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Galaxy group catalogs
Yang et al. (2007)
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Figure 10. Comparison of our MLR constraints with other constraints from the literature. The shaded regions show the 95 per cent confidence intervals that
we obtained from the analysis of satellite kinematics. The circles show the MLR obtained by Cacciato et al. (2009) by using galaxy abundance and clustering
measurements (the corresponding 95 per cent confident intervals are smaller than the circles), the squares with error bars (95 per cent confidence intervals)
show the MLR obtained by Mandelbaum et al. (2006) using weak lensing. The solid and dashed lines show the MLR obtained from the group catalogue of
Yang et al. (2007).

however, agree fairly well at the bright end. Somewhat surprisingly,
the MLR of all centrals (upper left-hand panel of Fig. 10) does not
reveal any discrepancy between the masses inferred from satellite
kinematics, versus those inferred from either clustering (results of
Cacciato et al. 2009) or galaxy group catalogues (results of Yang
et al. 2007). In case of the MSR of red centrals, at the low stellar
mass end the group catalogue results agree with the weak lensing
results and are again a factor 2–3 lower than the results obtained
here. On the other hand, at the bright end, our results agree fairly
well with the weak lensing results while the group catalogue results
are roughly larger by a factor of 1.6. It is also worth noting that
the weak lensing results are not fully consistent with each other at
the intermediate and low-mass ends. In particular, our results are
in excellent agreement with the weak lensing analysis of Schulz
et al. (2009) and the low-mass point of Mandelbaum et al. (2008).
For the MSR of all centrals (upper left-hand panel of Fig. 11),
our analysis of satellite kinematics once again yields halo masses
around low-mass centrals that are !0.3 dex larger than those in-
ferred using either subhalo abundance matching or galaxy group
catalogues. It is noteworthy, though, that the results obtained by
Conroy et al. (2007), which are also based on satellite kinematics,
are actually in good agreement with our results. Finally, we note
that for blue centrals there is no clear indication of any systematic
discrepancy, except perhaps at the massive end. However, since the
massive (bright) end of the galaxy mass (luminosity) function is

dominated by red centrals, the corresponding number statistics are
poor resulting in large error bars. Consequently, we do not consider
this discrepancy significant.

To summarize, Figs 10 and 11 indicate that tremendous progress
has been made in recent years in constraining the galaxy–dark mat-
ter connection, with different techniques yielding MLRs and MSRs
that are in fairly good agreement with each other, typically within
a factor of 2. While it is difficult to make any robust statement
about possible systematics, we acknowledge that there is a hint that
satellite kinematics yields halo masses around low-mass centrals
that are systematically larger than most other methods, especially
around red centrals. Although we certainly can’t rule out any sys-
tematics in the other methods, we briefly discuss a potential problem
with satellite kinematics.

Recently, Skibba et al. (2010) analyzed the SDSS galaxy group
catalogue of Yang et al. (2007) and showed that in a significant
fraction of groups (ranging from !25 per cent at the low-mass end
to !40 per cent at the massive end) the brightest group member
is a satellite galaxy rather than a central. As discussed at length
in their paper, this could cause satellite kinematics to overestimate
halo masses by as much as a factor of !1.6. However, we consider
it unlikely that this explains the systematic offset between satellite
kinematics and other methods because of the following two reasons.
First of all, the effect is expected to be largest at the massive end, and
to be negligible at the low-mass end, opposite to the trends seen in
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Satellite kinematics
More, van den Bosch et al. 

(2009ab, 2011)

A tight relation exists between central galaxy 
mass (or luminosity) and dark matter halo mass

Small-scale z-space distortion
CL, Jing, Mao et al. (2012)

Weak lensing
Mandelbaum et al. (2006)
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Galaxy clustering depends on      at fixed     
Wake et al. 2012 (arXiv:1201.1913)

M∗σ∗
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Wake et al. 2012 (arXiv:1201.1913)

Clustering does NOT depend on       at fixed     M∗ σ∗
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Possible explanations

• Halo mass is more tightly related to stellar velocity 
dispersion than to stellar mass

• Halo age (or concentration) is more tightly related 
to stellar velocity dispersion than to stellar mass

• The clustering properties are attributed to satellite 
galaxies, which may deviate from the stellar mass 
vs. halo mass relation of central galaxies due to tidal 
stripping, an effect that is stronger to stellar mass 
than to stellar velocity dispersion 

Wake et al. 2012 (arXiv:1201.1913)
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Our idea

• We study the cross-correlation between galaxies and 
central galaxies of groups, instead of the galaxy-galaxy 
cross-correlation probed by Wake et al.

• allowing us to directly obtain the correlation for 
central galaxies, avoiding the effect of satellites

• We estimate the velocity dispersion profile of satellite 
galaxies within groups

• a director measure of dark matter halo mass, better 
than the indirect measure from clustering amplitude

• Our work thus should be able to discriminate between 
the possibilities proposed by Wake et al.
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16000 groups of galaxies with       members 
from SDSS/DR7 (Yang et al., 2005, 2007)

≥ 3
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Cross-correlation function between groups and 
galaxies in z-space for groups of different masses
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• Velocity dispersion strongly depends on central galaxy mass!
• Velocity dispersion profile is roughly flat within the halo, 

slightly rising at small radii (<0.3R200) for high mass systems!

  !

R200!
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Halo mass as function of luminosity and stellar mass!

Milky Way!

•  M200-L relation in good agreement with gal-gal weakling lensing result!
•  Small difference in M200-M* relation due to different M* definitions!
•  Mh=2.8x1012M! implied for Milky Way with M*=6x1010M!!

Weak lensing results!
Mandelbaum et al. 2006!

Halo mass as function of luminosity and stellar mass
CL, Jing, Mao et al. 2012, ApJ (arXiv:1206.3566)
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Figure 10. Comparison of our MLR constraints with other constraints from the literature. The shaded regions show the 95 per cent confidence intervals that
we obtained from the analysis of satellite kinematics. The circles show the MLR obtained by Cacciato et al. (2009) by using galaxy abundance and clustering
measurements (the corresponding 95 per cent confident intervals are smaller than the circles), the squares with error bars (95 per cent confidence intervals)
show the MLR obtained by Mandelbaum et al. (2006) using weak lensing. The solid and dashed lines show the MLR obtained from the group catalogue of
Yang et al. (2007).

however, agree fairly well at the bright end. Somewhat surprisingly,
the MLR of all centrals (upper left-hand panel of Fig. 10) does not
reveal any discrepancy between the masses inferred from satellite
kinematics, versus those inferred from either clustering (results of
Cacciato et al. 2009) or galaxy group catalogues (results of Yang
et al. 2007). In case of the MSR of red centrals, at the low stellar
mass end the group catalogue results agree with the weak lensing
results and are again a factor 2–3 lower than the results obtained
here. On the other hand, at the bright end, our results agree fairly
well with the weak lensing results while the group catalogue results
are roughly larger by a factor of 1.6. It is also worth noting that
the weak lensing results are not fully consistent with each other at
the intermediate and low-mass ends. In particular, our results are
in excellent agreement with the weak lensing analysis of Schulz
et al. (2009) and the low-mass point of Mandelbaum et al. (2008).
For the MSR of all centrals (upper left-hand panel of Fig. 11),
our analysis of satellite kinematics once again yields halo masses
around low-mass centrals that are !0.3 dex larger than those in-
ferred using either subhalo abundance matching or galaxy group
catalogues. It is noteworthy, though, that the results obtained by
Conroy et al. (2007), which are also based on satellite kinematics,
are actually in good agreement with our results. Finally, we note
that for blue centrals there is no clear indication of any systematic
discrepancy, except perhaps at the massive end. However, since the
massive (bright) end of the galaxy mass (luminosity) function is

dominated by red centrals, the corresponding number statistics are
poor resulting in large error bars. Consequently, we do not consider
this discrepancy significant.

To summarize, Figs 10 and 11 indicate that tremendous progress
has been made in recent years in constraining the galaxy–dark mat-
ter connection, with different techniques yielding MLRs and MSRs
that are in fairly good agreement with each other, typically within
a factor of 2. While it is difficult to make any robust statement
about possible systematics, we acknowledge that there is a hint that
satellite kinematics yields halo masses around low-mass centrals
that are systematically larger than most other methods, especially
around red centrals. Although we certainly can’t rule out any sys-
tematics in the other methods, we briefly discuss a potential problem
with satellite kinematics.

Recently, Skibba et al. (2010) analyzed the SDSS galaxy group
catalogue of Yang et al. (2007) and showed that in a significant
fraction of groups (ranging from !25 per cent at the low-mass end
to !40 per cent at the massive end) the brightest group member
is a satellite galaxy rather than a central. As discussed at length
in their paper, this could cause satellite kinematics to overestimate
halo masses by as much as a factor of !1.6. However, we consider
it unlikely that this explains the systematic offset between satellite
kinematics and other methods because of the following two reasons.
First of all, the effect is expected to be largest at the massive end, and
to be negligible at the low-mass end, opposite to the trends seen in
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More, van den Bosch 
et al. (2009ab, 2011)

• Well consistent 
results from different 
studies/techniques

• Small scatter 0.16 dex

CL et al. 
(2012)

Mandelbaum 
et al. (2006)
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Subsamples selected on the plane of stellar 
mass and stellar velocity dispersion
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The projected cross-correlation function 
between galaxies and group centers
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The velocity dispersion profile of satellite 
galaxies around central galaxies
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Halo mass as function of stellar mass and stellar 
velocity dispersion
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Halo mass is clearly related to stellar mass more 
tightly than to stellar velocity dispersion
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Is     a better indicator than     ?
(CL, Wang, Jing, 2012, ApJL submitted, arXiv:1210.5700)

• Halo masses can be directly measured from estimating the 
velocity dispersion profile of satellite galaxies around central 
galaxies

• These measurements firmly demonstrate that the halo mass vs 
stellar mass relation is more tighter than the halo mass vs. 
stellar velocity dispersion relation

• The clustering dependence on mass at fixed velocity 
dispersion may be explained by the contamination of satellite 
galaxies to the galaxy-galaxy clustering measurement, due to 
their deviation from the halo mass - galaxy mass relation. 

• This might be caused by tidal stripping occurring within halos, 
which has stronger effect on stellar mass than on central 
stellar velocity dispersion.

M∗σ∗
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