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Dark matter in a nutshell

- Cold Dark Matter works well in cosmology, CMB, structure formation 
        + candidates (WIMPs ,axions, PBHs ...) can accommodate the cosmological abundance
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Dark matter in a nutshell

- Cold Dark Matter works well in cosmology, CMB, structure formation 
          + WIMPs can accommodate the cosmological abundance 

- Dark Matter in galaxies :

 Success, vanilla picture :

Rotation curves

 Issues:

Rotation curves – core/cusp – diversity (driven by surface density of the baryons), BF

Satellites – To-big-to-fail – phase space correlation (plane)

Bar, Bulge/stellar halo

Ohman et al 2015

Apostole/Eagle simulations



  

Dark matter in a nutshell

- Cold Dark Matter works well in cosmology, CMB, structure formation 
          + WIMPs can accommodate the cosmological abundance 

- Dark Matter in galaxies :

 Success, vanilla picture :

Rotation curves

 Issues:

Rotation curves – core/cusp – diversity (driven by surface density of the baryons),BF

Satellites – To-big-to-fail – phase space correlation (plane)

Bar, Bulge/stellar halo

Among solutions :

Baryonic physics in cosmological simulations ? Star formation, Feedback (SN,AGN ..)

More complex dark matter at least at small/galactic scales ?



  

The Milky Way:



  

Milky Way, Portail et al 2017

The Milky Way:



  

Milky Way, Portail et al 2017

The Milky Way:

Sharp falloff to keep the RC constant between 6 kpc 
and 8 kpc  => cored profile at the center
:



  

WIMP dark matter direct detection



  

Direct detection



  

A review : Anne Green,  arXiv:1112.0524



  

Direct detection

The Standard Halo Model (SHM)

Maxwellian velocity distribution 

(self-grav isothermal sphere  )

 Escape velocity (Piffl+ 2014 from RAVE and simus)



  

Billard+ 1307.5458

CRESST collab 1509.01515

LUX collab 1512.03505



  

Stefano Magni thesis 2015  (Supervisor Julien Lavalle)

Parameters of the SHM



  

Review : Read,  arXiv:1404.1938



  

A recent review : Salas, Widmark,  arXiv:2012.11477



  

A recent review : Salas, Widmark,  arXiv:2012.11477

More to come soon with GAIA
=> Improve statistics

But reach the limits of current modeling
=> systematics



  

Dark matter detection

BSM

Astrophysics:

Dark matter distribution in the halo

Density profile
Cusp/core
Clump spectrum

Local dark matter features ?
Density
Phase space distribution
Escape velocity
Dark disk ?
Inhomogeneities ? Clumps, Streams ?



  

●Alternatives to the SHM :

Dark matter detection calculations rely on DM distribution features :

- Vary parameters 

- A priori : test more or less motivated/justified assumptions

- Obs

- Mass models

- semi analytic approaches

- cosmological simulations as consistent galactic framework from first principles(+some recipes)

 but no numerical Milky Way !

     → let’s have an educated use of those numerical galaxies/halos

test semi analytical approaches 
test fit functions (general Maxwellian, Tsallis …)
use f(v) to estimate uncertainties on detection rate/experiment sensitivities



  

Cosmological  simulations



  

Cosmological Dark Matter Only (DMO) simulations

ZOOM on MW sized halos
Billion of particles

Via Lactea ,  GHALO Aquarius

Select particles ~ 8 kpc from the 
center

DARK MATTER  (and STARS)

●   Gravity : Vlasov and Poisson equations



  

Direct detection

DM only simulations:
Via Lactea ,  GHALO Aquarius

Khulen +0912.2358 Vogelsberger+ 0812.0362

Select particles ~ 8 kpc from the 
center

Departure from maxwellian
Satellites acretion

10% on detection rate



  

Adding baryons

DARK MATTER  (and STARS)

●   Gravity : Vlasov and Poisson equations

GAS 

●   Hydrodynamics : Euler equations

●  + Gravity

●Baryonic physics  (sub grid)

●   Star formation

●  Feedback (SN, AGN ...)



  

Adding baryonic physics: Cosmological (zoom-in) hydro simulations
Auriga, Apostole, NIHAO, Fire-2, Vintergatan, Mochima ...

Mochima (Nunez-Castineyra,EN,Devriendt,Teyssier)    
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Mochima (Nunez-Castineyra,EN,Devriendt,Teyssier)    



  

Mollitor,EN,Teyssier 
arXiv:1405.4318 

Contraction + flattening

Stars
Dark matter halo Gas



  

Select dark matter particles around 8 kpc and look at distribution



  

Direct detection
Hydro simulations:
Include a galaxy
Stellar disk, azimuthal velocity
Dark disk ?

Horizon Ling,EN+ 0909.2028



  

Direct detection
Hydro simulations:
Includes a galaxy
Stellar disk, azimuthal velocity
Dark disk ?

S.Magni PhD (Sup: Julien Lavalle)
P.Mollitor PhD (Sup: EN)

See also: Pillepich+ 1308.1703, Eagle/Apostle : Bozorgna + 1601.04707 ...



  

Clumps
Mas spectrum
Concentration
Spatial distribution

Streams                           ???    

Density profile
Cusp/core 
Baryons  
Compression, Flattening 

Stellar formation, feedback 
…

Halo modelling : Berezinsky+2014, Ando+2019, Stref, Lavalle 2017, Hutten, Maurin.Combet 2019(clumpy), Gioccoli(Moka)  ...

Back to DM haloes



  

Semi analytical approaches

(Eddington inversion, Action-Angle ...)



  

Semi analytical methods

Eddington inversion

Lacroix,Stref,Lavalle

arXiv:1805.02403

Spherical symmetry
Isotropy



  

Semi analytical methods

Eddington inversion

Lacroix,Nunez-Castineyra,Stref, Lavalle,EN

arXiv:2005.03955



  

Semi analytical methods

Eddington inversion

Lacroix,Nunez-Castineyra,Stref, Lavalle,EN

arXiv:2005.03955



  

Semi analytical methods

Eddington inversion : axisymmetric extension

Petac, Lavalle, Nunez-Castineyra,EN
 
arXiv:2106.01314



  

Semi analytical methods

Eddington inversion : axisymmetric extension

Petac, Lavalle, Nunez-Castineyra,EN
 
arXiv:2106.01314



  

Other ansatz, “ad hoc” approaches, fits ….



  

Test other assumptions for f(v) 

Nunez-Castineyra,EN,Mollitor, Devriendt, Teyssier
 
In prep

Maxwellian

Generalized Maxwellian

Tsallis

Mao+ 2013



  

Conclusion - Work to do

     Consider those approaches to vary f(v)

Add astrophysical uncertainties on Darkside sensitivity :
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