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in one slide… 

One of the most popular citizen scientist projects – 200,000+ contributors, 
and inspired the 600,000+ strong “Zooniverse”. 

Surveys of contributors suggest they mostly do this out of a desire to help 
with science – science results are vital to success. 

Visual classifications for SDSS galaxies (and now also HST surveys). 

Classifications by multiple independent citizen scientists = extremely 
reliable, and not easy to fool (ie. a bar is a bar). 

30+ peer reviewed papers using Galaxy Zoo classifications.  

Phase 1 data is public (1 million MGS galaxies spiral or early-type).  
Lintott et al. (2011); www.data.galaxyzoo.org 

Try it at: www.galaxyzoo.org, propose a project… 
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Barred Red Spirals in Galaxy Zoo  

Masters et al. 2010  (MNRAS 405, 783) 
Masters et al. 2011 (MNRAS 411, 2026) Blue Red 

Red, massive disk galaxies 
are much more likely to have 
strong bars than blue disk 
galaxies… 

…also more likely to be 
satellites (Skibba et al. 2009) 
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How to make a spiral red? 
•  gas in the disk of spirals will run out in much less than a Hubble time (~2 Gyr) 
•  must be replenished from somewhere 
      (Larson, Tinsley & Caldwell 1980) 

•  hot gas in halo 
•  continuous infall of gas 

High Velocity Clouds and the Milky Way 
Credit: B. Wakker et al. and NASA 

1.  shut off gas supply  
•  remove it – strangulation 
•  make it too hot - harrassment 

2.  red spiral  
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Bar dynamics 
•  Bars enable exchange of angular 

momentum -> they move material around… 
–  growing central concentrations 
–  feeding AGN? 
–  using up gas more quickly? 
–  limiting external in fall of gas (beyond co-rotation) 
–   self destructing?  

Suggestions that bars are transient (e.g. 
Combes 2004) but no consensus (e.g. 
Sellwood 2010) 

Gas is important (e.g. Athanassoula 2004) 
  - bars in gas free discs very stable 
  - bars in gas rich discs hard to make (in 
numerical simulations)  

No bars (or effects of bars) in semi-analytic 
models of galaxy formation.  
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Bars killing spiral galaxies? 
At fixed Mstar  
– gas poor galaxies 
more likely to have bar 
than gas rich 

At fixed gas fraction  
 – barred galaxy more 
likely to be red than 
unbarred galaxy  

HI data from the 40% release of the Arecibo Legacy 
ALFA Survey - blind HI survey of Arecibo sky; Haynes 
et al 2011.  (Masters et al. in prep.) 
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HI from THINGS (Walter et al. 2008) 

Optical gri from SDSS (DR8) 

CO from BIMA (Helfer et al. 2003) 
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Bars and Environment 

barred spirals are more 
clustered than spirals  
on some scales 

Are bars a side effect 
of environmental 
processes quenching 
satellite disc galaxies?   

Environmental Dependence of Bars and Bulges 9

Figure 6. Upper panel: projected correlation function wp(rp) (circle points) and weighted projected correlation functions Wp(rp). Lower
panel: marked projected correlation functions, using pbar mark (left) and fracdeV mark (right). Recall that the marked correlation
function is defined as M(rp) ! [1 + Wp(rp)/rp]/[1 + wp(rp)/rp] (Eqn. 5).

considering that these are disk galaxies and that pbar is
correlated with colour, it is likely that many of these are the
same objects as the “red spirals” discussed in S09 (most of
which have bars, according to Masters et al. 2010b; M11), a
relatively large fraction of which are satellites (fsat ! 1/3).

We also show (unmarked) clustering of barred versus
non-barred galaxies (pbar > 0.2 and < 0.2), and bulge-
dominated versus disk-dominated ones (fracdeV> 0.5 and
< 0.5), in the upper panels of Figure 7. At large scales
(rp > 2 Mpc/h), their clustering strength is the same.
At smaller separations, however, barred galaxies tend to
be more strongly clustered than unbarred ones and bulge-
dominated galaxies tend to be more strongly clustered than
disk-dominated ones. The scale at which the correlation
functions diverge corresponds to the scale of the transition
from the “one-halo term” (pairs of galaxies within haloes)
to the “two-halo term” (galaxies in separate haloes). These
clustering measurements then suggest that barred and un-
barred galaxies may reside in the same dark matter haloes,
but the former are more likely to be central galaxies than the
latter. The same applies for the presence/absence of bulges
in central/satellite galaxies. We will return to this issue when
we apply halo occupation modeling to the measured corre-
lation functions, in Section 6.3.

5.2 Disentangling the Environmental Correlations

As we have shown in previous sections, disk galaxies with
large bulges are more likely to have a bar (see Fig. 3). We
have also shown that both bulge-dominated disks and disks
with bars are more strongly clustered than average (Fig. 6).
We address in this Section the question whether one of these
two galaxy properties is more dependent on the environ-

ment, or whether their environmental correlations are inde-
pendent. That is to say, we will determine whether bulge-
dominated galaxies with bars are more strongly clustered
than bulge-dominated galaxies without bars, and whether
barred galaxies with bulges are more strongly clustered than
barred galaxies with no or small bulges.

In addition, we know that disk galaxies hosting bars
tend to be redder and have higher stellar masses than those
with weak or no bars (Fig. 5). We will later address in Sec-
tion 6.1 whether the environmental correlations of galaxy
colour or stellar mass (e.g., Skibba & Sheth 2009; Li & White
2009) can account for the environmental correlation we have
observed of bars.

In the lower panels of Figure 7, we show the pbar

mark correlation functions for bulge-dominated and disk-
dominated galaxies (fracdeV> 0.5 and < 0.5), as well as the
fracdeV mark correlation functions for barred and unbarred
galaxies (pbar > 0.2 and < 0.2). Using the fracdeV> 0.5
threshold, 44% of our (disk) galaxy catalogue is bulge-
dominated, and using pbar > 0.2, 49% of it is barred. Fol-
lowing the procedure described in the appendix of S09, the
mark correlations are shown when the marks are rescaled so
that they have the same distribution as that of the whole
sample (see Fig. 2). Such a rescaling is necessary in order
to fairly compare the mark correlation functions. (In this
case, the mark correlation measurements are similar, within
"10%, when the mark distributions are not rescaled.)

The pbar and fracdeV mark correlation functions are
all still above unity, but they are statistically significant for
bulge-dominated (fracdeV> 0.5) and barred (pbar > 0.2)
galaxies, respectively. Using Eqn. 7, these pbar and fracdeV
mark correlations both have a statistical significance of
6!. In other words, bulge-dominated galaxies exhibit a sig-
nificant bar-environment correlation, and barred galaxies

c" 0000 RAS, MNRAS 000, 1–17

Skibba, Masters et al. 2012        
(MNRAS in press;    
astroph/1111.0969)  
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12 R. A. Skibba, K. L. Masters, R. C. Nichol, et al.

Figure 8. Left: pbar mark correlation function, shu!ed as a function of g!r color (solid triangles) and stellar mass (open triangles). Right:
pbar/"pbar|g!r# mark (solid triangles) and pbar/"pbar|M!# mark (open triangles) correlation functions. For comparison, the original pbar

mark correlation function is also shown (open circles, same as Fig. 6a). Ten bins were used, most with $1000-1400 galaxies/bin; using
fewer or more bins yields similar results. The unweighted correlation function (upper panel in previous two figures) is omitted, because
the full sample is used for all three mark correlation measurements.

ure 6. The result (averaged over eight realizations) is shown
in Figure 9. As with the observational measurements, the
errors are estimated using jack-knife resampling; the vari-
ance of the eight mocks is much smaller. If we were to ap-
ply the observed errors instead (and account for the di!er-
ent size of the GZ and mock catalogues), we obtain similar
error bars at large scales but smaller ones at small scales
(rp < few Mpc/h).

In the upper panel, the discrepancy between these pro-
jected correlation functions at large scales has been previ-
ously observed and is not statistically significant (see Zehavi
et al. 2005; Skibba et al. 2006); it is likely due to cosmic
variance. The discrepancy at small scales, however, is very
significant. The fact that the correlation functions are con-
sistent at scales of rp ! 1 Mpc/h, but the small-scale clus-
tering of the GZ catalogue is suppressed, could mean that
the satellite distribution as a function of halo mass is slightly
di!erent in the real universe, and is not reproduced with the
colour-magnitude selection procedure.

The pbar(g " r) mark correlation function of the mock
is weaker than the GZ measurement, but similar to the (g"
r)-shu"ed mark measurement in Figure 8a. This suggests
that part, but not all, of the environmental dependence of
pbar is due to more massive haloes hosting redder galaxies,
which are more likely than average to be barred. By taking
the ratio of the marked correlation functions, we estimate
that the colour-halo mass correlation accounts for 30-70% of
the environmental dependence of pbar, consistent with the
estimate in Section 6.1; conversely, the rest (also 30-70%) is
due to other processes unrelated to colour (or stellar mass),
perhaps involving the gas content and angular momentum
distribution.

Also note that, as in Figure 8, the pbar(g " r) mark
correlation function in Figure 9 lacks a drop in strength at
rp # 100 kpc/h, which we see in the original clustering mea-
surement. This implies that, in the real universe, although
galaxies at small separations (usually center-satellite galaxy
pairs) tend to be redder in more massive haloes, this does not

Figure 9. Clustering comparison between the Galaxy Zoo and
mock catalogues. Solid red circles indicate the projected corre-
lation function and mark correlation function of the mock cata-
logue, using pbar(g ! r) as the mark (see distribution in Fig. 5a,
and text for details). For comparison, the original GZ measure-
ments are also shown here (open circles, same as Fig. 6a); the
points are slightly o"set in the lower panel, for clarity.

entail a higher bar fraction; the lack of a pbar-environment
correlation at small separations in Figure 6a is not related
to galaxy colour.

Finally, we have computed the halo mass distribution
and halo occupation distribution of galaxies in the mock
catalogue. The halo occupation distribution (HOD) is the
number distribution galaxies occupying haloes of a given

c% 0000 RAS, MNRAS 000, 1–17

•  ~50% of environment correlation explained by preference for barred 
galaxies to be in massive red discs 
•  on some scales red barred discs more clustered than red discs 
•  barred disc galaxies more likely to be satellites than unbarred disc galaxies 
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Summary 
•  Morphology is an important clue to the history of galaxy 

evolution 
•  Galaxy Zoo provides reliable morphologies for 

statistically interesting sample sizes 
•  (Galaxy Zoo as a public engagement project does not 

work without science output) 
•   Relationship between bars, environment and 

evolutionary status of disc galaxies is complicated. 
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Thanks 

To our 200,000 co-authors, listed at: 
www.galaxyzoo.org/volunteers 


