Feedback from Active Gralactic
Nuclel i Gataxv Graups and
Simulating Groups and the
IntraGroup Medium: The Suzr&s&ngtv
Camptex and Rich Middle Ground
bebween Clusters and Gralaxies

Amandine M. C. Le Brun
PSL Frellow
LUTh, Paris Observo&c}rj/ PSL Umi;vers&j

Rased mosﬂv on Eckert et al.
2021, Universe, arXiv:2106.13259 P S I_

- ¢
e k. )

Virtual RUM 2021, September 27th 2021 SR el Al


https://arxiv.org/abs/2106.13259

* The Physical Properties of the Groups

of Gralaxies Special Issue

The Physical
Properties

of the Groups
of Galaxies

Lovisari & Ektori 2021

Lorenzo Lovisari anc Stefano Etton

‘o‘-\\
IMDPI
\\f

Amandine M. C. Le Brun — LUTh, OBSPM/PSL Virtual RUM 2021, Sap&ember R7th 2021


https://www.mdpi.com/journal/universe/special%20issues/PPGG

* The Physical Properties of the Groups
of Galaxies Special Issue

Content
e aubthors

About the Editors .

Lorenzo Lovisan and Stetano EHlon
The Physical Properties of the Groups of Calaxios
Keprinted from: Umiverse 2021, 7, 254, doi: 10,3390/ universe7080254

Lorenzo Lovisari, Stefano Ettori, Masimo Caspari, and Paul Giles &0
waling Properties of Calaxy Gaoups

Reprinted tromn: Linverse 2021, 7, 1539, doa: THUSTN ) universe 70501759 . . . - "

Domimique Eckert, Fabio Gastaldello, Massimo Gaspen, Amandine Le Brun and Ewan Eke reVLQM(S)
OrSullivan

Feadback from Active Galactic Nuclel in Calaxy Groups

Reprinted from: Uinverse 2021, 7, 142, Joa: 10,3390, univ erse7050142 . L L 3 &hev " 3€r€'

Benjamin D). Oppentwimer, Arif Babul, Yannick Bahe, Tryna S, Butsky, Lin G. McCarthy

simulating Groups and the Inf=alroup Medium: The Surarisingly Complex and Rich Middle

camialing Lo and he Ik g " tavolved L

Reprinted from: Univers2 2021, 7, 209, d0i:10.3390/ universe7070209

Fabio Gastaldello, Aurora Simionescu, Francois Mernier, Veronica Biffi, Massimo Gaspari, g B ‘
Kusuke Sato and Kyuko Matsushita Q s LM Lta e

The Metal Cantent of e | ol u\lll‘nvsl'v wre=of Galoxy (;(lml’-s
Reprinted trom: Uinverss 2021, 7, 208, doa: 13T universe 70700208

). Atanso L. Aguern and Stetano Zaratting : ) ) LM &M&hors,

Proparties of Foesil Groups of Galaxics

Reprinted from: Umiverse 2021, 7, 132, doi: 10,3390/ universe7050132 . . . . snee 3 L. &

Lovisari & Ebtori 2o21

Amandine M. C. Le Brun — LUTh, 0BSPM/PSL Virtual RUM 2021, SapEember R7th 2021


https://www.mdpi.com/journal/universe/special%20issues/PPGG

* The Physical Properties of the Groups
of Galaxies Special Issue

S ¢ Mg i g -

* universe

Ldiforial

The Physical Properties of the Groups of Galaxies

Lorenzo Lovisari ¥ and Stefano Ettori

L NAF  Qscervatoro di Asmofisica ¢ Scienza delle Spazio di Ecologna, vie Plerc Cobetti 93/,
40129 Bologna, “taly: swianoomordinag i
Conter for Astrophyseos Harvard & Sendthsontar, 60 Gascen Street, Cambridge, MA (2138, USA
NFN, Seeione d Balogna, viak Berti Pichat 6/2, 40127 3ologna, lhl)
Y Comrespordence: lononzo lovisarifinadit

Galaxy groups consist of a few tens of galaxies bound in a common gravitational
potential. They dominate te number count of the hale mess function ard contain a sig-
nifwcant fract on of the averall un versal he yon "Nu'!‘-‘ ot De g, less massive than clusters,
the energy that is supplied by supamovae and active galactic nuclzi (AGNs) to the hot
mtragroup medmum (IGrM) can easily exceed their gravitaticnal binding energy. Thus, it
1 expected that these non- gravitationel mechanisms hove a strong eflect on the distnbu
tion of of the barvons. making galaxy groups ideal targets to constrain the mechanisms
goverming e conling=heating balance The nel eflfect o the varioos feadback processes
in action in the gravitatioral potential wells i to change the racdial distribution of the
energy and mass in groups, affecting the correlations between their observed properties.
Therefore, they are key to our understanding of how the bulk of matter in the Universe
accretes and forms hierarchical structures and howe different sources of feedback affect the v
gravitational collapse.

Daspite therr crucal roke in cosmie structure formation ard evolution, galaxy groups
have recciveo less attention compered to massive cousters, This 5 m part due to the

check for challenges (e.z.. faint X-ray emission, low number of galaxies in optical. low S/N in 52)
Jpdates assoctaled wily the s detecton, observalon, and thanwternizatioo. With e advent of
eROSITA (lrunched in 2019), many thousands of galaxy groups will be detected by Xoray,
“oswcal Nropesties of the Grosgs of complementing or-going and future optical [DES, Euclid, Vera Rubin), SZ(SPT-30, ACT),
Galaxes. Unforse 2021, 7, 254 and radio (LOFAR, MeerKAT) surveys, paving the way towards the exploitation of the
v 4/ ddoiong A0/ next peneration of Xeray irstruments (onboard XRISM—expected to fly 5y 2025%—and b

Lovisart & Ektori 2021

Ohetione Lonvar L. Saw, S T

DAVeTe T 2% FSA L2 mission A-hena expechixd to fly in the 20G0%)
To fester progress in the field of the physica perties of g ' roups, facilitating
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“Feedack from: Active Galactic Nucled e Galaxy Groups”™, by Lekert i al. [5]

The formasion and evolution of the physical properties in groups ane a dinxct con-
sequence of the interplav between galaxy evolution, the development of the intrz
madium, and feedback. Many authors have argued that feedback from SME
craciel role in regulating the stor formabion rates of massive galax
onset of catastrophic cooling by carving cavities and driving shocks across the mecium
We review the current observational evidence for AGN feedback in nearby galaxy groups
with observations at X-ray, radio, and millimeter wavelengths anxd describe the theoretical
advanees made i nxenl veaurs o mlerowel the waling—<o. ||i||y_ Ly le

. Simulating Groups and tie DitraGrovp Mediupm: T Surmwizingly Complex and Richi
Muddie Groumd betoren Clesters and Galaxies”, by Oppenlieiner el al, 1]

The influence of the feedback processes is complex cnd difficult o pwodel and
reproduce in sSimulations However ox smological simulasions nave enabled break throoghs
in our understanding of the gas and stellar contents of groups and of the impact of groups
for cosmological parameter estimation. The review focuses on how groups process their
baryons in a cosmological context, discussing the current limitations and the perspactives
for improving the theoretscal modeling in the near future,

. “The Metal Comter:t of the Hit .'er-nx\’y'hrn's of Calixy ('Tvvu.p\ " by Gastaldello et al |5)

Mertals play a central roke in the thermodynamic balance of galaxy systems by sus-
tainang the cooling of thew environment by means of spectral ine emissions. DUe to the
shallower gravitational potential or groups, feedback cticets lcave important marks on
their gas and metal contents. Therefore, the shape of the abundarce profiles can be used
to investgale the impact of the fediock in the [GeM. We review The slalas of the melal

atundarce measarvments i the [GeM ard the progress made by simulations to np ol e

and interoret those measurements.

. and 5.E acknowled ge financial contribution from the contracts ASEFINAF Athena 2015
SEINAF Athena 201927 HH L, " Abtivita di Studio por b comuriba scientifica di Astrofisica
energie e Fisica Astropasticelane” [Accordo Attuativo ASE-INAEF n X017-14-H 0), and from
INAF “Call por wtorvent agmurtivi a sostogno della rcarca di maw stream i INAF™,

Lovisart & Ektori 2021
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Abstract Galany groups and poar clutees are more common than nich clusiers, and host the kgo
fraction of matter conrent In the Univarse. Henee, thelr stid les are key to undarstand tha gravietional
and thermal evolution of the bulk of the cosmic matter. Mormover, because of ther shallewer
gravitational potenbial, gakixy groups are systems where non gravitotional proecsaes (.3, cooling,
AGCHN foodback, star formacion) am expected 10 have a higher impact on the distribution of baryors,
and un the general phvsical properties, than in more massive oljects, inducing systematic departuses
from the expected scaling elations Despite thelr paramount impottance oo the astrophysical
ang cosmclogical point of vaew, thwe chalenges in their detection have limited the studes of galany
gproups. Upcoming lange sunweys will change this pictune, meassigring to gakaey groups their central

ing, the structere formation and evolution in the Un verse, and o measa g Te cosmic

check for baryonic content, Here, we review the reoon! literature on verious scaling refations Between N-ray and

uacates optical propertes of these systoms, focusing on the odservational measuements, and the progaess in

Chation: Lovisert L: Bce 5: our anderstanding of the deviations friom the selb=imilar expertations on groupe scales 'Wo discuss

Cangart, M Gilles, PA_ Sealing some of the 3ounces of these devietions, enc how feadback trom supemovee and /or AGNs impacts
Yoseries of Calny Groups Lniese  the gereral properties and the recorstructed saling aws Finally, we discuss futume prospedts in the

Lovisari ek al. 2021
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Kevwords: galaxy groups, Xerov and optical chservations; intragroup madium / plasma; sctive
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Abstract: We roview the tormation ane evalulion of tossi] groupe and clusters from both the theo
retical and the observatioral points of view. In the optical bard, these systems ane dorminatad by
tw Light of the amtral galacy. They wene interprrted as old systems that had encuph time to merge
all the M* galavies within the central one During the last swa decades, many observatiora! studies
wore performed to prove the dd and relexad state of foesl systems The majonty of the studees
that spans a wide range of toplss Induding halos global scaling relations, dynamical subsiructures,
stedlar populations, aed galaxy lumincsity functions seens o dhalleage this scenario. The general
picture that can ¢ chltained by revicwing all the obscrvational works is that the fossi] stabe could be
transitional Indeed, tha formation of tha large magnituse gap obsarvad In fossil systems could ba
redatex] WO internal processes rather than an o'd forreton)

Keywords foss y'.nl Ny aronps g v ol s ‘\;Jl axy groumps, Neray axl l‘-l'u o obwerrviations

hydrodynamical simulations

1. Intraduction

The Lambda cold dark matter scenario (ACDM) pradicts that structures in the Uni
verse form follewing o hiesorchieal evolution: small objects colkipsed] st under their
xlf-gravity and are then mergad continuously to build larger structures. [n this scenano

walaxy formed Srst, twen merged i small grocps and the process continues until the
creation of masave galaxy ¢lusters [1.2].
Ponman and Bertram |3] firstlv suggested, while studying compact groups, that this
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Abstrac: Galaoy groups are more than un incernediale scale betwesn clusters s halos [sting
individual gakoces, they are crucial labarctories capablke of testing o range of astrophyscs from
how galaxies form ard evolve to large scake struciure (LSS) statistics for cosmology. Cosmoogical
hydrody namic simulations of groups on various scales offer an unperalleled lesting grousd fon

witrophycal theories Widcly used cosmoiogical Amulations with ~[100 Mze P valumes contain
statistical samplos of groups that provide I portant tests of gakaxy avolution Influenced by environ-

mencal processes. Larger volumes capabibe of seproduaciog LS5 while follon ing the aadist oo of
seryons by cooling and feedback are the essential tools necessary to constrain cosmalogical parame-
wors. Hygher resolution simulations can currently model sas e interactions, the procassmg of cocl
(T 2= 10577 K vl Giepluser gas, aned mome-tarmal playsios ivelading turbuleves, vugrweic fields and
cosmic ray ansport. We review simuketion results regard ing the gas and ste'lar conbents of groups.
and the relation to the central gaaxy, the tormation and processing o multi-pi
wractions with the intragroup mediam, and the impact of groups for cosmological
neler esimal on. (~|‘.<Illli.'l‘\" cal simulations e e evalutonaril wsiston P »d «ctions of
tese oservetionally dithicult-to-deline obgects, and nave untapped potentinl to accurately model
thwir gaseous, stedlar and dark matter distributions |

Koywords: black holes; galaxy groups; galaxy surveys; Intragroup mediam/clasma; hydrody-
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Abstract: The covolution betwesr: susenmassive Blok holes and Uwir envitonment is mos! directly
traced by the hot atmosphenes of dark matier halos The cooling of the hot atmosphore applics the
cantral mgtions with fresh gas, Igniting active galactic nucle: (AGN) with long duty cyckes. Outflows
frowsn thee conilral engin shily comple with the surromnding gosecars pwdiom and prosids tue
dominant heating source preventing runeway ccoling oy carving cavites and driving shocks across
the medivr. The AGN keedback loop 15 a key Faatuxe of all modem galany evoluton modeks. Hore,
we eview our know'edge of the ACGN feedback process in the spacific comext of palaxy groups

Galaxy groups are uniquely suited to constrain the mechanisms governing the cooling-heating
bakinoe. Unhike m more massive halog, the energy that 15 supplied by the central AGN 1o the hot
Inragroup mediam can examd the araviatonal binding energy of nalo gas partkcles. We raport on

the statesof-the-art in observatiors of the feedback chenomenon and in theoretical models of the
heating-cooling balarce in galaxy groups, We a'so describe how cur know ledge of the AGN femdback
process moacts galany evolution mode s and kirge-scake baryon distributions, Finally, we discuss
how new instrumentation will arswer koy ooen questions on the topic.

Keywords: black holes; galaxy groups; ol iptical galaxios: iIntrzgroup medium / plasma; active e @l;
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B QHQ“OM messaqes

o ALl references are clickable Links

o Groups more than inkermediate scale between clusters and halos
hosting individual qalaxies: ideal tarqgels for consbraining
cooling-heating mechanisms

o Key to our understanding of structure formation

o Influence of feedback processes complex and difficult to model
and reproduce in simulations despite recent breakthroughs in
understanding through cosmological simulations

e Sinmulations now facing important challenge of produ«tms
realistic galaxy populations aincl gas properties

Galaxy groups are best astrophysical Llaboratories for
s%udviv\g mea@& of various feedback mechanisms as
managed to retain enough hot gas to allow for study
of impact of feedback on IGTM, while representing
transitional regime for galaxy stellar properties.
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