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UltraVISTA

® Ultra Deep, near-infrared survey with 4m-
VISTA telescope ESO-Paranal, imaging the
COSMOS field in 5 bands resulting in three

key surveys:

® an ultra-deep broad-band (Y, ], H, Ks) survey
(1408hr) covering 0.73 deg?

® a deep broad-band (Y, ], H, Ks) survey (212hr)
covering the full 1.5deg? COSMOS field

® a narrow-band (180hr) survey covering the
same region as the ultra-deep broad-band

Av.  ewum 2 ap 95%
Filename Filter Exposure " (AB
per. pixel g 1.{' MAG; +/- COompleteness .
1) 0.1 mag) ® DRI -> Muzzin et al. 2013 Ks-band selected
UVISTA_Y_27_04_11_skysub_015_v1fits Y 42360 082 |246 24.2
catalog (but see also llbert et al. 201 3)
UVISTA_J_03_04_11_skysub_015_v1 fits J 49720 079 | 247 24.2
UVISTA_H_26_04_11_skysub_015_v1.fits H 42520 076 | 239 241
UVISTA_Ks_15_12_10_skysub_015_v1.fits K 39400 075 | 237 238
UVISTA_NB118_20_08_11_skysub_015_via/fits | NB118 | 23773 075 | 22.9+-02 | TBD




Aim: Stellar-mass complete sample at z>4

Sample construction

(vs. UV-bright samples selected by dropouts)

Balmer/4000A-break enters Ks at z~4

e |JRAC 4.5um-complete sample:
complement UltraVISTA Ks-selected catalog
with detection on IRAC 4.5um residual
images. Remove de-blending issues.

408 new sources (after removal of contaminated

sources, AGN, brown dwarf candidates) over
~1.5 sq. deg.

Matched aperture photometry on CFHT,
UVISTA, IRAC, MIPS
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Redshift
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Sample construction

¢ Aim: Stellar-mass complete sampleatz>4 . pAreanas
(vs. UV-bright samples selected by dropouts) ; —

® Balmer/4000A-break enters Ks at z~4

e |JRAC 4.5um-complete sample:
complement UltraVISTA Ks-selected catalog
with detection on IRAC 4.5um residual
images. Remove de-blending issues.

log(M./Me)

® 408 new sources (after removal of contaminated
sources, AGN, brown dwarf candidates) over
~1.5 sq. deg.

® Matched aperture photometry on CFHT,
UVISTA, IRAC, MIPS
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4 RA — 09h 59m



Sample construction

e Aim: Stellar-mass complete sample at z>4
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Sample construction

Aim: Stellar-mass complete sample at z>4
(vs. UV-bright samples selected by dropouts)

® Balmer/4000A-break enters Ks at z~4

e |JRAC 4.5um-complete sample:
complement UltraVISTA Ks-selected catalog
with detection on IRAC 4.5um residual
images. Remove de-blending issues.

® 408 new sources (after removal of contaminated
sources, AGN, brown dwarf candidates) over
~1.5 sq. deg.

® Matched aperture photometry on CFHT,
UVISTA, IRAC, MIPS

® POTENTIAL SYSTEMATIC EFFECTS

® photo-z: luminosity prior, maximally red
SED template

® stellar pop. params: nebular line emission

contamination, SFH )

log(M,/Mg)
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Robust massive galaxies at z>4

Different configurations for photo-z (prior/
no prior, standard EAzY SED templates/
adding old&dusty) and stellar population

parameters (with/without nebular lines, Exp/
Del-exp SFHs)

® 382 galaxies at 4<z</ under main

configuration (no prior, no old&dusty
template)

log(M.,/Mg)

Redshift



Robust massive galaxies at z>4

Different configurations for photo-z (prior/
no prior, standard EAzY SED templates/ 125 T T T ]
adding old&dusty) and stellar population : :

parameters (with/without nebular lines, Exp/ : :
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® 52 galaxies with z>4 irrespective of
configuration - 7 of which in the R P S -
stellar mass complete sample. Strong
effect from luminosity prior (SAM
models).

Redshift



Robust massive galaxies at z>4

Different configurations for photo-z (prior/
no prior, standard EAzY SED templates/
adding old&dusty) and stellar population

parameters (with/without nebular lines, Exp/
Del-exp SFHs)

® 382 galaxies at 4<z</ under main
configuration (no prior, no old&dusty
template)

52 galaxies with z>4 irrespective of
configuration - 7 of which in the
stellar mass complete sample. Strong
effect from luminosity prior (SAM
models).

| potential massive and post-starburst
galaxy.

(D727 SR L L L
120 ]
_ 11.5F * .
o
= t - — — R
= M.0f et T !
s -
o
10.5 ' -
z>4 any config.
10.0 _ log(M/Mg)>11.3 _
[ sSFR<1/3t,(z)
OS50 e
4 5 6 7 8

Redshift



f\x10"erg ™" cm™ A™'] f,x10"[erg s™' cm™? A™")

£,x10%[erg 57" em™ A7)

Rob

Wavelength [um]

2E M= 1036533 pefoult {fM=11.30'32  EAzY lines {f M.=11.27°3%  Smit+2014 |} M,=11.31*32¢  Excl. bands
sSFR=-9.29°0%; sSFR=-8, 96:;3; % sSFR=-8,78:033 sSFR=-9. 29:1?:
A=116208 M A=1.822 A=2.0192
| i 5,'.. X o
f\ | ! &
1 - N “ : o : o
P uES) [ Sy N
i 4 |
PR T P \ B
‘ ID:203033 T
ol 2=0.00%8 |l ! i _
04 08 20 40 8004 08 20 40 8004 08 20 40 80 04 08 20 40 80
Wavelength [um]
4 M=11l11702 " Defoult |} M -'1'1'1'6':&(‘,3‘ " EAZY lines || M,=10.79'32  Smit+2014 {f M,=10.93'32  Excl. bonds ]
sSFR=-9.7475% sSFR=-9.7473% E sSFR=-10.74'113 sSFR=-9,56"35
3fA=0. %Zii 1f A=0. sﬁz 1A= oo:a:; 1 A=0-480%
2 - % & i oI i p
1 ; 1k i ' .
AN .wlm ’“ : ‘ iﬁ
. \" s -"c * ..;il‘ ' A*\-.' '\\
' & g e > T ey
ID:20042 i\ ’= ~ i = l¥
0 f— Al sl = -466:2:: -' = -1-"!: ..... i PR S -"l-"({ Lad " A b ‘:: = '1-'?. Addd A PR S Ry :t-:
04 08 20 40 80 04 08 20 40 80 04 08 20 40 80 04 08 20 4.0 8.0
Wavelength |um|
-11{13'“” "Defoult {f M=11§1228  EAzY lines {f M,=10.64'3%  Smit+2014 i} M,=10:85'8%  Excl. bonds
4t ssFr=—9.29*13 sSFR=f£9.29*1% sSFR=—10.55332 SSFR=Mg 56°2%0
SL A0 5% | A=0.5%3 {} A=0.1%% | A=0.25
;t il . i 4" | i -
2F } | ﬁ' ¢ .
r '§ ’L& ’3 5 N
3 L b it g = A it ° h N
! iD: 1038698, ' . { ;‘. 8
z=4. 54:3:7 i- / i Jg i ‘i
Ob=a s e | O X AN =i, s
0.4 0.8 20 4.0 80 0.4 08 2.0 40 80 0.4 08 20 40 80 0.4 08 20 40 80

p(z) [Arbitrary units]

p(z) [Arbitrary units]

p(z) [Arbitrary units]

ID: 203033
rNo prior+dusty
No prior
Prior+dugty

123456789
z

ID: 200426
| No prior+dusty
No prior
Prior+dusty

-

123456789
z

ID: 103869
No prior+dusty
-No prior
Prior+dusty

123456789
z

ust massive galaxies at z>4

*Peaked p(z)
oSED characteristic of

| SF galaxies

*Some of the galaxies

| show extreme nebular

emission



fy X 10"° [erg s cm™? A_1]

Candidate massive post-starburst
galaxy at z~5.5

uuuuuuuu R L R Ll LR LR LRl LR

z=5.4 ' z=5.4 '
F M.=11]59(11.59) L’g F M,=11159(11 59) - ID: 43320
sSFR=-10.92(-10 sSFR=110.92(- 1b - No prior+dusty
Av0202) Av0202) 15+
] ‘\ 3 L No prior
{ ff -- ){ fr Prior+dusty
f T [
. . 1.0F

2=5.3 1 z=5.30
3 F M,=11/60(11.60) _ i T M.=11/60(11.60) i
sSFR= 1092( 10 l{ sSFR——1092( 10: I

0.4 1 25 6.304 1 2.5 6.3 1T 2 3 4 5 6 7 8 9
Wavelength [um] z

p(z<3)~20%

p(z) [Arbitrary units]




fy X 10"° [erg s cm™? A_1]

Candidate massive post-starburst

galaxy at z~5.5

z=5.4

E M= 1159(1159)L
sSFR=}-10.92(- 1d
A= 0202)

EVAN

z=5.4

E M, =11]59(11 59)
sSFR=}10.92(- 1b
A=02 0.2)

rw

A,=0.3(0.3)

0 :
d Esf;}%’;;%ig

2=5.30
 M.=11/60(11.60) i
sSFR=~10.92(-10: I

 A=0.3(0.3)

0.4 1

25 6304 1

2.5 6.3

Wavelength [um]

p(z) [Arbitrary units]

1.5

- No prior+dusty
L No prior

: Prior+dusty

1.0

uuuuuuuu R L R Ll LR LR LRl LR

ID: 43320

p(z<3)~20%

200

400
Age [Myr]

600

800



fy X 10"° [erg s cm™? A_1]

Candidate massive post-starburst
galaxy at z~5.5

254

sSFR=|-10.92(-10
A=02(0.2)

E M= 111?9(11 59) L’gi

rw

z=5.4 '
M- 1159(1159)%
sSFR=}10.92( 1b

iAs 0202)

,W

0 :
z=5.3

3 F M.=11/60(11.60) - i
sSFR=F10.92(- 10 l{

 A,=0.3(0.3)

V;{Ti&. Ii I

z530'

 M.=11/60(11.60) i
sSFR=~10.92(-10: I

 A=0.3(0.3)

0.4

1 25 6304 1

Wavelength [um]

2.5 6.3

p(z) [Arbitrary units]

1.5

1.0

0.5F

0.0

- No prior+dusty

L No prior

: Prior+dusty

p(z<3)~20%
1 2 3 4

..but clear MIPS 24um detection:

® if z~2 then HyLIRG

® if z~5.5 then AGN contamination (quenching?)

uuuuuuuu R L R Ll LR LR LRl LR

ID: 43320

1000
0 . . |
200 400 600
Age [Myr]
z~12

800



log ¢ [Mpc™> dex™") log ¢ [Mpc™ dex™']

log ¢ [Mpc™ dex™")

4<z<7 SMF

All combinations

—35‘p1‘~-i" ' E —35‘ ! ! '
1 - 4<z<5 3 3
3 Y i 3
3 ] * L
E : > E
-5F “\ 3 - “SF
g N T :
: o3 E
E v = E W No prior,no old/dusty
-6 = — =B [ 4 Neb. lines w/no prior, no 0.d.
o @ E @ No prior + oid/dusty + neb. lines
 m Prior +neb. lines +old/dusly 3 o F O Prior 4 neb. lines
E O Sterk+ 2009 z~4 ; 3 o E O Stork+ 2009 z~4
—7 & 4 Coputi+ 2011 - = _7F ACoputi+ 2011
- <« Gonzalez+ 2011 3 E < Gonzolez+ 2011
E ¥ Sontini+ 2012 E E v Sontini+ 2012
E > Lees 2012 2~4 3 F > Lee+ 2012 2~4
-8¢ N X \ 1 -8E 1 L
10.0 10.5 11.0 11.5 12.0 10.0 10.5 11.0 11.5
T T _3 T T T
5<z<6 3
1 =% .
3 'x 3
3 3 3
E R -5F
3 o 3
3 a 3
3 = E
- — —B [« No priorno usty
-y E + Neb. lines w/no prior, no 0.0.
- B o L ® No prior + old/dusly + neb. lines
- W Prior +neb. lines +old/dusty 3 o F O Prior + neb, lines
—7 £ S McLure+ 2009 2~5-86 ; = = _7F OMeclures 2009 z~5-6 —e—
E O Sterk+ 2009 z~5 B O Stork+ 2009 z~5
-« Gonzalez+ 2011 E E < Gonzolez+ 2011
> Lee+ 2010 2~5 3 > Lee+ 2010 z~5
_8 : A ' i : _8 E ' L L
10.0 10.5 11.0 1.5 12.0 10.0 10.5 11.0
T T T _3 T T
6<z<7 g
E — 4
- E I>< E
r i 8 Lk
¥. | %
(=3 L
¥l 2.
- — =B [ = Ne prior,no old/dusty
o E + Neb. lines w/no prior, no 0,d.
g o @ No prior + old/dusly + neb. lines
- ® Prior +neb, lines +old/dusty o - O Prior + neb, lines
—7 | BMcLure+ 2009 2~5-6 3 = —7F OMclures+ 2009 2~5-6
E O Stork+ 2009 z~6 O Stork+ 2009 z~6
-« Gonzolez+ 2011 - -« Gonzolez+ 2011
F > Lee+ 2012 2~5 b F > Lee+ 2012 2~5
—8 C I i L F— —8 i I 1
10.0 10.5 11.0 11.5 12.0 10.0 10.5 11.0 11.5
log(M,/Mg) log(M,/Mg)

Stefanon et al. 2015 ApJ accepted




log & [Mpc™ dex™']

log & [Mpc™> dex™']

Evolution
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Conclusions

We implemented a stellar-mass complete sample of galaxies at z>4
complementing a Ks-selected catalog with detection in IRAC 4.5um

We detected a sample of seven robust very massive galaxies with z>4 and
SEDs typical of star-forming or post-starburst galaxies.

We detected one candidate for a massive (M= ~ 10'®My), quiescent (sSFR~
107193yr~1) galaxy at z ~ 5.4.

SMF measurements mostly affected by the systematic effects in the
measurement of photometric redshifts from the introduction of the old-and-
dusty template and from the adoption of the luminosity prior on the
observed flux. These prevent us from constraining the evolution of the high-
mass end of the SMF of galaxies over the redshift range 4 < z < 7 and from
detecting any possible evolution in the range of redshift between z ~ 6.5 and

Z~45



Systematics: luminosity
prior and max red SED
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