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How is intracluster starlight (ICL) made?

Simulation 
by John 
Dubinski
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History of Intracluster Starlight

Many others attempted to follow-
up with additional observations:
De Vaucouleurs (1960, 1970)
Gunn (1969, 1975)
Kormendy (1974)
Malumuth (1984)
Struble (1988)
Gudhehus (1989)
Uson (1991)
Bernstein et al. (1995)

among others…

but, in practice it was very difficult 
with the technology of the time

Zwicky (1951)
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Z = 0

Z = 2

N-body                            Smoothed                  Noisy

N-body Simulations from Dubinski (2000)

The surface brightness of intracluster light is from µv = 26-31, compared to the 

surface brightness of the new moon sky, which is around µv ~ 21.5
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Models by:

Purcell, Bullock & Zentner 
(2008, 2007)

Rudick, Mihos & McBride 
(2006), 

Stanghellini, Gonzales-
Garcia, 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, 
and is a natural consequence 
of hierarchical structure 
formation
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Intracluster Starlight: Ways to Observe it
1. Intracluster Surface Brightness observations

Advantages – Greater distances, global view, does not require large 
telescopes.

Disadvantages – Extremely difficult. Requires careful sky subtraction and 
flat fielding.  Scattered light is a major concern.  Colors even more 
difficult to obtain. 

2. Individual Intracluster Objects (Intracluster Planetaries, 
Intracluster Red Giants, Intracluster Novae/Supernovae, 
Intracluster Globular Clusters)

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

Disadvantages – Background contamination can be an issue. 
Uncertainties in the conversion between number of objects and total 
luminosity.
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Why look for ICL in Virgo?
Virgo is an extremely well studied 

“typical” (Dressler 1984) galaxy 
cluster – can compare ICL 
against other well-known 
galaxy cluster relations.

Virgo offers the opportunity to 
study ICL in both ways, unlike 
many galaxy clusters (most are 
too far away for individual 
tracers to be detected).

But, we have to ensure our 
techniques will find the ICL 
successfully, and that the 
uncertainties are well 
understood.
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Our First ICL Surface Brightness Survey  
(aka Po.P.S.I.C.L.)

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

• Using the techniques of ultra-deep surface photometry, 
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: ACO 

84, 98, 545, 801, 1234, 1413, 1553, 1650, 1914, 1937, 
1954, 2443, and MKW 7)
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Abell 1413: The most elliptical cD known?

Ellipticity = 0.767, Feldmeier et al. (2002)

Black = µ (20−24)

Red = µ (24–26)

Green = µ (26-27)

Blue = µ (27-28)
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Intracluster light has different spatial 
distributions

Abell 801 Abell 1914

10 – 20% of all starlight in these clusters is intracluster in nature
Feldmeier et al. 
(2004)
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Tidal debris is common and can be luminous

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

Feldmeier et al. (2002, 2004, 2008)
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Our tool for Virgo observations: the 
Case Western Burrell Schmidt 



2/2/2010

14

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 accommodate 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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Spring 2004 
-72  x 900s images  
-127 x 900s dark-sky flats 
- 20 dark nights
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Summary
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A wealth of tidal debris (features A-M) can easily be seen in the image.  These imply 
that the core of Virgo is dynamically young, in agreement with other observations. 
(Mihos et al. 2005)
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Full ICL Virgo 
Survey (PI: Mihos) 

Observations on 
schedule – in Spring 
2009, we will re-
observe central 
region in the B-band 
to obtain color 
information.

We are pushing 
things to the 
practical limit now –
which is the infrared 
“cirrus” from our 
own galaxy
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About 10% 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.
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Feldmeier, Ciardullo, & Jacoby (1996)
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Planetary Nebulae follow Luminosity not surface brightness!

Stars can exist at great distances from luminous galaxies

Feldmeier, Ciardullo & Jacoby (1997)
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Feldmeier, Ciardullo & Jacoby (1997)

The Planetary Nebulae Luminosity 
Function (PNLF) does not depend 
on:

•Galaxy Type

•Stellar Population Age

•Dust properties



2/2/2010

25

History of Intracluster Planetary Nebulae - 1

Arnaboldi et al. (1996) – First time “Intracluster 
Planetary Nebulae” enters the literature

(see also Theuns & Warren (1997), Fornax IPN)



2/2/2010

26

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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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; Aguerri et al. 2005).  
Additional observations are forthcoming 
(Skalsky et al. 2008)

About 70 spectroscopically identified
(Freeman et al. 2000; Arnaboldi et al 2004; 
Doherty et al. 2008)

Virgo Cluster results (D = 15 Mpc)

LPC

SUB

CORE

10
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Samples of high quality VLT FLAMES spectra of IPNe 
(Doherty et al. 2008, in prep) 
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The contamination fraction 
varies between 25% and 
37% for standard Virgo 
surveys.  Most of these 
objects are Ly-α galaxies at 
z=3.14, and are of 
considerable scientific 
interest.  Deeper imaging 
surveys will have less 
contamination.
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Converting IPN densities to Luminosity 
densities - 1 

From comparing IPN 
densities to IRG 
densities, we found an 
empirical correction of:

Ciardullo (1995)

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

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

These numbers are comparable to the Intracluster Red Giant results.  The 
errors are dominated by the systematic uncertainties.

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 α, corrections for contaminating sources, and possible 
depth effects.
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Spectroscopic follow-up of 40 IPN 
using VLT+FLAMES (Arnaboldi et al. 
2004)

Results: 

-Over 50% of the candidates have 
detected [OIII] λ 4959 emission in 
their individual spectra – others too 
faint to detect

-Noticeably different radial velocity 
structures in different fields – Virgo is 
still dynamically young
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Imaging > IPN

Imaging < IPN

Preliminary 
comparison 
between surface 
brightness results 
and IPN results
(Mihos et al. 2008, 
in prep)
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WIYN One Degree Imager –
The IPN machine
(PI: Jacoby, Knezek, WIYN 
Consortium)

64 4k x 4k CCDs, using Orthogonal Transfer Arrays 
– Completion date 2010



2/2/2010

38

Why are we using WIRO?
• The calibration of narrow-band 

imaging is much worse than 
broad-band (σ=0.04 mag)  
Calibration is made by 
comparing to spectrophotometric 
standard stars (which are rare)

• Imagine doing this for 64 chips at 
once!

• We need a wide-field imager that 
can go moderately deep, and 
ideally is a single chip camera
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Conclusions
• ICL is a significant (10-20%) component of many galaxy 

clusters, a component that gives us insight into cluster 
dynamical evolution.

• Galaxy clusters vary significantly in their ICL properties
• Virgo’s ICL is still dynamically unrelaxed, due to the 

cluster’s youth
• There is reasonable agreement between surface 

brightness densities and IPNe density results for Virgo, 
despite significant systematic effects.

• We will soon have much larger areas of Virgo observed for 
ICL using both surface brightness, and IPNe


