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Feldmeier, Ciardullo & Jacoby (1997)

Planetary Nebulae follow Luminosity not surface brightness!
Stars can exist at great distances from luminous galaxies
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Emission-line nature of
PN allows for high
precision velocities
Sigma = 12 km/s

Lets us get to the
dynamics!

Durrell et al. (2003)

�



2

4/19/2010

Z=0

Z=2

N-body

Smoothed

Noisy

N-body Simulations from Dubinski (2000)
See also Murante et al 2004; Willman et al. 2004;
Sommer-Larsen et al. 2004; Mihos et al. 2004

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, DM
• 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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History of Intracluster Planetary Nebulae - 1

Jacoby, Ciardullo, & Ford (1990)

Arnaboldi et al. (1996) – First time
“Intracluster Planetary Nebulae”
enters the literature
(see also Theuns & Warren (1997))

History of Intracluster Planetary Nebulae - 2
Follow-up observations confirmed large numbers of IPN candidates in Virgo
(Mendez et al. 1997; Ciardullo et al. 1998; Feldmeier, Ciardullo, & Jacoby
1998)

However, surveys for IPN are not pristine. There is contamination from
background sources (most notably Lyman-alpha galaxies at z=3.13)
See Kudritzki et al. 2000; Freeman et al. 2000
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History of Intracluster Planetary Nebulae - 3
Observations of blank fields found that the amount of background
contamination was significant, but less than the IPN density
Ciardullo et al. (2002):

69 +/- 23 objects degree^-2 (27.0; 9 objects)

Castro-Rodriguez (2003): 12 +/- 7 objects degree^-2 (27.0; 3 objects)
(difference is likely due to large-scale structure; see Ouchi et al. 2003)
This corresponds to a 15-20% contamination rate at Virgo, and a 50%
rate in Fornax.
Spectroscopic observations by Freeman et al. (2000) and Arnaboldi et al.
(2003) have found bona-fide IPN. Also, there is independent evidence for
intracluster stars in Virgo through HST observations of intracluster red giant
stars (IRGs) (Ferguson, Tanvir, and von Hippel 1998; Durrell et al. 2002)

History of Intracluster Planetary Nebulae - 4

Mosaic imagers + automated detection methods now allow hundreds of IPN
candidates to be found in a single run (Feldmeier et al. 2003, 2004;
Okamura et al. 2003; Arnaboldi et al. 2003)
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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,
2004) + at least 113 more (Arnaboldi et al. 2002;
Okamura et al. 2003)

About 30 spectroscopically identified
(Freeman et al. 2000; Arnaboldi et al 2003)

Fornax Cluster (D = 17 Mpc) - 138 IPN candidates here (Ciardullo et al. 2004)
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Virgo Spirals (Solanes et al. 2002)

Virgo Dwarfs (Jerjen, Binggelli,
& Barazza 2004)
Therefore, the bulk of the IPN derive from late-type galaxies and dwarfs!

7

4/19/2010

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)

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%)

These numbers are comparable to the IRG results, and to IPN results from
other researchers. The errors are dominated by the systematic
uncertainties.

Luminosity density vs. Radius and Galaxy
Density in Virgo
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Intracluster H II Regions

Gerhard et al. (2002)
Two important implications:
1. Star formation can occur outside of galaxies (see also Ryan-Weber et al 2003)
2. New contaminant to IPN surveys (appear to be rare; less than 3%)

A New Test Case: The M81 Group
Interaction is
believed to have
occurred 220 – 290
Myr ago

Yun, Ho, & Lo
(1994)
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IPN observations from KPNO 4-m (PI: Feldmeier)
IRG observations from CFHT (PI: Durrell)

Loose Limit (4 PN): < 5.3%
Strict Limit (1 PN): < 1.3%

1 +/- 0.4 RGB stars per sq
arcmin - < 2%

An independent measure in Leo I shows a similar result
(Castro-Rodriguez et al 2003; < 1.6%)
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(Ciardullo et al. 2003)

Conclusions
• Intracluster light is a common property of galaxy clusters,
but not galaxy groups – why?
• In Virgo at least, the IPN appear to derive primarily from
spiral and dwarf galaxies, and there is evidence of an
unrelaxed population
• There is considerable evidence for ongoing intracluster
star production, and in some cases, intracluster star
formation
Tidal - stripping models are currently favored as the
production mechanism
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Future Work
• Spectroscopic Observations: Need these badly!
- Background contamination
- Velocities, possibly abundances – see later talks
• Imaging Observations: more observations at differing
radii, and densities to confirm lack of correlations
• Imaging Observations: more groups, especially near
density cutoff

CWRU Burrell Schmidt – surface brightnesses to µv = 29.6 (20 nights of dark time
this year)
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HST ACS Proposal (11 orbits in I, 26 orbits in V) – Summer 2005 (Ciardullo PI)

N-body simulations from CWRU (Mihos PI) – 10 million particle simulations
with realistic galaxies in a cosmological framework.

We need the simulations to “leverage” the observations!
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