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SIVIF& SAIV

At first glance:

Q gravo-hydrodynamical SIMs are based on first principles,
while SAMs are a set of recipes with many free parameters

Q so much freedom in SAMs that they can fit almost anything,
meaning that their predictive power is doubtful

But:

Q SIMs include many recipes and free parameters of SAMs

Q extremely hard to fit all the observables at once,
so we could really trust any SIM or SAM able to do so

On the other hand:

Q SIMs are at the limit of current computing capabilities,
while SAMs can still be substantially improved
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Common parameters
in SIMs & SANs

» Ordinary galaxies
* Star formation efficiency:
°* Yield
* Reheating and coupling efficiencies
* IMF
* Dust extinction
> AGN
* MBH feeding efficiency
* Duty cycle
* Reheating and coupling efficiencies
* MBH radiation
» Boundary conditions

* |nitial z for star formation
* |nitial metallicity
* |nitial MBH mass

* |onizing and heating backgrounds
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Extra parameters in SAMs
ndnAbyO et neosisns

DM clustering

* Halo growth rates

* Formation times, progenitor masses
Halo inner structure

* Mass and time dependence of NFW concentration

* Velocity dispersion, anisotropy and angular momentum profiles
Dynamical state of trapped gas

* Density profile

* Temperature profile
Disc properties

* Scale radius
Spheroid properties

* Effective radius and surface density, Sersic index n

Galaxy interactions

* Minimum mass for disc destruction, truncation radius, disc-to-bulge
mass transfer efficiency
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PROPOSEDR STIKRATEGY

Q Fully analytical approach using sampled PDFs
reaching very high-z and low-M = accurate (trivial) boundary conditions

distinguishing between accretion & major mergers - accurate merger trees
accounting for all M at each z - accurate integrals over M and evolution over z
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PROPOSEDR STIKRATEGY

Fully analytical approach using sampled PDFs
reaching very high-z and low-M — accurate (trivial) boundary conditions
distinguishing between accretion & major mergers - accurate merger trees

accounting for all M at each z > accurate integrals over M and evolution over z

Lesp unavoldaole parameters only and Irr) org*/@ Usuzl procedures
oYy Jals d avolc

Ing unjus JJ QQ\ JJrnr/ condil ]Qf
ds, ~mJ Qf ng and neating vackgrour

Inirnize extra parameters oy causally connecting

less freedorn (less extra parameters) — more oredictive
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PROPOSEDR STIKRATEGY

ow-M — accurate (trivial) boundary conditions

[rees

distingulsning between accretion & major mergers — accurate rmerger

Q Keep unavoidable parameters only and improve usual procedures

by adding molecular cooling and avoiding unjustified boundary conditions
- realistic metal enrichment, MBH seeds, and ionizing and heating backgrounds

Q Minimize extra parameters oy causally connecting pnysical orocesses
(

(less extra parameters) — more oredictlve

il

U Adjust as rmany oogserveoles as 00ssiole

rigner Irternzl conslstency — rrore relleole
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Uneveldable parameters

- boundary conditions

» Ordinary galaxies
e Star formation efficiency
* Yield
* Reheating and coupling efficiencies
° IMF
* Dust extinction
> AGN
* MBH feeding efficiency
° Duty cycle
° Reheating and coupling efficiencies
* MBH radiation
» Beundary conditions
* [nitlal= foestacformation
* [nitialimeltallieiy
* |mitaliiviBH arass

* |onizing and heating backgrounds
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PROPOSEDR STIKRATEGY

- F\JHy EJTJEJJy'E]f‘EJJ ﬁxp@f@ﬂ@‘m Using sampled PDFs
rees g /~r/ nign-z and low-M — accurate (trivial) oour Jw/ conditions
distinguisning be”u‘/eem accretion & major mergers — acclrate merger trees
accounting for all M at eacn z — accurate Integrals over M and evolution over z

O Keep unavoidable parameters only and improve usual procedures

by adding molecular cooling and avoiding unjustified boundary conditions
- realistic metal enrichment, MBH seeds, and ionizing and heating backgrounds

| 4

Q Minimize extra parameters by causally connecting pnysical orocesses
( I

(less exira parameters) — more oredictlye

June 24-25 2008 14th Birmingham-Nottingham Extri



PROPOSEDR STIKATEGY

— accurate (trivial) bounds f/ conditions

¢ major mergers — accurate rrierger trees
vVer /\// and svolution over z

esp unavoldaol irich ) ‘oro‘\/@ Usuzl procedures

—\7

iding urjustified poundary COTIC H"]Qf
eds, and | JQfJ/Jf 1g and nezating oa

crgrounds
O Minimize extra parameters by causally connecting physical processes
less freedom (less extra parameters) - more predictive
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Connected physics: no extra parameters

» DM clustering: EPS +

* Growing rates
* Formation time pdf, progenitor mass pdf
» Halo inner structure
* Mass and time dependence of NFW concentration
* Velocity dispersion, anisotropy and angular momentum profiles
» Dynamical state of trapped gas
* Density profile
* Temperature profile
» Disc properties
* Scale radius
» Spheroid properties
* Effective radius and surface density, Sersic index n
» Galaxy interactions
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DM clustering (EPS + frontier miner/major mergers)

Halo accretion, formation and destruction rates

1/(1+A,)




Halo inner structure (collapse time increasing function of turnaround radius)
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Dynamical state of trapped gas (polytropic approximation, self-consistenty )

M, vs T,
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Spheroid properties (major mergers of two galaxies)

2D and 3D density profiles compared to typical 2D and 3D Sersic profiles for
ellipticals of 3-10°, 107°, 3-10%°, 10" and 3:10"" M
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PROPOSEDR STIKATEGY

— accurate (trivial) bounds f/ conditions

¢ major mergers — accurate rrierger trees
vVer /\// and svolution over z

esp unavoldaol irich ) ‘oro‘\/@ Usuzl procedures

—\7

iding urjustified poundary COTIC H"]Qf
eds, and | JQfJ/Jf 1g and nezating oa

crgrounds
O Minimize extra parameters by causally connecting physical processes
less freedom (less extra parameters) - more predictive
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PROPOSED STRATEGY

accurate (trivial) bour Jar/ conditior)
J Urate merger trees
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Lesp unavoldaole parameters only and Imorove Usual procedures
oy adding molecular cooling and avolding QQ' rida f/ Conc H'r] ong
— realistic metal enrichirnent, MIBr seeds, and lonizing and nezating vackgrounds
Minirnize extra parametsrs oy causally connecting pnyslcal processes
less freedormn (less extra varameters ) — rmore predictive

Adjust as many observables as possible
higher internal consistency - more reliable
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Ad|justed parameterss
Z =102,

Pop Ill top-heavy IMF
(Yo,= 0.25; M ,/M,,= 0.5)

f..=0.17

esc

Obsenvedivalues usedt
Q,(z~3)~1.8-103
SFR(z=3) ~ 0.34 M_ yr' Mpc?
# ion/baryon (z=4)< 7
Z o (z=4) > 3.54 - 104 Z,
z, ~6.0 & 9-11



Conclusions

SAMs have SIMs as guideline, but...
They are not only more practical, but also more easy to improve than SIMs.
E.g., one can include molecular cooling and connect physical processes.

Doing so, SAMs become even more predictive and reliable than SIMs.

THE END
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