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A Fourth Class of Group?

Mulchaey & Zabludoff 1999

is olated ellip ticals : X -ray  e x te n t, lum in osity , te m pe rature , 
m e tallic ity , g as m ass, total m ass, an d  d w arfs lik e  g roups



One Possible Scenario...

mergers/stripping ---> central gE, more dwarf-to-giants, early-types, 
intragrou p stars and metallicity as v elocity dispersion rises

dark  matter, h ot gas in common h alo, h ydrostatic eq u ilib riu m

grou p dynamically-ev olv ed (and look s lik e clu ster th at accretes it)

E. G reb el



There is G a la x y  E v o lu tio n  v ia  M erg ers

--->

Ya n g  e t a l. 2 0 0 4

N o r to n  e t a l. 2 0 0 1

“ E + A ”  G a la x y

J . D u b in sk i

Z a b lu d o ff e t a l. 1 9 9 6



Evolution of Early-Typ e  F rac tion

Zabludoff & Mulchaey 1998

d o g roup s  form  th is  w ay 
or e volve  along  s e q ue nc e ?

at 1 0 0 0  k m /s , e arly-typ e  
frac tion =  1 2 0 % !

saturation  p oin t:  up turn 
at ~ 4 0 0 -5 0 0  k m /s  
c orre s p ond s  to L *  m e rg e r

Early-Typ e  F rac tion
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Evolution of Dwarf-to-Giant Ratio, 
B rig h te s t Group  Galax y

Zabludoff & Mulchaey 2000

B GGs lie  in g roup  
c e nte rs  (th e n d warfs , 
g iants )

p op ulations  not m ix e d
= = > later  for m ation

B GGs offs e t in lowe r 
d is p e rs ion g roup s
(Mom chev a et al. 
2005 , W illiam s  et al. 
2005 )



Evolution of Dark Matter Halo

Zabludoff & Mulchaey 1998

s p read  in g alax y  veloc ities  
c ons tant

m as s  inc reas ing  like r

= = >  m as s  n ot in  g alax y 
halos , but diffuse

h ig h er d is p ers ion g roup s  
survive b ec ause c ros s -
s ec tions  s m aller

L oc al G roup  h as  y et to 
c ollap se



Evolution of X-Ray Halo

Zabludoff & Mulchaey 1998

tw o c om p one nts , oute r  lie s  on c lus te r  r e lations  = = >  1)  g as , 
g alax ies  trace sam e p oten tial, 2 )  hydros tatic eq uilibr ium , 3 )  I G M,
I C M ev olv e s im ilar ly

w h at ab out low e r  d is p e r s ion g roup s ?



Evolution of Intragroup Starlight

tw o c om pone nt m od e l b e s t fit, not rand om  vie w  of triax ial s y s te m

d b l d e V  (          )2r
1/4

intragroup light:

  distinct, ubiquitous

  8 0 -9 0 %  of lig h t

  1 0 -4 0 x  big g e r, m or e
  e llip tica l ( lik e  g r oup
  m e m be r s)

  close ly  a lig ne d

  inje cts > 5 0 %  m e ta ls?

w hat ab out poore r 
groups ?

G onz a le z , Z a bludoff, &  Z a r itsk y  2 0 0 5



Importance of Group Evolution to Galaxies 
in Clusters

some g roups look  lik e 
clusters in early -ty pe 
fraction...

and  q uiescent d w arf-to-
g iant ratio

B GGs centered  in evolved  
g roups, not clusters

B GG velocity  d ispersions 
max out at ~ 4 0 0  k m/s

m a in  d riv er in  g ro up s, n o t
c lusters?

D . Ch ristlein



Lewis et al. 2003 (2df)

Importance of Group Evolution to Galaxies 
in C lu ster s ( cont.)

G o m ez  et al. 2003 (S D S S )

S F R  falls at ~  few  
g al/M pc

~  cluster infall 
rad ius ( 3 -4  r    )

~  poor g roup!

b reak  in S F R -d ensity  relation
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Christlein & Zabludoff 2004

Importance of Group Evolution to Galaxies 
in Clusters ( cont.)

b ulg es b rig h ter 
from late to 
early  ty pes, 
d isk s not fainter

morph -enviro
relation d ue to 
b rig h ter b ulg es

C an early  ty pes form from fad ing  th e d isk s of late ty pes?

g alax y -g alax y  interac tions fav ored



Groups Are Where the Action Is (or Wa s)

w ha t a b out cluster d a rk  m a tter, X -ra y  g a s, a nd  intra cluster lig ht
com ponents?   M ihos (this conference) , m eta llicity  sa tura tes

m erg ers in g roups, g roup-cluster correla tion, a nd  increa sed  infa ll 
a t hig her red shifts prod uce B utcher-O em ler E ffect (Z a b lud off et 
a l. 1 9 9 6 )

m orpholog y -env ironm ent rela tion, d w a rf-to-g ia nt ev olution, g E  
g row th sa tura te w hen m erg ers b ecom e less lik ely  (Z a b lud off &  
M ulcha ey  1 9 9 8 , 2 0 0 0 )

B C G form a tion occurs in g roups

galaxy-galaxy interactions dominate group, and cluster, galaxy 
ev olution



Measuring Group Evolution Directly:
S trong L ensing Groups

groups at h igh  red sh ift?   > 2 5 %  of 
lenses in groups

poor m od el = = >  group potential

Willia m s  e t a l. 2 0 0 5

M o m c h e v a  e t a l. 2 0 0 5



Conclusions

m e r g e r s a nd  str ip p ing  im p or ta nt to g roup  e v olution

a s g roup  e v olv e s, d w a r f-to-g ia nt r a tio, e a r ly -ty p e  fr a ction,
intr a g roup  sta r lig h t a nd  m e ta llicity , a nd  ce ntr a l g E  g row  

d a r k  m a tte r, h ot g a s in com m on h a lo, e q uilib r ium

isola te d  g E /“ fossil”  g roup  e nd p oint?

many sa tur a tion p oints w h e r e  g roup s look  lik e  cluste r s, 
b ut unlik e  r a r e fie d  fie ld

g roup  g a la x y  e v olution m a y  d om ina te  cluste r s ( m or p h -
e nv iro r e la tion, B utch e r-O e m le r  e ffe ct, B CG  for m a tion)


