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Total mass from X-rays

* high counts statistic.: mass profiles

(calibration & hydrostatic bias; ~200 out of 1743 obj known, Piffaretti et al. 11)
Ettori et al., 2010, A&A, 524, 68; Baldi, Ettori et al., 2012, A&A, 537, 142; Eckert et al.,
2013, A&A, 551, 23; Planelles et al., 2013, MNRAS; Roncarelli et al., 2013, MNRAS;

Ettori et al., 2013, SSRv, arXiv:1303.3530
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Total mass from X-rays
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* Jow counts statistic. scaling relations

(for galaxy clusters mass function: My, vs L/T/M,/Yx or a combination of these...)

Ettori et al., 2012, MNRAS, 420, 2058 - arXiv:1111.1693; Ettori, 2013, MNRAS subm
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Pointing to the minimum scattezr:

the generalized scaling relations
(Ettori et al. 12)

We introduce a generalized scaling law

M;

o = KA? B°
to look for the minimum scatter in reconstructing
the total mass of hydrodynamically simulated
X-ray galaxy clusters, considering

two independent observables:

- one accounting for the gas density distribution: A = Mg, or L
- the other tracing the ICM temperature: B=T



The generalized scaling relations
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We fit
log My,; = K +a log M,s +b log T
& find a locus in the
plane of the logarithmic
slopes a & b where the
scatter in mass is
minimized

b =-=-32a + 3/2
for A = Mgas, B=T



The generalized scaling relations

From simulations (Ettori et al. 12)

to observational data (Ettori 13):
IVltot ~ L MgasB TY
where the exponents satisfy the eq.
4a +36 +2y =3
In the self-similar scenario;

(a=0) y = 3/2 -3/2 3
(B=0) y =3/2-2 a
(y=0)B=1-4/3 a



The generalized scaling relations:
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The generalized scaling relations:
M, =KA*B°
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The generalized scaling relations:
M, =KA*B°

Table 2. Scatter and 2 measured in the listed scaling relations by using the -
data quoted in Mahdavi et al. (2013; M13), Maughan (2012; M12) and Pratt Relation n @ COVp0

et al. (2009; P09). The degreesssmm
in the sample minus 2, the rr ‘ —3.355 x 1014

-2.234 x 103

The best-fit relations are:

M — T (M13) —1.223 x 10™=

orany | Mgy & Mg‘"T1-5‘1 S0 witha=0.4 "

3 0 -4
M — M, T (M13) 3.280 x 10

Wl | M, o L9520 with a = 0.15 i

M — T (M13-CC)

M — My (M13-CC) \ )
M—L ey ;

M13.CC CITLO—T

gSR are the most efficient relations, holding among observed
physical quantities in the X-ray band, to recover M,
(i.e. they provide the lower x?, the lower total scatter and the
lower intrinsic scatter among the studied SL)

1 Mg (S09) 1 12.6 0.075 0.000 -
M — M, T (S09) 21 8.7 0.060 0.000 -




Total mass from X-rays

* high counts statistic.: mass profiles

(calibration & hydrostatic bias; ~200 out of 1743 obj known, Piffaretti et al. 11)
Ettori et al., 2010, A&A, 524, 68; Baldi, Ettori et al., 2012, A&A, 537, 142; Eckert et al.,
2013, A&A, 551, 23; Planelles et al., 2013, MNRAS; Roncarelli et al., 2013, MNRAS;

Ettori et al., 2013, SSRv, arXiv:1303.3530
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The X-ray/SZ viewouttoR,,,

Thermodynamic properties of the ICM for 18 objects in common with
Planck SZ thermal pressure and the ROSAT X-ray gas density profiles
(Eckert et al. 13a & 13b —see Molendi’s talk)
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T=Pn K=P/n®¥ M=-r3/(G umn)dP/dr



The X-ray/SZ viewouttoR,,,

Planck+ROSAT (Eckert et al. 2013b) R,y
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The X-ray/SZ viewouttoR,,,

In Eckert et al. (13b), we study f ¢ distribution
by combining Pg; from Planck and ng,¢ from ROSAT

T
—e— A=2500, CC
-~ A=2500, NCC 2f
A=1000, CC
A=1000, NCC
ISR SURSRER S ] 3
~
]
g >
~
e g
3 - - : =~ 1
s YT 8
] I + =
' b ad
n
) o
L ) |
0.4t : :
4 5 6 7 8 9 10 4 5 6 7 8 9 10
kT [keV] KT [keV]

fyas Mo wmap? = Psgo(A/500)%(T s /7keV)P
bs, = 0.76+0.02 (CC) 0.92+0.02 (NCC), a = -0.2, B = 0.5
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f . : Observed vs sims clusters
fyas Mfo.wmap7 = Psoo(A/500)%(T s /7keV)P

Dego = 0.76+0.02 (CC) 0.92+0.02 (NCC), a = -0.2, B = 0.5
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Planelles et al. 13



n,,. : clumpiness

Clumps Sub-halos Asymmetries
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n,,. : clumpiness
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n_..: clumpiness

Mgas ~ C( r)O'S

M. .. ~ dInT + dlnn +0.59InC(r)
HE dinr

Roncarelli, Ettori et al. 13




Future on X-ray galaxy clusters:
Athena+

(see Nandra et al. arXiv:1306.2307; Ettori-Pratt et al. arXiv:1306.2322)

Abell 2142 |
spectrum at
Raoo with |
Athena+ WFI ;
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Abell 2142

Cluster outskirts
With 100k-sec WFI exposure, gas emissivity, T, Z with 2, 3, 18%
(90% c.l.) can be measured at R,,.



Future on X-ray galaxy clusters:
Athena+

(see Nandra et al. arXiv:1306.2307; Ettori-Pratt et al. arXiv:1306.2322)

Numerical simulation

X-ray surface brightness Mass-weighted velocity

1.38x10® ergs' cm? deg? 4_26,(1.0-6 -800 km s-! ij'&
B I
Bulk motion and turbulent 'EW L
broadening of FeXXV Ka line. . 4
With 100k-sec X-IFU exposure, - “ g &\ "2  —— ——
0+20 20045, 400+10 km/s canbe = e
resolved. S ,;‘f;.&.




Biases on M, ,
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* hydrostatic bias is function of R, M, dynamical state
(Mg ~ My in CC objs). HE holds locally: we need
objective methods to characterize the dynamical state &
localize disturbed regions. CLASH results soon...



gSR & M, 4
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gSR are the most efficient relations, holding among observed
physical quantities in the X-ray band, to recover M, ,
(i.e. they provide the lower x?, the lower total scatter and the
lower intrinsic scatter among the studied SL)



Some considerationson f_

_ _ Eckert+13b
* we have the first direct T =

constraints on the depletion
factor & evidence of difference
btw CC/NCC @R, in f,  (HE/

clumps by ~1.23; residual clumpiness
due to asymmetries: b, ,~8+2 % )

fgas / (Qt/gm)

b

0.4 .
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- f, .. IS in agreement with Q,/Q
(if Mhyd IS underestimated, “missing
baryons” problem appears —see Ettori 2003)




