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Universality of dark matter profiles
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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. Y200c

See also e.q. Navarro et al. 1997, 2004, 2010, Gao et al, 200y

n: proxy for cosmology
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Evolution of dark matter profiles
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o Powerful test of ACDM.
o Evolution and shape of c-M are controversial

especially ot high-redshift and masses
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~X-ray and SZ observations

electron
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Bremsstrahlung Inverse Comp&om scattering
SB dimming with z
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Complementarity of SZ and X-ray surveys

® Plonck ESZ/PSZ1/PSZ2 Planck clusters with redshift @
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Figure courtesy of
Monique Arnaud
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Figure courtesy of Monique Arnaud
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New r@.presev\%a&\/e S~
selected sample of the
most massive clusters

wp to high =z

NIR for confirmation
and stellar content
Chandra/XmMm follow-up
Mass profiles from
hvdros&aﬁc: @;quitibrmm
SjsE@.maRc comparisoin

withh sinmulabions
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e Faster convergence to the ‘self-similar’ expectation

o Much less impact of the non-qgravitational physics
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o Higher dispersion?
o Consistent with

&heor:j?

= Need larger sample

Bartalucei, Arnaud, Pratt and

201% (arXiv: 1503.07556) and new cosmological

simulakions
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A7 rkT()[dlnn dInT NO massive clusters at z»0.8
F3 M(r)=—— +

Gum, |dInr dlnr

i existing simulations
e Cannot directly measure masses and mass protiles

e Need e.g. to assume hydrostatic equilibrium (HSE)

e Need simulations to e.q. constrain HSE bias
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No existing hydrodynamical cosmological
simulations combines a large enough volume and a
high enough resolution to simulate the most massive

gataxj clusters as:

- they are and appear in volumes (heed

to simulate volumes of GPCB)

- ("’L@Fc) Ls

A, Le Brun — LUTh, OBSPM/PSL Ateliers action Dark Enerqgy, 24 Juin 2021 10



g simulations?

Simuation Box Pariclzs I 4 ‘ ' s . Hy
5 BigMD27 % 3840 ® 100 100 % 0. . . . . 70.0 GADGET-2
4 BigMD29 o § 380° g 22x 10" 0 & 0.289 . ) ) ) 70.0 GADGET-2
I BigMD31 | § 3840' §24x10" 0 § 0308 : . . : 0.0  GADGET-2
BigMDPL ‘ 3 380 . 24 x 10" 0 § 0307 : . ) . 67.8 GADGET-2
il BigMDPLnw § § 3840° K 24x 10V 0 & 030 : . ) . 67.8 GADGET-2
S HMDPL i £ 409%° i 7.9 x 100 0 & 0307 . ) ) ) 67.8 GADGET-2
Pl HMDPLnw % 10 F 496" RT9x 10" 250 g 030 : . ) . 67.8 GADGET-2
el MDPL . 3840° 15w 07 307 X 603 R Lt 67.% GADGET-2
&f- MaultiDark 2048° 8.7 » L ] . X .73 . 05 70.0 ART
SMDPL / 3840° 6 207 i 307 X . 82 . 67.8 CADGET-2
BolshoiP 2 2018° Sx : 307 X . 82 . 67.8 ART
¢ Bolshoi 2 2048° 3x . 2 .0/ . .82 A 70.0 ART
t;l Simulation Ny o Name Box size, L N Part. mass, m,  Force soft., €
3 (h~' Mpc) (h"'Mg) (h~ ' kpc)
N 3
Q i::io“ gzgg‘ S heyssmsancavesan? | P-20.1 20 2.611 x 107 1.67
% MS.1I 21603 < 50 105 P-20.2 20 2.611 x 107 1.67
3 Ag-A-2 5.3x108 _ 1.00x 107 P-20.3 20 2.611 x 107 1.67
,;j Ag-A-1 43x10° . 1.25x 103 P-20.4 20 2.611 x 107 1.67 v
.dr-' P-30.1 30 8.811 x 107 2.50 g
- 1 P-30.2 30 8.811 x 107 2.50 g
4 i l?) €/(LIN) B p 60 60 8.811 x 107 2.50 0
§ P-45.1 45 2.974 x 10% 3.75 Y
P-45.2 2.974 x 108 3.75 +
§ P-90 7.049 x 10° 5.00
V P-80 1.052 x 10° 5.71 A3
Fa) P-130 2.124 x 10° 7.22
P-180 . 5.639 x 107 10.0
P-270 . 1.903 x 10" 15.0
P-400 6 188 x 10" 222
; h . P-600 ) 600° a1 L]
L&Y’gﬁ QV\OMQ Stze P-1000 {1 '_ ~ 600° "4 079x 1.07‘ p——

Too Low mass and SPQ&LQL resolubion omd smme&mes stze

A, Le Brun — LUTh, OBSPM/PSL Ateliers action Dark Enerqgy, 24 Juin 2021 11



Le Brun et al.
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with more elaborate physics
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Le Brun ek al.
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¢ Fluctuakions are
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Le Brun ek al.

e ¥K and 1&K

o Effective resolution of %1922 is
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Le Brun ek al.
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¢ Nearly no evolution of
scatter which is similar in
amplitude to that of

density profiles
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Correlation with relaxation state

z=1.0 r,p=(0.51,0.009)
z=0.8r,p=(0.49,0.0126) ¢§
z=0.6 r,p=(0.54,0.0054) ° !

Le Brun ek al, 201¥%

e Most relaxed cluskers t@.m&rativ concenbraked
¢ Unrelaxed ones spai
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Le Brun ek al.

~ Discusston o015

o High-mass systems at 2 = 1 had » 1 major merger
during the preceding 4 Gyr. Relaxation time close to
about 16 Gyr

e Naively expect pra{it& has not yet converged to the
near-universal form

o Surprising result that suggests the ‘universal’ profile
already in place at z > 1 and robust ko merging
activity

e Similar to what was obtained for Pr&mordiat haloes
bj Anqulo et al, 2016 and Ogiya ek al. 2016, buk at

scales that are 21 orders of magnitude larger
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Le Brun ek al.

ﬁbS@MSSLOMIl SkLe 00

F"“’"f” IS Mabonatd e& al. 2017
Self=Sim Cluster
found remarl.mbtj
self-similar
evoluktion it stacked

hot gas profile

McDownald+17

bevcwnci cooling core

A massive clusters

0.10 1.00 M'P o z ~ 19
r/Rsoo

¢ Natural consequence of self-similar evolution of

underlying dark matter distribution as these systems
are dark-matter dominated and qas evolution is
dominated by simple gravitational physics
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_Conclusionstee =~

® S&u,dv the at z=0, 0.6, 0.% and
1. Msoo ?» .8 x 1014 Mo ak z=1.

- Low dispersion of 0.15 dex at each z tn spite of the
variety of dynamical states.
~ Likkle evolution (never more than ~Y50%)
o Little evolution of the logarithmic slope and its scotter,
I AV typical of NFW-type
profiles but show

Based on Le Brun etk al. 201%, MNRASL, arXiv:1709.07457
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__Connection with M&

¢ Degeneracies between MG and cosmology in
terms of profile shapes (see talks by 7. Valageas
and P.-S. Corasaniki)

o Degeneracies between effects of baryonic physics
and MG (see talks bfj P. Valageas and Y. dubois)

o Getlling ‘reaci:j to combine all these effects using

subset of these simulations.
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Gralaxy clusters and structure formation

since Big | “ | Today=

Bang 16,4 Myr 3.61 Gyr 5.6 Gyr 13.% Cour

° Gralaxy clusters: ¥§% Dark Matter, 12 % hot gas, 3%
qgalaxies

o Form and evolve through merger/aceretion along
filaments

~ test of the physics of hierarchical Dark Matter driven
structure formation (Dark Matter and baryons)

= cosmological Parame&ers via N(M,z) or fq.- 24



