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Universality of dark wmatter profiles

Navarre eb al. 199¢
Dlemwer etk al, 2015

0

Log radius/r..,

F1G. 4—Scaled density profiles of the most and least massive halos
shown in Fig. 3. The large halo is less centrally concentrated than the less
massive system. V200c

See also e.g. Navarro et al. 1997, 2004, n: proxy for cosmology
2010, rao ek al. Roo¥
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Evolution of dark matter PrO{ tles

o Powerful test of ACDM.

o Evolubtion and shape of
c-M are cownktroversial
especially at high-
redshift and masses e paper

— — — Duttonl14

Ki.jpm et al. 2016

Planck Relaxed
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Le Brun et al,. 201¥%

M2C simvs Simulakions

> AMR code RAMSES (Teyssier 2002)

o >16 million CPU hours (PI Le Brun)
o 3 DMO simulations of 1 (t’}pr:/k)E
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® 470 few Kpc-resolution zooms for
selected systems with Msoor4.49 x104 Me:
50 ot z=1, 170 at z=0.%, 1¥1 at z=0.6 and
76 ot z=0

@ Both DMO and NK

runs for each system

o Tailor-made for comparison with Planck
clusters
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https://ui.adsabs.harvard.edu/abs/2018MNRAS.473L..69L/abstract

Le Brun et al,. 201¥%

Dewnsik v FT‘O “f tles

4
()
—

()"0 ()

d

foctor > § in spatial resolution
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o Zoom = qain of

8 Fluctuakions are real
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https://ui.adsabs.harvard.edu/abs/2018MNRAS.473L..69L/abstract

Le Brun eb al, 201%

Correlation with relaxabion sta

z=1.0 r,p=(0.51,0.009)

z=0.8 r,p=(0.49,0.0126) ¢}
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__z=0.0r,p=(0.46,0.0195) } L
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o Most relaxed clusters aam&rauv concenkrated

o Unrelaxed ones span larger variety of prc::»&ia shapes
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.513.4951R/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.513.4951R/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.513.4951R/abstract
https://ui.adsabs.harvard.edu/abs/2018MNRAS.473L..69L/abstract

Halo sparsaéj

Characterising the mass profile with
sparsity sayne=Mar/Maz (A1<A2)

o Quantifies shape
@ Near i’tj ')'f‘.:‘j nk Oﬂf halo wass

@ Cosmo LC} g j ME

@ As %T‘O Phj SLES ".ffi:‘I nk

Balmes et al. 2014,

3 mean Precia::&mm using HME PO cha. 3017,
’ Corasaniti £ Rasera 2019,

For the use of individual haloes, see Corasaniti et al. 2021,

Corasaniti, Le Brun et al.
2022
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv221203233R/abstract

wikh spars&&:j

= (5200,500) + fgas + BAO

. Planck-SZ
B Planck-CMB

0.2 0.3 0.4 0.5
Qm

Figure 8. Marginalized 1o and 20 contours in the (2,—og plane from the
combined analysis of the average cluster sparsity, gas mass fraction, and BAO
data (black lines). As in Figure 4, we plot marginalized contours from the
Planck primary CMB analysis (yellow and red contours) and the Planck-SZ
number counts (dark and light blue contours). The plus sign corresponds to the

best-fit ACDM model with parameter values 2, = 0.320 and 63 = 0.738
(and i = 0.690).

Corasaniti, Sereno & Ebtori 2021
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Halo sparsity prediction from HMF

M2Csims

® (5200 500) (5200, 2500) v (Ss00 2500)

v (5200, 1000) (S500, 1000) ® (51000 2500)

Corasaniti, Le Brun et al, 2022

Differences are well within 5% level
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

Correlakions

M2Csims

e AlLlL correlabions increase wikh
aAs ELMQ e cis k Ez&

@ A C& Lre ﬂ& Conse q uende O“f b\QLO
mass assembly process (inside-
oubt growkh)

o Smaller correlations for sparsities
sampling mass protfile within
mass shells at larger separations

?"1:5 evolution o ”f Corasaniti, Le Brun et al. 2022
coefficients well approximated bv
Linear regression
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

Correlations: the NFW case

o 14 density pr0§iles follow NFW OO e

~ M2Csims (NFW-masses)

_______
e P " "

— e e ——
.......

exactly o S

= all information on mass pro&iﬁ %ui.{j
encoded in values of overall halo
mass ad concentration parameter

~to-one relakion bebween

@ Due to one

0000000000000000000000000000000000000000
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NFW haloes (Balmes et al. 2014 N S e
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= single spars&%j estimate would carry

L LO 2% '
all LM&?OT‘M&& O ot Prc’)ﬂfd’é Corasaniti, Le Brun et al, 2022

8 r<l due bto scabbker A mass—
concenbkrabtion relatiown
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

Cosmoloqg Y W Lt naulk spars Lkie

o Nom-garame&ri& cluskter mass
estimates abt A=R00¢, §00¢, 1000¢
and 2500¢

ST5753545556
= N.=& symsiﬁes

o Account for correlations

& MCMC &matvsi;s

= Cownstkraints saburate at N.=4

= Additional sparsi&es breal the
Sg’ Corasaniti, Le Brun ek al, 2022
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

Abroo.500  Abzo,1000 Ab200.2500 Abspo.2500

HE mass bias 0.03 0.02 0.03 0.04
Baryon mass bias 0.04 0.10 0.15 0.10

Corasaniti, Le Brun et al, 2022

0.0 0.2 04 0.6

V4
Data from CHEX-MATE project (CHEX-MATE
Collaboration ek al. 2021, inel. )
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https://ui.adsabs.harvard.edu/abs/2021A&A...650A.104C/abstract
https://ui.adsabs.harvard.edu/abs/2021A&A...650A.104C/abstract
https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

(5200, 500) (5200, 2500)
(S200,1000) (S500, 2500)

Corasaniti, Le Brun et al. 2022
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

: Stats + Intrin. . + Baryon Bias
: Stats + Intrin. . + HE Bias

: Stats + Intrin.

: Stats + Intrin. . + Baryon Bias
: Stats + Intrin. . + HE Bias

: Stats + Intrin.

Corasaniti, Le Brun et al. 2022

0.2

Addikional s F?m“s tkies brealk sowe C}ﬂf the <+ enerac -
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https://ui.adsabs.harvard.edu/abs/2022MNRAS.516..437C/abstract

) Sparsi&ies associated with wass diskribution in distinck spherwat halo shells 1ok
highly correlated

= Additional cosmological information encoded in average halo mass profile, Can
be exploited through multiple sparsity measurements

o Sparsities obtained using mass estimates derived from NFW best-fitting density
pro&t& result in correlations close to unity and sigmiﬁﬂamﬂv different from those
inferred from analysis of halo masses

= Sugqgests that imposing NFW Frm&i& to haloes per§0rms stroing compression that
misses cosmological information imprinted on different regions of halo mass
Prwfi;i,e‘.

o Cownstraints improvement saturates b@.vov\ci four sparsities

D
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