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" What do Globular Cluster Systems tell us about
Galaxy Evolution?

[a/Fe]=+03 _|

. Brodie & Strader (2006
"« Globular cluster are predominantly ! (2006)

old (> 8 Gyr) and metal-poor

[MgFe] (A)




" What do Globular Cluster Systems tell us about
Galaxy Evolution?
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'+ Globular cluster are predominantly
old (> 8 Gyr) and metal-poor :

*Globular cluster metallicity .« " B
distributions in massive galaxies are: - [
often bimodal, unlike underlying field |
star metallicity distributions

* Metal-poor (halo), -

Peng et al. (2006)



Wha’r do Globular Cluster Systems Tell us abou‘r
Galaxy Evolution?

 Globular cluster are predominan’rly_
old (> 8 Gyr) and metal-poor :

*Globular clus’rer|me’rall|c1’ry -
‘distributions in massive galames ar'e _
often bimodal, unlike underlying fle!d o
star metallicity disT_r*ibd’rions

* Metal-poor (halo),

~ Globular cluster formation efficiency is not constant across
metallicity and age



Wha’r do Globular Cluster Systems tell us abou’r
Galaxy Evolution?

Specific Frequency: number ~ Purpose: "To i‘r.\ves’riga’re whether
of 6Cs normalized to My=-15  there is in fact a 'universal' and
= Ngc 10 04M#15) uniform.capability for globular

: cluster forma'rlon (Harris & van den
Ber'gh 1981) - .-
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" What do Globular Cluster Systems tell us about
Galaxy Evolution?

Specific Frequency: number ~ Purpose: "To iﬁvesTiga:re whether
of 6Cs normalized to My=-15 there is in fact a 'universal’ and
Sn = Ngc 10 04M+18) uniform.cdpability for globular

cluster formation.” (Harris & van den
-7 Bergh 1981) - .- :

" “Globular cluster formation
- - efficiency is not constant
*  across galaxy mass

© QC systems offer a unique
and complementary view on
galaxy formation:
Environment may be the key.

Peng et al. (2008)



The ACS Virgo Cluster Survey

- HST/ACS imaging
survey in g and z

* 100 early-type galaxies

© -22 < Mg < -15, giants to
dwarfs

* Depth: 90% of GC
population

* 16 control fields
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The ACS Virgo Cluster Survey

HST/ACS imaging
survey ing and z
100 early-type galaxies
-22 < Mg < -15, giants to
—— - : * dwarfs
Depth: 90% of GC
population
16 control fields

A homogeneous survey across the mass
spectrum of "surviving progenitors” and
"merger products”



The ACS Virgo Cluster Survey
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HST/ACS imaging
- Patrick Coté (PI: Virgo) - survey in g and z
Andrés Jorddn (PI: Fornax) ' |
- ' John Blakeslee i : 100 early-type galaxies
Laura Ferrarese -22 < Mg < -15, giants to
Simona Mei ' . dwarfs
Chm-Weu Cheh Depth: 90% of GC
Marianne Takamiya .
Michael West population

16 control fields

A homogeneous survey across the mass
spectrum of "surviving progenitors” and
"merger products”




How does GC fraction behave across galaxy mass?

* Narrow range of Sn at
infermediate L

* High Sn values for both
giants and dwarfs

Peng et al. (2008)
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Globular Clusters in dEs: The Role of Environment

* Dwarfs only: M;> -19
* SN Vs clustercentric distance

0.5 1.0 1.5
Projected Distance from M87 (Mpc)

Peng et al. (2008)



Globular Clusters in dEs: The Role of Environment

* Dwarfs only: M;> -19
* SN Vs clustercentric distance

M <-190
M’ >-19 ¢

0.5 1.0 1.5
Projected Distance from M87 (Mpc)

.,-l'--l'\I
=
=
e
L
i)
-
.,
o0
o
=
=
=
L —
-_—
=
]
Z
i
)
=
=
.I:.ﬂ
-

» dEs with high GC fractions are
WlTh'h DP 3 1 MPC DiSI[ﬂI]CE' East frc-n?] MR7, RA {I';*Ilp-:)
» dEs within 100 kpc, stripped of GCs

Peng et al. (2008)



Globular Clusters in dEs: The Role of Environment

D <1 Mpe D > 1 Mpc

Peng et al (2008)



Implications

12 * 6C formation in dEs is most
efficient in dense regions (biased)

 Low mass halos in dense regions
collapse earlier, and are perhaps
more efficient at producing GCs

» Earliest collapsing low mass halos in

-0 ik densest regions could build metal-
poor GC populations in giants

Moore et al (2006)
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» Earliest collapsing low mass halos in
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The Millennium Simulation
(Springel et al 2005, De Lucia et al 2006)
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dwarfs (M2>-19 at z=0) and their
progenitors
* 63 snapshots from z=12

-

What are the properties and star formation

A histories of simulated early-type cluster

dwarfs?



The Millennium Simulation:
Early-type cluster dwarfs

Average star formation rate
of central dwarfs more
peaked with rapid falloff

Gyr'M_ )

<SFR>(M__

Star formation in central
dwarfs occurs at higher star
formation rate density
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The Millennium Simulation:
Early-type cluster dwarfs

In local star forming galaxies,
higher SFR surface dénsity means a

larger fraction of stellar luminosity/
mass in massive star clusters

Larsen & Richtler (2000)

We can scale the SFR and SFR densities in
Millennium semi-analytic models to predict star
cluster formation rates .

Cluster Formation Rate o< SFR x SFR surface density



The Millennium Simulation:
Early-type cluster dwarfs

Star Formation
- — = = Cluster Formation
~woeo SFR surface density R < 1 Mpc

Peak formation of massive
star clusters is naturally
earlier than peak SFR

Normalized Formation Kate

SFR surface density
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Star Formation Rate



The Millennium Simulation:
Early-type cluster dwarfs

Star Formation
- — = = Cluster Formation
cooeee SERC surface density

Peak formation of massive
star clusters is naturally
earlier than peak SFR
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The Millennium Simulation:
Early-type cluster dwarfs

0.5 1.0 1.5
3D Distance from M&7 (Mpc)

Oldest dwarfs are at cluster center and formed GCs at high efficiency.



The HST/ACS Coma Treasury Survey

g * Nearest rich, dense
- ‘ v cluster environment (100
Mpc)

« HST/ACS Treasury
. o B .- survey to observe 82
- . - pointings ingand I in
b - 4 2.~ cluster core and
| L , outskirts. Only 25
e L completed.

. «D.cCarter (PI), H.
BT A Ferguson, P. Goudfrooij,
;s T. Puziq, et al.



The HST/ ACS Coma Treasury Survey

Can still do interesting 6C and galaxy science!
(See talks and posters by M. Hudson, R.
Smith, A. Graham)




- The HST/ ACS Coma Treasury Survey
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~ « 6Cs are point sources ..

» Entire cluster coreis
filled wjth"GCs >

| 4 [ntergalactic population
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* Most+are metal-poor

RN

» Spatial structure in 6Cs

1952 1950 1948 1946 1944 1942
RA(J2000)

Peng et al. (in prep)



- The HST/ ACS Coma Treasury Survey
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- GCs are point sources ..

» Entire cluster coreis
filled wjth"GCs >

‘In’rergalac‘ric population
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* Most+are metal-poor
- (2:1) » R
» Spatial structure in 6Cs

1952 195.1 1950 1949 1948 194.7
RA(J2000)

Peng et al. (in prep)
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- The HST/ACS Coma Treasury Survey

EII

Coma core GC distribution

B

Peng et al. (in prep)
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~ « 6Cs are point sourceg, .

- Entire clugter core is
filled with6Cs 4

.In’rer'galac’ric population

+ Most+are metal-poor
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» Spatial structure in 6Cs
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- The HST/ ACS Coma Treasury Survey
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. * GC radial profile Y
centered on NGC 48;4 >
1.000 o Galaxie_s Skéd and
their GCs sTatistically 4
subtracted |

Ei 0.100
4 ! . .
7. .Ser'sw + constant fits
well = .
- L -‘" _P : ..
0.010 i * Intergalactic GC

density is well above
background level

0.001 ... il Y ————

1 10 100
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& - Peng et al. (in prep)



- The HST/ ACS Coma Treasury Survey

*

. * GC radial profile s
centered on NGC 48;4 5

1.000 i .
 Galaxies masked and

their GCs statistically o

subtracted
* Noc (R<520kpc) = 58,000

« “Sersic" 6Cs = 17,500
« "Intergalactic” 6Cs = 40,500
* Sn(Sersic) = 8 o .: We”
+ Intergalactic light: 27 mag/arcsec® =" 7' ‘ . .
0.010F. ~2000 disrupted dEs at My=-16 RN » Intergalactic GC

s density is well above

background level
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- The HST/ ACS Coma Treasury Survey

-

o 3
ST TN - - GC radidl profile
10.00 centered on NGC 4874

» Galaxies masked and
their GCs statistically 4
subtracted |

.Ser'sic + constant fits -
well + .
»

- Intergalactic GC
density is well above
background level

a - Peng et al. (in prep)



Conclusions

1. 6C formation in dEs relative to their field stars is biased
toward the cluster center

D <1 Mpc | D > 1 Mpe

0.5 1.0 1.5
Projected Distance from M87 (Mpc)




Conclusions

1. 6C formation in dEs relative to their field stars is biased
toward the cluster center

2. Central dEs form stars and GCs earlier, more intensely, at
higher SFR surface densities, naturally producing higher Sy,
and leading to GCs that are older, more metal-poor than their
hosts.

0.5 1.0 1.5 2.0
Projected Distance from M87 (Mpc)

Star Formation
- — = = Cluster Formation
e SFR surface density R < | Mpc
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Normalized Formation Rate
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Conclusions

1. 6C formation in dEs relative to their field stars is biased
toward the cluster center

2. Central dEs form stars and GCs earlier, more intensely, at
higher SFR surface densities, naturally producing higher Sy,
and leading to GCs that are older, more metal-poor than their
hosts.

3. In the Coma cluster core, there exists a large population of
intergalactic GCs, possibly corresponding to a large population
of disrupted, high-Sn dwarf galaxies.
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Conclusions

1. 6C formation in dEs relative to their field stars is biased
toward the cluster center

2. Central dEs form stars and GCs earlier, more intensely, at
higher SFR surface densities, naturally producing higher Sy,
and leading to GCs that are older, more metal-poor than their

hosts.

3. In the Coma cluster core, there exists a large population of
intergalactic GCs, possibly corresponding to a large population
of disrupted, high-Sn dwarf galaxies.

Coma core GCs
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