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Why use GNIRS to observe massive

galaxies in the early universe?




Typical massive galaxy at 2<z<3

® Optically red
» J-K =248
» (U-V)0=0.62

® Faintin the
observed
optical

» RaB=25.9 van Dokkum et al. 2006

Beyond the limits of optical
spectroscopy
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Public GNIRS survey for massive
galaxies in the early universe

® Selection:

» MUSYC survey: UBVRIzJHK photometry
» K<19.7
y 2< Zphot < 3

Total sample: 36 galaxies

Follow-up: SPITZER/IRAC, SPITZER/MIPS,
Magellan/LDSS3, HST/NICMOS, Keck/NIRC2-A0O

Fully reduced spectra and data products
available at: www.astro.princeton.edu/~mariska



http://www.astro.princeton.edu/~mariska
http://www.astro.princeton.edu/~mariska

Why GNIRS ?

X-disperser: observes 1-2.5 micron
simultaneously = full rest-frame optical for
z~2.5 galaxies

All optical emission lines: [OIl], HB, [OlII], H, [NII],
[SII]

» Continuum emission: Balmer / 4000 Angstrom break




Examples of continuum spectra
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Examples of emission line spectra




Results

® 8 galaxiesatz<2

® 28 galaxiesat2<z<3




Causes for photometric redshift
uncertainties

Kriek et al. (2008)
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Results

® 8 galaxiesatz<2

® 28 galaxiesat2<z<3

» 17 Emission line galaxies (see Kriek et al. 2007)




Emission line galaxies: AGN or star formation?

Krlek et al (2007)
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Results

® 8 galaxiesatz<2
® 28 galaxiesat2<z<3
» 17 Emission line galaxies (see Kriek et al. 2007)

4+ 12 star-forming galaxies

4+ 5 AGN host galaxies

» 11 Galaxies without detected emission lines




Galaxies without detected Hot emission

Kriek et al. (2006)
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Galaxies without detected Hot emission
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Continuum redshifts
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offset: Az/(1+z)=-0.003

scatter: Az/(1+z)=0.019

2.4

zcont.inuum

4
o

Kriek et al. (2008)

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
2.2 2.4 2.6 2.8 3.0
zline




1030-2559

Wye< 10A

T
R=0.007533 107 Gyr™
O+ 863

age= 57 163 Myr
[ A= 07758 mag

7= 15% 185Myr

X=1.67 %m

w i JL +o 04
A= 39

0.5 1.0 flg 5 2.0
Aops(m)

1256-465

Wyo< 10A

[ SSFR=0.007324 10 Gyr™

[ age= 404* 73 wMyr
A= 137 ?:é mag
7=10% gg%yr
=141

LL +0.05
25 =2.37 15113
]

d 2.0
Aobs(m)

MMJWWM:

[ SSFR= 1>«1210 Gyr™
age= 570, zBi Myr
A= 120 Ds mag +
7= 807 ZdMyr m “‘
X=1.13

1

(s +0.05
2 =2.31 Zolov
L

]

1.0 1.5 2.0
Aovs(1m)

F1030-1813

SSFR=0.007044107 Gyr™

age= SOBt 2ot

Myr
A= 0.7 ¥ 5% mag

7=207 Efg Myr
X'=1.26

T H”ﬁ
JJ U # Zy;=2.63 388
A L

[ECDFS-4937
[ Wya<164 L

SSFR= 000*53810 Gyr™

age= 404+ 00 Myr
A= 1.0 F 5% mag

=127 10EMyr

h WW

LS +0.11
25 =2.55 Zg003
A

1.0 1.5 2.0
Aops(pm)

Of
[ HDF'S2-2046

[ Wya<14A

+3.87
SFR=0.00 00’

age= 286i e

- Ay= 0.8 ,ogmag
: T= 12+ g8 Myr

b x*=1.30

J‘WLW M,]# " M‘“‘ =

LS +0.09
25 =2.24 1502
]

4
o

d 2.0
Aobs(1m)

5_125672889

+17.9 1
SSFR=1.49" 14910 Gyr~

age= 20279 101 Myr
A= 1 4 i 83 mag
T=1251 15 Myr +
X'=2.42

4 0.07
EA‘ Znﬁz 02 *5:68
ol .

15 2.0
Agus(pm)

FEcDFS-9510

SSFR= 078*83210 Gyr™

age= 508 8, Myr ﬂ
A= 011 01 mag

T=165" ég Myr
X*=0.97

W%A \
ﬁ} iw M‘P

+0.07
25 =2.34 g0z

1.0 1.5 2.0
Agbs(1m)

FHDFS1- 1849

SSFR=10.1%131 107 cyr

age= 404, 20‘; Myr
Av— 1. 6 1 u mag

My
X":ma

(s +0.09
25 =2.31 Zgi08
A

0.5

1.5 2.0

Galaxies without detected emision lines

Kriek et al. (2006)




Star formation properties of galaxies at
Zz=2:5
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Star formation properties of galaxies at

z2~2.5

Red 4/10

Sequence?
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A Red Sequence at z~2.37

® sSFR < 0.05/Gyr no emission lines (b)
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A Red Sequence at z~2.37




Red-Sequence Galaxies at z~2.3

average best-fit model
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Red-Sequence Galaxies at z~2.3

average best-fit model
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average spectrum 2 Gyr SSP
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Post-starburst spectral
shape: red sequence
just starting to build up?

Kriek et al. submitted




Why use GNIRS to observe massive
galaxies in the early universe?

Covers the full rest-frame optical for massive
galaxies at z~2.5 in one shot: this allows both
continuum and emission line studies:

4+ Redshift for galaxies without detectable emission
lines

4+ Calibrate photometric studies
4+ Stellar populations properties and stellar masses
4+ Origin of ionized emission

4 Accurate rest-frame color measurements to trace
the evolution of the red sequence
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