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Perseus is an outstanding case in which to study the 
physics of relativistic plasma and thermal gas, and the 
interplay between galactic nuclei and galaxy clusters. 
Ground and space observatories have recently provided 
some ground-breaking insights into the Perseus system, 
from a detailed image of a jet launched in the vicinity of a 
supermassive black hole, through VLBI, to an unexpected 
degree of turbulence in the cluster core, constrained by 
high energy resolution in x-rays. While preparing for the 
next generation observatories that will allow us to address 
these questions in other systems, this volume provides 
some first steps in exploring topics relating to particle 
acceleration, energy transport between large and small 
scales and the role of magnetic fields in the launch of 
relativistic jets. Contributions deal with the latest results 
covering theory, observations, and numerical simulations, 
spanning a wide range in physical scales and energy 
ranges.
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COVER ILLUSTRATION:

(Top) X-ray image of the Per A. obtained by the Chandra X-ray Observatory
(NASA/CXC/GSFC/S. A. Walker, et al.) together spectral data by the X-ray
Astronomy Satellite “Hitomi” (Hitomi collaboration, JAXA, NASA, ESA,
SRON, CSA). (Bottom Left) Innermost radio structure of 3C 84 taken by the
RadioAstron (Giovannini et al. 2018) (Bottom Right) VSOP image of the Per A
(Asada et al. 2006)
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Preface

The Perseus cluster has recently been the stage of ground-breaking discoveries, from
the immediate vicinity of the black holes at the centres of its galaxies out to the dynamics
of the gas on cluster scales. The importance and timeliness of discussing these and other
topics was enhanced by developments in the fields of theory, numerical simulations, and
imaging techniques. Multi-wavelength observers and theoreticians, experts from the event
horizon out to the Megaparsec scales, were invited to the beautiful Sicilian city of Noto,
a location rich in history, culture, nature, and science, near to the INAF 32m radio
telescope and the CTA-ASTRI prototype on Mt. Etna.
The symposium has thus seen a broad participation, with science highlights ranging

across several wavelengths and spatial scales, and including observations, interpretation,
numerical simulations and pure theory. The organisers have been particularly pleased
with the diversity of the involved communities, as is really in the spirit of IAU symposia.
Talks and speakers came from different astrophysical backgrounds, as well as broad age,
gender, and geographical distributions, but shared the common trait of giving excellent
presentations.
A recurring quote was that “Perseus is weird”, although it eventually remained open to

debate whether this weirdness were intrinsic or rather the consequence of an unparalleled
level of detail that we have gathered for this system.
On the finest linear scales, approaching the event horizon scales, the main nov-

elty has been the discovery of a wide and collimated radio jet in 3C 84 on
the scale of a few hundred gravitational radii, thanks to new space very-long-
baseline-interferometry observations including the RadioAstron satellite. This finding
has important implications on the formation of relativistic jets in active galactic nuclei,
as discussed in a series of sessions devoted to general relativity magneto-hydrodynamic
numerical simulations and to the technical and computational development required by
the operations of the Event Horizon Telescope.
The (sub-)parsec scale properties have also been relevant for the connection to the

high and very high energy (VHE) gamma-ray emission. 3C 84 is reaching record
level emission among just a handful of radio galaxies detected in gamma rays.
The time scales and the spectral properties have been debated in order to constrain
the location and the physical properties of the region responsible for the gamma-ray
emission in the jet or in the immediate vicinity of the black hole itself. Another Perseus
galaxy, IC 310, has been reported to have very short time scale activity at VHE, which
can possibly be explained with phenomena occurring on the black hole magnetosphere
scale. Alternative acceleration processes involving multi-structures or turbulent magnetic
reconnection have been proposed in order to explain current puzzles on the origin of VHE
emission, particularly when it is highly variable.
On somewhat larger scales, starting from a few tens of kiloparsecs, amazing images

in terms of resolution and dynamic range have been presented, thanks to new observa-
tions with Jansky VLA and other instruments. These datasets probe the non-thermal
emission in the Perseus and other clusters over a broad range of wavelengths and reveal
a multitude of new structures extending to hundreds of kpc in size. Their irreg-
ular morphology seems to have been influenced both by the AGN activity and by
the sloshing motion of the cluster’ gas. The gas properties have been the sub-
ject of X-ray focused talks, with exquisite energy and space resolution by Hitomi and
Chandra, respectively. The former, in particular, has revealed a mostly uniform and
low velocity dispersion.
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How the AGN influences the host galaxy and the surrounding environment was also the
subject of much debate, with discussions on the relative role of AGN and supernovae-
driven winds, on the presence of persistent filaments both based on recent X-ray and
sub-millimetre observations, and on numerical simulations. In this context, 3C 84
again appeared as an important prototype.
In terms of future breakthroughs, it has been important to hear about projects such

as the X-ray observatory Athena, the Square Kilometre Array radio telescope, and the
VHE Cherenkov Telescope Array, which will provide a transformational contribution to
the above areas, besides many other topics. They shall eventually reveal whether “Perseus
is weird” or if many more system present similar peculiarities. We also had a look at the
recent past, with a rich, brilliant, and moving talk about the legacy of Ger de Bruyn for
the study of the Perseus system, of galaxy clusters in general, and ultimately the passion
for astrophysical research.
This rich science program was interleaved with a busy set of social activities, aimed

at creating a good atmosphere among the participants, facilitating interactions about
the science themes but also giving a flavour of the scientific, historical, naturalistic,
and gastronomic richness and diversity of the host region. At the end of the sessions
on Monday, which took place in the historical Tina di Lorenzo theatre, participants
assisted to “Lu cuntu di Perseu”, an emotional play based on the myth of Perseus. Other
activities included a guided tour of the Baroque palaces in historic downtown Noto, the
main social excursion to historic Syracuse, and a night of science, music, and food with
live jazz music accompanying a buffet dinner by the INAF 32m radio telescope near
Noto. At the very end of the symposium, on Friday night, participants had the chance to
assist to the opening of the yearly traditional Infiorata: a cascade of thousands of flowers,
expertly arranged on the road, filling the city with scents and colours. In parallel, the
symposium has offered the opportunity to bring astrophysics to the general public: local
high schools were involved in the design of a lithograph given to each participant, as well
as in the adaption of the play for the international audience. A conference on “The sense
of discovery” was offered to the general public, followed by a stargazing session.
We are grateful to the IAU for sponsoring this event and providing generous support

to the participation of participants with more limited travel means. We also acknowledge
significant funding from the RadioNet consortium, from the Italian National Institute of
Astrophysics (INAF), and the local government in Noto.
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53) Kosmaczewski, Emily, Poland 111) Younsi, Ziri, Germany
54) Koulouridis, Elias, France 112) Yuan, Feng, Chinese
55) Lakhchaura, Kiran, Indian 113) Yuan, Zhong-Sheng, China
56) Lee, Jee Won, South Korea 114) Zdziarski, Andrzej, Poland
57) Li, Shuangliang, China 115) Zhang, Congyao, Germany
58) Li, Yuan, USA 116) Zhuravleva, Irina, United States

https://doi.org/10.1017/S1743921319003144 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319003144



