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Reconstructmg the evolution of galax:es R

Studies about galaxy evolution, from the nearby
to the high redshift Universe.

Involvement in present and future projects:

» Lookback time studies “From dusk till dawn”
» Archeological studies;

» Forecasts for future survey.

One night is
all that stands

Dark Energy between them
Accelerated Expansion and freedoen
Afterglow Light
Pattern | Dark Ages Development of But #t's going to be
400,000 yrs. Galaxies, Planets, etc. one bellof 3 mghl
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Recanstructmg the evolution of galax:es R

Studies about galaxy evolution, from the nearby
to the high redshift Universe.

Involvement in present and future projects:

Micol Bolzonella Eros Vanzella Daniela Vergani

» Lookback time studies “From dusk till dawn”
» Archeological studies;
» Forecasts for future survey.

Dark Energy
Accelerated Expansion

Afterglow Light P ; 3 ; ~ !
Pattern ;| Dark Ages Development of 4 W\
400,000 yrs. Galaxies, Planets, etc. \

Carlotta Gruppioni Elena Zucca Lucia Pozzetti
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spectroscopic projects

Past, Present, public and future

OAS’

GMASS (~200 spectra @ z<1 & z>2)
B 2zCOSMOS (20k spectra @ z<1)

* VIPERS (100k spectra @ 0.5<z<1.2)
\Al\j; ) VUDS (10k spectra @ z>2]

VANDELS (2K spectra @ 1<z4) —

SDSS + BOSS(high-R spectra @ z<0.5)
Lega-C (spectra z~1)
MUSE + MANGA (IFU)

WEAVE+STePs (high-R spectra @ 0.3<z<0.8)
MOONS (near-IR spectra 0.7<z<2)

Euclid (Halpha emitters 0.9<z<2.3)
SPICA+SAFARI (FariRr)

- !

Eocid

e

SAFARI
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Galaxy evolution reconstruction |°IA!S’ ‘
@ DASBo .

1 Lookback time statistical studies: Mass Galaxy Assembly and

Cosmic SFH and the role of environment (zCOSMOS, Herschel, VUDS,
VANDELS, WEAVE, MOONS, Euclid]

U Archeological studies: Inferring Physical Properties from spectra,
(SDSS and BOSS, VANDELS, MOONS, Euclid stacked?).

U Forecasts for future survey: Prediction and mocks [WEAVE+STEPS,
MGOONS, Euclid, SPICA]
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Researchers:s. Bardelli, M. Bolzonella. O.
Cucciati, C. Gruppioni, M. Mignali, L.

Pozzetti, E. Vanzella, D. Vergani, E. Zucca population er\e/glIJLIJJE[? OXHHI}:H”
(staff at INAF-OAS-Bo), observations éta[j J
Associates: A Cimatti (staff at UniBo) + G. Ste”%g'r’r?ggp'ﬂ find large  telescope

: survey  “dat
Zamorani mass .data
density gaIaX|eS
Post docs,/ TD:, M. Talia ([UNIBa), M. Sam ple

Moresco (UNIBo]
PhD Students: G. Girelli, (S. Quai, A. Citro)




" Lookback time statistical studies: oas®
Stellar Mass Assembly History A

Galaxy Evolution is driven
by the mass and by the environment
through the quenching of SFGs into local ETGs

40°000 VLT redshifts

for C OQMOQ

e

% %ﬂ{?&? £ 0.60<2<0.80 %@A*E%@% %*% 0.80<2<1.00 |

i an

Several statistical studies
from past dasets:
o Pozzetti+07

VDS, GMASS, zCOSMOS, e
Zucca + 2009, - ﬁbt“lo“) o
Pozzetti+ 2010 T
Bolzonella+ 2010

e VIPERS
*x Fontana+04
x Fontana+06

[h,,> Mpc™ dex™]

log(®)

4 4 44 44 4
TU.U TU. O I'T.U I'T.9 TU.U

Davidzon, Bolzonella+ 201 3.

downsizing scenario:

massive galaxies assembled their mass

, Log(Numbelr Density) [Mpc’g]

earlier and faster than low-mass galaxies

At odd with galaxy formation models || .. ETGs @ :z>3

0051152253354455556657 0051152253354455556657
ft (2) ft (2)

L.Pozzetti, M. Bolzonella, D. Vergani, O. Cucciati, E. Zucca, M. Mignoli @ OAS-Bo |




Herschel = strong evolution for the IR
galaxy population: brighter at higher z

Lookback time statistical studies: ons®
Galaxy evolution in the FAR-IR .

BUT: tension between IR
Luminosity function / SFR
function and SAMs:

L E T Herschel total IR LE the bright IR galaxies detected
.k by Herschel at z>1.5-2
x 7O R 7| | IR+UV SFRF I
T _4E | 3 _ 0.0<z<0.3
o | oo —2 perfian , ‘
s OF v E Z R
~ . 1.0<z<1.2 E —4 ‘% 4
& =B F 75500 E »
% E 2.0<2<25 E _ % .
= —T7F oo ¥ E w T67 %2 ]
E [b) -:]\
o <] T T S > 5 AN
9 10 11 12 13 14 <o , . 20=z=25 ]
Gruppioni+ 2013 log Li(Lo) - :_-—"“‘; — S, 1
i E 4 =0 / R—SAM \‘K&: ]
What are these “monsters” - vorGana SN ® ]
I mimi DL&BO7 ’ ;.
(SFR=1000 Mg/yr)? —6F s "\;3\@.”_
Most of them contain an AGN, LSS e TER
—1 0] 1 2 3

though IR Luminosity dominated
by SF = ALMA, JWST, SPICA

log SFR(IR+UV) [Ms yr7']

Gruppioni+ 2015



Extreme populations

OAS

Search & characterization of peculiar populations
focusing on SF quenching channels

Peculiar = Rare # Irrelevant (but short phase)

only using huge, rich datasets

e.g., see on VIPERS AGN identified through the [NeV] emission line
A novel class of active (AGN) post-starburst galaxies in the blue cloud

| I | |
 b) HR
...... blue
; green A
a L 1 1
3400 3600 3800 4000

Negative AGN feedback: is it more common than previously believed
(Vergani et al. 2018, A&A in press])

D.Vergani, M. Bolzonella @ OAS-Bo




Oq\e‘ o%vm ] OAS. A
: ® SDSi ETGs from an archeological approach lb

=> Inferring Ages, Metallicities, Dust, SFHs from high S/N spectra

Z
. 200 E T l I2 T T 12.|5 T 3[ IF T 4| T T 6[ T 110 T T T T
Citro, LP +16 50 b 7=0.44 Gyr — E
ot " 100 - AT E
Z = log(M/M_)"10.86 | \ E
Z o8 50 ) =
'/:: E | \\
s L _ 1 B 308 F . P
= log(M/M_)"11.3 z°0.16 : 7=0.44 Gyr |

E 200 22 E
0.4 Z~0.D4 . LOg[M/MO] 1.5 | ?100 E |Og[M/M®]~1 1 09 ///////‘(f/’/" \\\‘\‘\ E
ozt . 7023, 'l LogiM/M,)710.8 . B 1 W

= o h PPN | oyt o gt S 0 f+ B e -
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‘ ; A (R ; / 200 _ /// —

:l FT  T  Rrp S wa MT [
~ 21500 SDSS DR4 ETGs @ z<0.3 oo e
600 | - =
» . . s00f  log(M/M,)"11.5 _ E
Ages increase with cosmic time 200 F I‘ “ =
0 L L | L . L L | - | l Ll | 1

12

] fi he | . ) . 11
S NETEEER HOT B2 H2E5: | A. Citro, LP, Cimatti, Moresco | look-back time (Gyr)

to highest mass

i Delayed exponential SFH
Metallicity

More massive galaxies form stars earlier

does not evolve strongl




Selecting Galaxies just after the quenching llp
of the SF

cH
Z.
-02 Sy
9'; "
_ -04 ‘g:;- : ';:M
] 28] e de
= -os . R R R
§ -08 HBIO"M%B'SO07 Star formation is ongoing |°g([N I /[o "])
'§ (1) 0 and B stars are present
g 10k 0O stars keep [O ll] present
° 0B 0B
3 -12 At =10-100 Myr 2
-14 HB Ha Star formation is quencf\ed "
\JQ\ O stars are the first to disappear
-16 (2) l;)[O III].:i:appea'rs »
14 -12 -10 -08 -06 -04 -02 00 02 B B PSRN
U log([N 1116584/[0 1113727)
* We found ~200 QGS Candidates (3) Starformationisover
(Out Of 17 4000 SF Continuum even redder
uenching Galaxies Properties: L L
291 —— QRGs ' —— QRGs
Blue colours o] s | Poowo; — s
L hol 9 = 11 _C:O 0.025
+ Late-type morphology - no o Q...
morphological transformation 8- @ oss
occurred yet o o
Excess in high-dense environments § -0 g oom

T

T T T T T T T T T T
0.2 0.4 0.6 0 8 1 0 1 2 14 16 18 0.2 0.4 1. 0 1 2 14 16 18

quenching timescale 7o: 90Myr — R/R50 R/RSD
1.5Gyr, ' T del ) ) ) )
YLIASSEIg S none S. Quai, LP, A. Citro, Cimatti, Moresco
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a1 [

A deep VIMOS survey of the CANDELS UDS

ESO public spectroscopic survey

v 7 2500 high-z galaxies within CDFS and UKIDSS UD

(0.2 deg”2) — best available multi-wavelength data

v ultra-deep [20-40-80h), medium resolution, optical
spectra (0.48 y m-1.0 4 m]) with VIMOS @ VLT

v up to 80 hours per target

Not just a redshift survey!
Sufficient S/N and resolution to measure phy

L 4

and CDFS fields

0.10} ZCOSMOS Deep -
VVDS Deep
0.08 B vups
B VLRS
| I VANDELS

S

Frequency

0.04

0.02f p

0.00

1 2 3 4 5 6

sical properties

Primary Targets
Star-forming galaxies at 2.4<z<5.5 (H,z<24)
Passive galaxies at 1.0<z<2.5 (H,;<22.5)

LP, Micol, Eros, Marco, Olga, Gianni involved
@ OAS-Bo

A.Cimatti, M. Brusa, M. Talia, M.Moresco, A.
Citro @ UniBo
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Primary Targets
Star-forming galaxies at 2.4<z<5.5 (H,z<24)
Passive galax1es at 1.0<z<2.5 (H Ap<22. 5)

B - | VANDELS 63
‘ . 5FGs stacked

O . 5 : - X '~ — *:; ‘
= T > 800 Star for'mlng galaxies @ z2>2
= ' 14
- Mc Lure+ VANDELS team 2018
-2 0 \%_ }: ")

[ | 11 0.0 -
— " 2500 3000 3500 4000

-—).5
“%0 85 9.0 9.5 10.010.511.0 11.5
|(_)(:] stellar MassSg > 7300 Massive [>’| 0105 Msun]
. . Passive galaxies @ 1.5<z<2.5

Swin? 20v10 enw 10! 2a0w10® 1 w10 1 2w 10°

'




Annalisa Citro \A[\DE'S ST ga/axies
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A.Citro,LP, Talia, Cimatti, Moresco



H(z) [km/s/Mp

Cosmology with passive galaxies

100 A——H‘i’h—/_ 100

50 |-

L Seme i "(:eo(;eg)lg) - 50
« Simon et al. (2005) 4
M M " L | " L L n 1 M M i M 1 M M " i 1 "
0.3 0.35 0.4 0.45 0.5 0.55
Redshift

from SDSS to VANDELS

o - S— -

o 2 I
o I Moresco et al. (2012)
o " Saracco et al. (2005)
X 1.5 FO Kriek et al. (2009)
=] ® Onodera et al. (2012)
O Gobat et al. (2013)

1 2 Krogager et al. (2013) |

® this work !

X Zhang et al (2014)
[-® Moresco et al (2012)
O Stern et al. (2010)
A simon et al. (2005)
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[~ Planck ACDM cosmology
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F @ simulated data

H(z) [km sec~! Mpc-!]

1
redshift

From 30 to “300 Massive (>1070>
Msun) Passive galaxies @ 1.5<z<2.5

—
o

@
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- l '

™) e [
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o
T T

Normalized x?

Hfz] constraint at z>1

50

60 70 80 9]0
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People involved @ DIFA , M.
Moresco, A. Cimatti
@ INAF-OASBo: L. Pozzetti
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: @ Stellar Population Survey [StePS])

2: Hi-“"\ New High-Resolution optical spectograph @ WHT
NS 1° light in 2019

Stellar Population Survey [StePS)
PI- B.Poggianti, A. lovino

9000

8000

(survey definition by lovino, Pozzetti, Bolzonella, Mercurio)

7000

saull HO A4S

lambda (4)

> wide area of 25 deg?2 galaxy survey [(l,5<20.5]
> at intermediate redshifts (0.3<z<0.8] and Mass w000 A2
fie. log(M,/Msun}>10.2,11.5] =

s n 1 ek U N VY VAN VN WSS W VN VN W ———

6000

e
1 B2900 8
2 [oll] - 3727
3 D4000

HB - 4861
10 Olll - 4959
11 OIll - 5007
12 Fe5015
13 Mgb-5175
7 Fe4383 14 Ha - 6563

> low resolution grism (R~5000, ~ 1A resolution] : # cedanin

> spectra with high S/N>15
> atotal of 35,000 spectra

LP, Micol, Elena, Sandro, Olga Daniela involved @ OAS-Bo I

Goals:
0 analysis of the stellar populations and of the emission line properties

o star formation histories
o provide gas kinematics and stellar velocity dispersions.



a
Near

ulti Object Optical and Near-infrared
Spectrograph for the VLT

PI: Michele Cirasuolo

wavelength coverage is 0.6 4y m-1.8 4 m

The aim is to have MOONS operational by 2020-21.
1000 fibers over a foV of 500 square arcmin

two resolution modes: medium [R~4,000-6,000) and

high resolution (R"20,000]
An SDSS-like survey at z= 1-1.5

Extra-galactic survey: 200 nights—> 200k spectra /redshift

-Extragalactic WGs:

- Emission line, SFGs (Mannucci/ deputy Pozzetti) e

4h integration per pointing

- Redshift/Spectral measurements (Pozzetti/\Wild] 5 years survey

0.5 - 1 Million galaxies at z>1

MOONS
z=15

Optical
spectrographs
z=1.5

SDSS
« atz=0.1

LPozzetti, E.VVanzella, G.Zamorani involved @ OAS-Bo
—> survey definition and forecasts




93'5* -3 ESA medium class space mission:

Euclid (launch by 2021-22)

‘ /! | Mapping the geometry
. / N 3

of the dark Umverse

% Ny Board [ @ UniBo,

@ INAF-Rome, ...]

w’

WIDE SURVEY: ~15,000 deg"2,
VIS<24.5, + NISP (Y,J,H<24) photometric
survey + NISP [H] slitless spectroscopy
[>2e-16 erg/s/cm”2, Halpha @ 0.9<z<1.8]

DEEP SURVEY: ~40 deg2 @ 2 mag

> Galaxy evolution using ~2 Billions of g
millions of spectra

° Lucia Pozzetti - 0AS days - 18 dicembre 2018



B ESA medium class space mission:
Euclid

Mapping the geometry [|8UﬂCh by 2021 -22]

of the dark Universe

| Science\WWGs| @UniBo,
@0AS-Bo ...

Galaxy Evolution In Euclid

@ OAS-Bo: s. Bardelli, M. Bolzonella. O. Cucciati, M. Mignoli, L. Pozzetti, E.

Vanzella, D. Vergani, E. Zucca (staff at INAF-OAS-Bo), G. Zamorani + G.Girelli
(PhD])

@ Uni-Bo: ». Cimatti, L. Moscardini, M. Moresco, M. Talia+

Lucia Pozzetti - 0AS days - 18 dicembre 2018



Euclid ESA medium class space mission:
YESPRNIERL B  ([aunch by 2021-22)

of the dark Universe

Galaxy evolution activities in Euclid:

2| M Physical Properties of Galaxies from Photometry; [within
' Galaxy Evolution WG, and OU-PHZ for algorithm /pipeline]
[Pozzetti WP lead]

M Luminosity and Mass Function [within Gal-\WG+CG-\WG
and OU-LES3 for algorithm /pipeline) [Zucca WP+PF lead,
Bolzonella PF lead, Bardelli Esternal data lead]

M SFGs and ETGs in GAL-WG [Moresco ETGs lead] and
blue grism science cases definition | ETGs lead]

M Forecast/mocks and SciencePerformanceVerification
[(number density of Halpha emitters seen by NISP-Euclid
+ E2E simulations + mock implementation /validation} in
particular for GC-WG cosmological probe [Pozzetti
validation lead]

M OU-SPE for spectral measurements [Moresco \WP5300
lead]

Lucia Pozzetti - 0AS days - 18 dicembre 2018



Euclid: Physical Parameters of galaxies

Testing SED fitting uncertainties:
stellar masses from simulated catalogues
M. Bolzonella & L. Pozzetti (lead WP in GA-WG)

Ngal=110198
NMAD = 0.48416

Alog(M*) > 0.3 dex = 36.88%

—_
o

|
-
fa
a
5]
%)
—
=
)
)

| parameters (by lary Davidzon
oaniicn — huge gain in co

10

intrinsic log(M¥)

Lucia Pozzetti - 0AS days - 18 dicembre 2018



Euclid: Empirical models of Halpha

Pozzetti et al. (2016)

o 'fhix;/fxﬁw | | \_ Model 1
105 — Model 2
i I — - . 4 Model 3

......
\“‘

wwwwwwwwwwwwwwwwwwwwwwwwww
vvvvvvvvvvvvvvvvvvvvvvvvvv

Empirical models 1.2,

which cover the observed range.

SAMs do not reproduce them.

Shim+09
Geach+08
g Tresse+02- —3

in Euclid and WFIRST and
calibrate galaxy mocks e

redshift



Euclid: Simulated mocks

Typical approach for WL and GC mock generatipn

. e R . - “:’;‘
the largest simulated galaxy [ oonration > I:)
= Lok _’.'.‘l . .5 "?‘.
catalogue ever built &Y TN
DM @ Univ. of Zurich — °T‘"a‘”‘s ray tracing populating
(HOD, SHAM, SAM)

Galaxy @ Barcelona ic

codes

Validation @ OAS-Bo | 1

> N-body +
. halo finding

WL mock

Euclid STAR Prize 2018 Team Award

Flagship mock galaxy catalog team

\/

<4 Validation against

!
>

GC mock

the real Universe

Flagship 1.5.2 (Halpha)
5 2 v y 12106 —————————— 7T
. ) ) . Carretero  F. Castander P. Fosalba [ flux>2x10-18 ]
& [ ]
L. Blot &, M. Knabenhans Y 10 o
4 @ A i [ ___Flagship—model3 ]
(S > a' > 000 [ -
L - « F ]
v i A = ]
D. Potter ~ ‘L. Pozzetti S, Serrano ). Stadel 6000 - 7
! i : : ; o

; [
4000 - -
"" [ Model 1 ]
; 2000 |- [ 7 Model 2 _"
1000 Mpc/h QTR P T [/ Model 3 ]

ol - NI I B .
0 05 1 16 2 2.6
redshift

)AS days - 18 dicembre 2018



w— Despali+16 HCMF: 0.00<2<0.20
e Despali+16 HCMF: 0.20<2<0.50
-4+ Despali+16 HCMF: 0.50<2<0.80
Despali+16 HCMF: 0.80<z<1.10

—
m

9]

o = Despali+16 HCMF: 1.10<2<1.50
= = Despali+16 HCMF: 1.50<z<2.00
= 5 Despali+16 HCMF: 2.00<z<2.50
s - Despali+16 HCMF: 2.50<2<3.00

A = Despali+16 HCMF: 3.00<z<4.00
- Stellar cumulative MF: 0.00<z<0.20
£ Stellar cumulative MF: 0.20<2<0.50
D 6t Stellar cumulative MF: 0.50<2<0.80
o

Stellar cu ative MF: 0.80<z<1.10

Stellar cumulative MF: 1.10<z<1.50
Stellar cumulative MF: 1.50<z<2.00
Stellar cumulative MF: 2.00<2<2.50
-7t Stellar cumulative MF: 2.50<2<3.00
Stellar cumulative MF: 3.00<2<4.00
@ Halo cumulative MF: 0.00<2<0.20
Halo cumulative MF: 0.20<2<0.50
-8k Halo cumulative MF: 0.50<2<0.80
Halo cumulative MF: 0.80<z<1.10
@ Halo cumulative MF: 1.10<z<1.50
@ Halo cumulative MF: 1.50<2z<2.00

Halo cumulative MF: 2.00<2<2.50
-9+ Halo cumulative MF: 2.50<2<3.00
® Halo cumulative MF: 3.00<z<4.00

8 9

+ Up to z~4-5

11

log(M«/M

New SHAMs@ OAS-Bo

(G. Girelli, LP, M. Bolzonella, Giocoli, Baldi, +)

o)

o From Mhalo to Mstar using Stellar Mass Function-to
+ From Mstar to other properties using COSMOS+SXDF

-1.5

-2.0

log(M«/My,)

-2.5

0.0<z<0.2 1.5<z<2.0

12

[ 4 Stellar

3.0 0.2<z<0.5 20<z<25
e 0.5<z<0.8 25<z<3.0
08<z<1.1 3.0<z<4.0
3.55<z<4.0
l.l<z<1l5
10 11 12 13 14 15

log(Mp)/Mo

+ Dark

15 20
log(M= /M)

Lucia Pozzetti - OAS days - 18 dicembre 2018



Reconstructing the evolution of galaxies

+ Stellar Mass Assembly History using best spectroscopic data up to z=1.5

+ Physical properties from high-S/N spectra (SDSS/VANDELS]

+ New method to select quenching & quenched galaxies [from SDSS to >3]
+ Empirical models used for the calibration/validation of Euclid galaxy mocks

+ Survey definition and forecasts for future spectroscopic surveys (WEAVE, MOONS, Euclid,
SPICA+SAFARI]

+ Physical properties from high-S/N spectra [VWWEAVE/MOONS + ]
+ Definition and Implementation of algorithms (SPE, LF/MF] [Euclid/MOONS]
+ New SHAMs galaxy mocks

'CRITICALITIES:
No Post-docs @0AS-Bo
No “primo Ricercatore”/"Dirigenti di ricerca”

Software developer missing

Lucia Pozzetti - OAS days - 18 dicembre 2018
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