4/19/2010

Lonely Stars – Observational Studies of
Intracluster Starlight
John Feldmeier
Youngstown State University

Collaborators: Robin Ciardullo (PSU), George
Jacoby (WIYN), Pat Durrell (YSU), Chris Mihos
(CWRU), Kelly Holley-Bockelmann (PSU),
Heather Morrison (CWRU), Paul Harding
(CWRU), Ben Williams (PSU), Caryl Gronwall
(PSU), Steinn Sigurdsson (PSU)
Thanks also to: Magda Arnaboldi, Holland Ford,
Ken Freeman, Ortwin Gerhard, Rolf Kudritzki,
Roberto Mendez, Eva Villaver, Jesper SommerLarsen, Letizia Stanghellini, Beth Willman

1

4/19/2010

What is intracluster starlight?
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N-body Simulations from Dubinski (2000)
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Why are intracluster stars
important?
• Intracluster stars are an unstudied form of intracluster
matter - different properties than X-ray gas
• Intracluster stars preserve a record of a galaxy cluster’s
dynamical history – Tidal stripping, Dark Matter
• Intracluster stars are another source of baryonic dark
matter in galaxy clusters
• Intracluster stars are a unique type of stellar population
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Summary

Models by:
Rudick, Mihos & McBride
(2006),
Stanghellini, GonzalesGarcia, Manchado (2006),
Sommer-Larsen et al. (2005),
Murante et al. (2004),
Willman et al. (2004), and
Napolitano et al. (2003)
show that intracluster light is
common in galaxy clusters
However, direct imaging
observations are
incredibly timeconsuming and do not
probe the lowest surface
brightness features!
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Detection of individual intracluster stars:
• Intracluster Planetary Nebulae – hundreds of candidates found in Virgo and
Fornax, and possibly Coma (Arnaboldi et al 2004; Feldmeier et al. 2004, Gerhard
et al. 2005; Aguerri et al. 2005)
•

Intracluster Red Giants – hundreds of candidates found in Virgo (Ferguson,
Tanvir, and von Hippel 1998; Durrell et al. 2002)

•

Intracluster HII regions, Intracluster Novae and Intracluster Supernovae –
Found in Virgo, Fornax, and more distant clusters and groups(Gerhard et al. 2002;
Ryan-Weber et al. 2004; Gal-Yam et al. 2003; Neil, Shara, & Oegerle 2005)

Surface Brightness observations of many more distant clusters:
• Surveys of dozens of galaxy clusters (Feldmeier et al. 2002, 2004; Gonzalez et al.
2000, 2005; Lin & Mohr 2004; Mihos et al. 2005; Krick, Bernstein, & Pimbblet
2006)

10 – 20% of all starlight in galaxy clusters is in an
intracluster component.
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About 15% of the total energy of a PN central star comes
out in a single emission line. This is the forbidden
“nebular” line of doubly ionized oxygen at 5007 Å.

By viewing a galaxy through a ~30 Å wide filter centered on
this line, and again through an “offband” filter, bright PN can
be identified out to ~20 Mpc with 4-m class telescopes.

Feldmeier, Ciardullo, & Jacoby (1996)
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Virgo Cluster results (15 Mpc)

318 IPN candidates in 0.8% of Virgo (Feldmeier,
Ciardullo, Jacoby 1998; Feldmeier et al. 2003;
Feldmeier et al. 2004)
About 30 spectroscopically identified
(Freeman et al. 2000; Arnaboldi et al 2003)

Fornax Cluster (D = 17 Mpc) - 138 IPN candidates here.
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Converting IPN densities to Luminosity
densities - 1
From comparing IPN
densities to IRG
densities, we found an
empirical correction of:

= 23 +/-12
Durrell et al. (2002)

See also the theoretical
analyses by Ciardullo et al.
(2005) and Buzzoni,
Arnaboldi & Corradi (2006)

Ciardullo (1995)

Converting IPN densities to Luminosity
densities - 2

Ciardullo et al. (1998)
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Converting IPN densities to Luminosity
densities - 3
Averaging the Virgo results together, we find:

Fraction = 15.8% +/- 3.0% (statistical) +/- 5% (systematic)
For the Fornax cluster, we find a similar result

(20% +/- 5%)

Aguerri et al. (2005) performs a similar analysis, and finds 5-10% for
their fields. This can be attributed to different field detections, different
assumptions in , corrections for contaminating sources, and possible
depth effects.
These numbers are comparable to the Intracluster Red Giant results. The
errors are dominated by the systematic uncertainties.

Two important (unanswered)
questions:
• What is the mean age of the intracluster
stellar population?
• What is the mean metallicity of the
intracluster population?
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A Solution: Color-Magnitude
diagrams of the red giant branch in
intracluster space

Intracluster light comes
predominantly from dwarf
galaxies - [Fe /H] ~ -1

Intracluster light comes from
“harassed” giant galaxies [Fe/H] ~ -0.4, dispersion of
0.3 dex, weak metal-poor tail

VICS: The Virgo IntraCluster Survey
(PI: Ciardullo, T = 63.4ks)
A collaboration
of 11 scientists
used HST to
observe a
single field in
Virgo’s
intracluster
space looking
for intracluster
red giants.

Williams et al. (2006a,
2006b), Durrell et al.
(2006), in press
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Surprise #1 –
A small dwarf
galaxy!
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Unknown dwarf
parameters:
Mv = -10.3 +/- 0.2
~ 1 kpc in size
This allows us to
have the first direct
look at the stellar
population of a dwarf
galaxy within a
galaxy cluster.

Preliminary CMD (about 250
stars), with an expected
contamination rate of ~ 10%
Using Padova isochrones, 12
Gyr – [Fe/H] = -0.4, -0.7, -1.3,
-2.3
There appears to be little AGB
stars, so we estimate this galaxy
to be older than 8 Gyr.
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Surprise #2 –
four very
interesting
objects.

Intracluster
globular cluster
candidates in the
VICS field.
Note the small
number of
resolved stars
around each one!
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Mv = -7 to -9
The candidates
have “normal”
core radii, but
seem to have
larger tidal radii –
perhaps due to
their “empty”
environment?

The original
science goal:
The
detection of
individual
stars in a
galaxy
cluster 51
million light
years away
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What about the original goal?
• Preliminary results show the mean
metallicity to be low, [Fe/H] =-1.3, but with
significant intrinsic scatter.
• A very metal-rich stellar population cannot
be completely ruled out by the data, but
appears to be unlikely.

Conclusions
• Intracluster stars are a common component of
galaxy clusters.
• Intracluster Planetaries show that around 10-20%
of all stars in galaxy clusters are intracluster in
nature.
• VICS has successfully observed a portion of
Virgo’s intracluster space, and has detected:
– One unknown dwarf galaxy
– Four intracluster globular cluster candidates
– Several thousand intracluster red giants
More to come!
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