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Photometric and redshift surveys:
a key tool for cosmology
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Quark Soup

« how they evolve

- What are the main physical mecanisms at play and the associated
timescales

Main steps of a survey:

1. Multi-band photometry

Parting Company 2. magnitude selection (+ colour selection )

3. Spectroscopy --> redshift is derived from the spectrum (from absorption or emission lines)
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mmmmd the distance is derived from the redshift and physical properties like Luminosity, Mass,
SFR can be determined once the distance is known
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NIR surveys (1-5 pm):

» Evolution of early-type (red & old) galaxies
» Galaxy stellar mass assembly history

Modern Umiverse

» compare with models of galaxy formation and evolution
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o The near-infrared (near-IR) 4B
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Advantages:
» M/L, mildly depends on colours and galaxy SED and SFH
» Less affected than optical by dust extinction

(Madau, Pozzetti, Dickinson 1998)



Surveys: near-IR vs. UV/optical

Stellar Mass Density
(Dickinson et al. 2003)

(Madau, Pozzetti, Dickinson 1998)

urveys: 3 , K20, > Surveys: SDSS, 20F GRS, HDF, FDF,
MUNICS, GDDS, GMASS, .. VVDS, DEEP2, zCOSMOS, ...
fractional age of the universe I — : —
001_1.;0'0;8'0;6' 0i4 . 0,I2 L _051|||| i _0'5_|||||||||||||||||||||||||_|
\ 2.5 - - g T = L Ag0=0 mag
T I}@' oy e |
............... R o &2 [ _— L R
IR W R
E B 265 L ] E,_ 2 _Eig_ N
h 26 __UV : Eﬂ -2 :Cib __
0.0001 F | | | :r/ I | | | I- _||||||||||||||||||||||||||-
0 1 2 o 1 =z a3 i 0 1 2 3 4 5
redshift LD + SFH redshift

Star Formation History
(Madau, et al. 1996)
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photometry
( ,2’2 SED fitting technigue)

Mass — processed(t) = f.S'FR(t] * dt

Mass — star(t) = [.S'FR[t] *dt * (1 — R(t))

Assuming a population synthesis model (Bruzual & Charlot 2003, Maraston 2005, Pegase ....)
Assuming a Star Formation History (e.g. exponential: SFR(t) = Moal ~(t/7) )

Z, IMF, dust (Calzetti/SMC): Ay
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. ® . EROs & BzK colour selection 403
J-upsorped A GlY
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BzK Dadai et al. 2004):

Colour criteria to select star forming N T
(sBzl) and old-passive (pBzK) galaxies e T
at 1.4<z<2.5 - g

=> ellipticals & their progenitors oz a4 &
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Local photometric surveys in the NIR AI,
/

The Infrared Universe Light from 1.6 million
galaxies reveals the suucture of the local universe

VIKING

VISTA is the next generation near-IR sky
survey
The survey instrument is VISTA on VLT
6 surveys: K, 5<18-23.5 (20K-15deg?)
+ ULTRA-VISTA (0.73 deg? K ,5<25.6)

UKIDSS (in progress)
The survey instrument is WFCAM on the UK Infrared
Telescope (UKIRT) in Hawaii.
five surveys: 7500 square degrees in JHK to K,z=18.3
+ two deep: 35 square degrees to K,z=21,
0.77 square degrees. K,5=23




Deep spectroscopic surveys in the NIR

K20 1 cimatti) K <20

17 nights VLT + FORS1 & FORS2
52 arcmin? (CDFS+QO0055)

~500 galaxies (0<z<2, mean z =0.7)
U-Ks multi-band photometry

> 95 % redshift completeness

ABSOLUT BOLOGNA.

Galaxy Mass Assembly ultradeep

Spectroscopic Survey (GMASS) L3 /
(PI Cimatti) ;
m(4.5 4 m) <23 (AB) + z(phot) > 1.4
VLT+FORS2 LP (145h) 50 arcmin?in the GOODS-South/HUDF
Ultradeep spectroscopy of ~200 gal. to B=27, [=26, 1 1h-30h

MUNICS: @1 Bender) COMBO 17 @1 wolf) 796 gal. HAB<26.5, 1<zph<6

5000 gal (600 zsp) K<19.5, 0.4 deg?




VIMOS at the ESO VLT
measures the distance of 1001 distant galaxies
in one single ob ion 28/09/2002

(PI Le Fevre)
purely OPTICAL magnitude selected

DEEP: 17.5<1,5<24,0.5 deg?(10k zspec)
WIDE: 17. 5<IAB<22 5,10deg?
Ultra-Deep: 22.5<I,5<24.75,600 arcmin?
multi-band photometry: GALEX to SPITZER
+ VLA (>80 wly)

VVDS-Deep: Mass Function from I- or K-selected sample

l Cosmic Evolution Survey

COSIMIOS @1Scoville) ~ 2 deg?

FIST (640 orbits) + Z U OSIVIOS pr s Lilly: 40k redshifty + S-COSMOS (Spitzer)
VLA-COSMOS + X-COSMOS (XMM) + C-COSMOS (Chandra)

COSMOS

smic Ly lui on Survey..

. e $‘T ;“j
. ! B =

zCOSMOS Bright: 1,,<22.5 (10k redshifts) Mass Function g z-COSMO S

40’000 VLT redshifts

for COSMOS
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Inflation
Quark Soup

——| Parting Company

Modern Universe

Main Results

Highlights

Evolution of early-type galaxies at z>=1

Evolution of the NIR Luminosity Function & Stellar Mass
Function and Mass density up to z=2




First spectroscopic sample of EROs (R-K>5)
(Cimatti, Daddi, Mignoli, Pozzetti et al. 02)

B0 3E00

~1/2 old ellipticals @ z=1
=> age>=3 Gyrs,
zform>2
~1/2 dusty starbursts (disc or irregulars)
=> 20% of SFD @z=1

Densities:
N(z~1) >> N(predicted in hierarchical models)

Clustering: Strongly clustered (r, ~ 10 Mpe) | | “ |
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(Cimatti et al. '02)



® © Old massive galaxies up to z=2 .4

KZO Cimatti et al. 2004 GM ASS Cimatti, Cassata, LP, et al. ‘07

13 massive ETG (10'°-10!! Msun) at 1.4<z<2.
500 h stacked spectra

4 massive ETGs at z=1.6-1.9
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2400 2600 2800 3000 3200 3400
Meast (A)

consistent with old (1-2 Gyr) stellar population
=> z(form)>2.5-4 & M(stars)>10'! Msun

I Spheroidal and compact morphology

S ; Cosmic variance results ? No | GDDS (McCarthy et al.
Absent in hierarchical models I 2004) + Saracco et al. 2005, Daddi et al. 2005




GM ASS Cimatti, Cassata, LP, et al. ‘07

13 massive ETG (10'°-10!! Msun) at 1.4<z<2.

Old massive ETG with Spheroidal and compact

morphology
Compact and superdense: size ( Re= 1 kpc) 3

times smaller than z=0

Stellar Mass (M0OS) [M;]

- Remnants of Submm Galaxies (z>2) ?
= they evolve in z=0 ETG by dry-merging or
envelope stars accretion
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Old galaxies

Star—forming galaxies
at z>1.4

at z>1.4

-- 4 z>1.4 Star—forming
. e z>1.4 0ld
I o . 0 Z,,>1.4
)ﬁ'ay source
o = Z<1.4
= + Star

(B — z),p
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-1} J<14.45 Kron
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2MIASS + SDSS : red/ETGs galaxies dominate the
luminous/massive part of LF/MF (Baldry et al. 04,
Bell et al. 03)
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..@,,% Evolution of the NIR LF and
Stellar Mass Function

Near-IR Luminosity Function (Pozzetti, et al. 03)
Mass Function up to z~2, (Fontana, Pozzetti et al. 04)
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Redshift

Hierarchical models (HIVI):
underpredict luminous/red/massive galaxies at z=1
overpredict the population of low-Luminosity/Mass galaxies
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Bimodality in the Stellar Mass Function

- COSMOS

fae

B =i -

. 2-COSMOS

- 40°000 VLT redshifts
for COSMOS

— .

]l. L T T T I | ]
10 C Il Il 1 | 1 1 1 I 1 1 1 I L L L | 1 1 1 | 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
redshift

2 different populations related to galaxy bimodality: ETGs+LTGs
= Increase with redshift the fraction of massive star forming blue galaxies




- CosMos

b L gy =

. L= ST
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- z-COSMOS
: 40°000 VLT redshifts
for COSMOS
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log ¢|h3,Mpc~
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A [hi2 M)
#r ?‘l | | .«;mh:muflr M, ]
mass-dependent evolution of the number/mass density: aof i
Massive tail is present up to z=1. g |
Continuous evolution for intermediate/low-mass galaxies =0 .
ﬁE
QZ .
Mass assembly is earlier in more massive galaxies Cesp gy _ ]
in contrast with hierarchical models [ i | “i ]

0 0.5 1 L5

redshift
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. z-COSMOS
. 40°000 VLT redshifts
for COSMOS
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Increase with cosmic time since z=1 of the
number densities of intermediate-mass ETGs.

log ¢[h3Mpc—/log]
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redshift

Mass-assembly downsizing for ETGs
in contrast with hierarchical models
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MFs by environments:

In highD MF show a higher massive tail of red galaxies compare to lowD
Faster evolution of galaxy population (red/blue) in highD compare to lowD




7o STAR FORMATION HISTORY
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STELLAR MASS HISTORY
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Highlights & global picture

- Galaxies have similar properties of local ones (BIMODALITY):
&

IVIassEFassemblysandsage=downsiang: — T

5 = mass growth by SFH

L — = rapid declining SFH (+ wet—merger,

= dlar 1ormir plaxies
more continuously and later

e Transformation from active to passive with cosmic time (merger L T
only marginal) 8 o 10 11

blue cloud |

* The enviroment have a marginal effect on the evolution

Redshift >1.2-2.

« Old ETG massive at z>1 and up to z=2, but decrease in number densities and are superdense
» New population of massive SF objects gas-rich disks (sBzKs) at z=1.4-2.5

Hierarchical models :

 Underpredict of luminous/red/massive galaxies at high-z
* Overpredict low-Luminosity/Mass galaxies at all redshifts
* Predict age- but not mass-assembly downsizing




All-sky (20 Kdeg?)
+ NIR (H,;<24) imaging
and multi-object spectroscopic survey at H , ;<22
Deep (H,; < 24) NIR spectroscopy of about 10-30 deg?

3D evolutionary map of the Universe during the last 10 Gyr

- Most stringent constraints on Dark Energy with BAO
- Formation and co-evolution of galaxies/AGN in all environments
- The very distant Universe: galaxies and quasars up to z = 10
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[ 0.10<z<0.35

ETGs vs LTGs account fc -5 E-trii—r o :
MEDIMOt o T ek T tons
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unchanged ~
-5 =
1 MEEFEE B | 1 . ] o+ » 2 o 1 L[h;gMe]
0 0.5 1 0 0.5 1
redshift
MFs by SSFR: T el _ sies:
SSFR<10° vs. SSFR>10-10 . Red/E+Bulge(ETGs)vs.l1fue/Sp+Irr (LTGs)



* FDF
= GOODS
A K20
o MUNICS

|'|"I1] |'||'I'I‘| R |

3.00<z<4.00 — — —- Coleetal 2001

-------- Bell et al. 2003

dN/dMstar [h?lﬂl'l3 Mm_s dex_dl]

1.25<z<1.75 1.75<z<2 25

8 9 101112 8 9 101112 8 9 1011 12 8 9 10 11 12
log Mstar [hTr'D_'IE Msun]

(Drory et al. 04)
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Specific SFR relation vs. Mass:
SFR/M decrease with Mass

MF and LF by color types:

:“red galaxies dominate the luminouse/massive part
° of LF/MF (Baldry et al. 04, Bell et al. 03)



ass ssembly ultradeep pectroscopic urvey

ESO VLT + FORS2 Large Program (145h; PI Cimatti)
Collaboration with GOODS Team (Dickinson et al.)

Spitzer




Photemetric and redshiit: surveys:
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Main steps of a survey:
1. Multi-band photometry
2. Spectroscopy --> redshift is derived from the spectrum (from
absorption or emission lines)

distance is derived from the redshift and physical properties
like Luminosity, Mass, SFR can be determined once the distance is
known
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scaling icrasing from ell. to spiral

NO cosmological contest

Monolithic vs. Hierarchical

Similar masses --->elliptical

Different masses ---> spiral

cosmological contest of CDM
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3 35 1 15 (R~25, K~19-20)
(Bolzonella et al '00) log }\[ﬁ#}

HyperZ

(Bolzonella, Miralles & Pello’ '00)



K20 VLT FORS1 & FORS2 LP (17nights) (PI Cimatti)

Ks<20, 52 arcmin? (CDFS+Q0055), 550 obj
multi-band photometry (U to Ks)

> 95 % redshift completeness

K20: EROs, NIR Luminosity and Mass Function evolution, old galaxies at 1<z<2

G’MASS VLT+FORS2 LP (145h) (PI Cimatti)

within a GOODS collaboration

IRAC-selected m(4.5 4 m) < 23 (AB) + z(phot) > 1.4
50 arcmin? in the GOODS-South/HUDF

Ultradeep spectroscopy to B=27, 1=26, 11h-30h ==> 208 redshifts

GMASS: spectral evolution of early-type




log(Specific SFR)(yr')

= MUNICS
- FDF
* SDSS

7 8 9101112 7 8 9101112 7 8 9 10 11 12
Bauer et al. 2005

|Og( M*/Msun)

Specific SFR relation vs. Mass:
SFR/M decrease with Mass and increase with z
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: } Continuous evolution for intermediate/low-mass
Y — A~ galaxies
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& 1 . Negligible evolution of massive galaxies (>101
------ ] _ 7 _ Msun) (<30%) up to z=0.8 and faster at higher-z
: i T ] (a factor of 3 at z=2)
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log ¢[h3 Mpec-3/logM,,,.]
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