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The origin of E+AThe origin of E+A galaxies galaxies 
Strong Balmer absorption
No [OII], no Hα
⇒Post-starburst

A star + absorption lines
⇒E+A galaxies
⇒K+A galaxies

Tomotsugu GotoTomotsugu Goto
Japan Aerospace Exploration Agency, tomo@ir.isas.jaxa.jp
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2 puzzles on E+A(post2 puzzles on E+A(post--starburst)starburst)
What caused star burst?
What stopped it?

Cluster related. Found to live in cluster region (MORPHS, Dressler & Gunn 83)

Dust enshrouded star formation.(Poggianti et al. 1999; Smail et al. 1999)

Merger/Interaction (Zabludoff et al 1996)

Still puzzles

Very rare(21/11113 in LCRS). Phase is short(1Gyr). Million spectra of 
SDSS provide good opportunity to address this 20-year-old puzzle. 
Galaxy evolution in action.
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not much information on 
past SFH

truncation of SF: 
galaxy evolution in 

action
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How to find E+AsHow to find E+As
Goto, T. et al. 2003,Goto, T. et al. 2003, PASJ, 55, 771PASJ, 55, 771

HδEW>4Å (2.42%)
4 categories. 
• E+A: Hα<1σ, [OII]<1σ, No emission lines. (0.04%)

• HDS+[OII]: Hα<1σ, [OII]≧1σ (0.09%)
• HDS+Hα: Hα≧1σ, [OII]<1σ (0.04%)

• HDS+em: Hα≧1σ, [OII]≧1σ, Significant emission lines.
(2.25%)

The largest catalog of 266 E+As out of 250,000. 

http://pasj.asj.or.jp/v55/n4/550407/550407a.html
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E+A SpectraE+A Spectra
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1. Cluster Related (ram pressure, tidal interaction with cluster 
potential, …etc; Dressler et al. 1999; Poggianti et al. 1999)

2. Dusty Starburst (2/15 of E+As have radio SF; Miller et al. 2002; 
Smail et al. 1997;)

3. Interaction/Merger (tidal features in 5/21 E+As in Zabludoff et al. 
1996)

Three Scenarios for E+AThree Scenarios for E+A

Dubinski et al
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E+A is K+AE+A is K+A
“E+A” is sometime called 
“K+A” because of its disk-
like morphology. 
However,…

E+AE+A

Previous sample might be 
contaminated by HDS+Hα
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Environment of E+A Environment of E+A 
GalaxiesGalaxies

Not by cluster, 
not  by large-scale structure
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Three Scenarios for E+AThree Scenarios for E+A

1. Cluster related (ram pressure, tidal interaction, merging…etc; Dressler et al. 
1999; Poggianti et al. 1999)

2. Dusty Starburst (2/15 of E+As have radio SF; Miller et al. 2002; Smail et al. 
1997;)

3. Interaction/Merger (tidal features in 5/21 E+As in Zabludoff et al. 1996)
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OpticalOptical--Infrared color: Infrared color: rr--KK

E+As are not dustier.
(c.f., 5 dusty starbursts in Smail 
et al. are ~1mag redder.)
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Radio Estimated SFRRadio Estimated SFR

E+As are not dusty starbursts.

Goto, T. 2004, Goto, T. 2004, A&A, 427, 125A&A, 427, 125

http://www.edpsciences.org/articles/aa/abs/2004/43/aa1250/aa1250.html
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Three Scenarios for E+AThree Scenarios for E+A

1. Cluster related (ram pressure, tidal interaction, merging…etc; Dressler et al. 
1999; Poggianti et al. 1999)

2. Dusty Starburst (2/15 of E+As have radio SF; Miller et al. 2002; Smail et al. 
1997;)

3. Interaction/Merger (tidal features in 5/21 E+As in Zabludoff et al. 1996)
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HHδδ_EW _EW vsvs TimeTime
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Young E+As:
closer to burst
(130-470 Myrs)

uu--gg vsvs
HHδδEWEW

(current SF (current SF vsvs
recent SF)recent SF)
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Young E+A Spectra (HYoung E+A Spectra (HδδEW>7EW>7ÅÅ))
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Atlas Image of Young E+AsAtlas Image of Young E+As
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NNaccompanying galaxiesaccompanying galaxies

Goto, T. 2005, Goto, T. 2005, MNRASMNRAS, 357, 937, 357, 937

More accompanying 
galaxies for young 
E+As at <100kpc 
scale.

http://www.blackwell-synergy.com/links/doi/10.1111/j.1365-2966.2005.08701.x/abs/
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Three Scenarios for E+AThree Scenarios for E+A

1. Cluster related (ram pressure, tidal interaction, merging…etc; Dressler et al. 
1999; Poggianti et al. 1999)

2. Dusty Starburst (2/15 of E+As have radio SF; Miller et al. 2002; Smail et al. 
1997;)

3. Interaction/Merger (tidal features in 5/21 E+As in Zabludoff et al. 1996)
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The Origin of E+AsThe Origin of E+As
E+As are in all environment including the field.

E+As are not cluster/LSS origin.

Optical-IR color is not redder; radio SFR<10Msun/yr.
E+As are not likely to be Dusty Starburst.

Excess in Naccompanying galaxies .

Merger/interaction is most likely to be 
responsible for the E+As. Consistent with E 
morphology.
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HHδδ--Strong Galaxies in the Sloan Digital Sky Survey I: The CatalogStrong Galaxies in the Sloan Digital Sky Survey I: The Catalog
Goto, T. et al. 2003,Goto, T. et al. 2003, PASJ, 55, 771PASJ, 55, 771
Are E+A galaxies dustyAre E+A galaxies dusty--starbursts?: VLA 20starbursts?: VLA 20 cm radio continuum cm radio continuum 

observation,observation,
Goto, T. 2004, Goto, T. 2004, A&A, 427, 125A&A, 427, 125
266 E+A galaxies selected from the Sloan Digital Sky Survey Data266 E+A galaxies selected from the Sloan Digital Sky Survey Data

Release 2: the origin of E+A galaxiesRelease 2: the origin of E+A galaxies
Goto, T. 2005, Goto, T. 2005, MNRASMNRAS, 357, 937, 357, 937

Papers in progressPapers in progress
Color gradients => Yamauchi & Goto, MNRAS in pressColor gradients => Yamauchi & Goto, MNRAS in press
Spatially resolved spectroscopy => Yagi & Spatially resolved spectroscopy => Yagi & GotoGoto, AJ in press, AJ in press

http://pasj.asj.or.jp/v55/n4/550407/550407a.html
http://www.edpsciences.org/articles/aa/abs/2004/43/aa1250/aa1250.html
http://www.blackwell-synergy.com/links/doi/10.1111/j.1365-2966.2005.08701.x/abs/
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