T. Moutard, J. Coupon (Gen.),

I. Davidson, O. Ilbert. S. de La Torre,
i K. Kraljic, E. Le Floc’h (CEA)

J. Chevallard ( Brasil)

L.v.Waerbeke (UBC), G. Morrison(CFHT)

{ VIPERS L. Guzzo, M. Bolzonella, O. Cucciati & VIPERS team

g SPINe C.Pichon, T. Sousbie, L. Tresse & SPINe team

GALEX B. Milliard, M. Treyer, D. Vibert, S. Conseil
M. Zamojski, D. Schiminovich

x
L A M \o\'/”
UBORATORE DASTROPHISIOUE >
DE MARSEILLE




Theoretical Framework : ACDM

Dark side of the universe

WMAP / PLANCK Local LSS, SDSS

Cosmological parameters
Qa, Qm, Qb , power spectrum

Growth of DM fluctuations governed by gravity

Hierarchical formation of DM halos: massive halos build up with time

well understood physics...
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Theoretical Framework : ACDM
Bright side of the universe

Redshlft (2)

\,r o >( > F
'-(—0- Relogzg{:on —4)(;5

- Y E0 ;Z{

o~

i a > e
. :_,..

: D = s : :_;‘,;. : v ‘
First First R e - ﬁ-;-r S T s R s
stars galaxies P ,<.-I -y_jﬂ -""."- tga[a)qés-{orm ;Q,x e

13.5 13.4 3. Billions of Years Ago

“Dark Ages”

Recombination From the first seeds to the emergence of the Hubble sequence

complex physic of baryons
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Theoretical Framework : ACDM
Bright side of the universe

20 1 2 8 Redshift (Z)

o -

Hubble . ~ Hubble ™ = &
= e SUOD TR 5

SN, -
o
» : -

Cosmic :

Py ” - : ‘\!‘ &
Dark Ages .4_.. Relog.ufatuon —*-‘)15

- s_,: _ ,_‘{ xg’ Y e e D

Neutral e ! /,vo s o T

First First R P ey "_'_-; 5;. NGB i e
stars galaxies  o0El R s e NN Agalamés-torm e 33

13.5 i . Bnlhons of Years Ago o)

Recombination From the first seeds to the emergence of the Hubble sequence

NE

— Star Formation 1s inefficient : Only 10% of baryon in star today !

— Comparison Halo Mass Function and Stellar Mass Function

* Peak of efficiency around Mh~1012 Mo 7_
* drop on both sides of the MF (L Jeony (b metvates

— L+~ 3x10%° Lc

e } | st Silk(1 1)

log ¢ (Mpc-? dex*!)

Peak of [

an Galaxies are not a closed box
efficiency *

z~0.1

many mechanisms can be involved ...

10

Galaxy luminosity
log(M.) [Mg]
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Galaxies : Complex interplay between

infall - SFR - feedback

gal. Equilibrium : dMs = dMi, + SFR + dMou Davé, 12)

baryons :
~ 80 % in IGM

~ 10 % in CGM
~ 10 % in stars

..

-

Horizon-AGN simulation (Dubois+14)

—

v 1 Mpc
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Galaxies : Complex interplay between

infall - SFR - feedback

gal. Equilibrium : dMs = dMin + SFR + dMout Davé,12)

- Gas accretion : . | ,
* Merging vs smooth accretion - . R, baryons :
(high velocity clouds) ol Y e ' 80 % in IGM
i e i .4 4 ‘ e~ °

~ 10 % in CGM

* |GM : Hot vs Cold mode

( Cold stream @ high z) = Y TN = ' & ~ 10 % in stars

.

Horizon-AGN simulation (Dubois+14)

- —

v 1 Mpc .

—_—
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Galaxies : Complex interplay between

infall - SFR - feedback

gal. Equilibrium : dMs = dMin + SFR + dMout Davé,12)

- Gas accretion : % _
* Merging vs smooth accretion - . R, baryons :
(high velocity clouds) PR e ' 80 % in IGM
P : - ol $ % & o

* |GM : Hot vs Cold mode ~ 10 % in CGM

( Cold stream @ high z) T Y & o L o ~ 10 % in stars

-

Horizon-AGN simulation (Dubois+14)

- —

v 1 Mpc ¢

—_—

- Feedbacks : CGM
* AGN driven / SN/ stellar wind ~ @=24{13le{Je 8 BVEF]
* quench or keep gas @ high T e - NX

S. Arnouts CPPM 28/09/2015




Galaxies and their Environment

Galaxies : Complex interplay between

infall - SFR - feedback

gal. Equilibrium : dMs = dMin + SFR + dMout Davé, 1

2)

- Gas accretion :
* Merging vs smooth accretion

b :
(high velocity clouds) aryons

~ 80 % in IGM

* IGM : Hot vs Cold mode e < + .~10%in CGM
( Cold stream @ high z) g o 2 T ~ 10 % in stars

.
-
e -

. .

Horizon-AGN simulation (Dubois+14)

1 Mpc

& __

- Feedbacks : (ofe]]
* AGN driven / SN/ stellar wind ~ @=24{13le{Je 8 BVEF]
* quench or keep gas @ high T Y NN

Mechanisms poorly known.
contributions may change with time

' '
CAvEa S a

LA

Oboservations must provide phenomenological constraints

\ N
.

to dwentangle these complex mechantsmo

Steidel+11
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Star Formation Rate Density

02 4 6 8 10 12
41"""]1[ T T i

Madau & Dickinson 2014
AL I L

1

1 2
redshif

—9
£ 10
=
= —11
&
20
S —1=2
Red Sequence
— 13 ' 2 2
Schiminovich + 07 ° 1og1 OM. H

* quenching -> Red Seq.

LAM -

LABORATOIRE u‘»\SDTmPM\mUE Ve universi te

ARSEILLE

observations ...

Stellar Mass Function build-up

T — | I T

Ilbert+13-

-2 —s

. ]

= ;

-3 - —

QD -4
S Z

- ]

=9 0.2-0.5 ]

=4 0.5-0.8 7

- ]

g -5

=5 =z2o0-2s -

2.5-3.0 ]

3.0-4.0 ]

-8 ]

PR S SN S e

8 9 10 11 12

log(M.) [Mg ]

* Early build up of massive end

Gradual
Secular Evolution

Merger, Interaction
Starburst

Gas
Accretion

SFR/ Stellar Mass

Quenching

Schiminovich + 07

Stellar Mass
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Outline

Large Scale multi-wavelength Surveys

— adding up on the VIPERS Spectroscopic survey

why do we need of multi-wavelength data

— |s there a mass assembly downsizing ?

constrain the evolution Massive end of the MF, Quenching ,...

— Star Formation efficiency (SHMR) at high redshift
exploring SMHR from typical Mh~10!2 Mo to clusters Mh~10'> Mo

— Influence of Cosmic Web on Galaxy evolution

anisotropic environment ... very preliminary analysis ...

— HSC - PFS SuMIRe survey

a unique dataset until the advent of LSST

i g W . i

F2ETI N w0 f
'Goo.Bs |
COSMOS: 75"

A ‘Q&
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-la- VIPERS spectroscopic survey v

http://vipers.inaf.it

02h30m  02h1Sm  02hoom 22h15m  22h00m
r 3 A N : o .
s |y s VIPERS (Guzzo + 2014)
A ol N
~
o ol : o — ESO-VLT Large Program 182.4-0886
: v % Vo © . .
2 |- wiass . |R — 24 deg? in the CFHTLS Fields W1, W4
a| FHE equivalent volume as local 2dFGRS survey
o s g b= o o c
S e 18 — Flux limited : 1<22.5
~ .
ol — Color selected, 40°% sampling (one pass)
° =3 .
S 1S — 100,000 redshifts 0.5< z< 1.2
~ “ N
o
o S =
S = Sz : ‘
~N £ ~N =
a 2 a 10000 |-
o = o =
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vanvum

02h30y,

-Ia- VIPERS spectroscopic survey g
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_la- VIPERS - Multi A \a*/

Uniqueness of VIPERS

\'%

— spectroscopic coverage >100,000 Z Multi-wavelength follow-up :

Largest Volume probed at high-z
— stellar masses, SFR for VIPERS sources

—> Galaxy evolution and Large Scale Structure

— High Imaging optical quality (ugriz)

— robust photo-zs to extend science 0<z<2

galaxies color-coded with density field

LAN ; 13
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10%

10*

1000

area in deg?®
- S
(=] (=]

o©
-

0.01

0.001

Dec

_Ib-VIPERS - CFHTLS multi A Follow-up

~ 'NIR SURVEYS

Multi-wavelength follow-up :
UV (F/NUV) with GALEX satellite

-—zuAss
- e EUCLID-Wide
-
E 1.
VIKING 1
£ E
EF g EUCLID-Deep 15
v " R
- nlmzo .
3 S 3
[ Ultra-VISTA i
3 o E
E CANDELS-Wide ]
r EIS o = JWST
E % ISAAC  CANDELS-Deep 3
g a |
1 FDF
3 a E
3 FIRES  wrca-nupr 7
l . A l ' e l A . o HJ l .
15 20 25 30
magnitude H,g

VIPERS-W4

T T T T T
2 I

334

universiteé

332

330

RA

NIR (Ks) with WIRCam at CFHT Coupon, SA, LyW+15
VIPERS-W1
4
3 i
A 6L
_8 1 L L L 1 L L L 1 L L L 1 L L L 1
38 36 34 32 30
RA
spectroscopy |- photometry
B CFHTLS (ugriz)
PRIMUS .
VVDS + VIPERS |- WIRCam ~ 120h at CFHT (PL: SA,LoWW)
] integration/pixel: 1050sec
_ Total area ~ 27 deg?
| NUV/FUV ~ GALEX : 100h D-Time
i +200h pub. release
378 196 integration/pixel: 30,000sec
Total area ~ 22 deg?
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The UV continuum - SFR

Martin et al (2005)
« FUV, NUV dominated by : B, A, F stars 1019] ' ~ Opicol ' ]
* Light weigthed Age: <t>= 108 yr : ;,, /A
* Large range of SFR for same optical E 10° ; / ;
A E ~ 5
M 108. , / 4
2 [ : 7
10 — t
10.000 % ;
1.ooo§ /////
¥, :
., 0.100f - /
0.010f /
0.001 F 7 /
{» -
1 é ; R /1. 1 ]

1000 10000
A [Angstroms]
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The UV continuum - SFR

Martin et al (2005)

« FUV, NUV dominated by : B, A, F stars 10'0[ Opticol

* Light weigthed Age: <t>= 108 yr 2 V., /A ]
g 109}
A
v

1.000

0.010f

0.001

A [Angstroms]
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- FUV, NUV dominated by : B, A, F stars

1010
* Light weigthed Age: <t>= 108 yr :
o 9
_% 10
A
o . . v 108 2
UV Luminosity direct tracer of SFR
Madau et al. (1998) 1071
SFR «exp(=t/7) 10.000
721,5,10,20 Gyr
1.000 |
. 0.100f
0.010{
28
log Ly, (ergs s Hz™') 0.001 ¢

* Unique tracer visible at all redshifts

The UV continuum - SFR

Martin et al (2005)

aoca )l

* But affected by the presence of dust

10000
A [Angstroms]
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GALEX Deep Imaging Survey

GALEX: UV Imager + Low Res. Spectrograph (Martin+, 05

65.0000

48.7500 | N

(cm*2)
~
-,

7
32.5000 | /

A_eff
~
-

16.2500 d 4

X7

0.0000 it "
1300 1725 2150 2575 3000

| (Angstroms)

* 2 channels:
FUV (1500A) NUV (2300A)
* Field of View : 1.5°

PSF ~ 5arcsec (1.57/pix)

* Survey Modes :

I- All-Sky Survey (~100s)

[I- MIS (~1.5ks)

lll- DIS (>30ks)
Confusion limit
(80 beam-per-source)
FUV~25.3 , NUV~24

" ELAIS S1
a0h40™m § -44°
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GALEX : EM photometry

D. Vibert, S. Conseil, S. Arnouts, B. Milliard, A. Lebaria, M. Guillaume (LAM), M. Zamojski (Geneve), D.Schiminovich (Col.)

Dirac or stamps PRIORS GALEX Reconstruction image over one tile: x. observed count. u, expected counts @pixel i
K
o GX PSF O W, = Zakhk’i +b
- .r O vie{,..M} h . P(x) probability to
° - . o O @ P={X =x }= exp (-, )% observe count x
(o] (o] O O a

M X;
Maximization of the likelihood L (x, 1) =] Jexp(-u, )%
i=1 ie

solves with the iterative Expectation - Maximisation algorithm

GALEX-EM

GALEX
Pipeline

20 22 24
Magnitude
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-Ib- WIRCam Ks photometry

WIRCAM mapping

| L L

IQ (arcsec)

m B
o,

..

|
IS
—

|

LABORATOIRE D'ASTROPHYSIQUE
[

LAM -

e

E MARSEILLE

data reduction: TERAPIX (IAP)

o

* WIRCam tiles warp on

MegaCam Tiles

* Sources extraction based on

grip Chi-square image

MEGACAM Tiles

Completeness(%)

Completeness vs

Moutard, SA, Coupon + 15b

mag

T T T
- 3
N
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. N ‘.
ol VIDEO Bow | 2
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W\ 1l &
o]
[ » B
0 |- W]
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\
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o
M
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Comparison with Deep Surveys

- VIDEO ‘
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\
).12

5 0=0.19
NN 21.55K,,522 0=0.27

l y - -

0.15 0.2

Completeness vs mag, Color

215 22

BzK population

-« star-forming 4 | Passive
e [ : :
%D:\zi . ot ! - %ﬂ F fe
= r e 7 S
‘& — - —
L /./?” Aéerags Fields - 1 K
=) ri ig‘kgwi | L [T IR 1 P P Y - L
18 18 20 22 24 186 18 20 22 24
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-Ib- VIPERS - CFHTLS multi-wavelength Follow-up

e NIPERS W4 Moutard, SA, Coupon + 15b
4 VIPERS/VVDS
SN Smmmm . J-i;i.li | EIQA[LIY][EL)J(S |
, WIRCam The photometric catalogues, photometric
é‘j CFHTLS . . .
o ] redshifts and the images will be released
[ in december 2015
- 3%8 326
http://cesam.lam.fr/cfhtls-vipers
. WIRCam Ks counts Redshift Distribution
T T ‘ T T T ‘ T T T ‘ T T [ T T T T T T T T T T T T T ]
i FUV ] i % %] B K=22 |
L o O S @ B ]
AL ° g b - @@ : i NUV=25 |
i ¢° 1 | ] I FUVER55 |
2| s 1 B & HECr )
& 3 - _ O e 1 0 r 7
101)0 | i ?_,D | L ? % * Yo | % L N
3 F 4 3 | ///@; % x = | ~ r i
= | | Z 50 J, E Lo E R | < L ]
g2+ - S L S w X ] z | :
[ B L /// Q e w i
r , 1 O/ 8- == Total WI W4 r 1
L @ @ Cealaxies W1 & W4 | N ﬁ w Caloni i L _
L Yo Stars in W1 & W4 A L/ @@ Calaxies | - R
1 # Black Symbols: litterature | //,#i? o Stars [ ]
;g‘ ix — L' model (Xu1‘+,2005): ji‘ | B‘Iack symbols:‘ litterature | :
Il Il Il Il Il Il E L Il Il | ) ‘ ‘
20 25 30 16 18 20 22 24
NUV,, ., FUV,+4 Kig 0 0.5 Zl 1.5 2
A large HIGH QUALITY multi-Lambda dataset over a unique area/volume ~ 25deg> & 0<z <1.5
Scientific Drivers: Understand Star Formation Processes / Stellar Mass Assembly up to z=1.5
LAM ~ S.Arnouts  CPPM 28/09/2015
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-Ic- VIPERS - CFHTLS photometric redshifts

SED fitting technique

SED’s Libraries
+
Extinction
IGM
Star
Galaxie Theoretical flux

Set of Filters

| observed flux and error

AL R

f=1

|

F!

O

7
o

bs AX F;’rcd(z’ T) ]~
obs

Outputs /I\ :

— Best Redshift
— Z uncertainties (z-PDFs)
— Type

+

— Physical parameters:

Masses, Mean Age, SFR ...
+ uncertainties (marg. PDFs)

Pb(z)

pro

work at any redshift
independent of training dataset
redshift uncertainties

classifier: Star/Galaxy/QSO
access to physical parameters
you know what you are doing !

con
representativity of SEDs ?
require a good knowledge of
dust attenuation
time consuming compared to
machine learning, NN ...

S. Arnouts CPPM 28/09/2015



-Ic- VIPERS - CFHTLS photometrlc redshlfts

d Install Syntax Examples Acknowledgement ‘
SA+1999 ; Ilbert,SA,Mchcken+2006 ,

Le PHARE
Photometric Analysis for Redshift Estimate . P
Arnouts S. & Ilbert O. )‘*"’ B S

Latest Version

Alperm)

Photometric Redshifts (llbert +09)

|

b : | - empirical SEDs [Poletta+, 07] + BCO3 blue templates
Cl! ! | | - ZP calibration using spectroscopic redshifts

F, y - Emission Lines + 3 extinction laws

%-4 o ,’ Ell (Polletta et al. 07) -1

ol L S Physical Parameters (Arnouts+13)

- wavelength range : FUV to 2.2 pym [stellar light]

- BCO3 library

- 3 extinction laws : SB, SMC, intermediate curves

- Mass, SFR, Age (68% err. marginalized over each para.)

S. Arnouts CPPM 28/09/2015




-Ic- VIPERS - CFHTLS photometric redshifts

Z_Spec vS Z_phot M0um}’d, »S%[J ]Zbert+]5d
15.0 <7 <22.5 22.5 <1 <25.0 36
480
32
X 14 =0.067
4360
124
4300
- - 420
S E S E
S S
N {240 = 8 116 =
4180 412
N, =38385 150 N, =495 .
n=1.2% n=8.3%
UA:/(I +2) =0.029 60 UA:/(I +2) =0.049 4
0 0
Zspec Zspec

Large spectroscopic sample available in this region (~50,000) to optimize

— the SED libraries & extinction laws [here : COSMOS empirical SEDs + 3 extinction laws]

3.V fr

: ] 25l ] 0.024
— choice of magnitudes for the best colors 20| 0016
s 0008
) . ) . V) | 0.000 S
— zero-point adjustments tile-by-tile s | 0008 "
0.0 I -0.016
'S -0.024
ex. across the CFHTLS tiles in r band i | | 0.032
29 330 331 332 333 334 335 336 337
ra Moutard
UBDKAIUIK[D'lA-SJRﬁVSII]Mﬂ[ \>!‘/ SI Arnouts CPPM 28/09/2015
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x10°

i

-lc- Impact of Wavelength coverage & attenuation laws

CFHTLen§ Ph(')to-z‘ with ugriz

05

1.0 15 20 25

ZPHOT_CFHTLENS

30 35

4.0

Waeighted count

N
=)

-
wn

-
o

w0 Photo-z with NUV + uoriz + K
25 T T T T T T T

Coupon

15 2

z 4.0
REDSHIFT

Mitchell 13
2
(/2]
o i .
ql: #0002 dex 1027 dex
-0.8 @ = 0,06 dex T o 0,05 dex -0.8
—~ -1.0 SFH a)SIu 4 Bl SFH, recycling. SPS model, lHrIMF -1.0
g’ 0.6 $ 4 t t t t ¢ 06
= 04 04
-
h: 402
Q X ~10.0
m -02 -0.2
w -0.4 -0.4
(7]
% -0.6 g 0.0 dex 40,00 dex o6
-0.8 . . o = 000 dex = 0.16 dex -08
€ ol Metallicitv .o | a5 I 10
6 8.5 9.0 9.5 100 105 110 B85 9.0 9.5 100 1105 110
o) e
- loa(mass SED fittina)

— II—

T T T T T T T T T T T T
| — (photo-z ~ spectrb-2)  [lbert+2010 -
-~ (Calzetti — Charlot)

--——(PCOS - CRO?) !

e
l 1

zCOSMOS
i*<22.5

fuation laws

- —— -

o g
%6 -04 -0z o 02 04 086

A(log (M))
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Multi-wavelength components

(Desert, 1990)

ABSORBED
ENERGY

DUST

: UV Sl Optical + NIR MIRF Radio
UV attenuation : e FIR emission:
L - > g Dust grain
- Extinction curve (dust composition) Ao I g T e
- star/dust distribution * W & i § | e Siz ep ’
_ . . . i} ﬁ
galaxy geometry + inclination ﬁ{kg W composition

The absorbed energy in UV is re-radiated by heated dust grain in Far-Infrared
Energy Budget SFR = SFR(UV unextinguished) + SFR(Far-IR)

=% When only UV available : good modeling of the UV attenuation is required !

S. Arnouts CPPM 28/09/2015




Multi-wavelength SFR estimates

—P Need to adopt several attenuation laws to derive a robust SFR measurement

based on 3 Extinction laws

COSMOS 24u 0<z<15

100

80

0
-10.5

1’1111

—10

lii

-9.5

11’

=9

T T

Log[sSFRSED (yr-1)]

=

—-8.5

SB

1111’

-8
see also Wuyts+1 |

SA, LeFloch, Chevallard +15

SFRp, |
SFRemo

L Lgl

SFRsep

—e, -
. . <
-’ o

L e e

= —0.04 +£0.25
—

P o

L ==

SFR

R + SFRuv

—P direct estimate of IRX in NUV-r)o vs (r-K)o diagram [independent of attenuation law ]

(NUV - R)ags

LAM -

LABORATOIRE D'ASTROPHYSIQUE >
DE MARSEILLE

sMe |
/4;2;@8
/K i

NRK T
R

F COSMOS/NRK

LIRNRK

SFR derived with one single
optical parameter NRK !!

Interesting for future

optical/NIR survey
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Multi-wavelength SFR estimates

—P (Can we understand the shape & location of the IRX ? by J. Chevallard
model’s ingredients : S T ‘

-1- Stochastic SFH from SAM (Pacifici, 12)

-2- Attenuation : balance between the ambient ISM and the | AY
Birth Clouds (Charlot & Fall, 00) '

-3- Inclination effects (Chevallard+,2013)

SA, LeFloc’h, Chevallard , +13

AB _I . .
=0 AvinISMonly w2

—» (Good modeling if

Full Model
all ingredients included ! 4 s

SIS B
owuowuowao

(NUV — R)aBs

Mean inclination only | Data

0 1 2 0 1 2
(R - K)aBs
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Multi-wavelength SFR estimates

—P (Can we understand the shape & location of the IRX ? by J. Chevallard
model’s ingredients : S T ‘

-1- Stochastic SFH from SAM (Pacifici, 12)

wRHIHLN ISM | |

-2- Attenuation : balance between the ambient ISM and the .o '...
Birth Clouds (Charlot & Fall, 00) ©

-3- Inclination effects (Chevallard+,2013)

SA, LeFloc’h, Chevallard , +13

AB _I . .
=0 AvinISMonly w2

—» (Good modeling if
all ingredients included !

Disk inclination important to
explain large IRX'!

SIS B
owuowuowao

(NUV — R)aBs

Mean inclination only {

0 1 2 0 1 2
(R - K)aBs
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Multi-wavelength SFR estimates

—P (Can we understand the shape & location of the IRX ?
model’s ingredients : S T ‘

by J. Chevallard

-1- Stochastic SFH from SAM (Pacifici, 12)

-2- Attenuation : balance between the ambient ISM and the | AY
Birth Clouds (Charlot & Fall, 00) '

-3- Inclination effects (Chevallard+,2013)

SA, LeFloc’h, Chevallard , +13

—p Good modeling if

) Gl Full Model [°=0 AvinisMonly R,
all ingredients included ! Al - 27 |
;
Disk inclination important to 5| %(3) |
explain large IRX ! 5 o7
E 0.0
. < 0 -
Need a new modeling of >'
attenuation law to better = 2
account for this effect 4r i
2 .
Important for SFR from SED - [
BUT also for Photo-z !! Of” " Meaninclinationonly + Ny Data
0 1 2 0 1 2
(R — K)aBs
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Multi-wavelength SFR estimates

—P A new treatment of attenuation laws ?

Model prediction for the slope of full set of Raditive Transfert models
the attenuation law near 5500A Disc  Chevallard +, 2012
: ' '~ ' ' ' 3T = T T 7 _ ' 1 °
| > ISM : :
, ) n ¢ TO4 thick ()
SEpe 14 ' o T04 thin
1.5 x P04
p - v J10 _
1.3 © S98
~ 1.1  Ggulpliplioeg eyl sty
4 > .......................................................
> 0.9- Sk _ — — — — ]
0.7 ; L TN
. 0.5 ] oL+ . oy
. I . I 0 1 2 3 - 5
e )
Large range of slope for the attenuation curves Chevallard +, 2012 ran full set of RT models.
: steeper/shallower sI.opes than LMC and SI?’Iaws  They all predict a quasi-universal relation between
how many attenuation laws do we need ?? :-( slope of the attenuation curves and V-band
- BUT ... attenuation optical depth at all galaxy inclinations

In principle, this should simplify the treatment of dust for SED fitting !

S. Arnouts CPPM 28/09/2015




-Id- VIPERS Stellar Mass Function

VIPERS photo-z K~22 GSMFs

Moutard, SA, llbert +13

0.2<2<0.5 0.8<z<1.1 1.1<2z<1.5
o HH N R fmd 3l
) Gv%@cﬁﬂwgﬁwvﬁy% 5} @o\'g*mﬁv b AL G é? ------------
| iy
Q V5 W /@m
& > .
S -3 & izz“% i m*ﬁ*"’
< *. v *.
P i, Ay %,
E A Y D*,é
=7 %, - z2~01 * i
S - z~01 ¥ 6 o lbert13 (UVista) Sy z~01 L3
| © O llbertl3 (UVista) % | V V Moustakasl13 (PriMuS) *O,_ | A A Santinil2 *
o | V V Moustakasl3 (PriMuS) y | A A Davidzon13 (ViPERS) ¥ T o ¢ lbert13 (UVista) 7 XS]
o o o Tomczakl4 o o Tomczakl4 }* 4 o0 0 Tomczakl4d ‘%
_el ¥ % This Work | % % This Work ;L % % This Work %T
< 1.0F 1.0F : 1.0p o
S o3} 0.3r “o.3f e
~ ~ g, 01
o 0.1F 0.1t ‘ 0.1F v
11.5 9.0

11.0 12.0 9.5

* Gradual decline of the global GSMF with redshift

* Good agreement with deeper surveys.

* Excellent constraints down to 10-° Mpc?

~ Massive End dominated by stellar mass uncertainties

LAM -

LABORATOIRE D'ASTROPHYSIQUE >
DE MARSEILLE

11.0

log M,/M |
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-Id- VIPERS Stellar Mass Function

Importance of systematics in the GSMFs

—p Photometric calibration variations (.e. differences between CFHTLS- T06 and T07)
difference between the GSMFs compared to Otot in 2 deg? and 22 deg?

Moutard, SA, llbert +13

—

A(I)zbias / Otot

9.0 9.5 10.0 10.5 11.0 11.5 12.0

log M, /M

In 2 deg? field the impact of systematics is lower than Otot

but it is significantly larger (2 to 4 times) for a 22 deg? field !

S. Arnouts CPPM 28/09/2015



-Id- VIPERS Stellar Mass Function

Separation of Quiescent vs Star-forming galaxies

NUVrK diagram as alternative to UVJ diagram from Williams 2010)

color code <sSFR>

dustier/
inclined

— Clear spread of star-forming galaxies from un-obscured to heavily dusty or inclined (Pattel+12)

—» morphological classification

LAM -
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DE MARSEILLE
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-1d- VIPERS photo-z Stellar Mass Function

Moutard, SA, llbert +13

—Pp Evolution of the GSMF by type : Star-Forming vs Quiescent

0.2 == <=0.5 0.5 == =0.8

Star-forming
Quiescent

1.1 —==<=1.5

log oM. ) /dM, Mye?
|
N

Red/Blue cuts

9.0 9.5 10.0 10.5 11.0 11.5 ) 12. 9.0 9.5 10.0 10.5 11.0 11.5 12
log M, /M., log M, /M,

— Quiescent MF progressively exceed SF MF at massive end
— Low-mass quiescent galaxies at low z

—>

Star forming Quiescent

t ] —6[ Ul -
9.0 9.5 10.0 10.5 11.0 11.5 12. 9.0 9.5 10.0 10.5 11.0 11.5 12.
log M /M, log N, /MM,

— No evolution of the SF up to z=1.56 and quiescent up to z=1
LAM S.Arnouts  CPPM 28/09/2015
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-1d- VIPERS photo-z Stellar Mass Function
—3p Comparison with SAM ( Guo+11, Henriques+13) Moutard, SA, llbert +13

Global Active Quiescent
IIII|IIII|IIIIIIII|IIII|IIII—IIII|IIII|IIII—

|
w

Log ®(M,)/dex/Mpc?

1 1 | 1 1 1 | 1 1 1 |;I 1 1 |

—4 | 0.2<z<0.5
: 1.1<z<1.5 - 1.1<z<1.56
_5 | |
| | | | | | | | | | | | | | _| | | | | | | | | | | | ‘ | _| | | | | | | | | | | | |A |
9 10 11 9 10 11 9 10 11
Log[ M./M,] Log[ M./M,] Log[ M./M,]

— Good agreement with the MF of the star-forming
— Strong evolution of MF for Quiescents at all masses Not Observed !
— Steep slope of the MF of Quiescent. Less well constrained here

S. Arnouts CPPM 28/09/2015




-1d- VIPERS photo-z Stellar Mass Function

—Pp density of massive galaxies

10.5 <log M, /M <11.0
Z
0.6

log n/Mpc >

&
k&
¥ *

08 10 1214

L)

Global
Quiescent
Star-forming

0.2 0.4 06 08 10 1214

-3.0}f
®
_35| FO ¥ o0 L ]
Y Wy e X

—4.0} {7
—4.5
-5.0}
~5.5|
ool Y ¥ Moustakas+13

| & & Matsuoka+10

11.0<log M,/M, <115
z

3

—>

4 5 6 7 8 9

lookback time | Gyr

3 4 5 6 7 8 9

lookback time | Gyr

0.2

Moutard, SA, llbert +13

11.5<log M,/M , <12.0
z

0.4

0.6 08 10 1214

-3.0}

-3.5}

—4.04

-4.5

-5.0}

—=5.5}

—6.0}

lookback time | Gyr

First significant measurements :

half of the most massive galaxies are already in place at z~1.5
a dominance of Quiescent in the very Massive already at z~1.5

Star-Forming density is constant or even decreases with time at high mass.

Quiescent density gradually increase with time and at higher masses

S. Arnouts CPPM 28/09/2015




Log n /Mpc—3

-1d- VIPERS photo-z Stellar Mass Function

Comparison with SAM ( Guo+11, Henriques+13)

—2

Moutard, SA, libert +13

(03]

10<Log M- <105 ——

fz

10.5<Log_M: <11—1—
M

=

11<Log %<11.5——

$_

| OB 1

O

11.5<LogM: <12 —
MO

e ®

0.5 1 1.5
v

0.5 1 1.5
Z

0.5 1 1.5
Z

0.5 1 1.5
Z

—p SAM predicts a strong density evolution of the massive ones
l.e. alate mass assembly

— Fast build up of the massive Quiescents : in place at z~1

— No constancy or decline of the SF density at high masse

S. Arnouts

CPPM 28/09/2015



-Ie- Quenching Channels

— What is the main channel for star-forming to turn quiescent ?
Moutard, SA, llbert +13

0.2 <2z<0.5

0.5 <z <0.8

Quiescent /;

6 6 -
51 51
R "
3-: 3E
2 1 2

© 0
H N

0.8<z<1.1

[\) w =~ (S} =2 je)

n
@)
@

o O
N

~0.5 O 05 1.0 1.5 2.0 2. ~0.5 O 05 1.0 1.5 2.0 2.
(r — KH° (r — KoH°

—P TWO channels ?

(o1}
(9]

S. Arnouts CPPM 28/09/2015



-Ie- Quenching Channels

— What is the main channel for star-forming to turn quiescent ?
Moutard, SA, llbert +13

0.2 <z<0.5 0.5 <z<0.8

Quiescent /; quiescent

plume \‘

6 | 6 |
51 5
) "
31 31
2 1 2

11<z<15 I 12.5
111

n
o O
H N
I

[

0.8<z<1.1

N W A Ol OO R

n

o
@) o

I;

n

o
o

o O
N

~0.5 O 05 1.0 1.5 2.0 2. ~0.5 O 05 1.0 1.5 2.0 2.
(r — KH° (r — KoH°

—P TWO channels ?

(o1}
(9]
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-Ie- Quenching Timescale
Moutard, SA, llbert +13

to =1Gyr 7 =0.1 Gyr T =1Gyr
. . . . ¥ 13 . 13
quenching time: tg "} & !0 , v -
. , o = 025G 12 1
M e-folding To v 7= 1Gyr 11 11
g s Taw® | Myt 51 o r=15Gyr 1 10 ! =l
§[ % . o 7=25Gyr l ’
z ™, 25Gy 9 9
5 \ =4 8 % =1 -
3 ) > ¥ T < o 7T <
) \ "‘ P = I e~~~ & = g
\ \‘\ {’ 3 b - {/ 3 O -
. a ' . .
8 9 10 11 12 13 ! !
Time (Gyr) R 1 " .
) D 2 3 ) 3
4[“4\7 «01 2 2
' ! ! 1
1.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5
(r—K,) (r—K,)
— M* qu : 1 Gyr <Tq < 2.5 Gyr - M ‘{ o -(
. . D * o
equivaient to timescale ~3 to 4 Gyr . N N - o =l
e e
— Physical mechanism must be a slow process T
consistent with strangulation (Peng+15) -

Schawinski + 1 4

(1) ~100s Myr pricr 10 quenching (1=0)

= Low mass channel: 0.25 Gyr <Tq
— dramatic events : major merger + morph. transformation @ @ 10" * P

Te paases n man oerce
>e a0 1 meege

— scarcity in Green Valley : Most likely satellite galaxies

(Schawinski+14) e e

LAM .- S. Arnouts CPPM 28/09/2015
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N(M,) w(8)

AT [Mg pc?)

-II- Stellar to Halo Mass relationship (SHMR)

by Jean Coupon

- 1-halo term 2-halo term . .
1ooop-cent-sat 5 e SF efficiency vary strongly with halo mass
CTo e I _sat-sal ]
0.100 T E
3 T hecent : — connect Galaxy to Halo (one-to-one only central)
0010~ Wodel ¢ ) — interpretation within Halo Occupation Distribution
F 050.< 7 < 1.00 : model [separating central and satellite galaxies ]
0.001 __10460 < 1ogyg( M,/Mg) < 10.80 | Nt
00T . " . by combining :
0.001 0.010 00(.;2;)) 1.000 % Halo-MF . N(Mh)
S ' — * Halo bias clustering amplitude
10,00 -.- Sotelites satellit * Halo density proﬁle
1.00F
g «~ * gals ~
i o 10
o1k / M- Mﬂo MO\ CFHTLS/VIPERS-NIR at z=1
108 / central 7 ) h
/
L /
0.01 Lo L A , CO OS
10" 10" 10" 10" 10
clusters ~
M el 5.10™ M
. o
) lgw masses
1000, %
Ms
centraft—i. >
10.0 Vs f! Mh
2 Vode “satellite” T ¥ ,
oL - ", ¢ SMHR with CFHTLS/VIPERS-NIR
' All-qoloxies s .
050 < 2 ¢ 1.00 " 2.hdlo Depth and volume 0.1 Gpc? in 0.5<z<1
10.40 < log,g{ M, /M) < 10.65 71 triple
0.1 R e allows us to explore down to the peak of
o :f (Voc] 10 efficiency and up to cluster scales

S. Arnouts CPPM 28/09/2015



-II- Stellar to Halo Mass relationship (SHMR)

Coupon, SA, LYW +15
Angular clustering per M+ bins Galaxy-Galaxy lensing signal per M bins
1.000 (1) [10.00:10.40] 1 (2) [10.40:10.60] + (3) [10.60:10.80] 1 T Trodena O Dronooes 5 [osooad]
0.100 ] 100.0 E3 E3 E
' 50
0.010 E 10.0 -
0.001 T ('\[‘_| 1.0F
O
$1.000P N\, (4) [10.80:11.00] ¥ (5) [11.00:11.20] + (6) [11.20:12.00] - EO 01 (;) [1o.ao;1o.95=] (é) [10'95:”.15’]
—100.0 3 8§ 3
0.100 1 d B H
0.010 E 10.0 N ) ~ oy E
0,001 ] 1o} " 1 DMH profile}
L . L L L 1 L L 1 0.1 1 1 1 1 L 1
0.01 0.10 1.00 0.01 0.10 1.00 0.01 0.10 1.00 0.1 1.0 0.1 1.0 0.1 1.0
9 (deg) phys [MpC]
Galaxy abundance
(SMF )
1072 | .
— 103} - _____. - Combined there distinct measurements
>
- 1077 ]
2 o-s| ® 10 parameters of the HOD model
= [ —— Model 7] . . .
= Z— Model (sat) \ solves with a MCMC sampling technique
S 108} COSMOS z~0.65 . -
COSMOS z~0.95 “
1 o7 VIPERS \
T e TT
Mstar [MG)]
LAM - S.Arnouts  CPPM 28/09/2015
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-II- Stellar to Halo Mass relationship (SHMR)

Evolution of the SHMR for central galaxies Coupon, SA LYW +15

: T T T T LELEL II T T T T LI ll T T T T LELELI Il T T T T LELEL ll T :
| <M ., IM,.> i
10'5 .- XX CFHTLS—NIR/VIPERS, z~0.8 (this study) —
= Cluster 3
B regime 7
14| = === Wang & Jing (2010), z~0.8
10 7 E =tivem: Moster et al. (2013), z~0.8 =
. | === === Yang et al. (2012), z~0.8 3
© - -
= B » . i
= 103 A George et al. (2011), z~0.8 .
= S [ Hilton et al. (2013), z~0.5 =
- v Balogh et al. (2014), z~0.9 -
B - Kettula et al. (2014), z~0.3 .
1012 — s pos ——
= - = =
— = / -
[ . —“",o—" -
. ==
- PR i
11 ———
10 o T —
1 1 1 1 11 1 ll 1 1 1 L 11 1 ll 1 1 1 1 11 1 ll 1 1 1 1 11 1 ll 1 -
10° 10° 10'° 10" 102

Mstor [MO]
® Best constraints over 3dex of Mh

® Overall good agreement with literature
consistent with cluster analysis

® systematic shift with Leauthaud+2012 : stellar mass issue !

LAM b= S. Arnouts CPPM 28/09/2015
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0.100

Mstar/Mh

0.010

0.001

Evolution of the SHMR for central + satellite galaxies

T IIIIIII
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T IIIIIII

|
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1

L1l 1

L1l

COSMOS
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L™l 1

1 IIlIIII
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16“

1012

1013
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-II- Stellar to Halo Mass relationship (SHMR)

Coupon, SA, LYW +15

| T This study (total)

=== This study (satellites)
wmm ms This study (centrals)
Leauthaud et al. (2012), z~0.9

wesmsm Behroozi et al. (2013), z~1.0

A George et al. (2011), z~0.8

@® Hilton et al. (2013), z~0.5

¢ van der Burg et al. (2014), z~1.0

V¥ Balogh et al. (2014), z~0.9

® total SHMR dominated by satellites (Ms>10!°M,), boost by x 10 in cluster regime
® cxcellent agreement with cluster analysis at z~0.5 - 1

® small variation (<x2) of SF Efficiency on 3dex of halo Mass

® Total baryon : stellar mass + ICL + not detected ...

S. Arnouts CPPM 28/09/2015



-II- Stellar to Halo Mass relationship (SHMR)

Comparison with SAM (Semi-Analytical Models) Coupon, SA, LYW +15
... follow DM history with merger trees + recipes for baryons ...

T YT YT T T T v 7T T r T YT r— T — T

0,/9,, = 0.171 [ 0/0, = 0.171

0.100 Guo et ol. (2011), z2~0.8 0.100 ——— Birrer et al. (2014), z~1 .

LLELELRAY |
wl

T

LELELR ] |
sl

10" 102 10" 10™ 10"°
Mn [MO]

® Similar trend for the central SHMR
— bulk of SF occurs in low mass halos Mh~ 1012 Mo

® SAM under-estimate the stellar mass in massive satellites (M>101"Mo)
— too strong quenching recipes in large halos

LAM P S. Arnouts CPPM 28/09/2015
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-II- Group environment in GAMA survey

. K. Kraljic, M. Treyer, S. de La Torre
® The GAMA fields ~ Driver + 15 L. Davidzon, D. Vibert, B. Milliard

over 3 x 48 deg? ~150 deg?

* spectroscopy tor ~ 19.8/19.4

* 15 times the SDSS density

5

* multi-A dataset

| SDSS DR9

619 (9)

o
.

redshift

Ll S.Arnouts  CPPM 28/09/2015
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-II- Group environment in GAMA survey

Kraljic (in prep.)

f.o.f

1sotroplc

® Detection of groups with an

x [Mpc]
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25-29
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8-10

T T

v..W (a) GO9 (b) G12 & (c) G15
S 5
' 1 ’“- " L ' L w ' " ' ' L |
-120-60 O 60 120 -120-60 0O 60 120 -120-60 O 60 120
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CPPM 28/09/2015
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-II- Group environment in GAMA survey

Kraljic (in prep.)
GAMA : Mass function in Groups

0.00<z<0.15 N, >=1

SR L L L B B B ® change in the slope of Quiescent MFs
- Centrales - Satellites . consistent with SDSS but less pronounced
i [Neor>=1] i | (Peng+ 2010)
iS — |
E L L
ol L L
©)
—
i4 — |
- - ® Fnvironmental Quenching at Low Mass.
. — Quenched galaxies are preferentially in
—5 b 1 group environments

— agrees with the recipes in SAM
but needs tuning ...

S. Arnouts CPPM 28/09/2015



-II- Group environment in GAMA survey
Kraljic (in prep.)
GAMA : Evolution of the satellite galaxies per stellar mass in different group sizes

All satellite galaxies Only active satellite galaxies
stellar Mass v.o -
0.3 — / - 9<M,£9.75
0o - 9<M,£9.75 02 o
. [ .. 0.1 ; \
Group total | T \\
stellar Mass | o 9
0.3 0.5 = § _ \
3 Mosoro 075 M <1025 L 10.5<MT<GL:11. 9.75<M.£10.25
11<M,,<11.5 0.2 1My =115 \
0. o | ¢
0.1 | 12<M,,, /7\ 0.1 | 1R<M,,,
e g I 4/)(\ I I | I I I ! B
0.3 - 10.25<M,£10.75 |
05 | Field R
20 \ . \ °
0.1
0 x“
0.3 |- \
0.2 |-
L e ®
0.1 —
0 ! N NN N A A \ \\ . L b b b b
0 3 4 5 6 7 4 25 3 35 4 45
(NUV-R) (NUV=R) cdion (NUV-R) ...

General evolution with Ms : given by Field galaxies

® change of blue vs red fraction with group mass in all M- bins

® Satellite Galaxies of a given M= are redder in larger groups
environmental effects in act

S. Arnouts CPPM 28/09/2015



-III- Influence of Cosmic web on galaxies

¢ Cosmic web made of voids/walls/filaments/nodes
coming from the growth of primordial fluctuations
in a nearly Gaussian initial density field

® Galaxies are formed within these large-scale flows

What 1s the influence of such an anisotropic environment on 5Pfﬂ< ) @

. . S
galaxy formation/evolution/properties ? C. Pichon (IAP)

S.Arnouts (LAM)

S. Arnouts CPPM 28/09/2015



Connecting the LSS and galaxy dynamic

: i dis +12, Laigle +13
* Theoretical prediction : C°a,;'s *;‘\ \",*“'9'6 *

On large scales, matter departs from voids, k}\

flows along the walls (red arrows) and
winds up in filaments along ribbons (green arrows),
forming low-mass haloes.

—> advection of angular momentum in DM halos

* Observational evidences in SDSS by Tempel+13

Spirals: Alignment of gal. spins with the filament orientation

Ellipticals: spin axes perpendicular to the filament orientation

—> mergers along the filaments

o | - "1 (Dubois +14)
* Effect should be stronger at higher redshift N -y =
wr 105 SZ25S - =
100 - =
0.95: - ; - —]
0'9%,0 0%2l : ‘0,4 10}6‘ : ‘0.8 . A1.0

Figure 10. Excess probability £ of the alignment between the
spin of galaxies and their closest filament as a function of redshift.
ic €.

The amplitude of the correlation decreases with cosmic timx

s LAM S. Arnouts CPPM 28/09/2015
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-ITI- Influence of Cosmic web on galaxies KSPL o

* Extracting the filamentary structures of the CW

connecting maxima of density field
anisotropic estimators

3D ridge Extractor : code Disperse
(Sousbie 2013)

persistent skeleton: Extract filaments as special lines
connecting topologically robust saddle points to peaks.

P/ipéhon et di.,. 011 ;-
/6ay et dl., 2@09 '

LAM -
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-III- Influence of Cosmic web on galaxies éﬁne @

Attach to each galaxy a CW property (Nodes/filaments/voids-walls )

—5.4<5<—-4.1  VIPERS

200 cenl 56
150 [
100
— 50
(@]
Q. C
= o F
> -
Q, _
—50 —
—100 &
—150
. = / 30
Filaments =000 =600

Minima (void centers)

—4
E 20 ) - _;.5-_.'_.:_ i-’l L
AL g o
=, 0 _,_"_‘4‘_,__ N
;.- i -
S—‘ —<0 B A TR of

X, Tdiaki S. Arnouts CPPM 28/09/2015



-III- Influence of Cosmic web on galaxies  pine @

Attach to each galaxy a CW property (Nodes/filaments/voids-walls )
VVDS Deep (i=24

B 4<S5<—41 VIPERS Low Mass galaxies

150

100

50

0

py [Mpc]

—950
—100

—150

. / 30
Filaments 2000 2200 2400 2600

- : px [Mpc]
Minima (void centers) s

— 20

Q
[oh
= o)

S —20

université S. Arnouts CPPM 28/09/2015



-III- Influence of Cosmic web on galaxies

"\SPme @

Attach to each galaxy a CW property (Nodes/filaments/voids-walls )

200

150

100

50

0

py [Mpc]

—30

—100

—150

‘Persis‘te‘nce‘

o=3

Walls

. 2
Filaments
Minima (void centers)

O
2,
=)

ents [d_<6 Mpc r
& [[d:<:3 Mpc] -

Fraction (N,/N,)

* Nodes / Voids in highest /lowest density regions

e Filaments are in intermediate density

But CW environment 7% density environment

LAM -

LABORATOIRE D'ASTROPHYSIQUE P
DE MARSEILLE 4

5=log[p/<p,>]
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-III- Influence of Cosmic web on galaxies

Attach to each galaxy a CW property (Nodes/filaments/voids-walls )

200

150

100

50

0

py [Mpc]

—30

—100

—150

o
o)

cumulative

o
N

0.2

* More massive galaxies closer to filaments !

LAM -

LABORATOIRE D'ASTROPHYSIQUE
DE MARSEILLE

8<1gM<9.5
9.5<1gM<10.5
10.5<1gM< 11

11.3<1gM

COSMICOviginorg
— .
K PL e

vs stellar Masses

VIPERS: 0.5<z<0.8 _

an

1
D,./<D,> [Mpc]

S. Arnouts
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-III- Influence of Cosmic web on galaxies \Spm @

SDSS : Galaxy properties as a function of distance of the Cosmic Web

\ SM:0

37.000<Dec< 43.000
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-III- Influence of Cosmic web on galaxies \SPm @

SDSS : Galaxy properties as a function of distance of the Cosmic Web
7‘\‘\L\N}I\i{gh{MaS{S‘ I —
SF: 10.0<IgM<11.5 [96628 i

37.000<Dec< 43.000 .

| | sSFR A
My 1\0.\1 B

L mmw

1-10.61

Distance from Skeleton [Mpc]

o

Distance from Node [Mpc]
® rapid change of <sSFR> with

distance to Skeleton
® slower change within the filament
toward near the node

Part of the evolution happens
. é o 3 (1)0 ' before galaxies “reach” the
bx [Mpe] center of the filaments
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PFS SuMIRe surveys

Prime Focus Spectrograph

for Subaru Measurement of Images and Redshifts

Elucidate the Nature of Dark Matter and Dark Energy

Fiber cable
Prime Focus
Instrument

2400 fibers
steered by

_Nasmyth floor positioners
(Opt 3[:“)

l/

Metrology camera

as a Cassegrain
instrument

Subaru Tel—-:»‘_ 4. Z

L/

Feb 2018 : engineering first light

SuMIRe Science Driver: The Origin and Fate of the Universe

Precision MOS Spectroscopy
with
Prime Focus Spectrograh (PFS)
P.I. H. Murayama (Kavli, IPMU)
~ $50M
IPMU, NOAJ, Princeton, LAM, JHU,
Caltech/JPL, LNA, ASIAA, MPA

PFS Specifications

Approved by Preliminary Design Review (March, 2013)

Number of fibers 2400
Field of view 1.3 deg (hexagonal-diameter of circumscribed circle)
Fiber diameter 1.13" diameter at center 103" at the edge
Blue Red NIR
Wavelength range [nm]  380-650 630-970 (706-890)  940-1260
Central resolving power  ~2350 ~2900 (~5000) ~4200
Detector type CcCcD CcCcD HgCdTe
* Share WFC with HSC

4 spectrographs for 600 fibers each
A =0.38-1.26 it m with 3 arms

Fiber density: 2200/sq. degs (¢ ~140 for BOSS;
~570 for DESI)

The medium resolution mode (R~5000) for the
red arm is our baseline design

S. Arnouts CPPM 28/09/2015



SuMIRe Hyper SuprimCam imaging project

FOV 1.77 deg® (1.5 deg? in diameter)

1. HSC-Wide 1400 deg? (i,zg=26, 50)
-Cosmology science driver
-Weak lensing, strong lensing, galaxy clusters
-galaxy clustering + other science

2. HSC-Deep 28 deg? (iyg~27, +NB)
HSC-UltraDeep 3.5deg? (i~28, +NB)

-Galaxy and AGN evolution up to z~7

-High-z galaxies, QSO, reionization

Transmission
o
-

, |
/ I ‘
/ |
[ ! I |
02 [ “ A" 'l
‘o l I L3
il / LU
0. ' 1l  _—d ]
00 w00 3000 600  F000 8000 9000 10090 11

Wavelength [A)

Unique dataset until LSST Deep

LAM -

LABORATOIRE D'ASTROPHY
[

SI0uE 2

E MARSEILLE z

PFS-Galaxy 100n

I, (AB, 50, 2" aperture)

HSC SuMIRe surveys

PFS extragalactic surveys

PFS-Cosmology 100n

25 deg? 1400 deg?

g T T TorrrrIey ' T3
E *al imaging surveys 3
= HSC-UD R N |
E - 3
E sxps 3
E S . HsC-D LssT 3
E - (wide) 3
£ COSMOS - =
¥ - - X ’ i
: CFHTLS - :
E (deep) HSC-Wi.ide 3
E B 3
v NDWFS i 3
E - Euclid 3
E CFHTLS - i = 1
E . (wide) K . . |
- - L) T -
1S BCS : 3
E =
f - 3
= Stripef2 = 3
£ RCS2 = |
E future _.'_v. 3
E - yMapper 3
= ) ) - =|
r completed SDSS l
tul PIPPTY BRI BRI | 3

1 10! 102 103 10+

Area [deg?]

U band follow-up of HSC-D

Sawicki (Canada) + Arnouts (France) + Huang (China)

CLAUDS (~300h) : U~27 in 25 sq. deg

Table 3: Expected number of objects
<z> sample Vol(Gpe®)  M.(Ms) N of galaxies

-LBG galaxies 0.1 photo-2 0.001 1087 7.2k

0.3 photo-z 0.008 103 38.3k
-photo-zs 0.5 photo-2 0.019 10°% 71.8k
-SFRD 0.7 photo-z 0.029 10! 94.4k

0.9 photo-z 0.040 10'"2 137.3k

2.3 BM/BX 0.341 2.5M

3.0 U-dropout 0.340 0.9M

3.0 QSOs 0.340 1000

2.2 LAE / LAB 0.017 9k / 700
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HSC-PFS SuMIRe surveys

10° T T ™ . . anna .
g 3 1. SDSS-like survey : Million galaxies up to z~2
~ n ~ 1 . .
= f ] 2. Dense sampling of faint sources
T 10'E e
o Ea PP E —
N F 0 . o - = PFS ?5‘7 e ]
" | ' L 2 sampling -
a, ]OJE_ . B GAMA J<23.3 ]
o [ - J<23.3 + gzJ _
S - MGC _ L |
- I -.'-! 0 B 5’032'5 L ]
S n .= a =S L i
2 10k 3 = L .
= E ) - = i
L ; Z 3 VIPERS n
a 10F p Y = [ §
S i ' ' ] =35 —
> L Om tud ™ (g - ELG /DESI —
= 0 I RS u r - = 7]
@ 10 3 2“’ l‘ » x Btz 2MRS B ELG,/BOSS i
- i \: 5 —a —
KB/1 galaxy redshift surveys . ’ - LRG/BOSS -
i sl L L \ ‘ \ L]
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2300 2400 2500 2600 2700 2800 2900 3000 3 1 00

PFS will improve the contrast of the structures
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0.5<z< 1.0
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0.5<z< 1.0

2340 2360 2380 2400 2420 2440 2460 2480 2500 2520 2540 2560 2580 2600 2620 2640 2660 2680 2700 2720 2740 2760 2780 2800 2820 2840 2860 2880 2900 292
[

100 1.0< z< 1.5 Full simulation

skeleton from “observation”

100

3500 3550 3600 3650 3700 3750 3800 3850 3900 3950 4000 4050 4100 4150 4200 4250 4300 4350
nx

S. Arnouts CPPM 28/09/2015



-III- Improving Photo-z with the Cosmic web

Once the CW is reconstructed from spectroscopic survey, this

information can be used to reduce the PDFs of galaxies with photo-z
(Aragon-Calvo+ 15)

3 | - l""‘ -
_:.E: \1 \u'\\\ 3 : _— l—
Photomet;r;_ ‘;.....‘T;m&.;({;.-:_.‘ ) oo- ooz “ooe oiu T ooe CED) o2
" 13 — P(Z)rore™ P(2) oo P(Z)o0n
o _/\__/\ el S Distance h’ansforff;i-"' :
©0.02 -0.01 . ol.w 0.01 0.02 (complement)
Photo-z improvements (Aragon-Calvo+ 2015)
P(2) wew = P(2)pneto * P(2)aen * P2) goo. (1) *"[ ehotoweb B e T
0.10F 0.10
Where P({2)aen 18 the density field sampled along the LoS
and P(2z)ee 13 a function that follows the geometry of the oot / e
coegmic web in a similar way to the density field but giv- foosf Fooe}
ing equal weight to all cosmic structures, The normalization oos ' -
. . S le 00zf 4 ooz}
Many applications within VIPERS and HSC deep ! o 0
0 0:)3 004 006 02)0 0.10 012 (;(.);)\;0;)4.-;)2)(;0:)!;.;3‘!0.;!4

LAM -
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S. Arnouts CPPM 28/09/2015



Conclusion

Intermediate Scale Multi-wavelength Survey (VIPERS-ML)
between deep pencil beams and future Large photometric surveys

* provide unique constraints on galaxy statistics

— confirm early mass assembly of Massive galaxies
— first measurement of the SHMR for satellite galaxies
— existence of two quenching channels with different timescale

* systematics in larger surveys will be the limiting factor !

* Major role of photo-z’s to exploit coming surveys

— urgent to progress here; to improve dust recipes
to consolidate physical properties & photo-z accuracy

Large spectroscopic surveys :
a new insight for galaxy evolution via Cosmic Web analysis

*HSC + u band (CLAUDS) + PFS
A unique window on the LSS & environment at high redshift “‘, —
This dataset will be unique until the advent of LSST !! VRN
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