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_WHICH PROCESSES AND WHICH SCALES (1

) ?
Injection of turbulent ot oo ?

Simulation of cluster merger

Observation of cluster merger

MACS 30‘71‘7 §o v}
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Optical: NASA/STSCI; Radio: NSF/NRAO/VLA : p
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Image credit: X-ray: Chandra X-ray observatory



WHICH PROCESSES AND WHICH

Qu&n&i{j + characterise Detect

Turbulence

Kolmogorov Spectrum

K f In jection wavenumber
kn mssi,po&wm wavenumber
Akhena Observanr:j
@) X-Ray Facilities



Bcssngo&mm cwf turbulent mo&mms

S&mpi&s& case

Range of dissipation scales

kq =~ |10 — 50] kpc

Ise&ropéc Spi?:z.er véscasi&j
+-

ised
Unmagnetised cluster pi.asma (ZuHone ek, ol 201&)

Ruk ICM is w@.awtv maghetised

V’Lscosiﬁj becomes anisotropic
(Braginskii 1968)

SLM{:Q lfree,ion << rLarmOI’

And

Criven an iso&royiaauﬁ
tangled magnetic field

Viscosity reduced by a factor &
(Nulsen and McNamara 2013)
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A cluster is a s[pkere
ak

NOw&dﬁjS e deros&&ELt Equiubriuw\

b EMer)o(r)
dr 1
In the scope of this approximation
Lk pd(mrardln(p(r)) din(T'(r))
U ¢ = um, G ( din(r) | din(r) )

However @ The measure mass due to lensing

/(_i) W — . — (1 — b)MX b : wass bias
ByoPIC :



Add non-thermal processes —p d(PintPotin) GM(z)o(r)

dr r2

kT (r)r (din(p(r)) , din(T(r)) {/dl (m
e = 5mpG ( dlnp(r) 0 Pan_ d‘w

'\ /\

ik BdAr ) Ta e o Al epin)) kgl (r)r din(p(r , din(T'(r
Mx e o RO )
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i Overestimate of

Candidate for (part of) the “true mass”
the mass bias



STUDY THE DETECTABILITY OF TUKBULENCE
TROUGH THOSE NEW GENERATION X-RAY SATELLITES

Observable

Cenbroid velocikies

~600-400-200 0 200 400 600 3
(km/s)

Rowncarelli et al, 201%

B} = Foeralpn e (e e Joke

Where W(TL, Tz) is the normalised emissivity

@) How do I retrieve k;,; and Ly, from the observable?
ByoPiC )



What is the relation from Psp(ksq)to Pop(k)? (1)

Due to the semsitivity of
the current X-~m~j telescopes

Observation Limited to the central regions

Pop(kL;2,y) = Pap(ky) / P, (ks ,y) d

(Churazov ek al. 2012)

(Zhuravieva et al. 2012)

/()—i) (ZuHone et al. 2018)

¥

BUT

Wide-field XMM/Chandra mosaic image

_______
---------

Deep Chandra observation

Inner,
younger

cold front
Ancignt cold front 700 kpc = 32 arcmin
(Walker et al, 201%)
Old Cold Front Potential Kelvin
consequent of passing AT
by cluster that instability in the
agitated the ICM sloshing cold
(ZuHone et al, 2011) front

(Walker et al. 2017)



What is the relation from Psp(ksg) ko Pap(ky) 2 (2)

With new X-Ray satellite > Better semsitivity

From - wd(ry i— Qe o(r] 87 ) drs

Full 3D Fourier transform

J k1, dk@ap (143, + k2, Dk — Koy k)

Emissivity weighted Lline of Velocity power spectrum g
: : B Emissivily power
sight velocily power spectrum (described by a N

= Kolmogorov spectrum) P

Cenkroid veLOCLEtj power
spe&:&rum



Compubation of the emissivity power spectrum

o\ —38 /2
e r 'c the cluster core radius
Taking Fhpt == 1+ o e 2/3
2
We can define UJ(?“ evs z) ne(r1,"z) In the coordinate system

N 2
Jre(ryrs) dz (ri = /22 +92,0,2)

L ol bl T

Taking the squared amPLE,Eu,de of iks Fourier transform

400 s
Po(ky, k) = l@(ky, k)2 = = (/ (12K, | + ¢) Jo (kL(CQ y rg)m) e—lckzldc>

G



' 3.0 * 1/rc
= 1.5*%1/rc
1.0 * 1/rc

0.6 * 1/rc

j= 0.3*1/rc
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Variakions wikth Ehe core rad
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— Kinj
— Kinj
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ton scales ¢

E,an&

What aboubk diss

= 15.0 * 1/rc

—— k_diss = 6.0 * 1/rc
—— k. diss = 3.0 * 1/rc
— k_diss = 1.5 * 1/rc
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—— k diss = 6.0 * 1/rc

— k diss = 15.0 * 1/rc
—_— k:dISS = 3.0 *1/rc
—— k diss = 1.5 *1/rc
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The Structure Funckion

SF(r1) = (Jo(x +72) = 0.0)F)

Prediction /
SF(T) s by fooo (1 ~% JO(27T]€J_T))]€J_CZ]€J_

= [v-(k1)J?

/’n

Recownsktruckion

=

r (arcmin)
5 10 15

(9102 19 'J2 2voHNnyZ)

(ZuHowne ek, al 2016)

Mock observation of the velocity cenbroid for
Astro-H satellite resoclubtion
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Conclusion and Prospects

We have showin Ehak:

Dinstiguishe between various dissipation scale x
Dinstiquishe between various injection scale v For Kolmogorov spectrum
BUT
Maybe not the best statistics —_ Look at the Skructure Function

!

Cluster density is irregular Add density fluctuation to the model

Take inko account the

!

: Statistical and systematics errors
thstruments response

BvaPiC 17
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