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OUTLINE 
• Post-merger signatures of red-sequence 

galaxies in rich Abell clusters 

• A phase-space view of gas stripping and 
galaxy quenching in a cluster at z = 0.2 

• Tidal dwarf galaxies around a post-merger 
galaxy, NGC 4922, in Coma cluster 

• The effects of ram pressure on tidal dwarf 
galaxies



Post-merger Galaxies 
in Rich Abell Clusters 

at z ≲ 0.1



Motivation
‣Massive early-type galaxies formed through galaxy 

mergers and accretion of satellite systems

‣ It is observationally supported by field galaxies

van Dokkum 2005

‣However, most of massive early-type galaxies are found 
in galaxy clusters

‣ Frequent galaxy mergers in cluster environment is not 
likely due to large peculiar motions of galaxies

‣We tried to search post-merger signatures from red-
sequence galaxies in rich Abell clusters at z ≦ 0.1



★ Blanco 4-m telescope at CTIO:                          
                                                   MOSAIC 2 CCD + Hydra MOS

Observations and Data



A119 (z = 0.044) A2670 (z = 0.076)

A3330 (z = 0.089) A389 (z = 0.113)



Galactic stellar haloes in the CDM model 11

Figure 6. V-band surface brightness of our model haloes (and surviving satellites), to a limiting depth of 35mag/arcsec2 . The axis scales are in kiloparsecs.
Only stars formed in satellites are present in our particle model; there is no contribution to these maps from a central galactic disc or bulge formed in situ (see
Section 3.3)

(Cooper et al. 2010)

u’g’r’ composite r’ surface 
brightness



Post-merger Fractions
‣ Post-merger fraction among bright (Mr < −20) red-

sequence galaxies in the four Abell clusters is ~ 25%

‣ Post-merger features are more common in bright red-
sequence galaxies in a cluster environment



Contamination by Spirals?

‣ Most (~71%) of the featured galaxies were found to be bulge-
dominated 

‣ For the subsample of bulge-dominated red-sequence galaxies, 
the post-merger fraction rises to ~38%



Post-merger fractions:

Comparison with Fields

‣ Compared to a field galaxy study with a similar limiting magnitude 
by van Dokkum in 2005, our cluster study presents a similar post-
merger fraction but markedly lower ongoing merger fraction 
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‣No dependence of the fractions to clustocentric 
distance 

‣Most of the post-merger galaxies may have carried 
over their merger features from their previous halo 
environment



Evolution of Mean Merger Relic Fraction

(Yi et al. 2013)



• It is important to understand their previous halo 
environment 

• In that sense, cluster outskirts are getting more 
important observationally

Merger Relics



Yara Jaffé - UNAB/UDP colloquium 2014

A Phase-space View of Gas Stripping and Galaxy Quenching  
in a Cluster at z = 0.2

z=0.188

(the clusters themselves 
only occupy ~4% of the 

surveyed volumes)

z=0.206

Jaffé et al. submitted
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BUDHIES: Blind Ultra-deep Distant HI Environmental Survey 
with the Westerbork Synthesis Radio Telescope

z=0.188

(the clusters themselves 
only occupy ~4% of the 

surveyed volumes)

z=0.206



A phase-space view of A963_1:



Ram pressure stripping in phase-space  
using cosmological simulations:



The full picture:

Jaffé et al. submitted



Tidal Dwarf Galaxies around a Post-merger Galaxy, 
NGC 4922

20



NGC 4922 in SDSS composite image

• z ~ 0.0235, located at outskirts 
of the Coma cluster (~1.2 R200)

• Mixed-morphology merger
• Weak AGN features
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NGC 4922 in GALEX composite image

Forming 
a Tidal Dwarf 

Galaxy?
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Tidal tails of NGC 4922

✤ The V-band deep image revealed faint structures around NGC 4922

✤ Optical objects along the tail do not match with the NUV peaks



Two-component Modeling

✤ Two-components stellar population modeling is performed using 
SED sets of pixel-by-pixel analysis and aperture photometry

✤ For more information, please refer to Sheen et al. (2009)
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Table 1
Pixel-by-Pixel Modeling Results for the Central Pixels of Our 6 UV/Optical Sources

ID tYC,2CM fYC E(B − V )2CM tSSP E(B − V )SSP R.A.(J2000) Decl.(J2000)
(Myr) (%) (Myr) (hh:mm:ss) (dd:mm:ss)

TDG1p 200+110
−49.0 6.5+4.3

−2.5 0.+0.5 100+143
−97.4 0.19+0.48

−0.064 13:01:26.62 29:17:12.5

TDG2p 7+0.02
−0.01 4.5+96

−2.9 0.6+0.02
−0.2 7+1019

−0.01 0.6+0.07
−0.3 13:01:26.56 29:17:39.4

TDG3p 8+420
−7 0.01+0.2 0.05+0.07

−0.05 2 × 103+1×104

−1×103 0.2+0.3
−0.2 13:01:25.79 29:17:07.5

NUV1p 5+0.2
−4 100.−94.4 0.6+0.06

−0.5 5+123
−4 0.6+0.06

−0.5 13:01:26.47 29:17:10.5

NUV2p 19+5.4
−4.1 9.+91

−6 0.45+0.14
−0.32 40+101

−37 0.35+0.35
−0.11 13:01:26.97 29:17:21.5

NUV3p 200+363
−110 2.5+5.5

−1.5 0.005+0.6
−0.005 6+1051

−5 0.6+0.1
−0.6 13:01:26.97 29:17:36.5

Figure 4. Results from SSP modeling of the pixel fluxes in the tidal tail region.
Only pixels of S/NNUV > 1 and χ2 < 4 are presented. NUV surface brightness
contours are shown at the µNUV = 26, 27, 28 mag arcsec−2.

of the confidence levels for the “NUV1p” source (top right
panel) implies that an upper limit to the age of the young
component (around 5 Myr) can be inferred. On the other hand,
the two-component modeling of “TDG3p” shows a very low
mass fraction in young stars (0.01 percent), and an old stellar
population of a few Gyr for the SSP modeling. Considering
that other parts of the tail are much younger, it is possible that
“TDG3” is not associated with NGC 4922.

4.2. Aperture Photometry of TDG Candidates

We also carried out aperture photometry of the TDG candi-
dates in the tidal tail in order to achieve a higher signal-to-noise
ratio in their photometry. However, “TDG2” and “TDG3” do
not have clear counterparts in the NUV images, they are just
embedded in the extended UV structure. Therefore, we cannot
apply aperture photometry for those two objects. In the case of
“TDG1,” its UV light is blended with “NUV1” and we can see
a faint optical counterpart for “NUV1” (the inset image in the
right panel of Figure 1). Both of them show very blue optical

Figure 5. Best-fit models from the pixel SEDs of “NUV1p” and “TDG1p” in the
left panels. A dotted line shows the model SED of young component, while the
dashed line indicates the contribution of an old component. In the right panels,
χ2 contours are presented for the 68% and 90% confidence levels (dashed and
solid lines, respectively). A cross indicates the location where a minimum χ2

was found in the parameter space. The best-fit values are presented in Table 1.

colors (g − r = 0.12 and −0.26 for “TDG1” and “NUV1,”
respectively). In fact, the pixel-by-pixel analysis in Section 4.1
showed that “NUV1p” has significantly younger stellar popu-
lations (∼5 Myr) than “TDG1p” (∼200 Myr). “NUV1” might
be significantly contaminating the UV fluxes of its surrounding
regions. Hence, we cannot assume that “TDG1” is the sole op-
tical counterpart of the brightest UV blob at the tip of the tidal
tail.

Since it was impossible to deblend the UV lights between
“TDG1” and “NUV1” at the tip of the tail, we integrated the
optical SEDs from both objects in order to match the UV SED.
We measured aperture magnitudes of “TDG1” and “NUV1”
with an aperture size, 3×FWHM in the SDSS data. Also a
magnitude of the corresponding UV blob was measured with an
aperture of 3×FWHM from the GALEX data. We investigated
stellar populations with three kinds of SEDs as “TDG1+NUV1,”
“TDG1,” and “NUV1” for comparison.

The results of stellar population modeling are presented in
Table 2. Figure 6 shows the best fits and χ2 contours for
three cases. The modeling suggests that “TDG1+NUV1” has
a young stellar population about a few Myr old, contributing a
substantial mass fraction up to 100 percent with considerable
internal extinction of E(B − V ) = 0.3 mag. If we consider
“TDG1” and “NUV1” separately, they show the existence of
young stellar population of a few Myr old. In all two-component
modeling cases the best fits were found when tOC = 12 Gyr. The
SSP fits suggest similar results, albeit for larger χ2 than from
two-component fits.

The stellar mass of this system is derived from the V-
band luminosity estimated from the r-band luminosity using a



  

The substantial effects of Ram Pressure

 on Tidal Dwarf Galaxies Evolution
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● Often assumed that ram pressure 
only affects gas in galaxies, and 
leaves stars unaffected

● NOT TRUE FOR Tidal Dwarf 
Galaxies (TDGs)!

● Gas rich and no dark matter – 
strong dynamical response of 
stars to loss of gas mass

● Parameter study of RP acting on 
TDG models – considering ram 
pressures typical in halos of large 
galaxies, galaxy groups or cluster 
outskirts.

● Gas loss => unbinding of stars:
(i)  partial gas stripping=truncated 
stellar disks
(ii) all gas stripped - TDG models 
are completely destroyed

Consequences for: 

(1) total number of TDGs in the dE population

(2) detecting hot gas halos of other galaxies

Accepted in MNRAS, 2013Smith et al. 2013



Galaxies in Groups

Galaxies in Clusters

hints on the 
formation of 
cluster gals

Galaxies in Groups
clues on the 
evolution of 
group gals


