The evolution of groups & of galaxies therein

1) Evolution of groups
1a) How can we tell if a group is collapsing or virialized?
1b) How frequently do compact groups from?

2) Evolution of galaxies in groups
2a) How frequently do galaxies merge?
2b) Do we understand the morphology density relation?
2c¢) How far out should we see the effects of the group environment?

3) Internal kinematics of groups
3a) Which is the best estimator of the virial radius of a group?
3b) Can we constrain the mass profiles & orbits?
3c) What are the nature of the different classes of groups?
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States of groups

1013 M, halos in cosmological simulations

friends-of-friends groups

stringy, z-space selection: contaminated by filaments
Moore, Frenk & White 93; Diaferio et al. 99

States of compact groups

isolated virialized overdensities do/p ~ 10°

cores of virialized groups

chance alignments of galaxies within:
loose groups Rose 77; Mamon 86

clusters Walke & Mamon 89
fillaments Hernquist, Katz & Weinberg 95
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Is a group collapsing or virialized?

G Mamon, unpublished
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How frequently do
compact groups form?
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- CG size
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N(M,t,) = 7dt ?dM'

3 compact group
formation scenarios

At

coalescence

Mamon 87

~0.2-2 Gyr

extended Press-Schechter
formalism

R (M',t)P(M,t,| M',1)
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Extended Press-Schechter estimates

Fossil Groups g o;_g.0s

1013
M (M)

For 100 Virialized:
4 Compact

10 Loose
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collapsing groups
are frequent enough
to explain CGs!




Compact groups of galaxies

.
~
-

ﬂ Hickson Compact Group 40
Subaru Telescope, National Astron:

omical Observatory of Japan January 28, 1999

very high density & low velocity dispersion ‘ direct mergers

mmm) should be very elliptical-rich!
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Galaxy morphologies

compact groups of galaxies are ...
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How frequently do galaxies merge in groups?

Mamon 00, astro-ph/9911333

Theoretical rates of galaxy mergers, function of:
* environment
 galaxy mass

e position 1n group/cluster

‘ morphology-density relation
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2 types of mergers

Mergers after orbital decay by dynamical friction

N

(9

Direct mergers (« satellite-satellite »)
N
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Direct merger rates  Vemono2 Ao

00, astro-ph/9911333

k=(vZ(v)) .l >(0) = 7w p’, (V)

rate X-section

Roos & Norman 79

‘Y

rate mmm)  X-ScC at apocenter

X-sec at pericenter == 1o gravitational focussing
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Merger rate vs. environment

Roos & Norman 79 x-section (no grav. focussing)

k=2ma a,rlo, K(o,/0),)

Mamon 92: Mak
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Merger rate versus galaxy mass
Mamon 00, astro-ph/9911333
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major mergers mInor mergers destruction

L or 1/5 Burkert 01

L elliptical morphologies

Schechter 76 mass function

2 2
— m;m* R (m/m:)
O]

n/;(m) =~ 0.5
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Direct merger rate vs. mass
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Merger rates versus galaxy position in group/cluster

x-secs m=mmmp modulated by global tidal field
elongated galaxy orbits in clusters: Ghigna et al. 98

stars 1n galaxy feel tidal shock Ostriker et al. 72

GM(R R
Av=F. . xAt= ( p)r P
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White 83
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Merger rates versus galaxy position in group/cluster
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0.4

O

Spiral fraction

0.2

log surface density (Mpc_z)

Spiral fraction vs. surtace density

corrected for projection RN A MEED

corrected for projection and mergers

3
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Origin of Helsdon & Ponman
morphology-density relation
in X-ray groups

can be understood if:

merger rate in groups today  average merger rate in group progenitors

merger rate in clusters today  average merger rate in cluster progenitors

AND

little erasure of morph. segregation during group/group mergers

AND

direct merger rate independent of mass

frictional merger rate

, Groups of galaxies in the nearby Universe




History of mass accretion

log h M= 1X.

log[M(z)/M,]

0.5 05 0 0.5 0.5
log[1+2]
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mass accretion of today's groups = mass accretion of today's clusters




Direct mergers vs dynamical friction

=~ CSt

direct

" I[M(R)/m]

Tdirect _

R(m /m*)/(m /m*)

tfriction

scales with group/cluster mass only logarithmically!

‘ Helsdon & Ponman X-ray group morphology-density relation understood!
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Direct mergers vs dynamical
friction (ctd)
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Merger rates vs. mass

rich clusters:

m <m./100 m > m./100

| l
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How far does one see the effects
of the group environment?

How far do galaxies bounce out of groups (and clusters)?

Gary MAMON (/AP), 7 Dec 2005, Groups of galaxiesin the nearby Universe




Observations vs. normalized radius
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GV > 150 km/S : —_ Er:?_e:v:mmea‘ji::::‘ic:-:—i;yp:?:‘:

— . Late Disc

=
W

1 0.1<2<0.36

ja
O
—
O
O
u
L

O
N

~ 1
%@/ E

2

I 0.36 <z<0.47

10

o
T

o / Ta00

change of colors
& morphological mix at 1-2 r,q,

Gary MAMON (/AP), 7 Dec 2005, Groups of galaxiesin the nearby Universe




Predictions of rebound radius

inside rebound radius material 1s mixed = virialized?
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How far can galaxies bounce out of groups?

Table 1: Rebound radius in different scenarios

r t do Yta | Treb/T100

A 1.0 300 269 022 | 1.78

/'i 2.0 250 242 0.258 0.87

L 20 200 215 029 | 1.03

1.0 2.00 215 0296 | 2.46

s 15 250 242 0258 | 1.25

|23 250 242 0258 | 0.73

Y24 217 224 0282 | 0.77
[ | 2.3 358 299 0205 | 0.55

10 Hli 1 |:a!|\|§ Lol M

01 1 1
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Following orbits...

Dz=O/Rvir

deeply penetrating subhalo

Gary MAMON (/AP), 7 Dec 2005, Groups of galaxiesin the nearby Universe



Group internal kinematics

ongoing ...

with Andrea Biviano ( Trieste)
& Trevor Ponman (Birmingham)




Data

GEMS: groups pointed at with X-ray telescopes:
— group centers, temperatures
— classes:

G = group emission

H = galaxy « halo » emission

U = undetected

NED: incl. SDSS-DR4, 6dFGS-DR2
0< 286, from Max(o,,300 km/s)

vir
[V-v < 3 Max(o,,300 km/s)

|
group
— galaxy velocities (& errors), morphological types

2MASS: galaxy K-band magnitudes

Gary MAMON, /AP, 7 Dec 2005, Groups of galaxies in the nearby Universe




Gary MAMO

velocity (10° km/s)

~

©

Interloper removal

HCG4 G £=0.00 <v>=0 km/s
—————

i L M
0.5
radius (Mpc)

HCGB2 G B=0.77 <v>=4266 km/s
1 1 1

-
0
G
E
E
)
—
e
>
=
[3]
S
[
>

~2

velocity (10° km/s)
o

HCG92 G B=1.92 <v>=6374 km/s
T r T

@

o

0.5 1 1.5
radius (Mpc)

0.5 1 1.5
radius (Mpc)

velocity (10°® km/s) velocity (10°® km/s)

velocity (10® km/s)

o

»

—

3]

(2]

w

N

N w

—

HCG16 G =0.12 <v>=3867 km/s
11—+

1

0.5
radius (Mpc)

HCG68 G f=0.40 <v>=2419 km/s
[T T I o

0.5
radius (Mpc)

NGC1566 H £=0.30 <v>=1240 km/s
S

0.5

radius (Mpc)

velocity (10° km/s)

velocity (10°® km/s)

NGC4085 G B=1.04 <v>=7136 km/s
9 r{v17TrJffrTrTrjrrrrr1T v

velocity (10° km/s)

w -

N
T

(4]

(]

HCG48 G #=0.00 <v>=0km/s
———— —

-

0.5
radius (Mpc)

4l:l(!GQO G f=0.23 <v>=2590 km/s
I b 1

'.-..o I.'*ll y
P? .q‘Qo

0.5
radius (Mpc)

radius (Mpc)




Which is the best method

to estimate the virial radius?
from group velocity dispersion

h,r /
— pure NFW D2~ 0o, « sigvnfw »
IMpc A 490km/s

— cosmological M-o,  « Borgani »

from temperature 0T ~ 3 / o M,

IMpc 1.14 x10" M__

M, from M-T relation

from K-luminosity Lin, Mohr & Stanford 03

corrected for incompleteness
calibrated on M-T relation of Finoguenov et al. 01

Gary MAMON, /AP, 7 Dec 2005, Groups of galaxies in the nearby Universe




Mass - temperature relations

Vikhlinin+05-spec

Arnaud+05
aud+05

Vikhlinin+05-spec

Finoguenov+01

Evrard+96
1
2
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Computing line-of-sight velocity dispersion profiles

from data:
stack groups: normalize radii to r;. & velocities to v,
unweighted or weighted
equal number of galaxies / radial bin

(Omitting central galaxy) Prugniel & Simien 97

from (NFW) mcﬁé M (R) 0> (R) = 2G f —v(r)M(r)dr

I”

E/SOs in clusters: Coma Lokas & Mamon 03 ENACS Biviano & Katgert 04

for some simple B(r) | HESY I 2Gv(r)M (r)dr

e.g.f = 1 ! Mamon & tokas 05b

2 &x Mamon & tokas 05b

tracer density « mass density or fit separately v(r) & 0,.(r)

Gary MAMON, /AP, 7 Dec 2005, Groups of galaxies in the nearby Universe




Line-of-sight velocity dispersion profiles of groups
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High vs low B, groups
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Conclusions

CGs form at fast enough rate to replenish fossilized ones

Massive galaxies in groups suffer more direct than frictional mergers

Morphology-density relation difference between
X-ray groups and clusters 1s as expected from mergers

Group environment felt out to ~ 2 r,,

No break in M-T relation
Low T groups may show energy dissipation near center

Low [ groups caused by high T' & much less concentrated
(or in circular orbits) — recent group-group mergers

Outliers in Li-0, & fundamental track:
coalescing or chance alignments?




