Fitting the mass function of low mass galaxies
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THE GALAXY LUMINOSITY FUNCTION AT HIGH z
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locally
unstable gas
flows towards
the galaxy
center

globally

- /
maybe one unstable gas
star per infalls rapidly
galaxy, up towards the
to hundred e laxy center
. e galaxy a dense
largt;::'et:\an %" star cluster
the sun forms
if the star is more massive a supermassive star’s core stars merge into a very
than ~300 solar masses, collapses into a black hole massive star, collapse into
collapse .mto black hole, that swallows the envelope black hole ~ 1000 times
~200 times the Sun growing up to a million solar more massive than the
masses Sun

Volonteri 2012
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FEEDBACK

+  spirals, Guitexin et. al.
. E & S0, Gultekin et. al.
S Marcon! & Hunt

 momentum flux dP/dt = f L ,,/c: need f~10 ~

jet-driven wind provides Mg, - 0 hormalisation
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Mechatncal advantage

Wagner, Bicknell & Umemura 2012
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AGN QUENCHING OF FILAMENTARY ACCRETION

SNe ‘
. Density
- AGN Temp re

Dubois + 2012




Peirani + 2012

AGN and BARYON EJECTION

IMBH do the job!
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how to enhance SFR: triggering by AGN

If AGN-driven outflows trigger star formation, IS + C. Norman 2008

star formation rate boost factor ~ v /o ~10-100

cocoon
+ supernova heating
SFR = eM_,/t &

(PAGN/Pg)*? & Vet /O Esx= O Veoor Mis /Esy M, = (tfsx-\'/o')i\@(Gpg)l"!2

Klamer et al. 2006

z=4.7 quasar + CO

Minkowski’s object
Croft et al. 2006

H, formation triggered by AGN




SFR = g, I\/Igas/ t e

* SFR/M. = constant means exponential SFR!

* Metallicity-dependent SFR is bad at low z: Z "\ but M. / with redshift

This is bad!

- SMG median
GALFORM moddl
10 — SFRD (scaled)

SFR-SJetI\/IgaS/t jet

SSFR =f s €M/t ;o ~ const at high z;

~ fo.s atlow z

Jet jet

+ exponentially increasing,
hence young and blue burst!

| Bothwell + 2012

This is good!

Bothwsll et al. (2009)
Geach et al. (2011)

+ Daddi et al. (2010)
Tacconi et al. (2010)




3-d N-body + hydro: RAMSES code (simulations by V. Gaibler, S. Khochfar, M. Krause, JS 2012)
100 pc resolution, 10 cm3 SF threshold

TimeStep: 101




log d (in jet plane)
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log p (projected)
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JET-INDUCED STAR FORMATION

Star formation







Active galactic nuclei:

aftermath, precursor or coeval to star formation?

gravity-induced quenching
star formation (preceded by triggering?)

star
formation rate

Y

Inside-out formation suggests precursor

redshift

Quenching favors aftermath




THE THIN GALAXY PROBLEM




THE SUPERMASSIVE BLACK HOLE PROBLEM




Imost of the mass-energy in
the universe is dark!

Studies of Universe’s Expansion Win Physics Nobel
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observe

predict

M~M, . =G"?=10"¢eV = ~10'"%eV*
Planck pvac

The worst prediction in physics!




Motivates
multiverse
explanation
of why dark

energy Is SO
Jukll

Ensemble of )

Self-Reproducing Universes




We live in one tiny pocket where the value of the cosmological
constant is consistent with our kind of life Leonard Susskind

The multiverse theory can’t make any predictions ... it
can explain anything... George Ellis




A physics solution?
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DETECTION IN MULTIPLE WINDOWS IS ESSENTIAL
* hints from direct detection

* hints from vy rays

* may heed to go to more complicated models




Landau on Cosmologists

Often in Error, Never in Doubt!

Alternatives:
we may hope for a fundamental
physics theory of dark energy

or seek an astrophysical explanation
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FUTURE TELESCOPES

WILL RESOLVE THES
PROBLEMS...& SUP!

THIRTY METER TELESCOPE

e
2 3o
—




