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Barred Spirals on the Red 
Sequence 

an important evolutionary stepping stone? 
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Launched July 2007 

Galaxy Zoo - the project which harnesses the power of the 
internet - and your brain - to classify a million galaxies. 
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Huge Success 
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Why Do People Do This? 
Galaxy Zoo: Exploring the Motivations of Citizen Scientists. (Raddick et al. 2009 astroph/0909.2925) 

Most people 
look at about 
20 galaxies -  
some a lot 
more! 



Karen Masters: “Barred Spirals on the Red Sequence. An Important Evolutionary Stepping Stone?” (AAS Galaxy Zoo) 5 

Galaxy Zoo 2 

Take the brightest ¼ million galaxies and ask more 
detailed questions (Feb 2009-April 2010) 
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“Early types” 

“Late types” 

Solitary 

“Red and dead” 

Blue and starforming 
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Galaxy Zoo 2 
– bars 

Masters et al. 2011, 
MNRAS (411, 2026) 
“Galaxy Zoo: Bars in disk 
galaxies” 

(~14000 galaxies in volume 
limited sample with reliable 
answer to bar question) 

Red disk galaxies 
are more likely to 
have bars than 
blue ones… 
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Two populations  
of disk galaxies? 

Blue starforming 
disks with no/small 
bulges and few 
(strong) bars 

Red passive disks 
with large bulges and 
many bars 
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Red Spirals in Galaxy Zoo  
•  Massive and old (not more dusty) 
•  More likely to host an AGN/LINER (correcting for mass) 
•  More likely to be in intermediate density environments, but present in all 

environments 
•  More likely to have a bar Masters et al. 2010  (MNRAS 405, 783)  

•  direct probe of evolution affecting star formation but not morphology 
•  route for most evolution from blue -> red 
•  huge samples - thanks to SDSS and Galaxy Zoo 
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Examples 
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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 
2.  red spiral  
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Do Bars Kill Galaxies? 

A queen honeybee and her female workers have 
identical DNA sequences but obvious differences 
in behaviour and reproductive ability. This 
can be explained, in part, by the attachment of 
methyl groups to the bees’ DNA, which changes 
gene expression. Now researchers have found 
significant differences in the methylation 
patterns of more than 550 genes — most of 
which are involved in essential cellular activities 
such as metabolism and RNA synthesis.  

Ryszard Maleszka at the Australian National 

University in Canberra and his team analysed 
genomes from the brain tissue of reproductive 
queens and sterile workers to reveal the 
genome-wide distribution of methyl groups. 
They found that methylation sites clustered 
in areas of genes where splicing — a form of 
cutting and pasting — occurs in the RNA that is 
transcribed from the gene. The authors say that 
methylation may influence the splicing process 
to generate different gene products. 
PLoS Biol. 8, e1000506 (2010)

E P I G E N E T I C S

What makes a queen bee?

M AT E R I A L S  S C I E N C E

Graphene meets 
fluorine 
The graphene family has a new 
member: fluorographene, an 
atom-thick sheet of carbon 
in which a fluorine atom is 
attached to every carbon atom. 
The material is effectively a 
two-dimensional analogue of 
Teflon.

Rahul Nair and Andre 
Geim at the University 
of Manchester, UK, and 
their co-workers made the 
material by exposing a sheet 
of graphene to fluorine atoms. 
Unlike graphene, which has 
high electrical conductivity, 
fluorographene exhibits 
high resistance, making it a 

P H A R M A C O L O G Y

Blocking a gut 
reaction
Some metabolized cancer 
drugs are reactivated by 
bacteria in the gut as they 
pass through, causing severe 
diarrhoea. Matthew Redinbo 
at the University of North 
Carolina at Chapel Hill and his 

A S T R O N O M Y

Old galaxies have 
bars of stars
At least 30% of disk-shaped 
galaxies, including the Milky 
Way, have a thick line, or ‘bar’, 
of stars, dust and gas across 
their centre. A new study 
shows that these bars are more 
common in older galaxies than 
younger ones, suggesting that 
they might cause galaxies to age 
more quickly. 

Karen Masters at the 
University of Portsmouth, 
UK, and her colleagues 
examined data from 13,665 
disk galaxies. The galaxies had 
already been catalogued by 
the Galaxy Zoo project, which 
enlists members of the public 
to comb through telescope 
data and classify galaxies. The 
researchers found that as many 
as half of redder galaxies — 
which host only older stars 
— have bars (pictured, top). 
By contrast, 80–90% of bluer 
galaxies — in which stars are 
currently being born in large 
numbers — do not (bottom).
Mon. Not. R. Astron. Soc. 
doi:10.1111/j.1365-
2966.2010.17834.x (2010)

candidate insulating material 
for electronic applications. 

With its outstanding 
thermal and chemical stability, 
and mechanical properties 
that exceed those of steel, 
fluorographene could be used 
in similar ways to Teflon.
Small doi:10.1002/
smll.201001555 (2010)

colleagues have identified the 
molecular structure of a key 
bacterial enzyme responsible, 
and have found several 
chemicals that prevent the 
reactivation.

The small-molecule 
inhibitors block the active 
site of the enzyme, called 
!-glucuronidase, without 
killing the resident bacteria 
or harming mammalian cells, 
which produce a slightly 
different version of the enzyme. 
One inhibitor protected mice 
from diarrhoea and colon 
damage caused by the drug 
irinotecan. Similar treatment 
could allow cancer patients to 
tolerate higher, more effective 
doses of chemotherapy, the 
researchers say.
Science 330, 831–835 (2010)
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What is a Bar? 
“Linear bar-forming modes are standing waves in a cavity, akin to the 
familiar modes of organ pipes and guitar strings” 

Sellwood, 2010 “Dynamics of Disks and Warps” (astroph/1006.4855) 

•  forming a bar is easy 

•  question is why only some 
galaxies have them….. 
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What does a Bar Do? 
1.  Bar forms quickly in disk 
2.  Bar drives gas inwards (stars and DM out) 
3.  Bar lengthens and weakens 
4.  A central concentration builds up                                     

(pseudo-bulge, Kormendy & Kennicutt 2004) 
5.  Which may or may not destroy the bar (e.g. 

Hozumi & Hernquist 2005 – BH with 0.5% disk mass will 
destroy bar, Debatissta et al. 2006 - need 20% of disk in 
gas before bar is destroyed) 

Gas seems to be important 

•   in passive disks (no gas) bars are very stable 
  high bar fraction in red disks may be due to lack 
of gas 

Then we go round again 
(e.g. Combes 2004) 

Constant bar fraction since 
z ~1 (8 Gyrs) 
(Elmegreen et al. 2004) 
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Google Sky Bar Lengths 
Galaxy Zoo offshoot 
project 

Developed by Ben 
Hoyle at Portsmouth 

Use Google Sky 
technology 

Widely discussed on 
Galaxy Zoo forum 
and blog 

Data made public. 
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Reliability 

Users reproduce their own 
measurements (length) within 
3% and each others to better 
than 20% 
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Red disks have longer 
(redder) bars 

Shown is absolute size – 
also holds for size 
relative to galactic disk 

Galaxy 
redder 

Bar 
redder 

Hoyle, Masters et al (MNRAS, in press) 
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Rings, Bars and Spirals 2 

•  Barred galaxies with spirals have longer bars (at a fixed colour) 
•  Barred galaxies with rings have shorter bars (at a fixed colour) 
               Link between rings, spirals and star formation/gas content? 

Longer bars are 
stronger (A
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Bars and Environment 

Does the bar fraction depend on environment?  
No 
•  van den Bergh 2002 – ~900 galaxies 
•  Li et al. 2009 – correlation function of ~1000 galaxies 
•  Marinova et al. 2009 – STAGES cluster (z~0.2). ~800 galaxies 
•  Mendex-Abreu et al. 2010 –190 galaxies in Coma cluster 

Yes 
•  Barazza et al. 2009: 945 galaxies in EDisCs (z~0.8). Up a bit in the cores of 

clusters. 
•  Barway et al. 2010 – higher bar fraction for S0s in clusters (371 S0s)  
•  Marinova et al. 2010 – “much higher” bar fraction in core of Coma (470 

galaxies) 

Do bars turn spirals red, or just come along with environmental process which 
turns them red? 
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Bars and Environment 

•  bulgy disks are more 
clustered  

•  barred disks are more 
clustered than disks in 
general 

•  red disks with bars are 
(perhaps) more clustered 
than red disks in general 

•  tough even with Galaxy 
Zoo statistics!  

Do bars turn spirals red 
(or just come along 
with environmental 
process which turns 
them red)? 

Skibba, Masters et al. (in prep.)  
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Bars and Gas Fraction 
Villa-Vargas, Shloshman & Heller 2010 ApJ 

Gas component limits bar growth. And the bar might help to use up gas…? 
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ALFALFA and Galaxy Zoo 
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Bob Nichol, Ben Hoyle, Ramin Skibba, 
Steven Bamford, Carie Cardamone,       

Edd Edmondson, Lucy Fortson,           
Pamela Gay, Bill Keel, Kate Land,           
Chris Lintott, Kevin Schawinski,              

Daniel Thomas,…. 
The Zooinvierse development team 

And more than 400k users 

Thanks 
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You can Zoo too! 

www.data.galaxyzoo.org 

Hubble Zoo: 
http://www.galaxyzoo.org 


