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Overview

• Searching for diffuse light in clusters of
galaxies

• The example of Coma: discovery of
several weak diffuse sources (imaging)

• The more distant cluster Abell 2667: a
diffuse source with an evolved stellar
population? (imaging and spectroscopy)
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What horrible things can happen to
galaxies in clusters?

• Ram pressure from a dense intracluster medium compresses
molecular clouds and triggers a starburst

Bekki & Couch 2003, ApJ 596, L13

• BUT some mechanisms quench star formation at different rates

 Ram pressure stripping (fast quenching of star formation)
Gunn & Gott 1972, ApJ 176, 1

 Starvation (slow quenching of star formation)
Larson, Tinsley & Caldwell 1980, ApJ 237, 692

 Harassment (galaxy-galaxy interactions and tidal field of the cluster)
Moore, Lake & Katz 1998, ApJ 495, 139

• Stripping of gas haloes occurs in dense environments (no X-ray
haloes around large cluster ellipticals)

    Smith 2003, MNRAS 344, L17
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• So environment has a strong influence on
galaxies

• Searching for material stripped from galaxies in
clusters can give information on the processes
taking place in clusters and affecting galaxies
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Searching for intergalactic material

• Intergalactic matter reported (from photographic plates)
 in Coma  Zwicky (1951) PASP 63, 61
                       Thuan & Kormendy (1977) PASP 89, 466
 in Abell 2670  Oemler (1973) ApJ 180, 11

• DIffuse light in Coma bluer than galaxies
Thuan & Kormendy (1977)

• Modeling and subtracting galaxies (from CCD imaging)  by
    Gudehus 1989, ApJ 340, 661
    Uson et al. 1991, ApJ 369, 46
    Vílchez Gómez et al. 1994, A&A 283, 37
    González et al. 2000, ApJ 536, 561

• Hypothesis: this diffuse light is made of stars tidally stripped from
galaxies at large radii (generally bluer galaxies)
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• Search for stars that could belong to an interstellar population: these
stars could contribute 5-20% of the cluster optical luminosity

• Numerical simulations: the arc of diffuse light detected in the Centaurus
cluster is probably the debris of a tidally disrupted spiral galaxy

Calcáneo-Roldán et al. 2000, MNRAS 314, 324

• Deep imaging surveys initiated to observe more tidal debris in several
clusters show plumes and arclike structures

Gregg & West 1998, Nature 396, 549
Feldmeier et al. 2002, ApJ 575, 779
Feldmeier et al. 2003, Pasadena meeting, astro-ph/0303340
Mihos 2003, Pasadena meeting, astro-ph/0305512

• Stacking 683 clusters from the Sloan survey (z=0.2-0.3) to trace the
intracluster light (ICL) gives contribution of ICL 11±5%, with a further
22±3% for the brightest cluster galaxy (BCG).
The galaxies and ICL have similar colours.
The ICL is aligned with the BCG and more flattened.
Surface brightness of ICL correlates with BCG luminosity and cluster
richness.

Zibetti et al. 2005, astro-ph/0501194
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Coma (z=0.023)Coma (z=0.023)

NGC 4874NGC 4889

C. C. AdamiAdami, E. , E. SlezakSlezak, F. , F. DurretDurret, C. , C. ConseliceConselice,,
J.-C. J.-C. CuillandreCuillandre, J. , J. GallagherGallagher, A. , A. MazureMazure,,
R. R. PellPelló, J.-P. Picat, M. Ulmer,ó, J.-P. Picat, M. Ulmer, 2005, A&A 429, 39 2005, A&A 429, 39
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Coma : our aims
• to search for diffuse emission in wide field broad band

images of Coma by applying a new iterative method
based on the wavelet analysis and reconstruction of the
image allowing to subtract all the objects from the raw
image

• to compare the diffuse features found here with those of
Gregg & West (1998)

• to put constraints on galaxy harassment / stripping by
the intracluster medium

• to obtain informations on the internal dynamics of Coma
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The data and method
• Data: images taken at the CFHT with the CFH12K camera in the B, V, R

and I bands covering 42x50 arcmin2 in total

• Multiscale analysis in the R band, keeping only structures present at large
scales, with an iteration, then in B and V

• First restored (denoised) image from thresholded wavelet transform
selecting coefficients in the scale range 20- 29 pixels in radius with absolute
value larger than 3 times the rms scatter expected from pure noise

• Residual image=(raw image minus first restored image) shows faint features

• Iteration: create denoised image of residual image computed from subset of
its wavelet coefficients in scale range 20- 27 (or 20- 26 or 20- 25) pixels found
significant with respect to the same thresholds as in first step. Apply several
scale combinations (10-8, 10-7, 10-6)

• For details, see:
Bijaoui & Rué (1995) Signal Processing 46, 345
Rué & Bijaoui (1997) Experimental Astronomy 7, 129
Durret, Slezak, Lieu, Dos Santos & Bonamente (2002) A&A 390, 397
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Example: 1.75x1.75 arcmin2 R image

(a) Original image
(b) Restored (denoised) image from thresholded wavelet transform
(c) Original minus denoised image
(d) Denoised image of residual image
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Final products

(a) Final denoised image of all « small scale » structures
(b) Difference between the original image and the image of the objects

Only noise and very large scale components are present in image (b)

Several combinations of scales are possible
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Southern
 mosaic

Reconstructed
image of objects
with scale
combination 10-7

Residual image
computed with
scale
combination 10-7
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Four sources found in both mosaics

Center of
faint galaxy
density map
(Biviano et
al. 1996,
A&A 311,
95)

Dynamical
center of
group
associated to
NGC 4874
(Gurzadyan
& Mazure
2001,
New Astron.
6, 43)

Bulk of X-ray
emission
(Neumann et
al. 2003, A&A
400, 811)
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Signal to noise maps

(a) 4σ and 5σ levels 
      of 10-6 scale combinations
(b)  3.5σ and 4σ levels 
      of 10-7 scale combinations
(c)  3σ and 3.5σ levels 
      of 10-8 scale combinations

2
4

3
2

3
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All four sources are 
significantly detected
(above 3.5σ)
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Characteristics of the four sources

• All sources are detected in R above 3σ
• Sources are extracted in R then exactly the same

regions are measured in B and V

• Colours:
   Source   V         B-V      V-R     B-R
      1      14.91   ≥0.67    0.42  ≥1.09  not detected in B

      2      15.36     0.59    0.48     1.07
      3      14.59     0.93    0.36     1.29
      4      15.95              ≥0.88   ≥1.30 not detected in B or V
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Physical properties of sources
• Sources 3 and 4 have colours typical of early type galaxies

moderate star forming activity in sources 3 and 4
(agreement with Gregg & West for source 3)

• Source 2 and possibly  source 1 have a smaller B-R more
typical of a spiral like object

non negligible  star forming activity at least in source 2

• Source 2 is elongated in B but not in V and R, in
agreement with extended stellar formation activity due to
several discrete galaxy disruptions

• Other sources detected by Gregg & West (1998) or by
Bernstein et al. (1995) AJ 110, 1507 are too small to be
detected here
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A scenario for the Coma cluster
evolution?

• Hypothesis: diffuse light comes from disrupted or
harassed galaxies

• No diffuse source detected around NGC 4889 but
several around NGC 4874

• Central velocity dispersions:
          398 km/s for NGC 4874
          275 km/s for NGC 4889 (brighter than NGC 4874)

         NGC 4889 may have been in Coma longer and have
reaccreted any diffuse material produced by the
disruption of a small galaxy or by galaxy harassment
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Dynamics

• If NGC 4874 and the surrounding group are moving north
(Coma meeting in Marseille, 1997, Donnelly et al. 1999),

    NGC 4874 loses kinetic energy and is behind the other
galaxies of its group because of its large mass

• Agreement with dynamical center of the NGC 4874 group
located north of NGC 4874 (Gurzadyan & Mazure 2001)

           Material dispersed by disruption or galaxy
harassment from this group will be located north of

   NGC 4874 (as sources 3 and 4)
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Nature and origin of the diffuse light
in Coma

• Magnitude of a single galaxy able to produce such an amount of diffuse
light: R≈13   MR≈-22  or
3 x 1011 Msun (agreement with Gregg & West 1998)
Possible, but small galaxies are easier to disrupt than massive ones!

• Diffuse light represents 20% of the cluster galaxy luminosity in the very
center

• Disruption of spiral galaxies between the two giant galaxies, where
source 2 may still be showing star formation

     Source 2 coincides with dust detected with ISO (Stickel et al. 1998):
     dust mass = 6.2 107 – 1.6 109 Msun

If dust/gas ratio=1.3 10-5 -3.2 10-4

then gas mass= 1.9 1011 – 1.2 1014 Msun consistent with mass of single
galaxy calculated above

• Older disruptions may have created the other diffuse sources
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Diffuse light in a more distant cluster:
Abell 2667 (z=0.23)

HST
Images in
three filters
and VLT/
VIMOS/IFU
field

G. G. CovoneCovone, C. , C. AdamiAdami, F. , F. DurretDurret, J.-P. , J.-P. KneibKneib, , G.B.G.B. Lima Neto, E.  Lima Neto, E. SlezakSlezak,, 
G. G. SoucailSoucail, 2005, , 2005, in preparation
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Reconstructed images
with the same method as for Coma

Filter 450

Filter 606

Filter 814

Diffuse source
detected in the
three filters
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Spectrum of diffuse light

VLT/VIMOS/IFU
Exposure of several hours

The
« compact
diffuse
source »
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Existence of a « compact diffuse source »
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Entire diffuse source  Compact diffuse source

Empty region
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Preliminary results

• z(diffuse light)=0.02295
• z(compact diffuse source)=0.2317

velocity difference ≈ 650 km/s
not significant

• Absorption lines            metals
evolved stars
star formation has taken place
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Conclusions

• Iterative wavelet analysis and reconstruction
seems to work well to search for diffuse sources

• Spectroscopy of these very weak sources
seems to show evolved populations of stars and
existence of metals

• But spectroscopy remains difficult even with 8m
telescopes
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Follow-up

• Apply the same method to search for diffuse emission in
other clusters (deep imaging data obtained with
CFHT/Megacam on Abell 496 and
Abell 85 already available)

• Compare the positions of these diffuse sources with
possible X-ray emission excesses (in progress for Abell
2667)

• VLT/VIMOS Integral Field Unit spectroscopy of the
diffuse sources found through imaging? Coma

• We need OWL!!!


