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LSST collaboration 
and 

Steve Allen, Douglas Clowe, Anthony Gonzalez, Maxim Markevitch, Bill Forman, Christine 
Jones, Tim Schrabback, Dennis Zaritsky, Roger Blandford, Phil Marshall, Tommaso Treu, Anja 

von der Linden, Douglas Applegate                                        

and at present with 2 Cosmic Supercolliders the "Bullet 
Cluster" 1E0657-56 and  MACSJ0025-1222

Dark Matter in the LSST Era



Dark Matter and The Bullet Cluster

Dark Matter and The Cosmic Train Wreck

Dark Matter and The Baby Bullet Cluster

Dark Matter and LSST



La Thuile, February 2-7, 2009

LSST Maruša Bradač

    LSST
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    LSST

8.4m telescope with 3200Mpix camera at Cerro Pachón (Chile)

Gravitational Lensing survey: 20000 square degrees

Stacked image: m(AB)=27 

High quality images: 50 source galaxies per sq. arcminute

6 filters: ugrizY, grizY almost continuous coverage of optical 
regime (300–1060nm)

Cadence of few days on each 10 sq. degree field, observed 
whenever possible (a good fraction of the year), for 10 years
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LSSTHST

Cl0024: one year stacked 
images, 0.7” seeing
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    Galaxy-galaxy Lensing

LSST will do an excellent job for galaxy-galaxy lensing. 50 
galaxies/arcmin2, 20000 deg2 ! 3.6 10E9 source and lens 
galaxies ) three orders of magnitude better than SDSS or RCS, 
and already they did a fantastic job!

Measure mass properties and profiles of (overlapping) halos as a 
function of redshift, galaxy type, luminosity, etc.

Probe the DM halo to large radii.
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    Number of strong-lensing clusters
Integrated arc number counts as a function of magnitude limit. 
LSST will reach magnitude ~24 in each exposure, and ~27 in the 
final stacked image.

~4000 clusters
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     Why Galaxy Clusters

°
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    The Bullet Cluster 1E0657-56

The most energetic event known in the Universe since the 
Big Bang ->two 1015M⊙ clusters carry Ekin ~ 1063−64 ergs

Unique case of a major supersonic cluster merger occurring 
nearly in the plane of the sky (i < 15° , Markevitch et al. 
2002).

Mach number of 3.2 ± 0.8, which corresponds to a shock 
velocity 4500 ± 1000 kms-1

Subcluster velocity ~2700 kms-1 (Springel & Farrar 2007)

°
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    The Bullet Cluster 1E0657-56
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Total Matter

Gas

    1E0657-56: Weak Lensing

Clowe, MB et al. 2006
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    1E0657-56: Strong and Weak Lensing

Bradač et al. 2006

Total Matter

Gas
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    Dark Matter Properties
Combining the Chandra data with lensing mass maps -> place an 
upper bound on the dark matter self-interaction cross section      
σ/m < 1 cm2g−1 = 1.8barn/GeV (Markevitch et al. 2004).

-> Significant offset between subcluster X-ray gas core and 
dark matter peak gives  σ/m < 10 cm2g−1

-> Survival of the subcluster dark matter peak during 
interaction gives σ/m < 3 cm2g−1

-> No loss of mass from subcluster during interaction gives         
σ/m < 0.8 cm2g−1  

σ/m < 0.7 cm2g−1 = 1.3barn/GeV  (Randall et al.2008) 

SI dark matter σ/m < 0.5 − 5cm2g−1 (Davé et al. 2001).
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    Really Direct Evidence for Dark Matter?

Adopting MOND gravity:

->Angus et al. (2006) - Can fit weak lensing surface mass 
density predictions with gas+2eV Neutrino model

->Still require > 70% of the mass to be hot non-baryonic 
matter

->Incompatible with strong+weak lensing analysis.

->Gas mass too low for the subcluster.

Moffat (2006) - MOG to displace kappa peaks away from gas 
peaks - very unphysical profile.



La Thuile, February 2-7, 2009

LSST Maruša Bradač

      A520 - Cosmic "Train Wreck"
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      A520 -  Cosmic "Train Wreck"
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Neither 
baby nor 
bullet 

• F450W 
WFPC2 
5orbits

• F555W 
ACS 
2orbits

• F814W 
ACS 
2orbits

    Baby Bullet❋ Cluster MACSJ0025-1222
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Two cluster at the same redshift (0.586+-0.001) separated by 600 
kpc (projected)

Velocity separation of the BCG’s radial direction                      
Δz = 0.0005±0.0004         (100±80 km/s)

Richness /  stellar masses of an average massive cluster. 

SE(<300kpc):  2.7 1012 M☀ (3.6 1012 L☀)

NW(<300kpc): 1.9 1012 M☀  (2.5 1012 L☀)

    Galaxy Distribution
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38ks Chandra 
(115ks more to 
come)

Gas peak

Too shallow to 
see a shock 
front

    Gas Distribution
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    Why is Baby Bullet not a “Bullet”

The Bullet cluster is a merger of a cool core (low entropy gas) 
and a non-cool core cluster

Baby Bullet is a merger of two non-cool core clusters

Dynamical information from the shock - still likely
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    Why is Baby Bullet not a “Bullet”
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S&W Lensing

    Total Mass Distribution

Bradač et al. 
2008b
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S&W Lensing

K-band Light

    Mass vs. Light

Bradač et al. 
2008b
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S&W Lensing

X-ray gas

    Mass vs. Gas

Bradač et al. 
2008b
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τ = Σ
σ

m

    Dark Matter Properties
Combining the Chandra data with lensing mass maps -> place an 
upper bound on the dark matter self-interaction cross section      
σ/m < 4 cm2g−1 = 8 barn/GeV.

-> Significant offset between subcluster X-ray gas core and 
dark matter peak 

-> Survival of the subcluster (need velocity info)

-> No loss of mass from subcluster 

The Bullet Cluster: σ/m < 0.7 cm2g−1 = 1.3barn/GeV  (Randall et 
al.2008)
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    A new Bullet Cluster or Trainwreck?
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S.Caroll


