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A Brief Self-Introduction

Name: Motokazu Takizawa (&R ITHI)

e Got PhD in March 1999

e Posdoc at Rescue, Univ. of Tokyo (1999--2000)
e Yamagata Univ. (2000--present)

e Univ. of Virginia (2001-2002)

(Maybe) the 5-th student after Mineshige-san came to
“Ubutsu” (Department of Astronomy, Kyoto Univ.).

Research intersts

e Clusters of Galaxies

= Non-therma Phenomena (high energy particles, magnetic fields,
turbulence, etc)

= Multiwave Observations (X-ray, radio, weak lensing, SZ, etc)
e Numerical Simulations

= Hydrodynamics &Magnetohydrodynamics

= N-body Problems

= Parallel Computing



Rosat X-ray image (colors)

Radio Halos / Relics Radio image (contours)

= Some merging clusters have
diffuse non-thermal radio
emitting regions.
(E.~GeV, B~uG)

= Radio halos and (mini halos)

e |Located near the center, similar to
X-ray morphology

e Assocliated with ICM turbulence???

s Radio relics

e |ocated Iin the outskirts, arc-like
shape,

« Likely associated with ICM shocks? Rosat X-ray image (contours)
Radio image (colors)

Van Weeren et al. 2010




Mach Number Estimation of Shocks
at Radio Relics: Two Methods
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Radio Spectral index map of
the relic in CI1ZA J2242.8+5301
(Van Weeren et al. 2010)
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With a (simple) diffusive shock
accerelation model,
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M2=(2 a+2)/(2 ot -2)
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Temperature Profile across the

relic in CI1ZA J2242.8+5301

(Akamatsu & Kawahara 2013)

With the RH relation

———>

Toost! Tore=(5MA4+14M2-3)/(16M2)




Radio Relics:
Mach Number consistency???

s Akamatsu&Kawahara
(2013) suggests that M
and M, 4, Seem to be
consistent with each
other.

= A simple model of
diffusive shock
acceleration Is correct?

= However, sample size Is
obviously too small to

say something definite.




1RXS J0603.3+4214
Wih “toothbrush-relic”

Radio spectral index map
(van Weeren et al. 2012)
@, =0.6-0.7 —> M,,;,=3.3-4.6
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| Ogrean et al. (2013)
Colors: X-ray(XMM) :
Contours: radio(WSRT)

X-ray surface brightness profile across
the relic (Ogrean et al. 2013)
MX:1'7+0'41—0.42

Shock is shifted outward from the relic
outer edge????




toothbrush-relic: temperature profile
across the relic (Itahana et al. 2015)

Colors: X-ray(Suzaku)
Contours: radio(WSRT)
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16 M x 2

5
Distance from the outer edge of the relic [arcmin]

Obtained Mach number

—0.27—-0.24—-0.15
Similar to the XMM results(Ogrean
et al. 2013, surface brightness
analysis), but more robust for
uncertanities of line-of-sight
structures.

Inconsistent with radio results.



After our WOrk, ,y(van Weeren et al. 2016)

s New radio data
(LOFAR+VLA) show
steeper spectra.

= Chandra X-ray data
Indicate shock Is just at
the outer edge of the relic,
maybe XMM result is
Incorrect.

M 2 1.2, with an upper limit of M =~ 1.5



RXC J1053.7+5453

van Weeren (2011)

Colors: X-ray(ROSAT)
Solid contours: radio(WSRT)
Dotted contours: galaxy distribution

Elongated X-ray
morphology, with radio relic
(van Weeren et al. 2011)

Two subgroups in galaxy
distribution.

No direct temperature
measurements (kT ~3keV
IS expected from L -KT
relation)

No radio spectrum
Information



RXC J1053: temperature profile
across the relic (Itahana et al. 201.7)
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Colors: X-ray(Suzaku) Distance from the X-ray peak [arcmin]
contours: radio(WSRT)

Mx — 1.4410-48+0.14+0.03

5Mx* 4+ 14M~x? —3 —0.91—-1.34—-0.04

16 M x 2

= Unfortunately, we do not have
any radio spectral inormation.



RXC J1053: Surface britness edge
(Itahana et al. 2017)

Declination

Colors: X-ray(Suzaku)

Colors: X-ray(Chanda) contours: radio(WSRT)

= We found surface brightness edge, between the
cluster X-ray peak and relic.

= This indicates the discontinuity In density structure.
s Shock?, contact discontinuity?, others?



RXC J1053: Surface britness edge (2)

(Itahana et al. 2017)
Surface brigtness profile

0
Distance from the X—ray peak [arcmin]

FgSTh mper |:f| the surface brightne dg ]
posi fh rI I: ghtn dg j|:| dbydk yj

T, /T = 0.72t8;§§

= This Is not a shock,
may be a contact

P /Py =1. 76+(1) gg discontinuity.



Radio relic Mach number

problem: updated version

s Sample size becomes
slightly larger.

Some radio results has
been changed.

Basically, My and M__4i,
seems to be consisitent
with each other, but some
outliers like “toothbrush”

hay bxist,



M~
-
o™
o
L
M~
l’_|
R4
-m
=
o
1
-~
b
=
o)
<
e
-
™
—~—
-
o™
-
=)
<
~
-
S

PASJ review paper(arxXiv:1709.02072)

Publicaions of the Astronomical Society of Japan, (2014), Vol. 00, No. 0 7

Cosmic Magnetism in Centimeter and Meter
Wavelength Radio Astronomy

Takuya AkAaHORI'*, Hiroyuki NAKANISHI', Yoshiaki SOFUE?,

Yutaka FuJiTa?, Kiyotomo ICHIKI*. Shinsuke IDEGUCHIP, Osamu KAMEYA®,
Takahiro KupoH’, Yuki Kubox®, Mami MACHIDA®, Yoshimitsu MiyaSHITA'"?,
Hiroshi OHNO!'. Takeaki OzAwa™", Reitaro TAKAHASHI',

Motokazu TAKIZAWA", and Dai. G. YAMAZAK]|'4!2

Received 12-May-2017; Accepted 05-Sep-2017

Abstract

Magnetic field is ubiquitous in the Universe and it plays essential roles in various astrophysical
phenomena, yet its real origin and evolution are poorly known. This article reviews current
understanding of magnetic fields in the interstellar medium, the Milkky Way Galaxy, external
galaxies, active galactic nuclei, clusters of galaxies, and the cosmic web. Particularly, the
review concentrates on the achievements that have been provided by centimeter and meter
wavelength radio observations. The article also introduces various methods to analyze lin-
ear polarization data, including synchrotron radiation, Faraday rotation, depolarization, and

Faraday tomography.

Key words: magnetic fields — polarization — radio astronomy

1 Introduction
1.1 Magnetized Universe

Magnetism plays substantial and often essential roles in astro-
nomical objects. Most of known celestial objects. the Earth,
planets, the Sun, stars, interstellar space and clouds, the Milky

* corresponding author: akahori@sci kagoshima-u.ac.jp; 'Graduate School
of Science and Engineering, Kagoshima University, 1-21-35 Korimoto,

Way Galaxy, galaxies, accretion disks and active galactic nuclei
(AGN), and clusters of galaxies, are known to be magnetized.
An exception might be the Universe where the cosmological
isotropy principle has denied the cosmological-scale uniform
field, that defines the North and South of the Universe.

The magnetic-field strength, B, is roughly related to the ob-
ject size, R. Figure 1 depicts the global distribution of mag-
netic fields in the log B — log R plot. An inverse relation,
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cult to discriminae it from that from the central AGN in the
near future.

In leptonic models. the short cooling time of the CR elec-
trons (equation 48) means that the synch ion is basi-
cally produced where the electrons are re-accelerated. because
they do not have enough time 1 diffuse for a long distance.
“Thus, the synchrotron emission shows the position of turbu-

lence that Hitomi has found in the core of the

may be strong enough o acoeleraie electrons

hrotron emission (Hitomi

Collaboration et al. 2016). However, ullimately, the spatial cor-
relation between the synchrotron emission and turbukence must

spectra. In addition, a curved radio spectrum and spectral break
are reported in recent detailed radio observations (Stroe et al,
2013; Stroe et al. 2016).

Itis believed that CR electrons in radio relics are accelerated
at shocks associated with clusier formation, which is consis-
tent with the facts that shock structures are found in the 1CM
density and temperature distributions near the mlics through
Xray cbservations (Finoguenov el al. 2010; Akamatsu et
2012; Akamatsu & Kawahara 2013) and that significant po-

in radio observations (van
al. 2012; Ozavea et al. 2015)
Diffus SA) is the most promising par-
ticke acceleration pro 2
Mach number of the shocks (Mgaa) is estimated with the in-
ed radio spectra as follows,

49)

On the other hand. X-ray observations of the ICM enable us
1o determine the Mach number (M) through a temperature or
density jump across the relics with the Rankine-Hugoniol con-
ditions

sM3 41403 —3

where Ty and T (o1 and ps) are the pre- and post-shock lem-
peratures (densities), respectively. assuming that a specific heat
ratio i 5/3. Both methods should lead to results consistent

be confirmed to prove the keptonic models »

Hitomi ohservations suggest that the turbules
clusier is not originated from the central AGM
weak (o propagate from the central AGN. T}
the turbulence is created via gas sloshing can
er mergers (Fujita et al. 2004; Ascasibar & M

8.3 Radio Relic

Radio relics are diffuse non-thermal synch
ting regions, which are ofien found in the
ing clusiers. They are typically arc-shaped
the ouer regions of the clusier, whereas so
linear shaped, or, knolty and irregular morp|
al 2012). Such variety of morphology like|
‘mogeneous distribution of CR electrons and/d
and could infer different formation proce sses.
tra show typically a power-law shape whose
dex is o ~ 1. However, some relics show si
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Summary

Diffuse non-thermal radio emssions are
found in some clusters of galaxies (radio
halos, relics).

Radio relics are likely associated with
shocks In the ICM.

Comparison with X-ray and radio
observation results provide us with
Implications of diffusive shock acceleration
model.

Basically, My and M,_, seems to be
consisitent with each other, but some
outliers like “toothbrush” may exist.
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