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 Post-starburst galaxies:
. The Missing Link?
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"Early .typés o_cg-u.py-é .nafrdw 'red sequence’ in
the color-magnitude diagram
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Blue: galakles must become-red galaxies very
qmc—kly to preserve the color gap

gap
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- . Suggested*Evolutionary Scenafio
" _.(Sanders 1988, 2004)

"

Merger of Ultra-Luminous Massive
gas-rich disks ™ Infrared Galaxy wp Quasar mp  Elliptical




To make star formation Py,
turn off more quickly f R
models have invoked &
feedback from AGN ... * ' _ ®
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Springel et al. 2005



To test models we need to obServe galaxies near the
peak of their star formatlon and black hole accretlon

. too young (oo dusty too\bright too old

Merg.er of'gas-rich disks ULIRG Quasar Massive Early-type

Post-starburst’ .
Galaxy " . '

just fight! -




Post-s_t‘arburst are s_imi'laf to .classi'c E+A's
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Log_'al E+'A's

* bulge-dominated morphologies, |
‘but with tidal features suggestive ~.# "
of late-stage mergers (Yang et al.
.'2004) . o R

e most are in gl’oups (-Zabludeff et
al 1996) ’

. klnematlcs similarto early types+
(Norton 2001)

. they are rare: - 6% of lod®
(Zabludoff.et al. 1996; Poggianti

et al. 1999; Balogh et aI 2000; Goto et aI -

12002) ‘ v

Yang et al. 2004



2 )

SDSS

. Fit continuum
with Bruzual &
_ Charlot 2003
stellar .

" population
models

> measure =
stellar
absorption &
nebular emission
lines ’

- use stellar &

nebular lines to

define a class of

~ post-starburst
galaxiei .

We perform an automated search on
520,082 galaxy spectra N the SDSS
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Traditionally post—starbUrsf (EfA's) are selected
using cuts on Balmer absorption and [OIl] emission.

[NII] emission g Zabludoff et al. 1996

. [OIl] emﬂon MMW‘ wwmir‘%w‘qhm - E;ﬁ]::\/y:;?f > 5.5
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“We wish to select galaxies
where SFR is still in the
- process of shutting off

ﬁh
>
[©]
-
=
x
8

-
- . : .
- " g . & &



A new way to select Post-starbursts
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The pos-t,—"starburst samplé is similar to parent
SDSS sample, but has bluerfolors
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Morphology
‘Post-bursts are
more compact
than typical

star forming
galaxies.
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Dust (;onte"r_\t,
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Median for actively star-forming galaxies
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. stars.experience
~20% of the

attenuation of
the gas

‘Lots of. patchy'

dust!
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Neutral Gas:

Na | “D” interstellar
* absorption line
- AA5890, 5896

lonization potential
< 13.6 EV, so good-
tracer of-cool neutral
medium =

Also found in stars,
so good continuum:
subtractionis
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- Cold gas is# present In Mmost gaIaX|es even when there is
I|ttIe on- gomg star formation! .
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Gas Kinematics . =«

Na D EW > 0.75
387 goalaxies (33 %) Inflow =
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Outflows are common! 40% of galaxies
with strong Na D have v < -50 km/s
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CoId.ga‘S_Tn a hot wind?? Yup -
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. Cold gas is,entrained by the hot | ' .
wind - Ho erp'lssmn is from the . - M82 Hp + Optical |
mterfac’ regions e oo " (Westmoquette et aI.,‘2004_l)
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Outflow velocity is cofrelated with galaxy mass,
similar to starbursts (e.g. Martin 2005)
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Younger. Q’alaxies are more likely to host winds!
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‘Nu6lear Activity: 86 % are AGN!
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Mg‘)st'ga'laxies display wedk AGN activity
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Post-burst galaxy propérties:

* e Late-stage mergers ° :

« centrally concentrated. .- -
. ¢ |ots of patchy dust h .
- e neutral gas present even. when I|ttIe/no SF

. outflows in"young systems dr |

* most are low Iumlnq5|ty AGN | |

| ~ / 2L &
Merger of * ~ Ultra- Lumlnous _ Massive
gas-rich disks ™ Infrared Galaxy 2 Quasar Early.type
L] 3 1[.»
- .



L A ELS
gy A -
Tt FlLiyT vEssot
e, i P

L

vy A ¥E

Mem, ot T M. S oy, AT (20 | Prinied 4 February LA (M BVIEX siyle Mo va2a)

edbhack on

Energy Ve
le Demograp

The Impact of
on and Black Ho

Quasar Evoluti hic

; H S =1 L ] 2 : .
V. Vittonnt', B, Shankay, S L raliere *
-"I i, '.‘:.-',.. Fisien, [/riereitd Tor Vergafl, wo Piranrn Foi
s arihb o THE KOREAE B i MO LLCAL GoUlETY
a7 Bl T, T
g TO 16 e ANT
e iy LIMED TO 1GM Fik
: / LEDBAIT-K, AT
BLAE.K 'HELE-]GM k
PiATY E'.P\IE:NHI-:IDG; ; -
= £ - 18 - 'I A Ii..|4.1|-
Los !-nh'.-m:'-'.‘:sJ.i.-..ll.ul Lalioratary: R, 'mc; AlrneE e BT
G Bt .'-.'r'.-.-'.v':‘_h'-"?rl-"l-!‘i"f”-"
AB‘STRACT
i TG e i i E po il it
i { | 4 i laxies [GRGE] i i st
1 i v Large Ainersions of Gk cnlin gplaXIS ke RO e e
i 'lllmﬁ hllm:l:lml"ﬂ:;ﬁ;_'.' enntent- Faraday potatiEm, AHEED jnllli-'dlﬁ.u}.d: I|'I:'!1‘.E{1“:'.\,I|'||__‘|| Ly
e uth.'{n - e. 1 LR BE -.n-.x'u.-n-lrim:e'ul]'.' e B apmified I : yg-{r'q it
5 = : J a1l i ¥ A 3 B
'.'j-'-“f':u. -"-.Il_ x,.l_.:.-:-.'.f,-%J { digenss baw il Elt el :.L-"I.an.-'.-'-l Iﬂflat'l_.lsc'lv:;*;:-“ _:.” ::'|'. le
FH1l 'ai'::; q:| -:"I.I';_1|'I -.-.tﬁ"ﬂ'.-vJ.ll.‘-u pechanians in Gkt .'L'-.l.l'1 ¥ :‘.:{ -.-ﬁl"-:-h ““-t.h._l_;u', o,
g the e FGRGE e i pule oul e eae FEO wype sbiotk €5 e
T POl b M e et up e eRE plut are 1aver i!-llllli:' e 1|...-.3£:n_. e
rarEETE i | eqversin of pramrEii b -,w.lll-."!l:' apergy. WE riis e
o e '|||'L|t'r::|I:|ga'|c«¢\:|t{ H qepelaratinn e cnal

i
R T . @l i
1o apyy BITREIET lI ‘\.J'“th!‘_ the pri

R R

&y,
I 73 o gy o S cxgrronnling, Wtergl lactie
: . ; . L
"}"{p !:i_,? e ~!J-"--a-'-u-,-_ cnfo galaiies. [_l- ||J-'-..|-'|:|:f--..|I|;_'||-|-'-]:-|II|| M, such feed back regginl
r o x GJC; eiven by a large Ay N. However, 111 tle more tenuels o ekl 1 il erguivalently sUTOUL fiezd b ck
- ﬁ’-‘r.;‘f. h{}\ = S bas logs -'IJ-'I,_'LT'| ie '.\'n:-]:-'i:nln-i o b _:l.l..Jx-.-_.—f!.. [IHEIJ;; a simpe :_|||:||_'.||-' mexdel, we
LR -ﬂ'{. (| I'-.q'-.-'.l | CEFEL SEet g e el G uEncIng ¢ J star-formation large galaxies, aonEielen witls
. Fads : b m""“”?-‘-"-',--.';-_.-_. BER 20015 Fearation of large AN galaxy Tormatiom i e parohical
- ik 3 . . :
T T ey LT Y TEEMAREE lis at the 2 =2

Progp

3 M. 1 M

iy, X, e e

W BN

Al F FEDBEAUR LS ER I

Evan SoANNAFIE o', lpsEFR G, HwiHanD DO ERE
et persicn Wowember & 2{1(kE

ARSTRAL r
i, Dt Hews

a lasy fearimati

cnueled [ALaN) on &
Iy to prevell i

1 sufficient
pes gy ETIE i <

ph1 LA Py

(B My and heat i

o e fverevs dyin bpp LN

We sty tle mpact
mmedinm

B
ACK HOLES 17y GALAY Yy

- Homgamst
kB i
B e 1 z
ISt Pt st '?E'I‘H-'E'HS:E';I][ TID
Cax' Ty, -UTION
a 5‘-';]::.}:-\1'.] M M arrenz p, 'FQUASARS
2 A A e S I ) .
Ucﬁ?”‘lﬁ”*ﬂ‘i‘rnmnﬁ |' CPE, T ep b zpo VRN B ey Y-
3 fhy o= 10 %1 5 ERTE!
A "'E'_fl_’nr.1.'.;;”l,.“’h|'m“’-‘r —— AR T [a SRS T
wimgge B0 e F s : rl"‘h__l-fn'llgt.l-
S TS 8 STA iy Permsss S U .
iK™, h:l'n-j: fr-msl amd I'cub;.hlllm Black het W=
et amg £l e Ty gk - e i
erm.?“““m"' : ' . E T“Lﬁﬂb;
il et Y OF AN
] IR Iy
op A L “":".':: i et QuAsh®
o - F.‘-!-“"d‘-'ﬁ f.ﬂﬂ-l"' 5 Tery & ATE - Ij._lm“i'ﬁ'l I.ng
i L _Iil.'d“ i
T st +F
Lk i ] gk
: Qﬁ'ﬂ:'- P, 1311'“11} .5 ‘Lnbﬂ'uff-ﬁt ko0 A p,\'.'!.é'f?“i 5
,1,h'5ﬂ-“'“5‘fﬂ'3"w' le:‘_ .,,F_ml.'lfl' #“.;“.-.. 3 : A e - i:..'r'_'i.!-f‘.'»q"‘"
paCend I 'w.ﬂtf gt Pt S et 51
Ly p,_fi..“l,.,w.-_l.um'l pebte ..'.jL ‘%Lﬂ]‘l""mq'l‘.mlrawlﬁmw;m L h:: :
2 A ® e kOB 7 o, T weeh,
e L L W, o, Tya & Bes
it pstnote b ]:{i e, L EovA
"IUC":":IIII
it ']"l.l'.frf“"r :
e Py ;l:l""-ll_r..l “-r\.'.lJ,-\; ey &_-'\ y ” ih‘ 'ty
apg, Mgy Bt by g, Sl ¥ L
gy g e, ]"-'-'.f.';.l ek kg, A, V fiy
£y 4 1 =1 P g Mok .”'I-' .!'J'-"‘l Wi o i b T
g haley, e i Sl N hig, Bty 0 O
”'"'l-'.\'.'. a i L af =M - - '-1"'J|".:_,".-"' br "H‘m'
11 i, fay ALy = Tty ¥ T -4
LT S1Ey oh % g b - B il 1 Py
A e i Mg -|- h”‘-’l :lilfjr-u Te, '
w1 = b ey T




We don't know how AGN feedback works

T = 1020 My I} Efeed= 0.005 Mc?

“I think you should be more explicit here in step two.”

How does accretion energy become KE, and how is it transported
to kpc scales?



Are winds linked to AGN activity?-
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Not really ... .



Testing AGN feedback models:

Models make
quantitative
predictions
about the

. effect AGN
feedback on , -
the, evolution of &

. the starburst

Can we
measure
starburst .
timescales?

Maybe ... &
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SFR (M_

2

Time since merger began (Gyr)




Model Parameters
* age |
e 7 (burst decay time)

e reddening 3 ¢
* fraction of young/old stars . 'l

-

*mass of young stars (normalization)
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| Age = 2.0 Gyr

1.0x10%

Wavelength (A)

¥

Broad wavelength coverage needed to break degenérécies!
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+ Conclusions

~ Theresis compelling observational evidence that post -starburst
«galaxies are Early types |n transition

"

. - patchy dust, weak (faded?) AGN, and windgt™

._" 3 '

Merger of Ultra-Luminous Massive
gas-rich disks™P Infrared Galaxy ™ Quasar mfp Post-starburst mp Elliptical

If we succeed in modeling the recent star formation in these
galaxies, we can provide quantitative tests of AGN feedback models
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= " 'Post-.sta_r"bUrsts
- at z~1

Mgll2800 |
blueshifted by 1000 |
2000 kmfys! '
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