The effects of galaxy formaﬁon
Nels dustermg

Marcel van Daalen
Berkeley Cosmology Seminar, Jan 28 2014

N‘\{, .

ACTIONS

MARIE CURIE



VT MEASURE S TRUCTOISES

* How structure has formed and how matter Is clustered gives
us Information about the inrtial conditions of the Universe

* By comparing observations to simulations (which have known
initial condrtions) we can constrain cosmological models and
parameters

» Powerful measures of clustering: power spectra and
correlation functions
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- Power spectrum:




WEAK LENSING

* Weak lensing measures the distribution of matter through its
effect on light

* Most matter Is dark matter, and baryons are expected to
trace 1t on the relevant scales

* Dark matter only simulations are therefore used to interpret
weak lensing measurements

* However: studies have shown that baryons and galaxy
formation can no longer be ignored




EFFECTS OF GALAXY FORMATION

* Why should galaxy formation affect the power spectrum!?

- As gas cools and forms stars and galaxies, the small-scale power
INCreases

- Feedback heats and redistributes the gas, which, unlike dark matter,
feels pressure and thus lowers the power

- Galaxy formation can thus affect the power on a range of scales and
in different ways

* Farlier work considered cooling and weak feedback, but not
AGN feedback




EFFECTS OF GALAXY FORMATION

* Upcoming surveys sensitive to ~ % = very precise estimates

of statistics needed

<= [-10 h/M

* Existing models predict a ~ % decrease in power for

DC, and a great increase at smaller scales

» All these models suffer from overcooling, which some authors
claim leads to conservative estimations

* However: our AGN model predicts quantitatively ana
qualitatively different results!



SIMULATIONS

* OWLS simulations (Schaye et al. 2010), 100 Mpc/h boxes with
2 x 5123 particles, WMAP3 cosmology (but doesn't matter)

* DMONLY, REF, AGN

* REF: radiative cooling/heating, star formation, chemical
enrichment, supernova feedback

* AGN: REF + AGN feedback (most realistic simulation, e.g.
McCarthy et al. 2010/201 |)
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POWER SPECTRUM
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BRFEC |S OF GALAXY FORMATIGEES
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EFFECTS OF GALAXY FORMATION
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POV ER SPEC TGS
HOW DOES THIS AFFECT WEAK LENSING?

* Weak lensing needs theoretical power spectra to interpret
observations

* |f baryons are important on scales k<0 h/Mpc, but only dark
matter I1s Included In models, a bias Is introduced
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POV ER SPEC TGS
HOW DOES THIS AFFECT WEAK LENSING?

* Weak lensing needs theoretical power spectra to interpret
observations

* |f baryons are important on scales k<0 h/Mpc, but only dark
matter I1s Included In models, a bias Is introduced

* One solution: add a modelled distribution of the gas to the
halo model (detalled observations needed!)
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POV ER SPEC TGS
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DUNMIMARY FPARTES

* Baryonic processes, especially AGN feedback, greatly affect the
matter power spectrum, even at large scales

» Corrections can be made to reduce the (~40%!) bias, though
these are (currently) model-dependent

 Better constraints on the distribution of gas in and around
naloes (X-ray/SZ) are needed

van Daalen et al. 201 |, arXiv: | 104.1 | 74: Semboloni et al. 201 |, arXiv: | 105.1075
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THE CORRELATION FUNCTION

e A measure of the amount of structure that has formed on a
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THE CORRELATION FUNCTION

e A measure of the amount of structure that has formed on a
oiven scale/separation r

e Definrtions:
p(x) —p

17

- Galaxy correlation function: &g (1) = (dg(r1)0g(r2)) (r = |r2 —r1)
(basically counting galaxies)

- Density fluctuations: §(x) =

- Galaxy-mass cross-correlation function: &g (1) = (dg(r1)0m(r2))
(indication of the lensing signal)



SIMULATIONS

e Cosmo-OWLS simulations: DMONLY, REFAGN (identical inrtial
conditions!), all WMAP/ cosmology

* REF contains radiative cooling/heating, star formation, chemical
enrichment, supernova feedback

* AGN contains the same, plus AGN feedback

* 200 Mpc/h and 400 Mpc/h boxes with €m.x=2-4 pkpc/h
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SUBHALOES, NOT GALAXIES

o Stellar masses highly sensitive to code, subgrid recipes and
cosmology — often quite wrong in hydro simulations

* SHAM and SAMs do reproduce the

clustering mode

s typically use these

M«-M, relation, and

dredictions

— Use subhaloes instead of galaxies

* [hat way, we can consider t
relative to a dark matter on

ne effects of galaxy formation
y scenario
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PROFILE CHANGES

O EDIM Also baryons
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PROFILE CHANGES

O EDIM Also baryons

Baryons make the profile more concentrated
Ffficient feedback partly negates this!
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LINKING SUBHALOES

* Feedback lowers the mass of objects, but we may be able to
account for this mass-dependently (e.g.Velliscig et al. 2014)

* What part of the effect we see Is due to the masses changing!

* |nvestigate by linking subhaloes between different simulations
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LINKING SUBHALOES

(1) Flag 50 most-
geuma C DM
barticles

(2) Inrtiate link 1
>50% Is found In
another halo

(3) Confirm link If the
reverse Is true



LINKING SUBHALOES

e | inked fraction is ~98% for the lowest-mass subhaloes,
typically >99%

 Calculate correlation functions again, but now selecting by
DMONLY mass = effectively removes the mass change!
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SUMMARY PART |l

* GGalaxy formation changes clustering a lot, both by changing
the masses of objects and the overall distribution of mass

* When mass-selecting objects, account for the mass change
due to galaxy formation or be biased by ~10%

* For the clustering of matter, accounting for the change In
profiles/large-scale gas distribution is most important (out to
beyond even ril)

van Daalen et al. 2014, arXiv: | 310.757|



