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Motivations and outline

Cosmological framework

Large-volume cosmological surveys: past, present, future

Methods for measuring and modelling galaxy clustering

Results: 

SDSS Hα and [OII] emission line galaxies (ELGs) at z~0.1

g-selected [OII] emitters at z~0.8

WISP/HST Hα emitters at 0.9<z<1.6 in preparation to Euclid

Summary & future
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We aim to build a high-fidelity galaxy clustering model for new-generation surveys able to 
accurately predict the clustering properties of different tracers (ELGs and LRGs), their halo 
occupation distribution (Mhalo, Vmax, fsat), bias and redshift-space distortions.

Ginevra Favole Cosmology on Safari, March 2019
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Cosmological Framework
Big Bang t=0 Today t=13.82 x 109 yrs

Quantum fluctuations, 
over densities

Photon-baryon 
plasma
Universe ionised

Inflation, cooling

First light: 380,000 yrs CMB radiation 
Universe neutral and transparent

atoms
stars Hierarchical growth 

of structure through 
gravitational instability Accelerated expansion,

Dark Energy?



Cosmological Framework
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Primordial quantum fluctuations propagate as sound waves, or ripples in the cosmic pond, 
leaving their imprint in the CMB as temperature/density fluctuations. 

These are the seeds of the large scale structure we see today in the Universe

ESA Planck Collaboration, 2013
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ESA Planck Collaboration, 2013

Temperature Power Spectrum
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Galaxy Power Spectrum
P(k) = <|δk|2> = Akn

FFT of the primeval density fluctuations

Rodríguez-Torres,+, Favole et al. 2016, MNRAS 460 1173
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Galaxy 2-point correlation function

dP = n2 [1+ξ(r)] dV1dV2

  FFT of the power spectrum

Eisenstein et al. 2005, ApJ 633 560

BAO scale ~110 Mpc/h

BAO scale is a standard ruler 
for cosmological distances
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Observer 
 

transverse 
δr = DAδθ 

 

observer 

parallel 
δr = (c/Η) δz 

 

The acoustic oscillation scale in galaxy redshift surveys 
can be measured along and across the line of sight 
(LOS) to derive the angular diameter distance DA(z) and 
the Universe expansion rate H(z)

These are uncorrelated measurements used to constrain 
dark energy in combination with CMB

       Las Damas mock catalogs     SDSS LRG data at z~0.35  
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Chuang & Wuang 2012, MNRAS 426 226

DA(z=0.35) = 1048     Mpc-58
+60 H(z=0.35) = 82.1     km/s/Mpc+4.8 

-4.9 
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The energy budget of the Universe

Dark Energy
69.3%

Dark Matter
25.8%

Baryonic, ordinary matter 4.9%

mysterious component 
still unknown which might 
drive the Universe 
accelerated expansion
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Past:

SDSS-I/II (2005-2009) 
SDSS-III/BOSS (2009-2014)

2.5m telescope at Apache Point Observatory, 
New Mexico

5 photometric bands (u, g, r, i, z)

sdss3.org

Spectroscopic surveys
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BOSS	DR11	LOWZ	

Anderson+ 2014 
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BOSS: 1.5M galaxies, mostly LRGs, over ~10,000 deg2

NGC

SGC

http://sdss3.org
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SDSS	DR7		
BOSS	DR11	CMASS	
BOSS	DR11	LOWZ	
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SDSS Main SDSS LRGs

BOSS LRGs BOSS QSOs

M. Blanton
(NYU) Two main BOSS samples: 

      LOWz z < 0.43, CMASS 0.43 < z < 0.7
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SDSS-IV/eBOSS (2014-2020)

Ongoing:

~7500 deg2

375,000 LRGs 0.6 < z < 0.8
260,000 ELGs 0.6 < z < 1

740,000 QSOs z < 2, Lyα z< 3.5

https://www.sdss.org/surveys/eboss/
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Subaru PFS (operations 2022)

8.2m optical/NIR Mauna Kea
multi-object fiber spectrograph

1400 deg2, 4M spectra 
[OII] ELGs 0.8<z<2.4

4MOST (2020)

4m Vista telescope, Paranal 
VIS+NISP deep instruments
4 deg2 , 1M AGNs z<5
 [OII] ELGs z<2  

DESI (operations 2020)

4m Mayall telescope, Kitt Peak, AZ
14,000 deg2 , 10M spectra
LRGs z<1  
[OII] ELGs 0.5<z<1.7  
QSOs 1.2<z<3.5

Euclid (launch 2022)

NIR slitless spectroscopy
1.2m telescope 

VIS+NISP deep instruments
15,000 deg2 , 50M spectra

 Hα ELGs z<2  

6Ginevra Favole 11

SKA (2020)

Fastest radio telescope ever built
South Africa+Australia
total area 1km2 
Galaxy clusters with 21-cm 
emission line at z>1

WFIRST (~2025)

2.4m telescope, 2200 deg2 
20M Hα ELGs 1<z<2
2M [OIII] ELGs 2<z<3

WL shapes 500M galaxies
and 40k massive clusters

Future:

5/15/2019 The Wide-Field InfraRed Survey Telescope (WFIRST) | The Planetary Society

http://www.planetary.org/assets/image/society/20180217_wfirst-galaxy-nasa.html 1/5

y
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5/15/2019 Symbols of NASA | NASA

https://www.nasa.gov/audience/forstudents/5-8/features/symbols-of-nasa.html 1/4

(https://www.nasa.gov/specials/moon2mars/)

(/sites/default/files/images/174116main_2006_01777_highres.jpg)

July 27, 2017

Symbols of NASA

(/sites/default/files/thumbnails/image/nasa-logo-

web-rgb.png)

The NASA insignia is one of the agency's best-known symbols.

Credits: NASA

From the wing of the space shuttle to the top of the NASA homepage, the

agency's official insignia is probably its best-known symbol.

The round red, white and blue insignia, nicknamed the "meatball," was

designed by employee James Modarelli in 1959, NASA's second year. The

design incorporates references to different aspects of the mission of the

National Aeronautics and Space Administration. The round shape of the

insignia represents a planet. The stars represent space. The red v-shaped

vector represents aeronautics. The circular orbit around the agency's name

represents space travel.

(/sites/default/files/thumbnails/image/s75-

31690.jpeg)

NASA used the "worm" logo from 1975 until 1992.

Credits: NASA
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Cosmological surveys
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z	

1Gpc/h 

3Gpc/h 

5Gpc/h 

SKA (2020) 

DESI (2020) 

EUCLID (2022),  
4MOST (2020),  

Subaru-PFS (2022) Ly-α QSOs 

z=0.5 

z=1 

z=2 
z=3 

All these surveys will target emission line galaxies (ELGs) out to z~2 to trace the 
BAO feature in their clustering signal, deliver 3D maps of the Universe with 
unprecedented accuracy, measure the growth rate of structure and unveil the 
nature of Dark Energy. 

Understanding how to best measure and precisely model the ELG clustering 
properties is crucial for the optimal exploitation of near-future missions. 

WFIRST (~2025)

12

                               
Subaru PFS (2022)
4MOST (2020)

EUCLID (2022)



Emission line galaxies

[OII] doublet (3727-3729 A) is the strongest 
feature in UV

Hα is the most prominent line in the IR, 
preferred SFR tracer

HII region 
 
 
 
 
 

UV photons 
e- cascade  
Hα photon emission 

In HII nebular regions young, massive stars photoionize the surrounding gas particles

Hα 6563 A 

http://desi.lbl.gov.tdr/

Hydrogen emission spectrum
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http://desi.lbl.gov.tdr
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2-point correlation functions (2PCF)

Excess probability over randoms to find a pair of galaxies in two volume elements dV1 and dV2, 
with mean number density n, separated by a distance s:

gal2 

gal1 rp 

π 

s 

s = √rp
2+ π2 

observer 

LOS 

 
dP = n2[1+ξ(r)] dV1dV2 

distance in z-space 

 
ξ(rp,π) = DD(rp,π) – 2DR(rp,π) + RR(rp,π)   

RR(rp,π)  

[1+ξ(s)]

rp   (h -1 Mpc)  

π 
 (h

 -1
 M

pc
)  

 

-20 +20 0 

+2
0 

-2
0 

0 

Finger-of-god, peculiar 
velocities of galaxies 

 

Kaiser squashing,  
gravitational infall 
of galaxies towards 

overdensities 
 Landy & Szalay (1993) estimator:
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Expanding ξ(rp, π) in Legendre polynomial we find the 2PCF multipoles:

Each 2PCF is more sensitive to a physical process or effect happening on a particular scale.

The projected 2PCF mitigates the peculiar velocity (RSD) contribution:

 
ξl(r) = 2l+1    ξ(rp, π) Pl(µ) dµ 

2 
-1 

+1 l=0  monopole, spherical average

l=2  quadrupole, satellites

 
wp(rp) = 2    ξ(rp, π) dπ 

0 

∞ 
real-space measurement useful 
to estimate galaxy bias

 
b(rp) =   wp(rp)/wp

m(rp)  



N-body DM-only cosmological simulations

N particles

38403

38403 
38403

Lbox 
(Mpc/h)

2500
1000
400 

mass resolution  
(Msun/h) 

2.36x1010 
1.5x109  

9.63x107 
16

Computationally expensive: solve equation of motion of N particle interacting gravitationally

cosmosim.org

Collisionless, cold DM particles are thrown in a cubic box with some initial conditions and let 
evolve under gravity. Halos are identified using halo finders: BDM, Rockstar, FOF

BigMD
MDPL2

SMD

current depth:

A flight through SMD 
slices



Light-cones

We build high-fidelity light-cones using the SUrvey GenerAtoR code applied to any simulation 
volume

re
ds

hi
ft
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More realistic than single slice: 
it predicts full redshift evolution and density fluctuations observed in real data

Rodríguez-Torres, +, Favole et al. 2016, MNRAS 460 1173
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I. SubHalo Abundance Matching (SHAM)

P(Vmax, σV, fsat) = fsat Gsat(Vmax, σV, fsat) + (1-fsat) Gcen(Vmax, σV, fsat)

Need to modify SHAM to account for ELG stellar mass incompleteness (Comparat et al. 2013, 
MNRAS 433 1146 ):

Favole et al. 2016, MNRAS 461 3421
Rodríguez-Torres et al. 2017, MNRAS 468 728

+
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More luminous galaxies live in more massive haloes 
Max

luminosity, Mstar
σ

Galaxy-halo connection
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Approximate, analytic techniques to populate DM haloes with observed galaxies. 
Less expensive than N-body and very informative on baryonic galaxy properties.

Phenomenological recipes for key processes that are thought to shape galaxy formation 
(e.g. gas accretion and cooling, star formation and stellar feedback, chemical 
enrichment, black hole formation and feedback, halo merging history, etc …) are 
implemented within N-body simulations by calibrating free parameters to match 
observations.

MDPL2 volumes + 3 different SAMs run on top:

SAG - Cora et al. 2018, MNRAS 479 2
SAGE - Croton et al. 2016, ApJS 222 22
Galacticus - Benson et al. 2012, AJ 17 175

MultiDark-Galaxies 

II.    Semi-analytic models of galaxy formation (SAMs)

skiesanduniverses.org

time

Knebe et al. 2018, MNRAS 474 5206 



Results



20

I.  SDSS Hα ELGs at z~0.1

~250,000 SDSS MPA-JHU DR7 Hα spectra with r < 17.77, flux>2x10-16 erg/cm2/s (Euclid forecasts) 
over 0.02<z<0.22:

Favole et al. 2019, on arXiv soon

H↵ ELG clustering in the nearby Universe 3

Figure 1. Specific star formation rate versus stellar mass of the
SDSS NMYU-MPA parent population (grey dots) and our final
SDSS H↵ sample with EW > 10Å and log(sSFR [yr�1]) > �11
(black contours). The solid blue and dashed red lines are the
Schiminovich et al. (2007) linear fits to the SDSS star-forming
and quiescent galaxy populations, respectively.

clustering properties, bias, halo occupation distribution and
luminosity function of the SDSS DR7 MPA-JHU H↵ emit-
ters in the nearby Universe. The results are intended to be
used as guidelines for high-redshift studies conducted with
the next generation of cosmological surveys. To this purpose,
we define several SDSS volume-limited galaxy samples, with
di↵erent H↵ luminosity thresholds, to measure their clus-
tering properties as a function of LH↵. We interpret the
results using two di↵erent approaches, both based on the
same MultiDark cosmological simulation. On one side, we
consider the MultiDark-Galaxies mocks run on the SAG,
Galacticus and SAGE semi-analytic models of galaxy forma-
tion (Knebe et al. 2017). On the other side, we build high-
fidelity mocks by applying a modified (Sub)Halo Abundance
Matching (SHAM; Trujillo-Gomez et al. 2011) prescription
to the MultiDark light-cones generated using the SUGAR
(Rodŕıguez-Torres et al. 2015) code. Our SDSS H↵ volume
limited samples, galaxy clustering, bias, halo occupation dis-
tribution and luminosity function results are made publicly
available on the skies and universes

12 database.
The paper is organised as follows. In Section 2 we in-

troduce the SDSS DR7 MPA-JHU galaxy sample and the
volume-limited selections as a function of the H↵ emission
line luminosity. The galaxy clustering measurements are de-
scribed in Section 3. In Section 4 we describe in detail the
semi-analytic models of galaxy formation and the MultiDark
SHAM approach used to interpret our measurements. We
discuss our results in Section 5 and summarise our findings
in § 6.

2 DATA

Following the procedure described in Favole et al. (2017),
we select the SDSS DR7 Main galaxy sample (Strauss et al.

12
http://www.skiesanduniverses.org/

40 41 42 43
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SAG obs

Galacticus obs

SAGE obs

SDSS H↵ obs

SDSS H↵ intr

James + 2008 obs

Gilbank + 2010 obs

Gallego + 1995 intr

Sullivan + 2000 intr

Fujita + 2003 intr

Ly + 2007 intr

Sobral + 2013 intr

Figure 2. H↵ luminosity function of the SDSS H↵ sample (black
points) with EW > 10Å, log(sSFR [yr�1]) > �11 and limiting
flux of 2 ⇥ 10�16 erg s�1. The full (empty) markers are the ob-
served (intrinsic) measurement, respectively. They almost per-
fectly overlap because the dust e↵ect at z ⇠ 0.1 is negligible.
We overplot several results from previous works in the local
Universe; see the text for details. The lines are the attenuated
Multidark-galaxies predictions (SAG: solid salmon; Galacti-
cus: dashed green; SAGE: dot-dashed purple) corrected to include
dust extinction as explained in Section 4.1.

2002) from the NYU-VAGC13 (Blanton et al. 2005) and as-
sign MPA-JHU14 DR7 H↵ emission line fluxes through a
spectroscopic matching. We consider only MPA-JHU galax-
ies with good spectra, i.e. ZWARNING=0. All the galaxies in
our parent sample – “SDSS NYU-MPA” hereafter – have
an associated H↵ flux, meaning that neither quiescent nor
luminous red galaxies are included.

We calculate the measured H↵ flux density as the prod-
uct of the line flux continuum and the equivalent width,
Fobs = Fc ⇥ |EW |, correctly accounting for stellar absorp-
tion. The observed (i.e. dust attenuated) luminosity is given
by (e.g., Hopkins et al. 2003; Favole et al. 2017):

Lobs [erg s�1] = 4⇡D2
L10

�0.4(mp�mfib)
Fobs, (1)

where DL is the luminosity distance depending on redshift
and cosmology. In Eq. 1, the exponent represents the fiber
aperture correction accounting that only the portion of the
flux entering the fiber, which in SDSS has a diameter of
about 300 (Strauss et al. 2002), is detected by the spectro-
graph. This correction implicitly assumes that the emission
measured through the fiber is characteristic of the whole
galaxy and the star formation is uniform across the galaxy.
Since in the SDSS ugriz (Gunn et al. 1998; Fukugita et al.
1996) photometric system the H↵ line with �em = 6563 Å
lies in the r-band filter, we assume the r-band Petrosian
(mp) and fiber (mfib) magnitudes to implement the aper-
ture correction.

The intrinsic (i.e. non attenuated) H↵ luminosity can
be obtained by correcting the observed H↵ flux from extinc-
tion. To this purpose, we assume the Cardelli et al. (1989)

13
http://cosmo.nyu.edu/blanton/vagc/

14
http://www.mpa-garching.mpg.de/SDSS/DR7/

MNRAS 000, 000–000 (0000)

I. SDSS Hα ELGs at 0.02<z<0.22 (z~0.1)
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MultiDark 1Gpc/h light-cone + modified SHAM prediction:

More luminous galaxies are more strongly clustered, they live in more massive haloes with 
higher Vmax and lower satellite fraction

10 Favole et al. 2019
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Figure 6. Projected (left column), monopole (central) and quadrupole (right) two-point correlation functions of the SDSS H↵ volume-
limited samples defined in Table 1. In the top line we show only the SDSS observations with no shift applied. In the rest of the panels,
we compare our measurements with the Multidark-galaxies mocks and MDPL SHAM models (solid lines) shifting each wp(rp) by
0.2 dex and s2 ⇠0,2(s) by 20h�1Mpc to avoid overlap. The error bars are estimated through 200 jackknife re-samplings.

MNRAS 000, 000–000 (0000)
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z̄ Lmin
H↵ C ⌘ log(Mmin

? [M�]) fsat Vpeak Mh

[erg s�1] [%] [km s�1] [1012 h�1M�]

SAG: 0.02 1.7⇥ 1039 10.58 18.4 210±64 1.09±0.35
0.05 4.4⇥ 1039 10.60 18.4 239±79 1.58±0.38
0.07 1.7⇥ 1040 10.65 18.3 258±89 1.95±0.39
0.09 6.2⇥ 1040 10.68 17.9 279±99 2.47±0.42
0.12 2.6⇥ 1041 10.83 17.3 296±106 2.94±0.43

Galacticus: 0.02 1.7⇥ 1039 18.6 122±62 0.24±0.04
0.05 4.4⇥ 1039 10.3 20.1 123±64 0.29±0.05
0.07 1.7⇥ 1040 21.3 123±62 0.31±0.05
0.09 6.2⇥ 1040 21.9 124±65 0.32±0.05
0.12 2.6⇥ 1041 22.2 165±49 0.33±0.05

SAGE: 0.02 1.7⇥ 1039 12.3 272±87 2.76±0.33
0.05 4.4⇥ 1039 11.3 290±98 3.30±0.34
0.07 1.7⇥ 1040 10.3 319±116 4.29±0.38
0.09 6.2⇥ 1040 10.1 324±119 4.43±0.39
0.12 2.6⇥ 1041 10.0 336±124 4.91±0.40

MDPL SHAM: 0.039 — — 35.8±0.1 272±129 0.32±0.02
0.056 — — 30.0±0.4 342±103 0.65±0.03
0.075 — — 23.1±0.7 312±96 1.52±0.09
0.09 — — 19.1±0.4 286±135 2.91±0.19
0.1 — — 17.2±0.5 308±144 5.47±0.35

Table 3. H↵ ELG predictions derived from the Multidark-galaxies and the MDPL SHAM mocks discussed in Section 4 and shown
in Fig. 6. For each model we show the mean redshift (z̄), the satellite fraction (fsat), the mean halo maximum circular velocity (Vpeak)
and the mean halo mass (Mh), with the corresponding standard deviations. For the SAMs we also report the value of the constant C
assumed in the log(SFR [M� yr�1]) > log(sSFR [yr�1])+C cut explained in Section 4.1. This condition is equivalent to impose a lower
stellar mass threshold and C is the minimum log(M? [M�]) value.

Figure 7. SDSS H↵ ELG squared bias as a function of the physical scale (points) compared with the MDPL SHAM and MultiDark-

Galaxies predictions (solid lines); color-coded symbols as in Figure 6.

MNRAS 000, 000–000 (0000)
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z̄ Lmin
H↵ C ⌘ log(Mmin

? [M�]) fsat Vpeak Mh

[erg s�1] [%] [km s�1] [1012 h�1M�]

SAG: 0.02 1.7⇥ 1039 10.58 18.4 210±64 1.09±0.35
0.05 4.4⇥ 1039 10.60 18.4 239±79 1.58±0.38
0.07 1.7⇥ 1040 10.65 18.3 258±89 1.95±0.39
0.09 6.2⇥ 1040 10.68 17.9 279±99 2.47±0.42
0.12 2.6⇥ 1041 10.83 17.3 296±106 2.94±0.43

Galacticus: 0.02 1.7⇥ 1039 18.6 122±62 0.24±0.04
0.05 4.4⇥ 1039 10.3 20.1 123±64 0.29±0.05
0.07 1.7⇥ 1040 21.3 123±62 0.31±0.05
0.09 6.2⇥ 1040 21.9 124±65 0.32±0.05
0.12 2.6⇥ 1041 22.2 165±49 0.33±0.05

SAGE: 0.02 1.7⇥ 1039 12.3 272±87 2.76±0.33
0.05 4.4⇥ 1039 11.3 290±98 3.30±0.34
0.07 1.7⇥ 1040 10.3 319±116 4.29±0.38
0.09 6.2⇥ 1040 10.1 324±119 4.43±0.39
0.12 2.6⇥ 1041 10.0 336±124 4.91±0.40

MDPL SHAM: 0.039 — — 35.8±0.1 272±129 0.32±0.02
0.056 — — 30.0±0.4 312±103 0.65±0.03
0.075 — — 23.1±0.7 342±96 1.52±0.09
0.09 — — 19.1±0.4 286±135 2.91±0.19
0.1 — — 17.2±0.5 308±144 5.47±0.35

Table 3. H↵ ELG predictions derived from the Multidark-galaxies and the MDPL SHAM mocks discussed in Section 4 and shown
in Fig. 6. For each model we show the mean redshift (z̄), the satellite fraction (fsat), the mean halo maximum circular velocity (Vpeak)
and the mean halo mass (Mh), with the corresponding standard deviations. For the SAMs we also report the value of the constant C
assumed in the log(SFR [M� yr�1]) > log(sSFR [yr�1])+C cut explained in Section 4.1. This condition is equivalent to impose a lower
stellar mass threshold and C is the minimum log(M? [M�]) value.

Figure 7. SDSS H↵ ELG squared bias as a function of the physical scale (points) compared with the MDPL SHAM and MultiDark-

Galaxies predictions (solid lines); color-coded symbols as in Figure 6.
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We find:

mean bias~1

Mhalo~(2.2 +/- 0.1)x1012 Msun/h

fsat=(25.0 +/- 0.4)%

4 Favole et al. 2019

Figure 3. Left: Observed SDSS H↵ emission line luminosity (grey dots) and volume-limited samples (coloured squares). We impose a
minimum flux limit (black solid line) of FH↵ = 2⇥10�16erg cm�2 s�1 to match the current forecast for Euclid at higher redshift. Center:
SDSS H↵ colour-magnitude diagram colour-coded as the previous panel. The inner (outer) contours encompass 68% (95%) percent of
the galaxies in each sample. For the brighter selections these are broken due to the H↵ luminosity cuts. Our result is consistent with the
“bluer” (dashed horizontal line) and “bluest” (solid) SDSS selections by Zehavi et al. (2011). Right: SDSS H↵ versus [OII] luminosities,
colour-coded as previous panels. The diagonal line indicates the 1:1 relationship; the triangles with error bars are the mean values and
1� dispersion of each sample.

zmax Lmin
H↵ Ngal n̄g Vol

[erg s�1] [10�3h3Mpc�3] [106h�3Mpc3]

0.058 1.7⇥ 1039 32623 9.11 3.58
0.091 4.4⇥ 1039 78914 5.66 13.95
0.130 1.7⇥ 1040 116280 2.92 39.81
0.160 6.2⇥ 1040 111663 1.54 72.71
0.183 2.6⇥ 1041 55536 0.52 106.97

Table 1. Redshift and H↵ luminosity cuts defining the SDSS H↵ volume-limited samples shown in Figure 3. For each sample we report
the number of galaxies (Ngal), its mean number density (n̄g) and its comoving volume (Vol). All the selections have a minimum redshift
of z = 0.02 and a minimum H↵ flux of 2 ⇥ 10�16erg cm�2 s�1 to match the current predictions for Euclid at higher redshift. To make
sure we include only star-forming galaxies, our H↵ samples are limited to log(sSFR [yr�1]) > �11 and EW > 10Å.

reddening curve and Schlegel et al. (1998) dust maps:

Fintr [erg s�1cm�2] = Fobs ⇥ 100.4E(B�V )k(�
obs

)
, (2)

where �obs = �em(1 + z) is the observed wavelength. It is
noteworthy that dust extinction has no significant e↵ect on
the z ⇠ 0.1 H↵ luminosity function at LH↵ . 1043 erg s�1.

Following Guo et al. (2015), we restrict our parent sam-
ple to the redshift range 0.02 < z < 0.22, and we impose a
minimum flux of 2⇥10�16 erg cm�2s�1 to match the Euclid
nominal expected depth and flux limit (Merson et al. 2018)
at higher redshift. In order to select only H↵ emitters with
high star formation activity and avoid any quiescent object,
we impose a minimum equivalent width of EW > 10Å, spe-
cific star formation rate log(sSFR [yr�1]) > �11, and signal-
to-noise S/N > 5. Our final ELG selection – hereafter “SDSS
H↵” sample – covers about 7300 deg2 of sky, it is brighter
than r = 17.77, and it is composed of 165,098 H↵ emission
line galaxies with completeness above 80%. The total num-
ber of galaxies weighted and corrected for incompleteness is
243,541.

Figure 1 shows the specific star formation rate (sSFR)
as a function of stellar mass of the SDSS NYU-MPA parent
sample (grey dots) and the SDSS H↵ final selection (black
contours). As explained above, this latter is obtained by
excluding any passive object from the parent sample. The
solid blue and dashed red lines are the Schiminovich et al.
(2007) linear fits to the SDSS star-forming and quiescent
galaxy populations, respectively.

In Figure 2 we present the H↵ luminosity function of
the SDSS H↵ sample at z ⇠ 0.1 (black points). The full
(empty) markers represent the observed (intrinsic) measure-
ments which are almost overlapping. This demonstrate that
the reddening e↵ect of the interstellar dust at z ⇠ 0.1 is neg-
ligible. Our H↵ observations are consistent with previous re-
sults at low redshift: Gallego et al. (1995) at z . 0.045, Sulli-
van et al. (2000) at z < 0.4, Fujita et al. (2003) and Ly et al.
(2007) at z < 0.24, James et al. (2008) at z ⇠ 0, Gilbank
et al. (2010) at 0.032 < z < 0.2 and Sobral et al. (2013)
at z ⇠ 0.4. We find excellent agreement between the SDSS
measurements and the z = 0.1 MultiDark-galaxies SAG
prediction including dust attenuation (solid salmon line).
For further details on the models see Section 4.1.

In the SDSS population, we design volume-limited sam-
ples with di↵erent LH↵ thresholds to measure and model
their galaxy clustering signal as a function of the H↵ lumi-
nosity. These selections are shown in the left panel of Figure
3 as coloured rectangles and the specific cuts are reported in
Table 1. The central panel displays the SDSS (g� r) colour
versus the r�band absolute magnitude of our H↵ ELG se-
lections, which are consistent with the “bluer” and “bluest”
selections from Zehavi et al. (2011). The right plot in Fig-
ure 3 shows the tight correlation observed between the H↵

and the [O ii] luminosities in the SDSS H↵ volume-limited
samples. The triangles with error bars represent the mean
luminosity values and 1� scatter of each population. This
correlation has important implications in the halo occupa-
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Favole et al. 2019, on arXiv soon
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MultiDark-Galaxies SAM predictions:

10 Favole et al. 2019
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Figure 6. Projected (left column), monopole (central) and quadrupole (right) two-point correlation functions of the SDSS H↵ volume-
limited samples defined in Table 1. In the top line we show only the SDSS observations with no shift applied. In the rest of the panels,
we compare our measurements with the Multidark-galaxies mocks and MDPL SHAM models (solid lines) shifting each wp(rp) by
0.2 dex and s2 ⇠0,2(s) by 20h�1Mpc to avoid overlap. The error bars are estimated through 200 jackknife re-samplings.
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SAGE lacks 
satellites

SAMs are applied photometric + spectroscopic 
data selection

Favole et al. 2019, on arXiv soon
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SDSS Hα ELG halo occupation distribution at z~0.1 (average among the 5 samples):
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Favole et al. 2019, on arXiv soon
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II. SDSS [OII] ELGs at z~0.1

~430,000 SDSS MPA-JHU [OII] spectra with r < 17.77, flux>3x10-16 erg/cm2/s at 0.02<z<0.22:

Favole et al. 2017, MNRAS 472 550

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11

z

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

b(
z)

14.(

1n.(

1n.85

Titker+1(, ∆)1((

ShethmTor8et+99

L[OIIH>1×1(41

L[OIIH>n×1(4(

L[OIIH>1×1(4(

L[OIIH>n×1(n9

L[OIIH>1×1(n9

Heitis+(4 3=z 9)(.1

We find clustering results and HOD fully consistent with Hα emitters at z~0.1

More luminous galaxies are 
more clustered, live in more 
massive haloes with lower 
satellite fraction.

[OII] ELG bias driven by the 
central halo hosting the 
satellite ELG. The central 
galaxy is quiescent.

Bias is mildly correlated with 
both L[OII] and z

Mhalo=(2.2 +/- 0.1)x1012 Msun/h

fsat=(24.2 +/- 0.4)%We find: mean bias~1
24
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III.  g-selected [ΟΙΙ] ELGs at 0.6<z<1 (z~0.8)

~4000 spectra of [OII] ELGs at 0.6<z<1 from BOSS, VIPERS, DEEP2 in CFHT-LS Wide fields

Favole et al. 2016, MNRAS 461 3421

g-band magnitude cuts to select bright [OII] emitters with low dust

25

independent WL 
measurements

VIPERS: 5.478 deg2 in W1; 5.120 deg2 in W4 
BOSS: 6.67 deg2 in W3 
DEEP2:  0.5 deg2 in W3 
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Mhalo=(1 +/- 0.5)x1012 Msun/h

fsat=(22.5 +/- 2.5)%

Favole et al. 2016, MNRAS 461 3421

We find:

Combined clustering+weak lensing analysis using modified SHAM:

mean bias~1
26

independent WL 
measurements

halo
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[OII] ELG halo occupation distribution at z~0.8:

Cosmology on Safari, March 2019
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III. WISP/3D-HST Hα emitters  

Hα ELG sample for clustering studies using WISPS and 3D-HST in preparation 
to Euclid. Detection window determined by z, wavelength coverage: 
 

Comparat et al. 2013; Newmann et al. 2013 
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WISP

ask

3D-HST

Euclid

IV. WISP/HST Hα emitters at 0.9 < z < 1.6 (z~1.3)

PFS

DEEP2

VIPERS

In preparation to Euclid 
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Grisms:  1 blue (0.92 - 1.25μm, R~380); 3 red (1.25 - 1.85μm, R~380)
FoV~15,000deg2, NISP+VIS, Imaging in Y, J, H down to 24 AB mags

Euclid

Pure parallel HST programme, FoV~0.37deg2

Grisms:  G102 (0.8 - 1.17μm, R~210); G141 (1.11 - 1.67μm, R~130)
Imaging in J, H bands with broadband filters F110W, F140W, F160W
Deeper than Euclid in blue, key for constraining faint-end LF and SF history 

378 reduced fields, very patchy footprint 
Aeff ~ 0.35 deg2 , difficult mask for clustering

Each field is ~ 1Mpc/h on a side at z=1.6 

Only small scale clustering can be measured !
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4079 Hα emitters over 0.3< z <1.6  with flux > 2e-17erg cm—2 s—1  
completeness: EWobs > 40A, S/N > 5 (Colbert+13, arXiv: 1305.1399)
27% of the sample is [NII] contaminated, i.e. LHα+[NII] = LHα / 0.73

At the Euclid flux> 2e-16 erg cm—2 s—1 and redshift range of interest 0.9< z <1.6 
we observe 2188 Hα+[NII]/deg2 and 4122 deg—2 completeness corrected (credit: Scarlata)

Favole et al. 2019, in preparation
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At z~1.6 a WISP field is ~1Mpc on a side in Planck+15 cosmology

pairs from different 
fields dominate

26

We find:

Favole et al. 2019, in preparation

Mh ~ (7.0 +/- 0.3)x1011 M /h
Vpeak ~ (185 +/- 67) km/s

Rvir ~ (150 +/- 38) kpc/h bias ~ 1
fsat ~ (22.5 +/- 2.1)%
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monopole has more power since spherical average
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Hα ELG halo occupation distribution at 0.9<z<1.6:

Cosmology on Safari, March 2019
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LRGs  Hα, [OII] z~0.1 
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Behroozi et al. 2013, ApJ 762 L31 Leauthaud et al. 2011, ApJ 738 45 

 Hα, [OII] z~0.1 

 [OII] z~0.8 

Hα z~1.3 ELGs with MhELG = 7 x 1011 Msun 
have Mstar~2.5x1010 Msun 

 [OII] z~0.8 

 Hα z~1.3 

 Hα z~1.3 

We are sampling those halos that most 
efficiently form stars

Hα and [OII] z~0.1 ELGs with MhELG = 2.2 x 1012 Msun 
have Mstar~5.3x1010 Msun 

[OII] z~0.8 ELGs with MhELG ~1012 Msun 
have Mstar~3.5x1010 Msun
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[OII] and Hα emitters at 0.1< z < 1.6 share the same clustering properties, bias and 
halo occupation distribution. More luminous galaxies are more clustered, more 
biased, they occupy more massive halos with less satellites. Results are consistent 
within the errors

The [OII] and Hα halo model does not show significant evolution at 0.1<z<1.6

Summary

Hα z~0.1: [OII] z~0.1: [OII] z~0.8: Hα z~1.3:

fsat  (%) 25.0 ± 0.4 24.2 ± 0.4 22.5 ± 2.5 22.5 ± 2.1

Mhalo (M /h) (2.2 ± 0.1)x1012 (2.2 ± 0.1)x1012 (1.0 ± 0.5)x1012 (7 ± 0.3)x1011 

Mstar (M /h) ~5.3x1010 ~5.3x1010 ~3.5x1010 ~2.5x1010

bias ~1 ~1 ~1 ~1
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Next-generation surveys will enable us to push the clustering analysis down to scales 
until now unexplored

Combining high-quality data (spectroscopy + imaging) with unprecedented statistics 
with high-resolution, large-volume simulations we will fully understand the complex 
mechanisms that regulate galaxy formation/evolution and precisely constrain the 
galactic morphology

We will be able to build combined clustering+lensing models with unprecedented 
accuracy

Combining different tracers of the underlying DM field (ELGs and LRGs have different 
bias), we will be able to dramatically reduce cosmic variance

Future prospects
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