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The origin of local E+A The origin of local E+A 
(post(post--starburst)starburst) galaxiesgalaxies
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the SDSS collaboration and a few the SDSS collaboration and a few importantimportant othersothers
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PostPost--starburststarburst
for for highhigh--zz

E+A galaxiesE+A galaxies
galaxy evolutiongalaxy evolution
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Strong Balmer absorption
No [OII], no Hα
ÞPost-starburst

A star + absorption lines
ÞE+A galaxies
ÞK+A galaxies

What spectra can tell usWhat spectra can tell us……..
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E+A E+A hashasααenhancementenhancement. . →→PostPost--starburststarburst
 αelements（e.g.,Ｍｇ）are from 

typeII Super Novae.
 Fe is from type Ia Super Novae 

with time delay of a few Gyr.
 i.e., Post-starbursts have no 

time to create Fe, should have 
α enhanced. What about 
E+As？

Goto, T. 2007Goto, T. 2007,,MNRAS.377.1222MNRAS.377.1222

E+AE+A

normalnormal
galaxiesgalaxies

ααenhancedenhanced

As expected, E+As have α enhancement.

Independent evidence of post-starburst.
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Two puzzles on E+A(postTwo 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 25-year-old puzzle. 



postpost--starburst starburst 
phasephase

••Lifetime of OB stars: 0.01 Lifetime of OB stars: 0.01 GyrGyr, A stars :1Gyr, A stars :1Gyr
••No [OII], no HNo [OII], no Hαα emission emission →→no OB starsno OB stars
••Balmer Balmer absorption absorption →→A starsA stars

starburststarburst
no star formationno star formation

What happens when starburst shut offWhat happens when starburst shut off……

ããC.YamauchiC.Yamauchi
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A stars have strong A stars have strong Balmer Balmer absorptionabsorption
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Sloan Digital Sky Survey (SDSS)Sloan Digital Sky Survey (SDSS)

 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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QuickTime™ and a
GIF decompressor

are needed to see this picture.
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Evolution is difficult to observe.Evolution is difficult to observe.

poppopⅢⅢ galaxy@z=10galaxy@z=10

Elliptical Galaxy@z=0Elliptical Galaxy@z=0

Spiral galaxy@z=0Spiral galaxy@z=0

Important Transition StageImportant Transition Stage

It is important to observe galaxy evolution in actionIt is important to observe galaxy evolution in action→→ E+AsE+As
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How to find E+AsHow to find E+As
Goto, T. et al. 2003,Goto, T. et al. 2003, PASJPASJ, 55, , 55, 771771

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

 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 1284 E+As out of 700,000 
galaxies of SDSS DR6.
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E+A SpectraE+A Spectra
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E+A Atlas ImagesE+A Atlas Images

http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=211.131&dec=-0.6138&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=168.366&dec=-0.902646&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=46.4283&dec=-0.921158&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=235.208&dec=-0.150405&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=200.942&dec=1.20158&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=217.733&dec=0.0809241&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=47.5812&dec=0.0441136&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=254.52&dec=63.4358&
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HDS+HDS+em em SpectraSpectra
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HDS+HDS+em em Sample Atlas ImagesSample Atlas Images

http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=260.805&dec=59.0926&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=168.583&dec=-0.217522&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=357.526&dec=-0.991193&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=358.128&dec=0.848381&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=173.347&dec=1.12375&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=197.885&dec=-0.620382&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=1.78085&dec=-0.796677&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=151.908&dec=0.704944&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=176.655&dec=-0.53203&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=7.22648&dec=-1.03869&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=46.8889&dec=-0.918212&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=350.81&dec=-0.273462&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=1.25712&dec=0.850755&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=180.3&dec=-0.0158859&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=10.8166&dec=1.21804&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=182.101&dec=1.12415&
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HDS+HHDS+Hαα SpectraSpectra

 [OII] has been used as SF indicator.
 Could be dust? Metallicity effect?　
 Possible 52% contamination in high-z work
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HDS+HHDS+Hαα Atlas ImagesAtlas Images

http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=151.537&dec=0.582347&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=146.668&dec=1.10209&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=7.49165&dec=-0.381219&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=185.906&dec=0.675131&
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HDS+[OII] SpectraHDS+[OII] Spectra

••Could be selfCould be self--absorption?absorption?
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HDS+[OII] Atlas ImagesHDS+[OII] Atlas Images

http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=256.112&dec=62.4032&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=158.873&dec=-0.277099&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=46.6109&dec=0.993634&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=168.053&dec=-0.607887&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=146.185&dec=0.11931&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=46.0139&dec=1.02073&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=39.4353&dec=0.711303&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=28.6903&dec=-0.984029&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=186.514&dec=-0.706938&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=260.15&dec=63.2896&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=265.388&dec=54.0571&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=262.963&dec=53.3049&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=255.986&dec=62.4801&
http://sdssdp7.fnal.gov/cgi-bin/das/getFITS.cgi?ra=0.377028&dec=-0.508491&
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4000Å break

ColorColor--magnitude diagramsmagnitude diagrams

u - g

Red : E+A
Orange : all gals have C >3.3,aka, earl-type
Green: all gals have C<2.0,aka, late-type

E+As are a smoking gun of 
an galaxy transition phase
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E+A LF: E+A LF: 

InamiInami & Goto et al. in prep.& Goto et al. in prep.

SpiralSpiral((CinCin>0.33) >0.33) 

E+AE+A

EllipticalElliptical((CinCin<0.33)<0.33)

Yet another evidence of downsizing.Yet another evidence of downsizing.
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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
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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

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

E+AE+A
fieldfield

clustercluster
E+AE+A
fieldfield

clustercluster

E+AE+A
fieldfield

clustercluster

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

No evidence that E+As are not 
dusty starbursts.
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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 vs vs TimeTime
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Young/strong 
E+As:
closer to burst
(130-470 
Myrs)

uu--gg
vsvs

HHδδEWEW

(current SF (current SF 
vs vs 

recent SF)recent SF)
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Young/strong E+A Spectra Young/strong E+A Spectra (H(HδδEW>7EW>7ÅÅ))
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Atlas Image of Young/strong E+AsAtlas Image of Young/strong 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.
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This is now This is now spectroscopicallyspectroscopically confirmed.confirmed.
Chisato Chisato YAMAUCHI spent 21 days at KPNO YAMAUCHI spent 21 days at KPNO 

for spectroscopy of E+A companions.for spectroscopy of E+A companions.

E+A has 54% larger probability to E+A has 54% larger probability to 
have a companion.have a companion.

Yamauchi, Yamauchi, YagiYagi, Goto, 2008, 390,383, Goto, 2008, 390,383
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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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Color gradient of E+As : Color gradient of E+As : 
(Yamauchi & Goto 2005,MNRAS,359,1557)(Yamauchi & Goto 2005,MNRAS,359,1557)

Bluer core Bluer core 
in >60% of local E+Asin >60% of local E+As

→→central starburst of central starburst of 
infalling infalling gas due to the gas due to the 

merger/interactionmerger/interaction
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Correlation between Correlation between 
colorcolor--gradient and D4000:gradient and D4000:

possible merger time possible merger time 
clock.clock.

(Yamauchi & Goto 2005,MNRAS,359,1557)(Yamauchi & Goto 2005,MNRAS,359,1557)

blue color gradient to flatterblue color gradient to flatter
→→consistent with mergerconsistent with merger
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ＨＨδδis is stronger at center (although quite extended).stronger at center (although quite extended).
→→supports supports merger scenariomerger scenario

（（gas gas infallsinfalls by losing angular momentumby losing angular momentum））

2 2 dimensional spectroscopy of dimensional spectroscopy of Ｅ＋ＡＥ＋Ａ
with Kyoto3DII IFSwith Kyoto3DII IFS

ＨＨδδ
/
co

n
tin

u
u
m

/
co

n
tin

u
u
m

ＨＨδδ
ＥＷＥＷ

ＨＨγγ
ＥＷＥＷ

Special Special 
thanks to thanks to 
H.H.SugaiSugai,A.,A.
Kawai,A.Kawai,A.ShSh
imonoimono

Goto et al. 2008 MNRAS, 386, 1355Goto et al. 2008 MNRAS, 386, 1355
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Spatially resolved spectroscopySpatially resolved spectroscopy
(Yagi & Goto 2006,ApJ,642,152, 2006,AJ,131,2050)

PoststarburstPoststarburst is centered at is centered at 
the core, but spatially extended.the core, but spatially extended.

→→ rather a merger product rather a merger product 
than a truncated spiral arm.than a truncated spiral arm.

x0.89kpc/pixx0.89kpc/pix

x0.72kpc/pixx0.72kpc/pix

x0.39kpc/pixx0.39kpc/pix

APO3.5m telescopeAPO3.5m telescope
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E+AE+A

E+AE+ACompanionCompanion

Spatially resolved spectroscopySpatially resolved spectroscopy
(Goto et al. 2008,MNRAS, 391, 700)

CompanionCompanion
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Younger Age at the centerYounger Age at the center
(Goto et al. 2008,MNRAS, 391, 700)

Younger age at the centerYounger age at the center



Tomo Goto 42

The Origin of local E+AsThe Origin of local 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, younger age at 
the center by 2D-spectorsopy.
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EndEnd
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 post-starburst gum
 subaru picture
 bekki radial profile
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Morphological Morphological 
ButcherButcher--Oemler Oemler 

effect in CEeffect in CE
(Goto, et al. 2003, PASJ, 55,755)(Goto, et al. 2003, PASJ, 55,755)

More blue galaxies in 
higher redshift

The Morphological BO Effect

color morphology
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178 178 Ultra Ultra 
Luminous Luminous 

Infrared Galaxy Infrared Galaxy 
(ULIRG) (ULIRG) 

10101212LLsunsun<< LLirir<10<101313LLsunsun

Largest Sample of ULIRG Largest Sample of ULIRG 
before before ＡＫＡＲＩＡＫＡＲＩ

Goto, T. 2005, MNRAS, 360, 322
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Not everyNot every megermeger is E+A.is E+A.

Goto, T. 2005, MNRAS, 360, 322
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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?
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OpticalOptical--IR color IR color ------ not dustiernot dustier

PS do not look like dusty 
star forming galaxies.

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=
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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 may be a smoking gun in cluster galaxy evolution.
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Morphology Radius RelationMorphology Radius Relation
(Goto et al. 2003, (Goto et al. 2003, MNRAS, 346, 601MNRAS, 346, 601,),)

SFR :Gomez et al. 2003
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HdeltaHdelta--strongstrong AGNsAGNs: : 
AGNs AGNs outlive starburst in the outlive starburst in the 
starburststarburst--AGN connection?AGN connection?

(Goto 2006,(Goto 2006, MNRAS,369,1765 )MNRAS,369,1765 )
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HHδδstrongstrong--AGNsAGNs

 Poststarburst & AGN are 
spatially correlated, 
suggesting underlying 
physical connection.

 The existence of
poststarburst-AGN suggests 
that AGNs outlive starburst.
Hdelta/D4000 can possibly 
used as a time clock to 
understand the AGN lifecycle.
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SchechterSchechter parametersparameters
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LF fractionLF fraction

Clearly increasing 
　　with luminosity increasing
Clearly increasing 
　　with luminosity increasing
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Tomo Goto 57
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Time sequence of truncationTime sequence of truncation
(Yagi & Goto 2006,ApJ,642,152, 2006,AJ,131.2050)

Possible longer/delayed truncation at the center.Possible longer/delayed truncation at the center.
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Spatially resolved spectroscopySpatially resolved spectroscopy
(Yagi & Goto 2006,ApJ,642,152, 2006AJ....131.2050)
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E+A LFE+A LF
Inami Inami & Goto et al. in prep.& Goto et al. in prep.

SDSS DR6 all 
galaxies

E+A 
galaxies
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Not much information on 
past SFH

Truncation of SF: 
galaxy evolution in 

action

This is AThis is A--type startype star This is a galaxyThis is a galaxy
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