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. HST image of the.z=0.44 CLASH c]u_ster MACS1206,

(NASA, ESA, M. Postman)
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

1 - constrain a cluster dynamical status; and Iis aceretion: NISteny.
(By. the: identification and. characterization, of SUkclUsters)

Studying the cluster assembly out to 12 Mpc

RXCJ2129.7+0005
M. Girardi wnirs), L. Zandonella dall'Aquila juarsi, M. Nonino imasoars),
I. Balestra junic obs. sunicn), A. Biviano imasosrs), A, Mercurio wias-oacy, P. Rosati junes)

Contex. The formation of cosmic strucure culmin ates wilh the assembly of galaxy dusters, a process quite
ditlerent from chuster fo chusier. We need to stwdy chusters out io thewr far owtskins to nvestigate the pre-

processing of galadies. Aims This study s aimed to study the galaxy duster RXCI212%9 at z=0.2338,
Methods. We combing new VLT-CLASH redshifts with SDSE and Beramure redshifts to obtain a catalog of
4015 obects. The resull of cr member selecion s a sampie of 596 galaxies. We also use new Y LKs
VIRCAM at VISTA photometry combined with gJj DECam pholometry.  Resuls. We obiain a velociy
despersion of ~800 kmis and M200 of 5.5E14 Mswun. The velocity dispersion profile can be fodlowed out to 12
Mpc from the cluster center. RXCJ2129 is a relaxed chesier with substructure detected at ~R200 and
outside. Conclusions. Dur conclusion supports that clusters extend well outside R200 following the
clus ter environment out to TXR200 where the effect on galaxy evolution can be studied.

Data sample. Rodshift daca from CLASHVLT P1P. Rosa®)
Heds (| OS5 for @ total of 4015 galasies

VIR CAM at VISTA, P Maning)

Global dynamics and struciure.
u L.

T, map (color), cluster galaxies (crosses), P
Ssubcluster galaxies (dots) e o Toe 20 gy dsvimden ey

The cluster is relased withi ZD oy dismibution analyzed

(AB, Durret, Lagana, in prep.)
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

2 — determine the orbits ofi cluster galaxies
(by. ther Jeans equations of dynamical equilibrun)

A209 P e T \[l Stack of
7=0.21 ” el — . l592-0.06
tangential C|USteI’S

=

orbits

i .
low-inass passive
|

i r_s

(Annunziatella+16, based on
CLASH-VLT, p.I.: P. Rosati)

Passive galaxies: radial orbitsiat z>0.2, ' Jellyfish Stack of
Isotropic at z~0 501z~0.06
clusters

Spiral/blue galaxies: mildly radial orbits at all z

(AB+ in prep.,
based on GASP data-set,
p.i.: B. Poggianti)

Jellyfish galaxies: extremely radiall orbits
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

3 — determine the mass and mass profile of clusters
(over a wide: radial range: 1rom a few: Kpc 1o several Vipe)

38— USE: clUSter masses, 1) constiain cosmplogy.

r’ — M?&'}:M?&" Planck
e MIRME, : :
1 0.39<z<0.44 } 0.46<z<0.56

i 0.56<z<0.71 {0.71<z<1.32 i Full Sample

(Capasso+19, based on spectroscopic survey of SPT-SZ clusters, Bocqguet+15)
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

3 — determine the mass and mass profile of clusters
(over a wide: radial range: 1rom a few: Kpc 1o several Vipe)

3lo)— constrain theydynamical evelutien histen of clusters

e pseudo-phase-space density.
profile Q = plo” (Taylor+Navarro 01)
ior clusters Is a power-law,

from z~0i1o z=1, as predicted by
theory: (Lapi+Cavaliere 09)

and numerical simulations
(Dehnen+MeclLaughlin 05)

(AB+16, based on the GCLASS
Spectroscopic survey of z—1 clusters.
p.I. G. Wilson)
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

3 — determine the mass and mass profile of clusters
(over a wide: radial range: 1rom a few: Kpc 1o several Vipe)

3¢ — constrain the cluster mass accretion rate

e exienialisiope of the mass
gdensiy profieis a measure ofithe

nale’ mass aceretion rate
(Diemer+Kravisov: 14)

M(I==>1 ) can be measured from
the kinematics, of cluster galaxies
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(Diemer+Kravisov. 14, numerical simulations;
[" /s the mass accretion rate)
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USIng Spectroscopic ohsenvations to Investigate
the structure ofi clusters allows one te:

3 — determine the mass and mass profile of clusters
(over a wide: radial range: 1rom a few: Kpc 1o several Vipe)

3@~ constram theproperties; off Darnk: Matier
26/ CINSIEVAEIICEINIEECHERAVIUINIZIR/ONS
(AGIN feecpzick, clyrzrmniczal iriciion, ziclizioziticige)ligzleie)g))

(Navarro+04)

|
N

of a steep Inner slope, y=1, of the
cluster DM density: profile?

|
@y]

I
(&)

------ Dwarfs
— — Galaxies
.—-- Clusters

log p (10 M, kpc~3)
|
o

0 1
log r (kpc)
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The inner slope of clusters DM density profile

Andrea Biviano, INAF-OATs (Trieste, Italy)

Based on
CLASH-VLT+MUSE data,
in collaboration with:

P. Rosati (p.i.)
|. Balestra
P. Bergamini

G. Caminha
M. Girardi
C. Grillo
M. Meneghetti
A. Mercurio
M. Nonino
B. Sartoris

'

HST image of the.z=0.44 CLASH cluster MACS1206,
(NASA, ESA, M. Postman) e g
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. > . .
The inner slope of clustersdpyitdensity. profile
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Siesers i@ iy (1o top Vo bettaml AB+16: cross and diamond:
Correa+, Dutton +Mecclo, Bhattecharyn+, Klypint, DeBonl+ mean conce ntratlon Of Z~1
GCLASS clusters (p.i.. G. Wilson)

AB+17: red line and yellow region: Concentration-mass relation as
concentration-mass relation expected forr NEW-like clusters
of z=0' QWINGS clusters fromiz=0te z-1

(p.I.: B. Poggianti)
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. > . .
The inner slope of clustersdpyitdensity profile

Generalized NFW
(free inner slope):

Yiotal = -d |Og /d |09 r=16=04

Black(and grey shading): NFW
Blue: Hernquist

Red: Burkert

Magenta: Softened Isothermal

NFWwW
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Hernquist

cored—NFW

AB+13: total M(r) ofia z=0.4 massive cluster
IS compatible with- NFW, Burkert (cored)

profile excluded (based on CLASH-VLT data,
Mamon+19: total M(r) of z=0 WINGS p.i.; P, Rosati)
clusters (p.i.; G. Fasano & B. Poggianti)
IS steeper than NFW.

Joetal M(r) inner slope steeper than,
or compatible withy NEW, . - = 1
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. > . .
The inner slope of clustersIpyitdensity: profile

2
Lh

1<& <& EAGLE halos

- = NFW with Planckl Mago — 200 EAGLE simulations
Simple model (that Include baryons;
: Schaller+15) do predict
--------------- e IR V.. > .

-_ Iragreement with
& @ Koopmans et al. 2009 Newman+13 observational

+ core-like _- + + Agnello et al. 2014 data based on

Total matter profile inner slope Yo
—
n

® & Newman et al. 2013a Strong+Weak LenSing o

BCG stellar kinematics

&=
(=

Total matter = DM + baryons
— must consider ICM + galaxies + BCG contributions to total matter to get DM

BCGs dominate the cluster centers;
— use ofi BCG stellar kinematices Is fundamental to: constrain M(r)atr — 0
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Ithe inner slope of clusters DV density: proefile

. —>
BCG Stellar Strong lensing Weak lensing
kinematics

Galaxy dynamics Caustics
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== Mot = Mpm+ Mgaryons

~700 galaxy
velocities

BCG stellar
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Use g muse - the Multi Unit Spectroscopic Explorer at VLT to
determine the BCG stellar velocity dispersion profile (p.i.; P, Rosati)

Constrain the cluster mass profile ever 3'orders of magnitudes in length by
simultaneous fitting ofi the projected phase-space distribution of cluster galaxies
and the velocity-dispersion profile of the BCG (combined likelthhods)
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Iihe inner slope of clusters DIV density: prefile
Methed of analysis: MAMPOSSt wamon, AE, Boué 13)

Viodelling Anisetropy and Viass Profiles off ©Observed Spherical Systems

Joint Maximunm Likelihood fit to the: projected \ Constrain the best-fit parameters
phase-space distribution of cluster members:

ofi the cluster mass profile M(r)
parameiernzed as:

M(r) = Monpw + Myasie + Micm + Mg,

Voo trame [TL/8]

Myuge = Moor/ry (1 + r/ry)” RESERSEEI@NEES

2F1(3_Ya3—y94_)/7_r/r8)
2B =y, 3=y, 4=y, —row/rs)

p=po(r/re)’ (1 +r/r)’ ™

Monew = Moy

With free parameters: r,, ., 1., Y.

Additional parameters that can be left free:
(N, M

Bgalaxies(r)’ I3BCG stars *BCG
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Ithe inner slope of clusters DV density: proefile

RXJ2248

. Gl el
o s O I 1
- T 4 A E RN O Y
e S TRy
L £ [ ]
Prvo e
< YR e o ¥ e
3 ., i
-
E

® Abell $1063 <

® CLASH-VLT
@® MUSE (Karman+2015/2016)

MACS1206

e s iy A
® MACS 1206
@ CLASH-VLT (Biviano+2013)
@® MUSE (Caminha+2017)

Choose two CLLASH-VLT clusters;
dynamically relaxediand centered
on their BCGs:

Aalrescaled]

RXJ2248-7-4431, <z>=0.348,
l500=2-6 MpC, 1100 members with z

MACS1206.2-0847, <z>=0.440,
r200:2.0 Mpe, 600 members with z

- Ly-a deteet.
© in MUSE

=~
]
=
o
wm
@
=)
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BCGs velocity dispersion profiles

1
3 .
PBCtI"OScuplc redshify Hlue: RXC JZ2248

Red: MACS1206

| Macs 1206

Quality of MUSE BCG
velocity dispersion
profiles is impressive!

(Cmp to Sand+04

Tangential Arc
|

ESI at KecKll profile)
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The inner slope of clusters DM density profile

Sartoris + in prep.:

RXC J2248.7-4431
(CLASH-VLT + MUSE):

Inner'siepe e BV
p(r—0):
Monte Carlo

y = -dinp/dint ! y 4 it/ ' Markov Chain
=0.97£0.04 _ | _ analysis

fully: consistent
with NEW.

Y e
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The inner slope of clusters DM density profile

Sartoris + in prep.:

— Model }
Galaxies
Stars (SW)
Stars {NE)

0.010 0.100 1,000
R [Mpe]

RXC J2248.7-4431, predicted velocity RXC J2248.7-4431, projection of best-fit
dispersion profile from the best-fit M(r) kinematic determination of M(r) along the
compared with the observed velocity l.0.s. and comparison with' other mass

dispersion profiles of: cluster galaxies and profile determinations (Strong Lensing:
the BCG Caminha+16, Weak Lensing: Umetsu+16, e,
X-ray. Chandra) /o
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The inner slope of clusters DM density profile

=

AB + in prep.:

MACS 1206.2-0847
(CLASH-VLT + MUSE):

Inner'siepe e BV
p(r—0):

y=-dInp/dinr
=0.67 £0.15

Monte Carlo
Markov Chain
analysis

nat
u_
[P Y
u-
0.0

14F°
1Er
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LEE,
u T

/nconsistent
with NEW. at 2 o

o2 o4 OO OB 10 102082 04 08 03 1.0 18 14

Y e
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The inner slope of clusters DM density profile

AB +in prep.:
Red line, orange shading: Caminha+17 8L
1oL Black line, gray sheding: kinemeties

-

- — Model

- » Calaxies

104

- % Stars E
: -2

lulﬂ

— 1200
™,

£ 1000
&

y 800
b

800
400F

0.001 0,010 0.100
R [Mpe]

1,000

MACS, 1206.2-0847, predicted velocity MACS 1206.2-0847, comparison
dispersion profile from the best-fit M(r) with strong lensing determination of 3d
compared with the observed velocity M(r) by Caminha+17

dispersion profiles of cluster galaxies and

the BCG
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Ifhe inner slepe of clusters DIV density: prefile

\ariance in values of different clusters cannot depend om; DIVI
Properties; (bv must be. the: same. for all. clusters) = no) motivation for
alternative DV models (e.q. self-interacting DM, Spergel & Steinhardt 00)

Banyenic precessesiCaCliaineey:

Nolfeloretife coriirelciion (Blurmiariifizllres, CrilirHo4) v>1
Recent accretpniei alaigersubelstert(Schaller+i5s)

Dynamical friction (El-zant+01, +04)
Collisienless mergers (Laporte+i12) y<1
AGN feedback (INavarro+96, Ragone-Eigueroa+12, Peirani+17)

As a cluster goes through different evelutionary stages,
y. can differ for the same cluster at different times
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Iihe inner slepe of clusters DIV density: prefile

\Whichi of eur cluster preperties cam explain thelr y difference?

e N evidence ier dynamical fricuoniin MACS, 1206 2-084% (Annunziatella+14) Q-’j

® N0 evidenceriorecenimERESIRIEIRNNEr EQIonNs Gl any elithe two clusters

(Cirzlceli=15, VYerctroF i) oreg.)

e The two BCGs have the same stellar mass, 1.2 x10* M _, but RXC J2248.7-4431
IS twice as massiveras MACS 1206.2=0847 (2.9'vs 1.4 <10 M ) (‘_i;)

L

e BCG of MACS 1206.2-0847 is more active than BCG of RXC J2248.7-4431

— ('ID2925', 'ETG(BCG)', 'my,,~18.2', ':=0.4398", 'QF=3')

— ('ID2925', 'ETG', 'my,,=18.2', '2=0.4398', 'QF=3')
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Ithe inner slepe of clusters DIV density: prefile

Previous Investigations (Sand+04, 08, Newman+13; Annunziatella+17):
~all clusters have y<1i:

Newman+13 5 Scehaller15:INewman+131eok the: wrong
' ISOLEPIC assSUImpPLeRNerBCG stellar orbits

djhisicantt be the explanation: iniour analysis we
findBE .- o (HIS0(isetropic) and yet ene of our

cluster has y=1

>
—
w
c
)
°
=
=)
©
]
<)
-
o

00 02 04 06 08 1.0 1.2

Y

However... for the one cluster
we have in common with Sand’s
(MACS 1206.2-0847)

we find a larger value for y : i
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Ithe inner slepe of clusters DIV density: prefile

Why do Newman+15, Sand+04, +08, clusters have |ow!y?

He+19: C-EAGLE" | BrREAKING
simulations TDEWQT

(less ihan aweekiagoy):

’Validate tieprocedure of Sand+04, 08,
and Newman+13 (similar to ours, but

ey use lensing to constrain M(r) at

large r, instead of kinematics)
~

C-EAGLE clusters are significantly larger
(and closer to NFW) than those off Newman+13
(but in good agreement with, our results!)

e best-fits) { The procedure seems OK, yet the y values of

Can Newman+13’s values be biased low because of:

* triaxiality? no!

148 150 152 154 « M./L variation withi radius? no!

logio Maoo [Mg]
RAC 12248.7-4431
MACS 1206.2-0847
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» stellar velocity anisotropy? no!




Ithe inner slepe of clusters DIV density: prefile
Why do Newman+15, Sand+04, +08, clusters have |ow!y?

He+19: C-EAGLE simulations

AT Tninsi Tilhe preblem may. lie inthe covariance
PENVEEN g 2y (@lse)present in our analysis),

~abiasedilow)valte of r_ in Newman+13

(i Sanas045ney assume theisame r_value
jor all'clusters for lack of constraints)

74431

~

2/ Q

I~
*
ee)
S
A
©
o
N
—l
V)
O
<
=
@

c 14.8 15.0
8 logio Moo [Me]

O o bimsed (Simulated y
values would
agree with
Newman+13
i they are
obtained by
adopting

biased values
of r_ (V2 true values)

N

logio Moo [Mo]
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Ithe inner slepe of clusters DIV density: prefile
What next?

Determine DM p(r) inner slopes oft more clusters
torsee I y changes withmass, dynamicall status, BCG activity:

+ 14 z-0.05-0.3! clusters withHiteraite data (HeCS, Rines+13, ~200 spec.
memBers/ClUSIer; Loubser 16, BES VeI oCI diSpersien profiles with Gemini N&S)

+ 7 z-0.4 clusterswithf CEASHEV LR data(Z>500/speE. memiers/cluster)
and MUSE datatierthe BCGs velecity dispersion profiles

¢ can we gotoz~1?

Total masa Stellar mass

EIT_hL_-‘- ]::ape.r log M < 14.5
eitllzraiure 145 < log M < 15.0
Bhal3d log M = 15.0

The concentrations of total mass

and stellar mass in clusters of <

galaxies evoelve with z inra mankedly,

different Way/ (AB+16)
4

How: do y.__and y. evolve with z?
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Ithe inner slope of clusters DV density. profile
What next?

Determine DM p(r) Inner slopes ofi simulated! clusters
o1 Ssee I our precedure to ehsenvationally determine y/Is correct and unbiased

and te explere how:'y changes with cluster dynamical status and BCG AGNI activity

" L.
‘& “ : - -
A ‘\‘!;‘ !, ol & 1
+ DIANOGA:  ORERE o ‘?‘.

24 re-simulated -
clusters extracted *-‘ i
from cosmological | %

Simulations
(Rasia+15, Biffi+16,
Ragone-Figueroa+18)

-

-

-
5 .

-
I»“ St

L4
,"..u -
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Iihe inner slepe of clusters DIV density: prefile
In cenclusion...

Perhaps clusters do have: a fiat imner DV density: profilersiope, after all...
...DUL Beware effhow. you.reaad your datal

Copyright: G. Dargaud

Steep slope? Elat slope?

iparpE
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