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selected from selected from 
the SDSS DR2the SDSS DR2 

All of them have All of them have 
σσ>300km/s,>300km/s,
NmemberNmember>20>20
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Why Red? 

Why Early-type?

Motivation:

(Goto et al. (Goto et al. 2002, AJ, 123, 18072002, AJ, 123, 1807; Goto, 2005, ; Goto, 2005, MNRAS,359,1415MNRAS,359,1415))
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Blanton et al. 2001

Composite LFs fromComposite LFs from
205 SDSS clusters.205 SDSS clusters.

Goto et al. 2003, PASJ, 54 ,4Goto et al. 2003, PASJ, 54 ,4
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Morphological Morphological 
ButcherButcher--Oemler Oemler 
effect in CEeffect in CE

(Goto, Okamura, Yagi et (Goto, Okamura, Yagi et 
al. 2003, PASJ, 55,755)al. 2003, PASJ, 55,755)

More blue galaxies in 
higher redshift

The Morphological BO Effect

color morphology



motivation:motivation:

PhysicsPhysics

behind clusterbehind cluster

galaxy evolution.galaxy evolution.
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IndexIndex

Critical environment in the SDSS at 
z=0

Morphology-Density Relation at 
z=0
The environment of passive 
spiral galaxies
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Sloan Digital Sky Survey (SDSS)Sloan Digital Sky Survey (SDSS)
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SDSS will produce
Imaging of  10,000 sq.deg r~23.1

In 5 optical bands (ugriz)

Spectra of 
and                               in 5 years 

Using 2.5m telescope at APO.

QSOs5105.1 ×

galaxies6100.1 ×
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The MorphologyThe Morphology--Density Relation with the SDSSDensity Relation with the SDSS

Correlation between morphology and environment
=> remarkable feature of galaxy population.

Previously (Dressler 1980, Postman 1984, Dressler et al 1997, Fasano et al 2000, Hashimoto et al 2000…)
•Eye-morphology
•Only cluster region
•Suffered from BG correction (no spectroscopy)

With SDSS
•All environment including field
•3 dimensional density (No BG correction) 
•Automated morphology

More information on 
the underlying physical 
mechanism
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AnalysisAnalysis
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Sample
Mr<-20.5, z<0.1 in EDR
(a volume limited sample with spectroscopic 7938 
galaxies)

Cluster Centric Distance
Distance to the nearest cluster 

within ±1000 km/s
Galaxy Morphology

Tauto parameter
(Concentration + Coarseness; Yamauchi et al. 2005,AJ,130,1545)



T a u t o  T a u t o  : Galaxy Classification : Galaxy Classification 
(Yamauchi et al. (Yamauchi et al. 2005,AJ,130,15452005,AJ,130,1545))
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concentration

+

coarseness

Tauto



T a u t oT a u t o
vs vs 

eyeeye--morphologymorphology
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E S0

Sa,Sb Sc-



Morphology Radius RelationMorphology Radius Relation
(Goto et al. 2003, (Goto et al. 2003, MNRAS, 346, 601MNRAS, 346, 601,),)
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Two characteristic changes
�two different physical mechanisms.

SFR :Gomez et al. 2003



Physical Size of Galaxies Physical Size of Galaxies 
(Goto et al. 2003, (Goto et al. 2003, MNRAS, 346, 601MNRAS, 346, 601,),)
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E
S0

Sc
S0 is smaller than Sc.
S0 is smaller than E.
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Passive Spiral Galaxies in the SDSSPassive Spiral Galaxies in the SDSS
(Goto et al. 2003,PASJ,55,757)(Goto et al. 2003,PASJ,55,757)

Spiral but no star formation.  What are these?



Passive Spiral SelectionPassive Spiral Selection

Cin>0.5 
No Hα & no [OII] (less than 1σ)
0.05<z<0.1, Mr<-20.5 (a volume limited sample)
Seeing <2.0”

�73/25813(0.3%) passive spiral galaxies.

c.f. Active Spiral Galaxies 
Cin>0.5, with both Hα and [OII] �1059/25813
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OpticalOptical--IR color IR color ------ not dustiernot dustier

PS do not look like dusty 
star forming galaxies.
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Yamauchi & Goto 2004 MNRAS, 352, 815

http://www.blackwell-synergy.com/servlet/useragent?func=synergy&synergyAction=showPopup&citid=citart1&id=f4&doi=10.1111/j.1365-2966.2004.07966.x&area=


The Environment of Passive SpiralsThe Environment of Passive Spirals
(Goto et al. 2003,PASJ,55,757)(Goto et al. 2003,PASJ,55,757)

Passive spirals are cluster related.
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Passive Spiral Galaxies in the SDSSPassive Spiral Galaxies in the SDSS
(Goto et al. 2003,PASJ,55,757)(Goto et al. 2003,PASJ,55,757)

Red optical color, but do not look dustier in r-K.�no sign of 
dusty star formation.
Passive Spirals live in cluster infalling region. 

Likely to be a key population in transition
between blue/spiral and red/S0 galaxies as 
seen in BO effect and MDR.
Quiescent truncation of SFR required. 
Merger/interaction is not likely to be 
responsible.
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Possible Hypothesis.Possible Hypothesis.

FieldInfallingCore

Stripping
strangulationmerging

S0
Sc

E

Star-forming galaxiesS0s ←Passive spiralsEllipticals
Cluster Es could be much older.



Morphology-Density Relation suggests the existence of two different 
physical mechanisms governing cluster galaxy morphology.

Cluster infalling region (0.3<Rvir<2):
S0 increase, SFR decrease, existence of passive spirals.
Cluster core (Rvir<0.3):
Elliptical increase.

Passive Spiral galaxies live in cluster infalling region(1<Rvir<10). 
Likely to be a galaxy population in transition between blue/spiral and 
red/S0.

Summary : z=0 with the SDSS
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