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The SZ Effect: THE BASIS

energy injection

unique spectral

Blackbody

independent along the redshift

y = 0.15, Exact

gas pressure
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The SZ Effect: TWO COMPONENTS +....

th-SZE

k-SZE

AIKSZ:—Bh(-X)Io

Total-SZE




The SZ Effect:

TWO COMPONENTS + ...

SZE spectrum

L L L} L T L l L L} L] T T L L} L} L] I L L} L} L] L] L L L L} l L] L L L] L] L L} L L ] L] L L} L} T L] L] L T
| totaol tau = 1e=3 ; Te = 10 kev ;: v = —1000 km/s |
0.04 kinetic N
o | - ——— g, N
- - ot ‘o m—, g e
o - I - -~ h“v‘.‘...“h o
\ i " 4 ./' 'q‘.-‘\"—-j
- "
= 002 . —
= " & 4
— = > Vi -
7/
w i 7/ ]
$ i /s A
4
-
5 000p=smz— A i iy i T
- h, W TTtscanaa. /A AR R A
o ) J 7
L b Q\ / 'l‘ e
an % .
<O & /"
i ) 2/ “
’\'\-. '__, ‘/
—-0.02 g e o
o PP L
llllll l L 1 L L L L L 1 A l L L L L A L L L L l L L L A L L L L L A L L L L L L L L

300
freq (GHz)

M. De Petris — SIF@Rome Sept. 25th, 2015




SZE: a multimeter in Cosmology

Thermometer:
[Luzzi G., MDP et al. JCAP +15 and SIF Communication]

Baryometer:

[Sembolini F., MDP et al. MNRAS +12, Sembolini F., MDP et al. MNRAS +14]

Speedometer:
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MUltidark
Simulations

of galaxy

D ata Set N f Clusters

MUSIC (Marenostrum-MultiDark SImulations of galaxy Clusters)
A catalogue of synthetic clusters (also) to study SZ science extracted

from 2 large volume hydrodynamic simulations:
[Sembolini F. , MDP et al. MNRAS +12]

1. The MareNostrum Universe, a non-radiative SPH simulation with 2 billion particles
(2x1024° gas and dark matter ) in a 500 h™' Mpc cubic box [Gottlober & Yepes Ap]
2007]

2. The MultiDark Simulation, a Dark-Matter only N-body simulation with 9 billion
particles (2048°dark matter) in a 1 h'' Gpc cubic box [Prada et al. 2011].

radiative (CSF) and no-radiative (NR) physics at z=0 a Bullet-like cluster and a relaxed cluster at z=0.3

RN
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Speedometer

v' k-SZE has the same spectrum of CMB: i.e. challenging to discriminate
v’ k-SZE is fainter than th-SZE : i.e. challenging to detect

a) several on-source attempts:

[see P.D. Mauskopf et al. MNRAS 2012, Sayer J. et al.
arXiv:1509.02950v1]

b) the first (statistical) attempt:

(A. Kashlinsky et al. ApJ 2008, 2011)

c) the first (statistical) detection:

(N. Hand et al. PRL 2012).
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Clusters rotation

formation

“universal” spin profile

turbolence
A possible observational approach:

the rotational k-SZE induced by ICM rotation
[Chluba J. & Mannheim K. A&A 2002, Cooray A. & Chen X. Ap]J 2002]




Clusters rotation

258 objects with M>5 10*My @ z=0 with gas but NR
amplitude direction
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Clusters rotation

Alignment of gas and DM specific angular momenta at virial radius for

Rotating clusters:

frequency counts
o
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Clusters rotation

Relaxation indicators for cluster dynamical state:

v Vlrlal I‘atio relaxation indicators for NR subset

correlation: 0.372663

v Major mergers :

Relaxed = ~
Clusters

v Center-of-Mass offset
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Clusters rotation AT(0,6) = Toup Y Biornedpd!?
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Clusters rotation

solid-body

[Cooray A. & Chen X. Ap] 2002]

Gas radial profile
(King, ...

Angular velox
(NFW DM profile, c)




Clusters rotation

gas tangential velocity
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gas density
Semplified Vikhlinin profile [Vikhlinin et al. Ap] +06]




Clusters rotation

(0, &) = wnegore

n(0)cospsini /vy,

DM and gas rotation axis almost coincident results that
by k-SZE we can also infer on the DM angular momentum
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Scaling Relation

[Kaiser MNRAS 1986]

observables vs cluster parameter
Y-M, Lx-—Mand Lr-M

B-M

absolute value of the integrated k-SZE cluster mass

BigMultiDark clusters

[Kravtsov et

al. 1997]

[Kravtsov et al. 1997;
Prada et al. 2012]

z=0,0.5and 1




Scaling Relation

peculiar velocities

[Bahcall et al. Ap] (1994), Dolag & Sunyaev

MNRAS (2013)]

BigMD_W z=0.505

(=1.0£7.7) 107"

258.5462.6 km/s

My (Mg h™")

WMAP7 z=0.000

# BigMD objects

M1: <v>=468 km/s — 0,=317 km/s

M4: <v>=466 km/s — a,=312 km/s

M1: all clusters

M4: M > 5+10" Mg h™" 7

Absolute value of los velocities

mass

redshift

Z

BigMD-W
0.000 0.505 1.000

O, (km/s)
lv1os| (km/s)

327 323 302
25559 2521462 237166




. . BigMD_W
Scaling Relation -

MUSIC z=0.4
n14

w
My (Mo h™")

impact of ICM motions




Scaling Relation
A statistical detection of k-SZE by recovering the slope of |/
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Conclusions

gas and DM angular momenta in MUSIC clusters

* Maps of k-SZE
High Sensitivity + High Angular resolution

B-M
from k-SZE maps
X-ray maps

Thank you for your attention
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