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© . Key Issues For Massive -+
%  Galaxy Evolution '+
o When did galaxies assemble info their present-

day configuration?

‘0 When did the stars in massive galaxies form? o
- What-drives the SFR in high-redshift galaxies? - .-
- What shuts it off? :
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© SDSS, Blanton et al. 2002 COMBO-17, Bell et al. 2004
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HST Images of the Most
Lummous HDF-N Galames
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o ._. | LAl studies find that high fraction of Massive
ol Vgl ~ Galaxies at z~1.5-3 detected at 24um: |

. 0GOODS-N: |

—Daddi et al. (2005), BzK Galaxies i
- —Reddy et al. (2006), LBG, BzK, DRGs '

. - 0GOODS-S: €%
_ —Papovich et al. (2006), DRGs q
.OFIRES/HDF -S: o

_—Webb et.al. (2006) DRGs

- More than 50% detection rates fo 80 uJy

~_Massive Galaxies, >10!! M@, at high-z are in

L IR active evolu’rlonary s’rages
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‘Log SFR/Stellar Mass' [Gyr]-+

GOODS-S, 1.5§< 7 <3

102, 100 O 10R L et 107 2 190 - 1gH.
+ Stellar Mass Mg~ o ~ Stellar Mass Mg,

Papovich et al. (2006)
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¢ COMBO-17 >10"" Mo
J=Ks, (M*>1011 Mg)

-

Lé)g SFR/STel!qr Mdss [G'yrj‘l] 4

0 At z=1.5-3 massive
~ galaxies (>10"Mo)
form stars as fast'or
faster than cosmic
average.

Global Evolution
of Specific SFR
in All Galaxies

0. At z < 1, massive

galaxies have formed
most of their stellar
mass and have lower Y TE
spec1ﬁc SFRs o & '

Papowch et al. 2006
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| ,,l.-°9 SF.R/S’rél_larMaSS* [Gyf-i],; |
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GOODS-S,1.5<z < 3

102, 100 O 10R L et 107 2 190 - 1gH.
+ Stellar Mass Mg~ o ~ Stellar Mass Mg,

Papovich et al. (2006)
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vCC1003
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1

- X-ray Sources .

log t/yr = 9.9I
log T/yr = 9.5
Ajgoo = 2.2 mag
log M/Me = 11.3

Wavelength [em]

Non-X-ray Sources

log t/yr = 7.0

log T/yr = 6.0
Aieoo = 5.0 mag
log M/Me = 9.3

log t/yr = 8.?I
log 7/yr = 10.0
Ajgo0 = 3.7 mag
log M/Me = 11.3

1
Wavelength [um]

log t/yr = 7.0
log T/yr = 6.0
Aieoo = 6.0 mag
log M/Me = 10.2
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/

80% of SCUBA

sources detected in (gl
2 Msec X-ray.data; f
mostly due to AGN. ’“

5 1012
. But, L(X)/L(IR) ratios E
in X-ray sub-mm  E

galaxies low. What [ESER
powers IR emission? E
(see Pope'et al. 8

" 1010

2006)
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* X-ray Observa’rlons of SCUBA Galaxues

T IIIIIII.|'

Rest—-frame 0.5-8.0 keV luminosity (erg s!)
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0 Keck NIRSpec Obs. of SCUBA

Galaxy SMM J04431+0210

(Frayer et 2[._ "2003)

-
* »

0 Spe‘c’rrum.SP?ows Ho + [N11],
' but Hoespatially resolved

outside nucleus.:

o Very red: ,‘I'—K‘ - 3.2;

‘Quualifies as DRG.

0 But, [N11] may also indiccl.’re ¢
shocked gas from starbursts...
(van Dokkum e’r al. 2004)
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- 0 Star-forming BzK SCUBs
~galaxies at z=1.9 In T s
GOODS-N have an ms |
average SED of a ULIRG § B50um ¢
with L(IR)=2 x 10" Le. |

: ' CHANDRA

.0 Agreement between IR, . [ 5 AkeV

. : ; 0.5—-2keV g
X-ray, radio, sub-mm, | e ¥

and UV SFR indicators
within a factor of 2.

ULIRG femplate
Daddi et al. 2005

Daddi et al. (2005); see also
Pope et al. (2006)

16°  10° 10 10 1= 102 104 10@ 10 107 10m 1o@ 10= [
Obgerved Frequency [Hz] :
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‘U-dropout in EGS  Saurcs J2 G \r=6%10" L

24um-bright, f(24pm) =
L - 0.75.mJy. | |
24pm-derived L(IR) is | =2x10" 1 \;\ A
3X larger Compared to - -2 zé]bservﬂd—;rﬁume Wn:;a.lu;ggfh [*“'”]35
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*Huang et al. (2006;
- astro-ph/0608456)
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Spl’rzer 24um IS Res’r-Frame mid-IR at z~2

<X

;.;fLog L(‘24um) --; .

Log( L[Paoc] )
Calzetti e’r_ al 3005

j :Z\Oum : BOum;-‘_ :
Armus e’r al 2006



S’racked 70um Images oF 1 5 < Z < 2 5 galaxnes

: . . s ] f,,(24,u,m)>250y,Jy f (24,u,m) 100-250udy | f,(241m)=50—-100uly .
- x - sl
’ C) (b) )

F(24um)>250 uJy = ,100-250 WJy  50:100 uJy |

z=2.5

[0 non X-—ray sources (DHO2) | |
Q hon X-ray sources (SKO8)
¥ X-ray sources

A IR powerlaw sources
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104 | A Non—24um Source
- O 24um Sources
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Lég R;ela’r'iVé' SFR/Mass [Gyr’I] =

02T B0 R TR Ol 162
Stellar Mass [Solar Masses]

o Scatter in SF
sequence is 0.3
dex.

0 <68% of lifetime
~ has a SFR within
2x the average
rate.

0 Noeske et al. 2006 _f
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, Paraphrdsed from R. Somerville, “
. August 2005 ... e
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THE ASTROPHYSICAL JoURKaL, 523 L109-L (12, 199% October 1
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YOUNG GALAXIES: WHAT TURNS THEM ON?

T. S KovLatt.' I 5. BuLLock, B, 5. SOMERVILLE.” Y. S1can.” P Jonssom.” A, V. Kravrsov,®
A A KLvyeint IR, PriMack.' S, M. FARer.” anD A, DEKEL®

Recetved 1999 June 87 accepred 1999 July 22 published 1999 August 27

...75,'(4‘ i s ‘. = st’ ~. 5% 4 :
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- " R: Somerville: Old Galaxies: What - e §
x Turns them OFF? | ap
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.o When did Galaxies Form their Stars?

- - Most Massive Galaxies at 1.5 < z < 2.5 are IR

~ luminous.

- - Active epoch for star formation.

- - Indications for AGN in high-mass high-z galaxies.

o Still need to fill in shape of Galaxies’ IR SEDs to
"« understand bolometric emission.

| ~ ols SFR proportional to Stellar Mass?

+ ‘o What is the-Fraction of Galaxies: Failing off SFR/Mass
: Sequence as a function of (1) Mass and (2) Redshift?

*0 MGCT3 ? Yes !
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