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New Studies of Abell 1413: New light 
on a well-known “cD”
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Collaborators: Chris Mihos, Heather Morrison, Paul Harding , 
Denise Hurley-Keller, Charley Knox (CWRU), John Dubinski 
(Toronto), Cameron McBride (Pitt), and Nathan Kaib (Washington)

(Harding et al. 2005, in prep)

(aka The Return of the Burrell Schmidt)

Why should we study Intracluster 
Starlight? (ICL)

Zwicky (1951)
N-body Simulation from Dubinski 
(2000)
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ICL Surface Brightness Survey Goals 
(aka PoPSICL)

• Image a sample of a dozen galaxy clusters over a range of richness, 
concentration and sub-structure

• Determine the absolute and relative amount of ICL in each cluster 

• Determine the frequency of tidal debris in these clusters

• 13 Clusters observed at the KPNO 2-m (39 nights: Abell 84, 98, 545, 
801, 1234, 1413, 1553, 1650, 1914, 1937, 1954, 2443, and MKW 7)

• Papers Published: Feldmeier et al. (2002, 2 clusters; 2004, 4 more)

We reach µv = 26-27 (5 σ) or 28-29 (1 σ)

Our worst flat-fielding error to date is 0.35%
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Intracluster light has different spatial 
distributions

Abell 801 Abell 1914

10 – 20% of light in these clusters is intracluster in nature

Tidal debris is common and can be luminous

MKW 7 µ = 25.6 (V ~ -17) Abell 1914 – µ = 26.4 (V ~ -21.3)
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Abell 1413 – Basic information

• A Richness Class 3 (z = 0.1427) Cluster (> 95% of all Abell clusters)

• Has an X-ray temperature of 8 keV, and a measured S-Z decrement

• Is “THE” cD galaxy – see reviews by Tonry, Schombert, and your 
Galactic Astronomy book

• Morgan & Lesh (1965) believed this to be the largest of all cD 
galaxies

Abell 1413: The most elliptical cD known?

Ellipticity = 0.8                                             Possible Grav. Lensing system
Feldmeier et al. (2002)
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Comparison of 2m Abell 1413 surface brightness profile with the 
photographic data of Schombert (1988).  We found less light at large 
radii, but this is in a region of low-signal to noise.

Burrell Schmidt Upgrade – 1

The Newtonian secondary was moved 14” up the tube.  This allows for a 
unvignetted field of 5 degrees.  This allows for better flats (intrinsically flat to 
1%), and more stable flats.  To accomodate this, in March 2002, we cut a hole 
in the 66-year old telescope (very carefully)
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Burrell Schmidt Upgrade – 2
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2m: 10 x 10 arcmin                             Schmidt: 40 x 29 arcmin

Took data of Abell 1413 on May 
2003.  Total of 19 x 900s cluster 
images + 64 x 900s Sky Flat 
images (7 nights)

Comparison of PSF (same star, same analysis techniques)
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A1413 is still very elliptical (ellipticity mean is 0.707 +/- 0.005) at large 
radii 
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We have found a factor of 4
less luminosity in the excess 
component than Schombert 
(1988).  However, such a 
component is still necessary.

The total luminosity fraction at 
large radii is 35% +2/-8%, still 
less than the clusters that do 
not contain a “cD”

These results are consistent
with the new drift-scan results 
of Gonzalez, Zabludoff & 
Zaritsky (2004)
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Conclusions

• The upgrades to the Burrell Schmidt are successful. We can do 
deep surface photometry down to surface brightnesses of 30 
mag/sq arcsec over a large field.  This is close to the limit imposed 
by foreground Galactic cirrus.

• Our earlier results on A1413 are qualitatively correct. The excess 
component of Schombert is present, but at a much lower luminosity 
than originally thought.  Like others, we attribute this “cD” halo to the 
intracluster light.

• Clusters with “cD” galaxies seem to have larger amounts of 
intracluster light than clusters that do not have cDs.  We attribute 
this to longer dynamical time, but more clusters are needed to make 
this result certain. 
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Deep Image of the Virgo Core– surface brightnesses to µv = 29.6 (20 nights of dark 
time this year)


