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  Cosmological Framework

 Current observational constraints support:

flat Universe                         Ω  = ΩΛ   + ΩM  ~ 1 

dark energy component       ΩΛ  ~   0.7

matter density component    ΩM ~ 0.3

Hubble constant                   H0 ~ 70 km s ¹Mpc ¹⁻ ⁻
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  Galaxy Clusters

  Matter density component – Dark matter 

 The largest objects which are small enough to have come into dynamical equilibrium.

 The smallest objects which are big enough to contain a fair sample of the materials in 
the Universe, particularly of baryonic and non-baryonic matter. 

      ~ 80 - 85 %
is Dark Matter (DM) 

Abell 383
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  Galaxy Clusters

Abell 383

  Mass measurements: velocity dispersion 

 Scaling relations: the velocity distribution of galaxies can be converted into  mass 
estimates.

Evrard et al. (2008)
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  Galaxy Clusters

  Mass measurements: strong lensing (SL)

Abell 383

 Gravitational lensing is the most robust way to probe the total matter distribution 
because the light deflection is independent of the nature of the matter and of its 
state.

  The thin screen approximation 
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  Galaxy Clusters

  Mass measurements: strong lensing (SL)

Abell 383

 Gravitational lensing is the most robust way to probe the total matter distribution 
because the light deflection is independent of the nature of the matter and of its 
state.

  The thin screen approximation 
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  Goal

 In the ΛCDM cosmological framework, numerical simulations have shown a very 
well-defined correlation between the concentration of the halos and their masses

  
c − M relation: less massive halos are expected to be more concentrated than  
more massive ones 

  

Macciò et al. (2008)

  Matter density component:  Concentration – mass relation 

Bhattacharya et al. (2013)
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  RCSGA sample

  RCSGA: 29 SL selected galaxy clusters

 Red-sequence Cluster Survey Giant Arcs  →  RCSGA survey (Gladders et al in prep) 

→ Visual inspection of the Red-sequence Cluster Survey 2 (RCS2)

RCS2 J2329-0120 RCS2 J1517+1003 RCS2 J0327-1326 RCS2 J2329-1317

RCS2 J1055-0459 RCS2 J2151-0138 RCS2 J00344+0225 RCS2 J2313-0104

Carrasco et al. (2014, in prep.)

Wuyts et al. (2010)
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  RCSGA sample

  RCSGA: 29 SL selected galaxy clusters

 VLT / Magellan / Gemini spectroscopic data

> 2500 spectra

~ 1100 cluster members

<N> ~ 38 members per clusters

 only 5 clusters with N < 20 

 Velocity dispersion            Dynamical mass 

 Evrard et al. (2008)   → 

Carrasco et al. (2014, in prep.)
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  RCSGA sample

  RCSGA: 51 lensed galaxies

 VLT / Magellan / Gemini spectroscopic analysis has also confirmed 51 lensed galaxies

→ 34 background sources              0.8 < z < 3.2

Carrasco et al. (2014, in prep.)
Wuyts et al. (2010)
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  Mass distribution reconstruction 

 Main halos     →   eNFW profile

 Galaxy halos  →  PIEMD profile  

6  free parameters

2 free parameters

RCS2 J0327-1326

Wuyts et al. (2010), Sharon et al. (2012)

  Lenstool: Parametric method  –  8 free parameters (Jullo et al. 2007) 
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  Mass distribution reconstruction 

  Lenstool: Parametric method  –  8 free parameters

 Main halos     →   eNFW profile

 Galaxy halos  →  PIEMD profile  

6  free parameters

2 free parameters

RCS2 J0327-1326

Wuyts et al. (2010), Sharon et al. (2012)

σpos ~ 1'' / 1.4''

(Jullo et al. 2007) 
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  Mass distribution reconstruction 

 Massimo's simulated clusters

MOKA + SkyLens (Giocoli et al. 2010)

Σ ~ 1'' / 1.4''

G1 proyection XZ

< 5%

– True mass
– This work
-- LTM

  Lenstool: Parametric method  –  8 free parameters (Jullo et al. 2007) 
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  Mass distribution reconstruction 

 Massimo's simulated clusters

MOKA + SkyLens (Giocoli et al. 2010)

G1 proyection XZ

< 5%

– True mass
– This work
-- LTM

SL

  Lenstool: Parametric method  –  8 free parameters (Jullo et al. 2007) 
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  Mass distribution reconstruction 

RCS2 J0327-1326

 Dynamical mass (Dyn) constraints

Wuyts et al. (2010), Sharon et al. (2012)

SL

DyM

  Lenstool: Parametric method  –  SL and Dyn constraints



  
Wuyts et al. (2010), Sharon et al. (2012)
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  Mass distribution reconstruction 

RCS2 J0327-1326

  Lenstool: Parametric method  –  SL and Dyn constraints

SL+ Dyn

SL

Sifon et al. (2013) → PLCK G004.5 – 19.5 clusters 

Monna et al. (2014) → A383 clusters 

SL

DyM



  

    Mauricio Carrasco                                                                                                         Galaxies and Cosmology in Light of Strong Lensing    
  

  Mass distribution reconstruction 

 29 SL & DyM mass reconstructions    

RCS2 J2329-0120 RCS2 J1517+1003 RCS2 J0327-1326 RCS2 J2329-1317

RCS2 J1055-0459 RCS2 J2151-0138 RCS2 J00344+0225 RCS2 J2313-0104

Carrasco et al. (2014, in prep.)

Wuyts et al. (2010)

  Lenstool: Parametric method  –  SL and Dyn constraints
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  Concentration – mass relation 

  c – M relation for 27 RCSGA clusters

 26 clusters from RCSGA survey + 1 from Sifón et al. (2014)

27 SL selected galaxy clusters

Carrasco et al. (2014, in prep.)
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  Concentration – mass relation 

  c – M relation for 27 RCSGA clusters

 26 clusters from RCSGA survey + 1 from Sifón et al. (2014)

27 SL selected galaxy clusters

Battacharya et al. (2013)

→ Normal population at z = 0

C200 ~ 4.3 ~ 11%

Carrasco et al. (2014, in prep.)
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  c – M relation for 27 RCSGA clusters

  Concentration – mass relation 

 26 clusters from RCSGA survey + 1 from Sifón et al. (2014)

27 SL selected galaxy clusters

- - - -   Oguri et al. (2012)

- - - -   Meneghetti et al. (2014)

→ SL population  z = 0.45

C200 ~ 4.3 ~ 10%

C200 ~ 8.7 ~ 38%

~33%

Carrasco et al. (2014, in prep.)

Bhattacharya et al. 2013
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  Concentration – mass relation of 73 galaxy clusters 

  The largest robust dataset of concentration parameters

 SGAS survey (Oguri et al. 2012)

SDSS

SL selected 

 CLASH survey (Merten et al. 2014)

HST

X-ray  selected 

MacsJ1206 Abell 2261

MacsJ1115 ● MacsJ1149

27 clusters 19 clusters
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  Concentration – mass relation of 73 galaxy clusters 

  The largest robust dataset of concentration parameters

 This work
 27 SL selected clusters from Oguri et al. (2012)
 19 X-ray selected clusters from Merten et al. (2014)

- - - -   Oguri et al. (2012)

- - - -   Meneghetti et al. (2014)

→ SL population  z = 0.45

C200 ~ 3.9 ~ 6%

C200 ~ 11 ~ 78%
Carrasco et al. (2014, in prep.)
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  Concentration – mass relation 

  Stacking analysis

Carrasco et al. (2014, in prep.)

 This work
 27 SL selected clusters from Oguri et al. (2012)
 19 X-ray selected clusters from Merten et al. (2014)

- - - -   Oguri et al. (2012)

- - - -   Meneghetti et al. (2014)

→ SL population  z = 0.45

C200 ~ 3.9 ~ 6%

C200 ~ 7.5 ~ 17%
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  Concentration – mass relation of 73 galaxy clusters 

  The largest robust dataset of concentration parameters

 This work
 27 SL selected clusters from Oguri et al. (2012)
 19 X-ray selected clusters from Merten et al. (2014)

- - - -   Oguri et al. (2012)

- - - -   Meneghetti et al. (2014)

→ SL population  z = 0.45

C200 ~ 3.9 ~ 6%

C200 ~ 11 ~ 78%
Carrasco et al. (2014, in prep.)
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  Concentration – mass relation of 73 galaxy clusters 

  The largest robust dataset of concentration parameters

 This work
 27 SL selected clusters from Oguri et al. (2012)
 19 X-ray selected clusters from Merten et al. (2014)

- - - -   Oguri et al. (2012)-SL

- - - -   Meneghetti et al. (2014)-SL

→ SL population  z = 0.45

C200 ~ 3.9 ~ 6%

Carrasco et al. (2014, in prep.)

- - - -   Meneghetti et al. (2014)-X-ray

- - - -   Bhattacharya et al. (2013)
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  New non-parametric method

Konrad et al. (2013)

Majer et al. (2014)

Sarli et al. (2014)

Merten et al. (2009)

+...

  Mass distribution reconstruction 

Huber  et al. (2014, in prep)

Deprojections  
   → Richardson-Lucy algorithm 

< 2%
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  Conclusions

 We are lucky... there's a lot of work to do.
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