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Hydrostatic equilibrium

X : position vector
Piherm : thermal pressure
@ : gravitational potential

Vo(x) = — VPiherm(X) n,: electron density
umyn, (x) 1: mean molecular weight
m,: proton mass
G: gravitational constant
v T: electron temperature

Assuming spherical symmetry:

Mass bias defined as:
M (<r)=-— 7 APtherm(r) ) be, — MHESZ—Mtrue
1554 Gumyne(r) dr ¥4 Mirye

Pressure Gravitational
support

V

Assuming the gas perfect law:

T(r)r [d log ng(r) n d log T(r)] ) by = MyE x—Mtrue

M r) = —
HE'X(< ) umy G- dlogr dlogr

M true
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Hydrostatic mass bias, state of the art

— Measure the number of objects, with a certain mass, as a function

Of the I’edShIft; Piffaretti+08 (X)A
— Compare it with the theoretical prediction; LaNi08 (52
] Ameglio+09 (X)-
— Infer the value of the two cosmological parameters Meneghetti+10 (X)-
0 Sembolini+12 (X)A *_
m € 0g- Kay+12 (X)- )
Rasia+12 (X)A 1 ]
—T T T T —— Battaglia+13 (X)- : [
ol | Nelson+14 (SZ)- 1  J— | | (—
- (1-b) = 0.5840.04 Biffi+16 (X)- | ]
Sak) Shi+16 (52)- - o
e - McCarthy+16 (X)A H [ ]|
s 1 Martizzi+16 (SZ)- 1 ]
ol - ¥ ] Le Brun+17 (X)1 ! .
— - : Gupta+17 (SZ) .
_ — - — ] Henson+17 (X)- :
= ] Cialone+18 (X)- o
. Ruppin+19 (52)1 [N
=12 5 _ ) Pearce+19 (X,5Z)- I
[ ] @ RSOO . I"adIUS at Wthh Ansarifard+19 (X’SZ)- :
o Planck couns the cluster density is 500 Barnes+20 (X)1 |
L Best model (b=0.2) _. . . .. This work (X,SZ)
— — — Best model from y-map (H=0.2) times the Universe critical . ; i .
=L Best model from Planck CMB (p=0.2 | . i 0.4 0.6 0.8 1.0 1.2
=f — — Bestmodel from Planck SZ+CMB (b20.41)| den5|ty at that time. (1-b)
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2013 Planck Collaboration paper
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The MUSIC simulations

Pressure

MUSIC-2: clusters from MultiDark Simulation, Dark-Matter only N-
body, ina 1h~1Gpc integrating box [Prada et al. 2012].
o3 physical process models (flavours): NR, CSF, and AGN;
oMsoo > 101 Mg ;
oz = [0.0,0.11,0.33,0.43,0.54,0.67,0.82];
oAlmost 260 clusters for each redshifts.

Ptherm[kev/cma]
=
=
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f/Rsoo

Mass- weighted

Electron |
Temperature

density

3D profiles:

* Pressure;

§10‘3° E * Electron density;
24 = .
& All clusters * Mass-weighted temperature;
W g?lfxid g in spherical shells of 10 kpc thickness.
— DIsturbe
mm 1o
10_32 10_1 100 100 10_1 100

r/Rso0 r/Rsoo0
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Estimation of the ICM profile gradients

100 !
Numerical derivative meth-; & Numerical derivative method
107} Analytical derivative? ’ StUdy Ofa large radial range.
meth. d (T’ P’ ne)
1072 ;
dr \ & Fit of each thermodynamic

!
!
!
!
!
!
!
!
i
|

quantity with models
@  Analytical derivative of the models

Ptherm[kev/cm3]
=
=

Study of local variations.

10° Fitin [0.1-1] Rz
Used models:
1075 o T:Vikhlinin et al. 2006

Cl # 002 (AGN sims,
relaxed, Rsoo = 0,89 Mpc)

02 101
r/Rso0

o P:gNFW, Nagai et al, 2007
o MN,: Vikhlinin et al. 2006
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ical state,

does it have an impact on the hydrostatic mass bias?

3D indicators:

* Take into account the whole 3D structure of the cluster.

For instance:

The ratio between the
mass of the greatest
substructure and the
cluster mass at Rxqo.

[Cialone et al. 2018]

RELAXED DISTURBED HYBRID

The offset between the
density peak r g and the

center of mass rem,
normalized by Rgqg.

Giulia Gianfagna

[Haggar et al., 2020]

Msub <0.1 > 0.1
Mz All the
other —
|T‘5 rcml <0.1 > 0.1 cases
Ay
Rso0
«Relaxation» o = 2
parameter Ds ﬁ)z o (Msub/MSOO)Z
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Dynamical state,
does it have an impact on the hydrostatic mass bias?

bx

o YES
0.8 y = Alog(x) + B y = Alog(x) + B .
® _—— 'A=-0.076+/-0.015 A =-0.051 +/- 0.015 Dependence of the bias on the
B = 0.280 +/- 0.013 B = 0.147 +/- 0.015

0.6

relaxation status.

o The relaxed clusters present a lower

| scatter;
0.2- The betteris the
ﬁ HE mass estimate.
0.0-
The lower is
RF1 the bias
XDS o |ntermediate XDs The more a Z\X
¢ Relaxed clusteris
m Disturbed relaxed
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Bias dependence on radial profile

All clusters, z = 0,0 , Relaxed clusters, z = 0.0 Disturbed clusters, z = 0.0
[=mimn Numerical derivative method:
— AGN, 1 MAD powerful to explore the hydrostatic

mass bias in the large radial range.

bsz

Disturbed clusters:
0.5 1.0 1.5 2.0 0.5 1.0 15 2.0 0.5 1.0 1.5 2.0 O many variations
r/R r/R r'R -
7% > >0 o adip between Rgyp and 1.5

— I\IIR, 1 MAD RSOO
1|=— CSF, 1.MAD
— AGN, 1MAD o large scatter

Outskirts: greater non-thermal
contributions to the cluster
Mass.

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
r/Rso0 r/Rso0 r/Rs00
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Conclusions

Using synthetic clusters from the MUSIC simulations we find that:

@ The HE mass biases are in agreement with the results from other simulations;
@ The scatter in the bias is larger for disturbed clusters;

@ The more a cluster is relaxed, the smaller is the bias and the better will be the HE mass estimate.

@ The more we go toward the outskirts of the clusters, the higher the non-thermal pressure
contribution will be.

THANK YOU

Giulia Gianfagna
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