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Zavala et al 2013
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I.  Velocity function – Is there a tension ?

Large discrepancy between theory

and observations … but is this a fair

comparison ?

Klypin et al 2015



Tension between theory and

observations disappears if

Small haloes do not contain galaxies

Large haloes contain small galaxies

(vmax >> vrot)

Klypin et al 2015
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AS et al 2016

Find vrot-vmax connection using

dwarfs with kinematic information. 
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AS et al 2016

Find vrot-vmax connection using

dwarfs with kinematic information. Correct for vmax

Trujillo-Gomez, AS et al 2016

I.  Velocity function – Is there a tension ?
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Recent results from the hydro

community:

Maccio et al 2016 (NIHAO)
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Better and more data is required … 

… and lot more is coming !

I.  Velocity function – The future is bright !



Better and more data is required … 

… and lot more is coming !

APERTIF

I.  Velocity function – The future is bright !
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stolen from: astro.ucla.edu

→ DM mass:  m > 3.3 - 5.3  keV (thermal relic)

Lyman-  forest

Observed satellite number ~ 60 (volume completed)

→ DM mass:  m > 2 keV

Lovell et al 2012 Milky-Way satellites

→ DM mass:  m > 2 keV

Magnified galaxies Dark clumps

Birrer et al 2017

→ DM mass:  m > 2 keV

II.  Lyman-alpha et al. (methods to constrain DM)

Livermore et al 2016
Menci et al 2017
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Lyman-alpha – a word of warning:

Hydrogen density:

Temp-density relation:

Are spatial variation negligible ?

Is T(z) a power law ? 

(see Hui et al 2016)

 

II.  Lyman-alpha et al.

Viel et al 2013
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BAO

Clusters Galaxies

Horizon

First order PT

Higher order PT

N-body Sims (1%)

N-body Sims (3%)

Large scale structure

Do we understand structure formation well enough  (at percent level)?

BaryonsWith AGN

(van Daalen et al 2011)
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N-body sims: self-consistent but wrong !

Full hydro sims: based on semi-analytical subgrid models !

→ Possible alternative: high-level parametrisation

(change halo profiles – measure cosmological statistics)

III.  Modeling Baryonic effects
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Power suppression with two parameters

Only two main parameters:    ejected gas fraction and … 

Schneider & Teyssier 2015Schneider & Teyssier 2015



Power suppression with two parameters

Only two main parameters:  … ejected gas radius

Schneider & Teyssier  2015



THE FUTURE – where to go from here ?

Example: lensing shear correlation:

Second param: ejected gas radiusFirst param: ejected gas fraction
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Large scale structure: the future is bright !

A lot of data in the next decade (DES, eBOSS, Euclid, LSST, etc) !

What is in there for DM ?

Neutrino masses and hierarchy – the guaranteed success !

Joudaki & Kaplinghat (2012)

Future (LSST)



Large scale structure: the future is bright !

A lot of data in the next decade (DES, eBOSS, Euclid, LSST, etc) !

What is in there for DM ?

Decaying DM – is there a hint ?

with decay ratewithout decay rate

Enqvist et al (2015)



Large scale structure: the future is bright !

A lot of data in the next decade (DES, eBOSS, Euclid, LSST, etc) !

What is in there for DM ?

More complex DM sector? – constraining the power spectrum



Conclusions :

The galactic velocity function – a potential new probe for
dark matter and cosmology

Lyman-alpha forest:
an unrivalled measure of small-scale clustering

 – or are there unknown systematics ?

Future surveys have
 the potential to 

discover new physics
 (and if not we still have the neutrinos)

Aurel Schneider –  ETH Zurich



Profile fitting
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