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Y. Dubois et al.: The NewHorizon simulation

Fig. 1. Sequential zoom (clockwise from top left) over the projected density (silver blue colours) and projected temperature (red) of the
NewHorizon simulation at redshift z = 2. The dashed white circles encompass the initial high-resolution volume. Each panel is a zoomed-
in version of the previous panel (identified by the white square in the previous panel) with the panel sizes of 142, 18, 4.4, and 1.1 comoving Mpc
width, respectively. Two top panels: encompass the zoom-in region, with its network of filaments. Two bottom panels: how narrow filaments break
up and mix once they connect to one of the most massive galaxies of that zoom-in region.

This paper introduces the NewHorizon simulation with its
underlying physical model and reviews the main fundamental
properties of the simulated galaxies, including their mass budget,
star formation rate (SFR), morphology, kinematics, and the mass
and spin properties of the hosted black holes in galaxies.

The paper is organised as follows. Section 2 presents the
numerical technique, resolution, and physical models imple-
mented in NewHorizon. Section 3 presents the various results
of the properties of the galaxies in the simulation and their evo-
lution over time. Finally, we conclude in Sect. 4.

2. The NewHorizon simulation: Prescription

We describe the NewHorizon, simulation employed in this
work2, which is a sub-volume extracted from its parent
Horizon-AGN simulation (Dubois et al. 2014a)3, and the pro-
cedure we use to identify halos and galaxies. A number of
physical sub-grid models have been substantially modified com-
pared to the physics implemented in Horizon-AGN (see e.g.,

2 http://new.horizon-simulation.org
3 http://horizon-simulation.org
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Morphology of galaxies in Horizon-AGN 5

Figure 2. Composite images of the stellar emission in u� g � i bands of a few selected massive galaxies in Horizon-AGN (first, third
and fifth columns) matched with their corresponding galaxy in Horizon-noAGN (second, fourth and sixth columns) at z = 0. The
galaxy mass is indicated in the panels and increases in Horizon-AGN from top to bottom. The ratio of rotation to dispersion of stars
is also indicated in each panel, and increases in Horizon-AGN from left to right. Each thumbnail extends to 100 kpc in the vertical
direction. It is clear from these images that the absence of AGN feedback in Horizon-noAGN strongly favours the formation of disc-like
blue galaxies with spiral arms for massive galaxies, while in the AGN feedback in Horizon-AGN red ellipticals are favoured for massive
galaxies.

obtained by running the galaxy finder) range 5 ⇥ 1010 6
Ms 6 1012 M� in Horizon-AGN and compared with their
matched galaxy in Horizon-noAGN. These images are com-
posite images in u, g and i filter bands of the light of
stars simulated from their mass, age and metallicity us-
ing single stellar population models from Bruzual & Char-
lot (2003) assuming a Salpeter initial mass function. For
simplicity, the absorption of light by dust is not taken into
account. From this figure, it is clear that galaxies have en-
dured a morphological transformation from a preferential
disc morphology in Horizon-noAGN to a preferentially el-
liptical morphology with AGN feedback in Horizon-AGN.

This sample of galaxies suggests that massive galaxies in
Horizon-AGN appear rounder, redder and smoother than
they are in Horizon-noAGN. In the following sections, we
will quantify this morphological transformation and show
how this is caused by the action of AGN activity and driven
by mergers of galaxies.

3.2 Galaxy kinematics at z = 0

In order to infer galaxy morphology, we use their stellar kine-
matics as a proxy. We first find the galaxy spin by measuring

© 0000 RAS, MNRAS 000, 000–000



? simulation EMMA, D. Aubert & N. Deparis

… Mais qui et comment?…… on ne sait pas vraiment! 
Populations stellaires versus trous noirs, IMF dans les premières galaxies, rôle 
des supernovae et de la rétroaction radiative, efficacité de la formation d’étoile, 
structures de l’IGM, évolution de l’UVB, etc..  

Des candidats “galaxie” ont été trouvé jusqu’à z~11. Leurs populations 
stellaires sont-elle responsables de la réionisation?

Epoque de la réionisation: qui et comment ?
Aubert & Deparis, EMMA simulation

Époque de la réionization 
~680Mans apres le Big Bang

Temps
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Dark Energy 
Spectroscopic Instrument 

The Dark Energy Spectroscopic Instrument (DESI) will conduct a world-leading redshift survey, making a three-
dimensional map of the universe reaching to redshift 3.5 over more than 1/3 of the sky.  Using 35 million galaxies and 
quasars observed from the Kitt Peak National Observatory Mayall telescope, DESI will make precise measurements of 
the expansion history of the Universe and use the growth of cosmological structure to study the properties of gravity, 
neutrinos, and the inflationary epoch in the early Universe.  

Through its large and well-characterized survey, the DESI survey will provide a rich tool for cosmology. DESI will make 
exquisite measurements of the cosmic distance scale and the impact of dark energy using the baryon acoustic 
oscillations imprinted in the distribution of galaxies, quasars, and the Lyman-α forest.  Dark energy and dark matter will 
be further studied using measurements of peculiar velocities and galaxy clustering.  The DESI survey will probe these 
cosmological effects over a wide range of redshifts, from the clustering of intergalactic hydrogen at redshift 3 to large 
galaxy samples at intermediate redshift to dense samples of low-redshift galaxies. In addition the study of dark energy, 
DESI will allow investigations into the evolution of the intergalactic medium, the origin of black holes, the astrophysics 
of stellar evolution, the structure of the Milky Way, and the mass/energy/chemical cycles within galaxies.

DESI

The Instrument
DESI is constructing a new 5000-fiber multi-object spectrograph for the 
Mayall 4-m telescope at Kitt Peak in Arizona.  A new wide-field corrector 
will provide an 8 square degree field-of-view at prime focus.  Optical fibers 
will feed 10 triple-arm high-throughput spectrographs, simultaneously 
covering 360–980 nm and reaching spectral resolution R = 4000 in the 
infrared.  The fibers will be rapidly positioned by individual actuators, 
allowing a rapid cadence of observations.  When completed in 2019, DESI 
will be the world’s most powerful wide-field optical spectrograph for wide-
field galaxy surveys.  

The Survey
DESI aims to study a very large volume of the Universe by 
targeting specific classes of objects (luminous red galaxies, 
emission line galaxies, and quasars) for which one can most 
easily measure redshifts.  Over its five-year survey, DESI will map 
25 million galaxies and quasars out to redshift 3.5 over 14,000 
deg2 of sky.  It will also measure redshifts for 10 million additional 
bright (r<19.5) galaxies to create a dense map of the low-redshift 
Universe.

The DESI Collaboration
DESI is managed by the Lawrence Berkeley National Laboratory for the 
U.S. Department of Energy, and involves more than 200 collaborators 
from ~40 US and International Institutions.  The DESI Project is led by 
Project Director Michael Levi and Project Scientists Brenna Flaugher and 
David Schlegel.  The DESI Collaboration is led by Spokespersons Daniel 
Eisenstein and Risa Wechsler, and the chairs of ten science working 
groups.

Comme on peut le constater 
s u r c e s p r o j e t s ( t r è s 
préliminaires) d’affiches, la 
seule présence de la signature 
sur un visuel permet d’en 
i d e n t i f i e r f a c i l e m e n t l a 
provenance, 

 

Mais ce n’est pas tout … 
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Figure 1. Growth of structure at large spatial scales in the universe. Left panel: Because dark energy
suppresses the growth of structure, the linear growth D(a), which is normalized to unity today, had to be
larger in the past in the currently favored model with dark energy (⇤CDM; blue line) than in the Einstein-de
Sitter model (EdS; black line) which has matter only and no dark energy. Right panel: snapshots from
numerical (N-body) simulations by the Virgo consortium [2], showing larger amplitude of density fluctuations
in the past in ⇤CDM (top row) than in the EdS model (bottom row) given an approximately fixed amount
of clustering today. Accurate measurements of the clustering as a function of spatial scale and cosmic time
can therefore stringently constrain the cosmological model.

of mass fluctuations, whose square (i.e. the variance of mass fluctuations �
2
R) is given by the integral over

the power spectrum defined in linear theory

�
2
R(a) =

Z 1

0

k
3
Plinear(k, a)

2⇡2
W

2(kR) d ln k (3)

where W (x) = 3j1(x)/x is the Fourier transform of the real-space window function. The quantity �R(a)
encodes the amount of matter fluctuations averaged over a sphere of radius R at redshift z, assuming that
the fluctuations are fully linear (thus Eq. (1) is valid). A common choice to describe the normalization of
the fluctuations in the Universe today is �8 ⌘ �8h�1Mpc(a = 1). Measurements of the redshift-dependence
of �8 are sometimes quoted as probes of the growth function D(a), since �8(a) = �8D(a).

Figure 2 shows an example of constraints from the growth of structure, shown for only one of the cosmological
probes — the redshift-space distortions (RSD), which will be further discussed in Sec. 5.1. This probe is
sensitive to the derivative of the logarithm of the growth function with respect to logarithm of the cosmic
scale1; we thus show the quantity

f(a) ⌘ d lnD

d ln a
(4)

vs. the redshift z ⌘ 1/a � 1. We show theory predictions for the currently favored cosmological constant
plus cold dark matter (⇤CDM) model, as well as for two modified-gravity models, the Dvali-Gabadadze-
Porrati braneworld model (DGP; [3]), and the f(R) modification to Einstein action from Ref. [4] with c = 3.
Because growth in the f(R) models is generically scale-dependent, we show predictions at two wavenumbers,
k = 0.02hMpc�1 and k = 0.1hMpc�1. The f(R) model — which is usually challenging to distinguish from

1More precisely, the RSD are sensitive to �8(a) times this quantity, but we ignore this subtle distinction for the moment.
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FIG. 5. The measured ⇠±(✓) correlation functions for each tomographic bin combination, with labels as described in Fig. 3. The best-fit
⇤CDM model from the fiducial 3⇥2pt analysis is plotted as the solid line in the top part of each panel, while the bottom part of each panel
shows the fractional difference between the measurements and the model prediction, (⇠obs.

± � ⇠th.
± )/�⇠± (with y-axis range ±5�). In both

the top and bottom part of each panel, 1� error bars are included. The shaded regions (both light and dark) indicate scales not used in the
fiducial analysis, primarily due to uncertainties in the impact of baryonic effects. The lighter shaded regions indicate scales that are used in an
⇤CDM-optimized analysis, which meets our criterion for scale cuts described in Sec. IV in ⇤CDM only.

For completeness, we also report the best-fit maximum pos-
terior values. We have used both a parameter-level and �

2

criterion for limiting the contribution of any systematic error
to bias in the cosmological parameters. The threshold for this
criterion is intended to limit the expected total bias in the 2D
marginalized ⌦m–S8 plane from several independent poten-
tial sources of model bias to be contained within the 68% C.L.
region [129] (< 0.3� for any single contribution). The differ-
ence between the mean and best-fit values can give an indi-
cation of the magnitude of projection or non-Gaussian effects
in the marginalized parameter posteriors. The estimated im-
pact of projection or volume effects in the DES Year 3 3⇥2pt
posteriors are tested and summarized in Ref. [129]. We also
provide a 2D figure of merit (FoM) defined for two parame-
ters as FoMp1,p2 = (det Cov(p1, p2))

�1/2 [167, 168]. The
FoM is proportional to the inverse area of the confidence re-
gion in the space of the two parameters, and can be considered
a summary statistic that enables a straightforward comparison
of constraining power of experiments or analysis scenarios.

The analysis was designed and validated without access to
the true cosmological results to protect against confirmation or

observer bias. This process is described in detail in App. D.

A. Model

We model the observed projected (lens) galaxy density con-
trast �

i

obs(n̂) as a combination of projected galaxy density
contrast and modulation by magnification, �µ,

�
i

obs(n̂) = �
i

g(n̂) + �
i

µ
(n̂) (6)

for position vector n̂, where i and j represent the redshift bin.
The observed shear signal � is modeled as the sum of gravita-
tional shear, �G, and intrinsic alignments, ✏I,

�
j

↵
(n̂) = �

j

G,↵
(n̂) + ✏

j

I,↵(n̂) , (7)

with ↵ the shear components. While B-modes produced by
higher-order weak lensing effects are negligible for our analy-
sis, it is important to account for B-modes generated by intrin-
sic alignments in the computation of cosmic shear two-point





https://www.youtube.com/watch?v=N-lGQVpevAc
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Cosmologie quelques grandes questions
• Quelle est l’histoire de formation et d’évolution de 

l’Univers ? 
• Quelle est la nature de l’Inflation et est-ce le 

meilleur modèle pour expliquer les perturbations 
primordiales ? 

• Quelle est la nature de l’énergie noire et est-ce le 
meilleur modèle pour expliquer l’acceleration 
apparente tardive ? 

• Quel est son contenu ? 
• Quelle est la nature de la matière noire ? 
• Combien y a t’il de familles de neutrinos, quelle 

sont leurs masses et leur propriétés, y a t’il d’autre 
reliques ? 

• Comment s’organise la matière dans l’Univers ? 
• Quelle est l’influence des processus baryoniques 

sur la distribution de matière aux grandes échelles 
• Comment la matière se structure t’elle dans les 

objets, galaxies et amas et quelle est l’histoire de 
formation des galaxies ? 

21
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FIG. 2. 68% CL constraint on H0 from di↵erent cosmological probes (based on Refs. [49, 50]).
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FIG. 4. Constraints on S8 and its corresponding 68% error (updated from Ref. [50]). We show the nominal reported values
by each study, which may di↵er in their definition of the constraints. The definition S8 = �8(⌦m/0.3)↵ with ↵ = 1/2 has been
uniformly used for all points. In those cases where ↵ 6= 1/2 has been used in some references, the value of S8 with ↵ = 1/2
was recalculated (along with the uncertainties) using the constraints on �8 and ⌦m shown in those references, assuming their
errors are Gaussian. This concerns only 5 CC points where the published value of ↵ was di↵erent from 1/2 and the di↵erence
from the published S8 (with di↵erent ↵) is very small. The rest of the points are taken directly from the published values.

By contrast, in some analyses, the statistics relevant to the full posterior distribution have been adopted, such as
the maximum a posteriori point or the best fitting values and their associated errors. These choices can impact the
estimated values of the parameters, in particular when the posterior distributions are significantly non-Gaussian or
when the parameter estimates are prior dominated (see e.g. Ref. [266]). For simplicity, we will use the nominal values
reported in each analysis, but caution the reader that the methodology used may di↵er from case to case (see Sec. III
for a more detailed discussion).
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Structuration de la communauté

• CNRS 
• INSU 

• Programme Nationaux : PNCG, PNGRAM, PNHE 
• IN2P3 

• Astroparticule et cosmologie, ondes gravitationnelles, neutrinos 
• INP 
• GDR CoPHY 

• CNU 34 & 29 

• à Sorbonne Université 
• IAP, LPNHE, LPTHE, LERMA, LESIA, LPENS, SYRTE, LKB 

• IAP, LPNHE, LPTHE, L3@Obs, L2@Obs, LPENS, L1@Obs, LKB 

• Enseignement 
• 1 module L3 + 1PAD ~40 étudiants 
• 2 modules M1 (dont un anglais) + 1 PAD ~30 étudiants 
• M2 AAIS, M2 NPAC  
• ED A&A (1/3 soutenances cosmo, i.e. 3/an), ED PIF (+ ED Step’Up)

• Ressources  
• classiques : ERC, ANR, CNRS, PN… 
• CNES, pour les projets spatiaux 
• DIM-ACAV, DIM-Origines 
• ILP, IPI
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Y. Dubois et al.: The NewHorizon simulation

Fig. 1. Sequential zoom (clockwise from top left) over the projected density (silver blue colours) and projected temperature (red) of the
NewHorizon simulation at redshift z = 2. The dashed white circles encompass the initial high-resolution volume. Each panel is a zoomed-
in version of the previous panel (identified by the white square in the previous panel) with the panel sizes of 142, 18, 4.4, and 1.1 comoving Mpc
width, respectively. Two top panels: encompass the zoom-in region, with its network of filaments. Two bottom panels: how narrow filaments break
up and mix once they connect to one of the most massive galaxies of that zoom-in region.

This paper introduces the NewHorizon simulation with its
underlying physical model and reviews the main fundamental
properties of the simulated galaxies, including their mass budget,
star formation rate (SFR), morphology, kinematics, and the mass
and spin properties of the hosted black holes in galaxies.

The paper is organised as follows. Section 2 presents the
numerical technique, resolution, and physical models imple-
mented in NewHorizon. Section 3 presents the various results
of the properties of the galaxies in the simulation and their evo-
lution over time. Finally, we conclude in Sect. 4.

2. The NewHorizon simulation: Prescription

We describe the NewHorizon, simulation employed in this
work2, which is a sub-volume extracted from its parent
Horizon-AGN simulation (Dubois et al. 2014a)3, and the pro-
cedure we use to identify halos and galaxies. A number of
physical sub-grid models have been substantially modified com-
pared to the physics implemented in Horizon-AGN (see e.g.,

2 http://new.horizon-simulation.org
3 http://horizon-simulation.org
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Morphology of galaxies in Horizon-AGN 5

Figure 2. Composite images of the stellar emission in u� g � i bands of a few selected massive galaxies in Horizon-AGN (first, third
and fifth columns) matched with their corresponding galaxy in Horizon-noAGN (second, fourth and sixth columns) at z = 0. The
galaxy mass is indicated in the panels and increases in Horizon-AGN from top to bottom. The ratio of rotation to dispersion of stars
is also indicated in each panel, and increases in Horizon-AGN from left to right. Each thumbnail extends to 100 kpc in the vertical
direction. It is clear from these images that the absence of AGN feedback in Horizon-noAGN strongly favours the formation of disc-like
blue galaxies with spiral arms for massive galaxies, while in the AGN feedback in Horizon-AGN red ellipticals are favoured for massive
galaxies.

obtained by running the galaxy finder) range 5 ⇥ 1010 6
Ms 6 1012 M� in Horizon-AGN and compared with their
matched galaxy in Horizon-noAGN. These images are com-
posite images in u, g and i filter bands of the light of
stars simulated from their mass, age and metallicity us-
ing single stellar population models from Bruzual & Char-
lot (2003) assuming a Salpeter initial mass function. For
simplicity, the absorption of light by dust is not taken into
account. From this figure, it is clear that galaxies have en-
dured a morphological transformation from a preferential
disc morphology in Horizon-noAGN to a preferentially el-
liptical morphology with AGN feedback in Horizon-AGN.

This sample of galaxies suggests that massive galaxies in
Horizon-AGN appear rounder, redder and smoother than
they are in Horizon-noAGN. In the following sections, we
will quantify this morphological transformation and show
how this is caused by the action of AGN activity and driven
by mergers of galaxies.

3.2 Galaxy kinematics at z = 0

In order to infer galaxy morphology, we use their stellar kine-
matics as a proxy. We first find the galaxy spin by measuring

© 0000 RAS, MNRAS 000, 000–000



? simulation EMMA, D. Aubert & N. Deparis

… Mais qui et comment?…… on ne sait pas vraiment! 
Populations stellaires versus trous noirs, IMF dans les premières galaxies, rôle 
des supernovae et de la rétroaction radiative, efficacité de la formation d’étoile, 
structures de l’IGM, évolution de l’UVB, etc..  

Des candidats “galaxie” ont été trouvé jusqu’à z~11. Leurs populations 
stellaires sont-elle responsables de la réionisation?

Epoque de la réionisation: qui et comment ?
Aubert & Deparis, EMMA simulation
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Dark Energy 
Spectroscopic Instrument 

The Dark Energy Spectroscopic Instrument (DESI) will conduct a world-leading redshift survey, making a three-
dimensional map of the universe reaching to redshift 3.5 over more than 1/3 of the sky.  Using 35 million galaxies and 
quasars observed from the Kitt Peak National Observatory Mayall telescope, DESI will make precise measurements of 
the expansion history of the Universe and use the growth of cosmological structure to study the properties of gravity, 
neutrinos, and the inflationary epoch in the early Universe.  

Through its large and well-characterized survey, the DESI survey will provide a rich tool for cosmology. DESI will make 
exquisite measurements of the cosmic distance scale and the impact of dark energy using the baryon acoustic 
oscillations imprinted in the distribution of galaxies, quasars, and the Lyman-α forest.  Dark energy and dark matter will 
be further studied using measurements of peculiar velocities and galaxy clustering.  The DESI survey will probe these 
cosmological effects over a wide range of redshifts, from the clustering of intergalactic hydrogen at redshift 3 to large 
galaxy samples at intermediate redshift to dense samples of low-redshift galaxies. In addition the study of dark energy, 
DESI will allow investigations into the evolution of the intergalactic medium, the origin of black holes, the astrophysics 
of stellar evolution, the structure of the Milky Way, and the mass/energy/chemical cycles within galaxies.

DESI

The Instrument
DESI is constructing a new 5000-fiber multi-object spectrograph for the 
Mayall 4-m telescope at Kitt Peak in Arizona.  A new wide-field corrector 
will provide an 8 square degree field-of-view at prime focus.  Optical fibers 
will feed 10 triple-arm high-throughput spectrographs, simultaneously 
covering 360–980 nm and reaching spectral resolution R = 4000 in the 
infrared.  The fibers will be rapidly positioned by individual actuators, 
allowing a rapid cadence of observations.  When completed in 2019, DESI 
will be the world’s most powerful wide-field optical spectrograph for wide-
field galaxy surveys.  

The Survey
DESI aims to study a very large volume of the Universe by 
targeting specific classes of objects (luminous red galaxies, 
emission line galaxies, and quasars) for which one can most 
easily measure redshifts.  Over its five-year survey, DESI will map 
25 million galaxies and quasars out to redshift 3.5 over 14,000 
deg2 of sky.  It will also measure redshifts for 10 million additional 
bright (r<19.5) galaxies to create a dense map of the low-redshift 
Universe.

The DESI Collaboration
DESI is managed by the Lawrence Berkeley National Laboratory for the 
U.S. Department of Energy, and involves more than 200 collaborators 
from ~40 US and International Institutions.  The DESI Project is led by 
Project Director Michael Levi and Project Scientists Brenna Flaugher and 
David Schlegel.  The DESI Collaboration is led by Spokespersons Daniel 
Eisenstein and Risa Wechsler, and the chairs of ten science working 
groups.

Comme on peut le constater 
s u r c e s p r o j e t s ( t r è s 
préliminaires) d’affiches, la 
seule présence de la signature 
sur un visuel permet d’en 
i d e n t i f i e r f a c i l e m e n t l a 
provenance, 

 

Mais ce n’est pas tout … 

Spectro Photo
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FIG. 5. The measured ⇠±(✓) correlation functions for each tomographic bin combination, with labels as described in Fig. 3. The best-fit
⇤CDM model from the fiducial 3⇥2pt analysis is plotted as the solid line in the top part of each panel, while the bottom part of each panel
shows the fractional difference between the measurements and the model prediction, (⇠obs.

± � ⇠th.
± )/�⇠± (with y-axis range ±5�). In both

the top and bottom part of each panel, 1� error bars are included. The shaded regions (both light and dark) indicate scales not used in the
fiducial analysis, primarily due to uncertainties in the impact of baryonic effects. The lighter shaded regions indicate scales that are used in an
⇤CDM-optimized analysis, which meets our criterion for scale cuts described in Sec. IV in ⇤CDM only.

For completeness, we also report the best-fit maximum pos-
terior values. We have used both a parameter-level and �

2

criterion for limiting the contribution of any systematic error
to bias in the cosmological parameters. The threshold for this
criterion is intended to limit the expected total bias in the 2D
marginalized ⌦m–S8 plane from several independent poten-
tial sources of model bias to be contained within the 68% C.L.
region [129] (< 0.3� for any single contribution). The differ-
ence between the mean and best-fit values can give an indi-
cation of the magnitude of projection or non-Gaussian effects
in the marginalized parameter posteriors. The estimated im-
pact of projection or volume effects in the DES Year 3 3⇥2pt
posteriors are tested and summarized in Ref. [129]. We also
provide a 2D figure of merit (FoM) defined for two parame-
ters as FoMp1,p2 = (det Cov(p1, p2))

�1/2 [167, 168]. The
FoM is proportional to the inverse area of the confidence re-
gion in the space of the two parameters, and can be considered
a summary statistic that enables a straightforward comparison
of constraining power of experiments or analysis scenarios.

The analysis was designed and validated without access to
the true cosmological results to protect against confirmation or

observer bias. This process is described in detail in App. D.

A. Model

We model the observed projected (lens) galaxy density con-
trast �

i

obs(n̂) as a combination of projected galaxy density
contrast and modulation by magnification, �µ,

�
i

obs(n̂) = �
i

g(n̂) + �
i

µ
(n̂) (6)

for position vector n̂, where i and j represent the redshift bin.
The observed shear signal � is modeled as the sum of gravita-
tional shear, �G, and intrinsic alignments, ✏I,

�
j

↵
(n̂) = �

j

G,↵
(n̂) + ✏

j

I,↵(n̂) , (7)

with ↵ the shear components. While B-modes produced by
higher-order weak lensing effects are negligible for our analy-
sis, it is important to account for B-modes generated by intrin-
sic alignments in the computation of cosmic shear two-point
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Figure 1. Projected maps of the Horizon-AGN simulation at z = 1.2 are shown. Gas density (green), gas temperature (red) and gas
metallicity (blue) are depicted. The top image is 100h−1 Mpc across in comoving distance and covers the whole horizontal extent of the
simulation and 25h−1 Mpc comoving in depth. The bottom image is a sub-region where we see thin cosmic filaments as well as thicker
filaments several Mpc long bridging shock-heated massive haloes and surrounded by a metal-enriched intergalactic medium. Physical
scales are indicated on the figures in proper units.

is the Thompson cross-section, c is the speed of light, mp is
the proton mass and ϵr is the radiative efficiency, assumed
to be equal to ϵr = 0.1 for the Shakura & Sunyaev (1973)
accretion on to a Schwarzschild BH.

The AGN feedback is a combination of two differ-
ent modes, the so-called radio mode operating when χ =
ṀBH/ṀEdd < 0.01 and the quasar mode active otherwise.
The quasar mode consists of an isotropic injection of ther-
mal energy into the gas within a sphere of radius ∆x, and
at an energy deposition rate: ĖAGN = ϵfϵrṀBHc2. In this
equation, ϵf = 0.15 is a free parameter chosen to reproduce
the scaling relations between BH mass and galaxy proper-
ties (mass, velocity dispersion) and BH density in our local
Universe (see Dubois et al. 2012). At low accretion rates,
the radio mode deposits AGN feedback energy into a bipo-
lar outflow with a jet velocity of 104 kms−1. The outflow
is modelled as a cylinder with a cross-sectional radius ∆x
and height 2∆x following Omma et al. (2004) (more details

are given in Dubois et al. 2010). The efficiency of the radio
mode is larger than the quasar mode with ϵf = 1.

A projected map of half the simulation volume and a
smaller subregion is shown in Fig. 1. Gas density, gas tem-
perature and gas metallicity are depicted. One can discern
the large-scale pattern of the cosmic web, with filaments
and walls surrounding voids and connecting haloes. Massive
haloes are filled with hot gas, and feedback from SNe and
AGN pours warm and metal-rich gas in the diffuse inter-
galactic medium. As demonstrated in Dubois et al. (2013),
the modelling of AGN feedback is critical to create early-
type galaxies and provide the sought morphological diversity
(see Fig. 2 for a snippet of the galaxy sample of the simula-
tion) in hydrodynamical cosmological simulations (see e.g.
Croton et al. 2006, for semi-analytical models).



https://www.youtube.com/watch?v=N-lGQVpevAc

https://www.youtube.com/watch?v=N-lGQVpevAc
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Combien de divisions ?

• Evaluation parcellaire… 

• IAP : Theorie : CNRS 6/4, Cosmologie : CNRS 5/3, SU 1/0, CNAP 3/3, Hautes Energies & 
Galaxies : CNRS 4/2, SU 0/3, CNAP 1/2 -> 37 

• LPNHE : CNRS 3/3, SU 3/3 -> 12 

• LPTHE : CNRS 3 SU 1 -> 4 

• LKB : 2 

• LPENS : 2 

• Observatoire : Univers 12, Grandes Structures 17, Galaxies formation/evolution 21, 
Galaxies structure interne 21 -> 50 (dont 25 nouveaux arrivants)+21 



Structuration interne et besoins

• Doctorants 

• Déjà très structurés avec les ED 

• mais : Bourses en particulier pour cotutelles entre labos SU 

• Post Doc 

• Bourses !!!!! 

• Soutien aux projets communs au sein de SU 

• simplification admin… Problème des budgets CNRS/SU/autres… 

• IPI était aussi une source de support important pour les conférences 

• Séminaires communs 

• déjà très structuré et organisé (ICAP, journal club IAP videodiffusé, séminaire GRECO, etc…)



•Domaine riche avec de VRAIS résultats (grml !) 
• Seule une fraction des observables « simples » (i.e. linéaires) est exploitée 
• De réels progrès sur les choses plus complexes 
• Encore de beaux mystères à éclaircir  
• Investissement observationnel important  : de nombreux nouveaux résultats majeurs dans les 10 prochaines 

années 

• Thème de recherche très visible à l’international et avec un grand interêt societal 

• l’Ile de France est un réel poids lourd dans la discipline, avec une densité de chercheurs importante (mais 
c’est sans doute vrai de la plupart des thématiques…) 

• SU est collectivement l’acteur le plus important d’IdF et porte des thématiques fortes et très visibles 
• aussi un acteur majeur des projets observationnels majeurs des 10 prochaines années  

• Domaine très éclaté : 3 instituts, 2 CNU, multi labo… 
• Outils de structuration critiques pour faire fructifier la position forte de SU 
• Intérêt pour SU à valoriser, à reconnaitre et à faire connaitre cette pépite ! 

• au même titre que de nombreuses autres !


