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• Brief overview of the Galaxy Zoo project

• Morphology bias corrections and reliability

• Morphology versus environment
• Stellar mass dependence

• Comparison with colour

• Red spirals and blue early-types

• Why are red spirals red?

• Future directions



Aims of Galaxy ZooAims of Galaxy Zoo

• Visually classify as many objects as possible from SDSS

• Find rare objects

• Cosmology with spiral spins

• Test morphology proxies

• Statistical studies with traditional morphology

• Public outreach
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FeasibilityFeasibility
z ~ 0.015 0.035 0.055 0.075 0.0950.025 0.045 0.065 0.085



Why bother with visual inspection?Why bother with visual inspection?

Colour is not
morphology
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Morphology versus luminosity and sizeMorphology versus luminosity and size



Morphology versus luminosity and sizeMorphology versus luminosity and size



Why bother with visual inspection?Why bother with visual inspection?

z ~ 0.05

psp~0.1 psp~0.5 psp~0.9



Classification databaseClassification database

• Catalogue public soon

Overview paper:
Lintott et al.
MNRAS, 389, 1179

200100
Days since launch

Total classifications

40 million

20 million

0

• 893212 objects in sample

First six months (final dataset >2x as much):

• After ‘cleaning’ raw clicks:
• 34,617,406 classifications by 82,931 users
• median of 33 classifications per object
• >20 classifications per object for 98% of sample

• Roughly 3.3 continuous person-years!

• Most classifications are done by
~1/3 users who do 100 - 10,000 each
• ~ few hours effort each





Clicks to morphologiesClicks to morphologies

• Raw morphological type ‘likelihoods’ pel, psp, pmg, pdk

• average classifications for each galaxy
• all users equal (with cleaning), or

• weight ‘better’ users

• Assigning types
• work with likelihoods

• threshold likelihoods
• definite types

• many uncertain

• Classification bias - quantified and corrected
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Comparison to other morphologiesComparison to other morphologies

Fukugita et al. 2007 S0 galaxies mostly classed as elliptical



Current projectsCurrent projects
• Completed:

• Spiral galaxy spins distribution
Land et al., 2008, MNRAS, 388, 1686

• Blue ellipticals
Schawinski et al., MNRAS, in press
(arXiv:0903.3415)

• Morphology versus environment
Bamford et al., 2009, MNRAS, 393, 1324

• 2-point correlation function of spiral spins
Slosar et al., 2009, MNRAS, 392, 1225

• Mark correlation functions
Skibba et al., MNRAS, in press (arXiv:0811.3970)

• Merger fraction and merger properties
Darg et al., MNRAS, submitted
(arXiv:0903.4937 & arXiv:0903.5057)

• Projects underway:
• Spectroscopic properties of red spirals
• More morphology versus environment
• Transition rates
• Morphology-dependent colour-magnitude sequences
• Morphology-dependent luminosity functions and galaxy bias
• SFR and AGN fraction as a function of morphology and environment
• Structural parameters of blue ellipticals

•  Serendipitous projects: 
•  Hanny’s Voorwerp

Lintott et al., MNRAS submitted
•  Overlapping galaxies - dust
•  Lenses
•  Ring galaxies

•  Non-astronomy projects:
•  Zooites motivation study
•  The Zoo in a brain scanner
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Morphology versus environmentMorphology versus environment

• Previous local work:
• Dressler 1980
• Postman & Geller 1984
• Goto et al 2003



Morphology versus environmentMorphology versus environment

• Early-type fraction versus local galaxy density and stellar mass



Morphology versus environmentMorphology versus environment

• Elliptical fraction versus local galaxy density and stellar mass



Morphology versusMorphology versus  colour bimodalitycolour bimodality
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Morphology versusMorphology versus  colour bimodalitycolour bimodality

• Comparison with colour



Morphology and colour in groupsMorphology and colour in groups

• Early-type fraction versus distance to a group (>1013 Msun)
and stellar mass
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Morphology and colour in groupsMorphology and colour in groups

• Little dependence of fractions on group mass (>1013 Msun)

total mass (from velocity dispersion) integrated luminosity



Morphology versusMorphology versus  colour bimodalitycolour bimodality

• Comparison with colour



Red spirals and blue early-typesRed spirals and blue early-types

• Objects on opposite sides of morphology/colour bimodalities

fraction of all galaxies fraction of morphological type

orange = face on only, must have visible spiral arms



Red spirals and blue early-typesRed spirals and blue early-types

• Stellar mass dependence



Red spirals optically passiveRed spirals optically passive

Retired galaxies?    Stasinska et al., 2008, MNRAS, 391, L29



Compliments STAGES resultsCompliments STAGES results

Wolf, et al., 2009, MNRAS, 393, 1302
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environmental effect
(strangulation?)
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slow change in star-formation

rapid change in optical signatures



Possible scenarioPossible scenario

environmental effect
(strangulation?)

slow change in star-formation

rapid change in optical signatures

fading and later dynamical interaction?



Morphology versus environmentMorphology versus environment

Conclusions

• Morphology - density relation does exist at fixed stellar mass, but is weak

• Colour - density relation stronger, especially at fixed mass

• Morphology vs density and group distance show very similar behaviour

• Little dependence of group members on group mass

• Colour trends with environment are much stronger for lower mass galaxies

• low mass ellipticals and spirals almost all blue at low densities, red at high densities

• Red spirals most common in outskirts of clusters / intermediate densities -
combination of two competing environmental effects

• Trends of morphology and colour vs environment not due to same processes

• Colour versus environment driven by occurrence of red spirals

• Not just usual S0 population

• Retain morphology, some remaining SF? --> gentle transformation mechanism

• Later dynamical transformation closer to group core


