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LIM with CONCERTO

 [CII] line intensity mapping
* One of the brightest emission lines
e Redshifted to sub-mm/mm
atmospheric windows (for 4.5<z<9)
e Valuable dusty star formation tracer at
high-z

e CONCERTO
* On the 12m APEX telescope in Chile
e Measures the 3-D fluctuations of [CII]
line at redshifts z > 5.2 (120-310 GHz)
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_ LIM with CONCERTO

e CONCERTO
* On the 12m APEX telescope in Chile
e Measures the 3-D fluctuations of [CII]
line at redshifts z > 5.2 (120-310 GHz)

* Preparation of future experiments

Investigate observational biases

* Create mock catalogs to perform end-to-end simulations
Preparation of intensity mapping analysis tools and forecasts

simulations
[ ]

Why we need

 [CII] line intensity mapping
* One of the brightest emission lines
e Redshifted to sub-mm/mm

atmospheric windows (for 4.5<z<9)

high-z
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Simulated Infrared Dusty

Extragalactic Sky
(SIDES)




SIDES: Main structure

SIDES
Abundance ]
Dark-matter Matching Galaxies
halos (Mhalo) (Mstellar)

Béthermin et al. (2017)
Bethermin, Gkogkou et al. (2022)



SIDES: Main structure
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| SIDES: CO rec
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SIDES: CO recipe

Starbursts:
-0.46 dex shift in the Sargent+14 relation

e Empirical SLED from Birkin+20
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SIDES: [CII] recipe

o De Looze+14 L_. . — SFR empirical relation 105 . .
e B [Cl]- ALPINE
(at Z=O) 100l V <3clcn-ALPINE
B ALPINE stacks
De Looze+14
. | - - Lagache+17-z=4,6
- Lagache+18 L — SFR relation based on . Harlkane+19-2>5

semi-analytical model (z>4) - [CII] deficit

log(Ley) [Ls]

From observations: De Looze+14 valid also
for higher z (Schaerer+20, Carniani+20)
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Schaerer et al. (2020)



| SIDES: Main structure
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SIDES: Main structure

Abundance
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Code publicly available: Empirical SFR-L_
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https://gitlab.lam.fr/mbethermin/sides-public-release
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SIDES successfully reproduces all the available observations
of dusty-star forming galaxies



SIDES

SIDES successfully reproduces all the available observations
of dusty-star forming galaxies
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SIDES

SIDES successfully reproduces all the available observations

of dusty-star forming galaxies
- Line luminosity functions
- CIB fluctuations

T, 2i7enxsasord Herschel /SPIRE

L 1§ 217GHzx217GH] ]  217GHzx353GH] 104
5 3
= 10° 5
S 102 A 3 10° 4
=) 07 = 600GHzZ x 600GHz . 600GHz x 857GHz 600GHz x 1200GHz
= Wew = = I%i 10° 5 I 105
w
9
T 217GHz x 857GH4 T . 353GHz x 353GH4 T 353GHz x 545GH L 107 5 IL
= 4 vV 1044 V¥ V Ve = T
s 10% 4 = 4 - e 2 104 G
5 104 4 G T .
= 2 103 o
= L0 2 10° :
Q 103 4 T T 10 T T
857GHz x 857GHz 1200GHz x 1200GHz

N T, 353GHzx857GH] 1054 13 545GHz x 545GH{ Ts 545GHz x 857GH4 i — SIDES model (m1)
B v Vg ML 1054 ¥ &S & I 10° 4 T * =+ SIDES model (m2)
= 2l K2 10° o model + uncertainty
S0y 104 4 x& 5 g T Veroris

4 ] ~ e 8. ¢ Viero+19
S 10 S IS =

o 10¢ : -
-0, 104 4 ens..,.
x> T _ 857GHz x 857GH] s 5 e : T T T T T T
; | ¥ 10 10 10 10 o e e e e .
NS 10° Multipole / Multipole /£ Multipole ¢ Multipole ¢ Multipole ¢
o SIDES model Pl k
o data anC

T
103 10°

Multipole £ Gkogkou et al (2023)



SIDES

SIDES successfully reproduces all the available observations
of dusty-star forming galaxies
- Line luminosity functions

- CIB fluctuations o
- Galaxy number counts

T
10° - Simulation (intrinsic)

Simulation (source extraction)

10° © Oteoetal. (int.)
g A Karim et al. (int.)

N(>S) [sr"]

107 O Simpson etal. (int)
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0.1 1.0 10.0

Béthermin et al. (2017) S850 [mJy]



SIDES

SIDES successfully reproduces all the available observations

of dusty-star forming galaxies T |
- Line luminosity functions s o acacton2ymprr 3
- CIB fluctuations 5

dN/dz

- Galaxy number counts
- Galaxy redshift distributions

dN/dz [normalized]

dN/dz [normalized]

Bethermin et al. (2017) Redshif



SIDES

SIDES successfully reproduces all the available observations

of dusty-star forming galaxies
- Line luminosity functions

- CIB fluctuations

- Galaxy number counts

- Galaxy redshift distributions

- SFRD measurements

Bethermin, Gkogkou et al. (2022)
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SIDES

SIDES successfully reproduces all the available observations
of dusty-star forming galaxies
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Field-to-field variance on the line

intensity power spectrum




SIDES: From Bolshoi to Uchuu

N-body cosmological simulations: dark matter halo maps

Previous version of SIDES Current version of SIDES
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Field-to-field variance of the LIM power spectrum

Dividing SIDES-Uchuu into multiple 1 deg? subfields — compute the variance of the power spectrum
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Field-to-field variance of the LIM power spectrum

log(o/M)icmn

Dividing SIDES-Uchuu into multiple 1 deg? subfields — compute the variance of the power spectrum
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Field-to-field variance of the LIM power spectrum

Dividing SIDES-Uchuu into multiple 1 deg? subfields — compute the variance of the power spectrum
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Field-to-field variance: impact for various experiments

 First generation experiments will all be significantly
impacted by the field-to-field variance

» Experiments with larger field sizes will be less impacted

(e.g., CCAT-p)
z
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Gkogkou et al. (2023)



dS dS

Contribution to the shot noise g2 f‘ o e f g3 dN )
0 0

Cosmic Infrared Background (CIB) VS Emission line [CII]

105 T T T T T T 0 £l
[Cl]: v = 300.0-301.5 GHz

dN/dS x S® [Jy?/sr]

log(dN/dS x S3) [Jy?/sr]
|

P2 S LA LT e
log(Sy) [Jy]
e The most contributing sources are the brightest ones
* Provide limited astrophysical information since bright sources can also potentially be found by line surveys
» Very few sources may be detected by CONCERTO and we cannot mask them to reduce the shot noise
incomplete masking is not effective

Gkogkou et al. (2023)



Clustering and shot noise correlation
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Detection of high clustering level could
be due to high shot noise level, instead
of real high clustering signal

e Uncertain interpretation of the
clustering power

Gkogkou et al. (2023)



Modeling the power spectrum




Halo model context

Describing anisotropies on both large and small angular scales

Dark matter lies within the collapsed and symmetric halos
All the galaxies reside in dark matter halos
Clustering = one-halo term + two-halo term

Assumptions



Halo model context

Describing anisotropies on both large and small angular scales

§ Dark matter lies within the collapsed and symmetric halos
g All the galaxies reside in dark matter halos
2 Clustering = one-halo term + two-halo term
<
£ - Halo mass function (HMF)
= - Halo bias between the halos and the dark matter
£ - Halo density profile
S -Halo OCC.UIif‘:lth? d?ItII:lbuglon D(I\I-/I[(LDi o 2 - SFRrecipe
a prescription for filling the alos with galaxies %% _SED templates
\E @ - Scaling relations + scatter



Halo model context

Describing anisotropies on both large and small angular scales

§ Dark matter lies within the collapsed and symmetric halos
g All the galaxies reside in dark matter halos
2 Clustering = one-halo term + two-halo term
<
o - Halo mass function (HMF)
= - Halo bias between the halos and the dark matter
£ - Halo density profile
= - Halo occupation distribution (HOD): - :
a prescription for filling the DM halos with galaxies % = ggg igfrt?)?a -
owi Q)
: \E fg_‘o - Scaling relations + scatter
_% Linking: baryonic accretion rate — star formation rate (SFR)
2 SFR - galaxy emissivity
=

Maniyar et al. (2021)



HOD modeling: CIB (similar for the lines)

Fitting the model to Planck obs. data
Can we trust the retrieved parameters?
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Modeling: HOD

* Fitting the model to Planck obs. data
» Can we trust the retrieved parameters?
* Comparison with SIDES mock data
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Modeling: HOD

Fitting the model to Planck obs. data
Can we trust the retrieved parameters?
Comparison with SIDES mock data
Good fit but wrong best-fit parameters
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Modeling: HOD
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Modeling: HOD
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Modeling: HOD

Investigating where the HOD prescription fails
- SFR
-SED
- HMF

- Matter power spectrum
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Summary

e Combining SIDES-Uchuu: powerful tool to prepare intensity mapping experiments (expected
signal, CO vs [CII], field-to-field variance)
- Public code
- Public catalogs/cubes

* Power spectrum field-to-field variance:
- current generation of LIM experiments will be affected by it (= 20%)
- model: we understand it and future experiments can be optimized

* The brightest sources contribute the most to the shot noise — no information for the abundant
faint sources

* Significant level of correlation between the clustering and the shot noise power

e Modeling of the line power spectrum: investigating whether the widely used HOD models are
realistic and informative before using for the lines



Summary

e Combining SIDES-Uchuu: powerful tool to prepare intensity mapping experiments (expected
signal, CO vs [CII], field-to-field variance)
- Public code

- Public catalogs/cubes

* Power spectrum field-to-field variance:
- current generation of LIM experiments will be affected by it (= 20%)
- model: we understand it and future experiments can be optimized

* The brightest sources contribute the most to the shot noise — no information for the abundant
faint sources

* Significant level of correlation between the clustering and the shot noise power

e Modeling of the line power spectrum: investigating whether the widely used HOD models are
realistic and informative before using for the lines

Thank you!






SIDES: Abundance matching

100 Stellar Mass Function 100 DM halov__ function
: rSY:ECEIfsScl\a/ltFter-free SMF
S oy
. 510721 1or
» Most massive galaxy to g >§'{
the DM halo with the = A
: 3 = 107*- . 2 I ,
= 2
highest velocity (Vpeak) ae1on .‘. I > 62 x 10
|
e Scatter of 0.2 dex L7 1017, oG 107 10°
Mstellar [Mo] Vpeak [km/s]
e Subhalos included b (G2 T0%, 25 %10
o . s S e e =
1011 ] o
E (6.2 x10% 1.4 x1011)
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2 10° |
Z AM with SIDES SMF
--- AM with mock scatter-free SMF
AM with mock scatter-free SMF + 0.2dex
107 : :
102 103

Gkogkou et al. (2023)



i SIDES: Passive vs Star forming galaxies

5y

Davidzon et al. (2017)

12]
i o -7 ...__ 200
1.0 i a 3 o0 L _'i"'h'_“ °0
B 1 1. 7¢ 1 |
é 08~ 3 3 Y 5 ]
£ o6 ‘\i = \i:
Probability of a galaxy at a given stellar R prigury _
) : | — >=0.9¢ -
mass and redshift to be star forming : —
0'2:_ <z> _ _\‘\\1\ _:
0.0 SR I |
10° 10° 105 10" 10"
Mstar [Msun]

log, (M, )-log,,(M:(2)) ]
osr(z)

2

Fa erf[

JERM =l /0 a2

Béthermin et al. (2017)



SIDES: Main-sequence vs starburst galaxies

* (Observed evolution of the
Mstar—SFR relation — main

sequence (MS) galaxies
e 0.3 dex scatter

. : galaxies with
higher sSFR than MS

log,, SFR [M_/yr]

3.0F
P

20f

[ —e— 3.5<z<5.0

—@— 0.3<z<0.7

[ =—@—= 0.7<z<1.2
| =—@— 1.2<z<1.8
- =—0— 1.8<z<2.5

=@= 2.5<z<35

best fit

0.2 -l TTIrT | LI |T
0.0t i
'0.2 -l L1l I IIIII |

10 I E

normalized counts
—

102— I[[ —

o Y Liiiiiicii il P g

9.5

10.0 4§05,
log,, M, [M.]

11.0

el X el 0 1 “
log;, Reg = 10g,, SFR / SFR,¢

Schreiber et al. (2015), Ilbert et al. (2015)
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| SIDES: [CI] recipe

{10

LC!{I = U]/LIR

10-°

10—7 4

e (Calibrated empirical relations

e Used [CI] data from Valentino+20b

* 0.2dex and 0.19dex scatter correspondingly

1 logio(Leni-0)/Lir)=1.07 log1o(Lcow@ - 3)/Lir)+0.14

1 0= 0.20 dex

v Sl

4

o o

| |ﬂF .
v
Valentino et al. (high 2)
Valentino et al. (low z)
T T T
10-° LEE 1)

Leoia-3y/Lir

Béthermin, Gkogkou et al. (2022)

Loz -vflan-o

10° 4

logrollenz - 1y/Lent —0y))=0.63 logrollcoiz - sy/lcow —3))+0.17
o= 0.19 dex

Valentino et al. (high z)
Valentino et al. (low z)

109
Leo(z - syfLcota-3)

Valentino et al. (2020b)
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