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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, DM

• Intracluster stars are another source of baryonic dark 
matter in galaxy clusters

• Intracluster stars are a unique type of stellar population

Intracluster Starlight: Ways to Observe it
1. Intracluster Planetary Nebulae (IPN)

Advantages – Can be detected with 4-m telescopes, get dynamics and 
abundances from 8-m spectroscopy                            

Disadvantages – Lyman α Galaxies at z = π are significant contaminant. 
Uncertainties in the conversion between PN and Luminosity

2. Intracluster Red Giant Stars (IRG)
Advantages – Less uncertainty in luminosity conversion.  C-M diagrams 

can be constructed
Disadvantages – Requires deep imaging, and contamination severe at 

faint end. Spectroscopy not possible currently

3. Intracluster Surface Brightness observations
Advantages – Greater distances, global view, does not require large 

telescopes.
Disadvantages – Extremely difficult! Requires careful sky subtraction and 

flat fielding.  Colors even more difficult to obtain 
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Feldmeier, Ciardullo, & Jacoby (1996)
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Result: 15.8% +/- 5% of all stars in the Virgo 
cluster are intracluster

318 IPN candidates in 0.8% of Virgo (Feldmeier, 
Ciardullo, Jacoby 1998; Feldmeier et al. 2003; 
Feldmeier et al. 2004)

About 50 spectroscopically identified 
(Freeman et al. 2000; Arnaboldi et al 2003, 
2004)

Virgo Cluster results (15 Mpc)

Fornax Cluster (D = 17 Mpc) - 138 IPN candidates here.

20% +/- 5% of the starlight is intracluster in nature
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Are there “intragroup” stars?

• Con:
– Theory (Richstone & Malumuth 1983, Moore et al. 1996) implies 

that collisions are the prime driver of intracluster star production.
Since collisions go roughly as N^2, then the amount of 
intragroup starlight should be significantly less than clusters.

• Pro:
– Interaction speeds are close to a factor of five slower in groups 

than in clusters.  So, perhaps the lack of collisions is partially 
compensated by the slower encounters.

The M81 Group

Yun, Ho, & Lo 
(1994)

D = 3.1 Mpc

Interaction is 
believed to have 
occurred 220 – 290 
Myr ago
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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%
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An independent measure in Leo I shows a similar result 
(Castro-Rodriguez et al 2003; < 1.6%)

Disturbed HI may 
be a red herring

(Ciardullo et al. 2003)
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Blue objects are all sources with (V-I) colors bluer than 0.4 (at most 
10% contamination).  Objects are 34 and 37 kpc away from M81 
(Durrell et al. 2004)

Evidence for extra-tidal star formation in the M81 
group – well after the collision
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Intracluster H II Regions

Gerhard et al. (2002)

Star formation can occur outside of galaxies (see also Sakai et al 2002; Ryan-
Weber et al 2004)
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Conclusions

• Intracluster light is a common property of 
galaxy clusters, but not galaxy groups 
Why?

• There is significant evidence for star 
formation far outside galaxies, mostly due 
to galaxy interactions 

Future Work
• Additional observations of groups and low luminosity 

clusters (Dorado, Ursa Major) to verify and better 
measure the “cliff”

• Deep observations of the tidal star formation regions to 
search for any underlying old stellar population

• Future searches for intracluster/intragroup star formation 
(EL dot sources?)


