The origin of local E+/ [E’ﬁ%]
(post-starburst) galaxies
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Post-starburst

for high-z
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What spectra can tell u [ i%’&?]

Tomo Goto

Strong Balmer absorption
No [Oll], no Ho
—>Post-starburst

A star + absorption lines
—E+A galaxies
—=K+A galaxies

L "
"‘"l\.‘“ -
.....
.......



E+A has @ enhancement. —Post-s [ =]

= aelements(e.g.,Mg)are from
typell Super Novae.
= Feis from type la Super Novae ;=
with time delay of a few Gyr.
e i.e., Post-starbursts have no
time to create Fe, should have na——
o enhanced. What about
~ —» aenhanced
E + AS ’? Figure 5. The histogram of the ratio of Mgb to Fe5270 is shown for E+A

galaxies in the solid, hashed region. and for star-forming galaxies with the
dashed lines. A Kolomogorov-Smirnov test shows these two distributions
are significantly different with more than 99 990% confidence lewvel.

Goto, T. 2007,MNRAS.377.1222

sAs expected, E+As have @ enhancement.

e¢Independent evidence of post-starburst.
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E’J Br<
Two puzzles on E+A(post-sta: e

e \What caused star burst?
e \What stopped it?

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

s 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.
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What happens when starburst sh,_[@fﬂ»

|- = — no star formation
) starburst

------- ~ Dbost-starburst
r phase

0 ) 2 (Gyn OH

Llfe[llm of OB stars: 001 Gyr, A stars :1Gyr
f a emission —no OB stars

-Balmer absorptlon — A stars
©C.Yamauchi



B
A stars have strong Balmer absol [Eﬂfﬂ»]
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Sloan Digital Sky Survey (SDSS) L@

= SDSS will produce
¢ |Imaging of 10,000 sq.deg r~23.1
In 5 optical bands (ugriz)

o Spectraof 1.0 x10° galaxies
and In 5 years

1.5x10°0SOs
Using 2.5m telescope at APO.
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B/<
Evolution is difficult to observe. Ellivtical € [E’JFL

Important Transition Stage

popIll galaxy@z=10

Spiral galaxy@z=0

It is important to observe galaxy evolution in action— E+As
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How to find E+As |

Goto, T. et al. 2003, PASJ, 55, 771
Goto, T. 2005, MNRAS, 357, 937

s HOEW>4 A (2.42%)
= 4 categories.
e E+A: Ha<10,[0ll]<10, No emission lines. (0.04%)
e HDS+[OII]: Ha <10, [0I1=10 (0.09%)
' Ha =10, [Oll]<10 (0.04%)
Ha =10, [Oll]21 0, Significant emission

lines. (2.25%)

The largest catalog of 1284 E+As out of 700,000

galaxies of SDSS DRG.

Tomo Goto
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B/<
E+A Spectra 27

Wavelength Wavelength
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= [Oll] has been used as SF indicator.
= Could be dust? Metallicity effect?
= Possible 52% contamination in high-z work
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HDS+Ha Atlas |ma1es i
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HDS+[Oll] Spectra
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«Could be self-absorption?

Tomo Goto 18



HDS [O Atlas Images [l
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olor-magnitude diagrams S

. all gals have C >3.3,aka, earl-type
. all gals have C<2.0,aka, late-type
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Inami & Goto et aI in prep.
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Three Scenarios for E+A [E’J%

1. CIUSter Related (ram pressure, tidal inte

potential, ...etc; Dressler et al. 1999; Poggianti et al. 1

2. Dusty Starburst @is ofe+as
Smail et al. 1997;)

3. Interaction/Merger (ial feat |
1996)

Tomo Goto
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“E+A” 1s sometime called
“K+A” because of 1ts disk-
like morphology.
However,...

Previous sample might be
contaminated by HDS+H o

Fig. 5. Distributions of each subeclass of galaxies m Cin v.s. u — 7 plane. The conbours show the
distribution of all 94770 galaxies. The large open circles, triangles, squares, and small dots represent

E+A, HDS+[C1], HD S+Ha and HDS+em galaxies, respectively.
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B

Three Scenarios for E+A

CIUSter eld L CU Trammeseasure. tidal intasaetierr=rerEing.. etc; Dressler et al.
1999; Poggianti et al 1998

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

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

Tomo Goto 25



B/<
Optical-Infrared color: r .L@/%]

0.5 7 T T
N a_Eﬁx Galaxies i
: = HDS+[Oll] :
ol _
:Z'C - m [ |
I { E+As are not dustier.

1 (c.f., 5 dusty starbursts in
| Smail et al. are “1mag redder.)

—0.5 /.f

r—K

Fig. 12. J— L is plotted against v+ — K. All magnitudes are in restframs AB systam. The contours showr
the distribution of all galasxdies in our sampls. The open circles, small dots, triangles and squares repressnt
E+A, HDS+4em, HDS4Ha and HDS4H[COLL), respectively. The dashed, sclid and dotbed lines show the
models with instantanecus burst, constant star formation and exponentially decaying star formation rates.
Three sets of the models are plotted for different metallicities. 26



Radlo Estlmated SFR 257

[ 7] Goto, T. 2004, A&A, 427, 125
% 100 - .+ 2No evidence that E+As are not
5 "o« dusty starbursts.
% 10 £ fii.:” o E
1_“}*.11,.1,1.1_
0 0 0.2 0.3

Fig. 3. Upper limits on SFR calculated using the radio 20cm contin-
uum are plotted against redshaft. None of our target galaxies were de-
tected in the observation. Therefore, all data pomnts show upper limat
on the radio estimated star formation rate calculated from the 3 o of
the rms sky noise. Note that the SFR 15 computed by integrating IMF
over 0.1-100 M., . The SFR over 5-100 M, is 5.5 times smaller than

our value. Goto 27
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Three Scenarios for E+A

CIUSter eld L CU Trammeseasure. tidal intasaetierr=rerEing.. etc; Dressler et al.
1999; Poggianti et al 1998

DUSty al DU Poelbef F+As have radio=Sks=iETct al. 2002; Smail et al.
1997;)

Interaction/Merger (idal features in 5/21 E+As in Zabludoff et al. 1996)
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HO EW vs Time
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Fig. 10. HS5EWs ar=plotted against tims (ags) for thres star formation histories writh the GISSEL model.
The dashed, sclid and dotted lines show the models with instantansous burst, constant star formation
and exponentially decaying star formation rate. The models in this fisure assume Salpster [MEF and solar
matallicity.
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Young/strong E+A Spectra (Hé
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Fig. 18. HMine example spectra of young E+A galaxies (E4As with HS EW =7 _5.] Spectra are shiftad
to restframe and smocthed using & 20Abex.




Atlas Image of Young/strong E+A [Eﬂ

Tomo Goto
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Naccompanying galaxies

16‘ T I 1T 1T 1 [ T T 1 [ 1T T 1 ]' T

| More accompanying
| galaxies for young
{1 E+As at <100kpc

4 scale.

companion

Ratio of N

] I | | | ] | ] 1 | | | ] 1 | 1 | |
20 100 150 200

Distance (kpc) Goto, T. 2005, MNRAS, 357, 937

Figure 3. The number ratio of companion galaxies of E+As to that of ran-
dom (field) galaxies. 33
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Pe troscopically conf. L‘?_EJJ

fl
Crll spznt 27 days at £PNO
00y Of £-+A corloanions.

E+A haf. 54% larger probability to
Yamaucﬁv%gl compzab%o@bo 383
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B

Three Scenarios for E+A

1. CIUSter eld L CU Trammeseasure. tidal intasaetierr=rerEing.. etc; Dressler et al.
1999; Poggianti et al 1998

2. " ‘s S0 St (2/15 of E+As have radio SF; Miller et al_2002:=S#eieT al.
1997;)

/“"“_\,,

eraction/Merger idal features in 5/21 E+As in Zabludoff et 996)
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B<
Color gradient of E+As : [E’J%

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

Bluer core
in >60% of local E+As

—>central starburst of
infalling g/as due to t
merger/i nteractlon
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blue color gradient to flatter
—consistent with merger
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H &is stronger at center (although quite extended).

—supports merger scenario
(gas infalls by losing angular momentum)



Spatially resolved spectroscopy

(Yagi & Goto 2006,ApJ,642,152, 2006,AJ,131,2050)

HO W
Position (A)
I XU0.89KpC/pixX
... 11 +03
+1 ... bd =02
+2-3.. bt = 0.1
e T S 59 +0.3
3 x0.39kpc¢/pix
0 74 =02
+1 ... TR 0.1
+21-3.. b = 0.1
e T S 15 £0.3
3 x0.72kpe/pix
... 73 +0.2
% .y oL
H.. 7.1 3 0.1 — rather a mer
+2-3.. 11 =01 than a truncate
—d—h .. od =02
Tomo Goto

=i

Poststarburst is centered at
the core, but spatially extended.

dger product
spiral arm.
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=3
Spatially resolved spectr [@%

(Goto et al. 2008, MNRAS, 391, .oy

Companion E+A

Tomo Goto 40



B/
Younger Age at the center Eﬂﬁa

(Goto et al. 2008,MNRAS, 391, 700)

Younger age at the center
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The Origin of local E+As [@E

~ 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.

v 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.

Tomo Goto
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End

Tomo Goto
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= post-starburst gum
= Subaru picture
= bekki radial profile

Tomo Goto
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color morphology EJ
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Fig. 1. Photometric and morphological Butcher-Oemler effect from the 514 SDSS Cut & Enhance clus-
ters. fu, foin, fezp and fu_, are plotted against redshift. The dashed lines show the weighted least-squares
fit to the data. The stars and solid lines show the median values. The median values of errors are shown
in the upper left corners of each panel. The Spearman’s correlation coefficients are shown in Table 1. 45
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Goto, T. 2005, MNRAS, 360, 322
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Figure 4. Example spectra of the nine lowest-redshift ULIRGs. The spectra are sorted from low redshift. Each spectrum is shifted to the restframe wavelength
and smoothed using a 20-A box. The corresponding images are shown in Fig. 3. (The image of the same galaxy can be found in the same column/row panel of

Fie.3) Goto, T. 2005, MNRAS, 360, 2;2
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The Enwronment of Passive S
(Goto et al. 2003,PASY,55,757)

Passive spirals may be a smoking gun in cluster galaxy evolution.
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Hdelta-strong AGNs:
AGNs outlive starburst In the

starburst-AGN connection?
(Goto 2006, MNRAS,369,1765 )

Tomo Goto
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B<
H & strong-AGNs [ =] 5,

= 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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Schechter parameters
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=3
Time sequence of truncation [E’J%

(Yagi & Goto 2006,ApJ,642,152, 2006,AJ,131.2050)

Possible longer/delayed truncation at the center.
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=3
Spatially resolved spectroscopy [E’J%

(Yagi & Goto 2006,ApJ,642,152, 2006AJ....131.2050)
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E+A LF

Inami & Goto et al. in prep.
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