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GAS	  AND	  GALAXY	  EVOLUTION	  

Fuel	  for	  star	  forma7on	  
	  
Sensi7ve	  tracer	  of	  different	  environmental	  processes,	  such	  as	  ram	  pressure	  
stripping	  and	  7dal	  interac7ons,	  but	  also	  harassment	  and	  eventual	  
preprocessing	  in	  infalling	  groups	  
	  
Observa7ons	  have	  shown	  that	  the	  HI	  gas	  is	  disturbed	  and	  eventually	  truncated	  
and	  exhausted	  in	  galaxies	  in	  low-‐z	  clusters	  
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HI distribution

HI disks reach far into the DM 
halo and are very fragile

HI gas in galaxies:
   

➔ Not only a basic ingredient for star formation
➔ But also particularly sensitive to environmental processes

Stellar light distribution

Tidal interactions in M81 group:
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HI gas in galaxies:
   

➔ Not only a basic ingredient for star formation
➔ But also particularly sensitive to environmental processes



SOME ENVIRONMENTAL PHYSICAL 
MECHANISMS 

 

Ø 	  Mergers and strong galaxy-galaxy interactions  
(Toomre&Toomre 1972; Farouki&Shapiro 1981) 

            most efficient when low relative velocities (groups) 

Ø 	  Tidal forces – Cumulative effect of many weaker encounters - so 
called “harassment” (Richstone 1976, Moore et al. 1996) 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  most efficient in clusters - especially on smaller galaxies	  

Ø 	  Gas stripping – Interactions galaxy-IGM (Gunn&Gott 1972, Quilis et al. 00, Vollmer et al. 99) 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ram pressure stripping, viscous stripping, thermal evaporation - FAST 

            most efficient when IGM gas density and velocity are high	  

Ø 	  Strangulation (also known as starvation or suffocation)  
(Larson, Tinsley & Caldwell 1980) 

            loss of hot gas outer envelope affecting gas cooling - SLOW 



Kenney,	  van	  Gorkom	  and	  Vollmer	  2004,	  in	  the	  Virgo	  cluster	  

Ongoing gas stripping caught in the act 

Ram	  P	  goes	  as	  ICM_density	  *	  v^2	  
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Galaxies in transition 19

FIG. 15.— Color of galaxies with different histories and different quenching timescales according to the spectrophotometric model of ??. Left panels: SFRs
as a function of time with different ⌧ and t0, as written in the labels. The linear decline with different timescales is also shown with different colors. In the upper
panel, a zoom of the decline is also shown. Right panels: (U-B)r f color as a function of time for the SFRs shown in the left panels. The different declines are
also shown. Green shaded areas show our definition of green galaxies (see §3) for galaxies with logM?/M�=10.25 and logM?/M�=11.5.

FIG. 16.— Illustration of our main results and interpretation.

type galaxies that have stopped forming stars at any epoch and
that retained their morphology. The non negligible fraction of
post-starburst galaxies (⇠ 15%) in RP late types suggests that
some of these objects became red after a very short (therefore
virtually unobservable) green phase.

If green late types are subject to a morphological transfor-
mation, they might become green early types. The analysis
of the SFH supports such possibility, since no differences in
SFH have been detected between the two populations (plot not
shown). Green early types are characterized by a steeper mass
distribution than the green late types, which extends toward
slightly higher masses (Fig.13). The analysis of the structural

parameters suggests that this mass loss is mainly related to
the progressive disappearance of the disk, which at any given
stellar mass is smaller and less massive. The properties of the
bulges of green late types and green early types are more sim-
ilar, as a consequence the relative proportion of bulges and
disk changes, as reflected in the distribution of B/T ratios and
ratios of the mass in the bulge and in the disk (Fig.13).

This is not the only possible channel of formation for
green early types, as they can also derive from BSF early
types which suffer a reduction of their SFR and a consequent
change in color. Indeed, green and BSF early types present
very similar mass and structural parameters (Sérsic indexes,
B/T ratios, bulge ellipticities, mass in the bulge and in the
disk, size of bulges and disks) distributions (Fig.13), support-
ing this scenario.

Finally, both green early types and RP late types can turn
into red early types. However, given the fact that the RP early-
type population contains galaxies that stopped forming stars
at any earlier epoch, which were characterized by different
structural properties, comparisons between such populations
are very hard and it is difficult to state the frequency of such
transformations.

We note that in some cases, our modeling suggests galaxies
can turn from blue to red quite quickly, going through a very
short green phase (<0.1 Gyr) hardly observable when con-
sidering only colors, but recognizable by their spectral k + a
features.

In principle, red early types might suffer a rejuvenation pro-
cess that makes them change colors, As we have seen in Fig-
ures 9, the structural parameters of red and BGSF ellipticals
are similar, consistently with the hypothesis a common origin.
However, this scenario seems to be ruled out by the character-
ization of the previous SFHs which are clearly different for
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ABSTRACT
Exploiting a mass complete (M⇤>1010.25M�) sample at 0.03< z <0.11 drawn from the Padova Millennium

Galaxy Group Catalog (PM2GC), we use the (U �B)r f color and the morphologies to investigate the properties
of galaxies that are red, blue or green, and ellipticals, S0s or late types. We characterize those galaxies that
show signs of an ongoing or recent transformation of their star formation activity and/or morphology - green
galaxies, red passive late types, blue+green star-forming early types. Color fractions depend on mass and
only for M⇤<1010.7M� on environment. The incidence of red galaxies increases with increasing mass, and,
for M⇤<1010.7M�, decreases going toward the group outskirts and in binary and single galaxies. Notably,
the relative abundance of green and blue galaxies is independent of environment, and increases monotonically
with galaxy mass. Second, we inspect structural parameters, star-formation properties, histories and ages
and propose an evolutionary scenario for the different subpopulations. Color transformations are due to a
reduction and suppression of SFR in both bulges and disks, so that blue late types turn into green late types,
without noticeably changing their structure. Morphological transitions (from blue star-forming late types to
blue star-forming early types, from green late types to green early types) are linked to an enhanced bulge-to-
disk ratio due to the removal of the disk, not to an increase of the bulge. Red passive late types are a very
heterogeneous population that comprises all late type galaxies that have stopped forming stars at any past
epoch and retained their morphology. Our modeling suggests that green colors might be due to star formation
histories declining with long timescales, as an alternative scenario to the classical “quenching” processes.
Finally, we show that ⇠ 4% of all galaxies are quenched on a short timescale and that the majority of them are
only recognizable by their spectral post-starburst/post-starforming features (not from their color or mismatch
of color and morphology). Their excess in groups compared to binary and single systems points to a fast
environmental removal of gas. Our results suggest that, at the masses we consider, galaxy transformations in
star formation activity and morphology depend neither on environment nor on being a satellite or the most
massive galaxy of a halo. The only environmental dependence we find is the higher fast quenching efficiency
in groups giving origin to post-starburst signatures.
Subject headings: galaxies: general – galaxies: formation – galaxies: evolution – galaxies: morphologies

1. INTRODUCTION

Galaxy color and structure are key observables in extra-
galactic astronomy for understanding the formation and evo-
lution of galaxies, and they are the consequence of all physical
processes at work.

The local population of galaxies consists roughly of two
types, and their frequency correlates with the environment:
red galaxies, which on the whole are characterized by larger
stellar masses, bulge-dominated morphologies, are predom-
inant in dense regions, while blue galaxies, with a disk-
dominated morphology, are preferentially found in low den-
sity regions (Blanton et al. 2003; Kauffmann et al. 2003,
2004; Baldry et al. 2004; Balogh et al. 2004; Brinchmann
et al. 2004). Since only relatively small amounts of ongoing
star formation make a galaxy appear blue, the color bimodal-
ity basically reflects star formation quenching: in general, red
galaxies have had their star formation quenched, while blue
galaxies are still forming stars. However, a non-negligible
fraction of red galaxies are clearly edge-on disc objects that
owe their color to an enhanced extinction, and a small frac-
tion of blue galaxies might have already stopped their activity
(see, e.g., Bamford et al. 2009; Schawinski et al. 2009).

This bimodality can originate both from a priori differences
set beforehand, the so-called nature scenario, or from envi-
ronmentally driven processes taking place during the evolu-
tion of galaxies, the so-called nurture scenario. As discussed
in De Lucia et al. (2012), trying to separate the two scenarios
and differentiate their role in driving galaxy evolution might
be an ill posed task, since they are strongly and physically
connected. According to the ⇤CDM model, as time goes by,
smaller structures merge to form progressively larger ones.
This hierarchical growth implies that the fraction of galax-
ies located in groups progressively increases since z⇠1.5, and
at z⇠0 most galaxies are found in groups (Huchra & Geller
1982; Eke et al. 2004; Berlind et al. 2006; Knobel et al.
2009). It is therefore important to understand the role of the
group environment in boosting galaxy transformations from
blue to red colors and from late-type to early-type morpholo-
gies. Bamford et al. (2009) showed that color and morpho-
logical fractions are very different functions of environment
at low-z. Being both sensitive to stellar mass, at fixed stel-
lar mass, color is also highly sensitive to environment, while
morphology displays much weaker environmental trends (see
also Kauffmann et al. 2004; Blanton et al. 2005; Christlein &
Zabludoff 2005; Weinmann et al. 2009; Kovač et al. 2010).
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Jellyfish galaxies
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Figure 2 . HST images (F606W+F814W) of extreme cases of ram-pressure stripping in MACS galaxy clusters at 0.30 < z < 0.43. In each panel, the direction
and projected distance to the cluster center (as given by the location of the BCG) is marked in the bottom, right corner; red arrows denote the approximate
direction of motion of the respective galaxy.
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Figure 1. HST images of extreme cases of ram-pressure stripping in galaxy clusters at z > 0.2. From left to right: galaxy C153 in A2125 at z = 0.20 (WFPC2,
F606W+F814W, Owen et al. 2006); galaxy 234144–260358 in A2667 at z = 0.23 (ACS, F450W+F606W+F814W, Cortese et al. 2007); galaxy F0083 in A2744
at z = 0.31 (ACS, F435W+F606W+F814W, Owers et al. 2012).

ily based on observations of modest stripping events. Extreme
ram-pressure stripping is expected to proceed rapidly and
likely requires both high ICM densities and suitable galaxy
properties (e.g., favorable infall trajectory, gas mass, orienta-
tion), conditions that are unlikely to be met in the small num-
ber of nearby clusters, all of which feature relatively low mass
(except for Coma). Indeed, observations show atomic hydro-
gen in infalling galaxies to be displaced and partly removed
(e.g., Scott et al. 2010), but find the denser, more centrally
located molecular gas essentially unperturbed (e.g., Boselli et
al. 1997; Vollmer et al. 2001a). In addition, star formation
is found to be globally quenched (and only mildly enhanced
in compressed regions) rather than massively boosted at the
galaxy–ICM interface. All of these findings point toward
mild ram-pressure stripping acting gradually and repeatedly
on galaxies falling into, or orbiting in, clusters.

Extremely rapid and essentially complete stripping must
occur too, but is much more rarely observed because of the,
presumably, much shorter duration of the event (<108 yr,
i.e., a fraction of a crossing time) and because of its reliance
on a truly extreme environment. The latter is, however, rou-
tinely encountered by galaxies falling into very massive clus-
ters where the particle density1 of the ICM easily exceeds
10�3 cm�3, and peculiar galaxy velocities of 1000 km s�1

or more are common.
Consistent with the aforementioned observational bias, the

most dramatic examples of ram-pressure stripping discovered
so far were found in moderately distant, X-ray luminous clus-
ters. Shown in Figure 1 are the three most dramatic cases
of ram-pressure stripping discovered so far in Hubble Space
Telescope (HST) images of clusters at z > 0.2 (Owen et al.
2006; Cortese et al. 2007; Owers et al. 2012). In all cases,
the respective galaxy features intense star formation across
much of its visible disk, making it the brightest member of its
host cluster at 4000Å. Although debris trails of star-forming
knots are discernible already with WFPC2 (left panel of Fig-
ure 1), the greatly superior resolution and sensitivity of the
Advanced Camera for Surveys (ACS) is evident (central and
right panel of Figure 1). Detailed studies of all three objects
suggest that multiple phases of ram-pressure stripping can
overlap sufficiently to be observed concurrently: shock com-
pression of the ISM at the galaxy-gas interface causing vig-
orous and widespread starbursts, removal of intragalactic gas,
star formation in molecular clouds swept out of the galaxy,

1 In spite of the enrichment of the ICM with metals, hydrogen is the dom-
inant atomic species encountered; hence, an ICM particle density of 10�3

cm�3 corresponds approximately to a mass density of 10�24 g cm�3.

as well as partial back-infall. Furthermore, tidal compression
in the cluster’s gravitational potential may contribute to the
observed pronounced and wide-spread star formation.

More robust conclusions are hard to arrive at from the few
examples observed to date since, as expected from simple
theoretical considerations and the results of numerical sim-
ulations, the progression and observational signature of ex-
treme ram-pressure stripping depends greatly on the intrinsic
properties, orientation, and orbital parameters of the infalling
galaxy. A significantly larger sample of galaxies caught in
this violent phase of their evolution is needed to allow us to
test, on a sound statistical basis, the predictions of numerical
simulations in a physical regime that has barely been probed
in studies of galaxy evolution in nearby clusters.

3. SAMPLE, OBSERVATIONS, AND DATA REDUCTION

In order to identify additional examples of extreme galaxy-
gas interactions in very massive clusters we searched for the
tell-tale signature of ram-pressure stripping in images of clus-
ters from the Massive Cluster Survey (MACS; Ebeling et al.
2001) obtained with ACS aboard HST. Our project uses all
37 MACS clusters2 observed with ACS in two passbands
(F606W and F814W) as part of the HST snapshot programs
GO–10491, –10875, –12166, and –12884 (PI: Ebeling) as of
2013 June 1. This sample constitutes an unbiased subset of the
larger SNAP target list of 128 MACS clusters at 0.3<z<0.5,
since their selection for observation was solely driven by con-
straints on the HST observing schedule. Charge-transfer in-
efficiency corrected images were aligned and registered using
the astrometric solution of the F606W image as a reference;
we created false-color images using the average of both bands
for the green channel. Source properties were determined us-
ing SExtractor (Bertin & Arnouts 1996) in dual-image mode
with F606W chosen as the detection band.

Our search for galaxies experiencing violent encounters
with the ICM consists of two parts. We first perform a simple
visual inspection of the color images of all clusters to iden-
tify the brightest and most spectacular examples of extreme
ram-pressure stripping. The second phase then uses the un-
ambiguous cases thus unveiled as a training set to establish
quantitative color and morphology criteria that allow the se-
lection of fainter objects of conspicuous but less compelling
visual appearance to create an even larger sample of galaxies
that might be experiencing a similar transformation. In this
Letter, we focus on the former step; a detailed description of

2 Four of these in fact hail from the southern extension of MACS which
covers the extragalactic sky at � < �40�.
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Figure 2. Top panel: close-up views of the jellyfish galaxies highlighted in Figure 1. The green contours show the surface brightness at ∼1σ above the background
for an image generated by co-adding the F435W, F606W, and F814W images using the SWarp tool (Bertin et al. 2002). The white circle shows the AAOmega fiber
aperture size. Bottom panel: AAOmega spectra (where available) for the jellyfish galaxies. We note that the broad feature at ∼8650 Å seen in the F0237 and F1228
spectra is due to sky subtraction residuals.
(A color version of this figure is available in the online journal.)

2007; Yoshida et al. 2008; Smith et al. 2010; Hester et al.
2010). However, at redshifts comparable to A2744, only three
have been observed, all in separate clusters (Owen et al. 2006;
Cortese et al. 2007). Indeed, Cortese et al. (2007) found only
two examples in a survey of 13 intermediate-redshift clus-
ters. The rarity of jellyfish galaxies in intermediate-redshift
clusters emphasizes the significance of the observations pre-
sented here; we observe four such systems within A2744.
While the statistics at intermediate redshifts are sparse, S10
compiled a sample of 13 Coma cluster galaxies that har-
bor ultraviolet asymmetries/tails. The orientation of the tails,
which generally point away from the cluster center, suggested
that these galaxies formed from an infalling population ex-
periencing the cluster environment for the first time (S10).
However, there are two key distinctions to be made when com-
paring the low-redshift jellyfish population with that of A2744.
First, the knots in A2744 are bright (−13 ! MI ! −17) when
compared to prominent examples in Coma (GMP4060/RB199,
MI > −13 S10; Yoshida et al. 2012) and Virgo (IC3418,
MI > −11; Hester et al. 2010; Fumagalli et al. 2011) while
only ESO 137-001 in the merging cluster A3627 has knots with
comparable brightness (Sun et al. 2007; Woudt et al. 2008).
Thus, the bright knots seen in A2744 are rare in low-redshift
clusters. Second, the orientation of the tails in A2744 is less well
ordered than those seen in Coma. This does not preclude the ex-
istence of a faint, Coma-like infalling population of jellyfish
in A2744, which may be revealed by deeper observations, but
indicates that the picture outlined by S10 is unlikely in this case
for the jellyfish observed in A2744. Thus, there appears to be a
relatively larger number of jellyfish in A2744 compared to other
intermediate-redshift clusters and these jellyfish appear to be a
different, brighter version of their low-redshift counterparts.

Is the major merger in A2744 driving the formation of an
excess of these bright jellyfish galaxies? There is a strong

spatial correlation between the jellyfish galaxies and features
associated with the high-speed Bullet-like subcluster (Figure 1
and O11): the proximity of (1) F0083 and F0237 to the
portion of the Bullet-driven shock front revealed as an edge
in the Chandra observations, and (2) the central jellyfish to
the X-ray peak associated with the remnant gas core of the
Bullet-like subcluster. While we cannot know the exact three-
dimensional locations of the jellyfish galaxies with respect to
the intracluster medium (ICM) structures, the small projected
distances suggest that the jellyfish galaxies may have recently
been overrun by the shock front and/or the Bullet-like subcluster
gas. This indicates that a mechanism related to an interaction
with these ICM features may be responsible for either the
stripping of the gas leading to the tails or the triggering of the
star formation in the tails, or both. This assertion is supported
by the young ages of the stellar populations in the knots and
filaments, which suggest that the star formation was triggered
!100 Myr ago (Section 3.2). On these timescales, a galaxy
with velocity ∼1000 km s−1 travels !100 kpc, so we would
expect there to still be a strong spatial coincidence between the
jellyfish and the putative ICM features responsible for triggering
the star formation. Furthermore, consideration of the peculiar
velocity of the Bullet-like subcluster (vpec ≃ 2500 km s−1;
O11) and of the three jellyfish galaxies with measured redshifts
(vpec = −729,−2277, and − 2528 km s−1; lower panels,
Figure 2) indicates that the jellyfish galaxies are not members
of the Bullet-like subcluster, and that if they have interacted
with the shock or the Bullet-like subcluster’s ICM, then the
relative velocity of the interaction was high—of the order
of the merger velocity ∼4750 km s−1. Similarly, Owen et al.
(2006) suggested that the jellyfish-like galaxy C153 in A2125
may be a result of enhanced ram pressure stripping caused
by a high-velocity encounter with the ICM due to a cluster
merger, while S10 find hints that some of their jellyfish galaxies
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THE	  WINGS	  DATASET	  

B	  and	  V	  deep	  photometry	  with	  WFC/INT	  and	  WFC/2.2m	  
on	  34’X34’	  	  

FOV	  1.2-‐2.7Mpc,	  res.	  0.7-‐1.6kpc,	  MV~-‐13	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
400.000	  gal	  phot.,	  40.000	  surf.phot	  +	  morph	  

Op7cal	  fibre	  spectroscopy	  with	  2dF/AAT	  and	  WYFFOS/
WHT	  

48	  clusters,	  6500	  spectra,	  100-‐200	  galaxies/cluster,	  down	  to	  MV~-‐17	  

Near-‐IR	  deep	  photometry,	  J	  and	  K	  with	  WFC/UKIRT	  
36	  clusters	  –	  galaxy	  masses,	  SED	  +	  struct.props	  

Some	  U-‐band	  with	  INT,	  LBT	  &	  Bok	  

	  

Reaching	  out	  to	  0.6	  virial	  radii	  for	  most	  clusters	  

LBT 

ESO2.2m 

Sigma=500-‐1200+km/s,	  Log	  LX=43.3-‐44.7	  erg/s	  



'K==1?K9\1JW(XYZ_(

H$IJKLM4$$.$8@?$N$IGO9A@$<8PKM$;@$8$J?<:$=QR$SABK$
09<:8P89/.'!T$UVKL=$W$OVKL=$6!0$09<:8P89$8@?$.'!$$$$$$(

V!"(%#-'#)Dg!h(

0(23C(V(45<H=?:?C(gH?;15C9(nn(
:5(q`hE(^_(4=K9:?;9(o(C2:2(
;?CK4?C(13(%2C5@2(F1:G(2(
<5C1N?C(@?;9153(5B()*)D0$b(
(
K8>23C(5365136(o(C2:2(
;?CK4?C(13(&2H=?9(>A(V!"(C2:2(
4?3:?;(g)31?==5(';2C5(23C(4eh(

';?2:(299?:E(5K:(:5(Xe_(@1;12=(;2C11(

%G5:5<?:;AI(>K:(2=95(C?:21=?C(<5;HG5=561?9I(9:;K4:K;2=(
H2;2<?:?;9I(45=5;(<2H9(?:4(



**09<:8/**!$=X<PBL;=P;XAP$Y;ZZ;S[HX$;Y$PZH=B<L=$
;\=<LE<?$SABK$.'!$]$^$_V`$=X<PBLR$P;9XZ<B<@<==$B;$
.aGV4$bVc$=X<PBL8$

-365136((8((

Zn(316G:9(2==542:?C(95(B2;(gmX_8Xa(4=K9:?;9hI(3??C(
5:G?;(q(:5(45<H=?:?(:G?(H;56;2<<?(

))-D,')(!%,b"#)(
**09<:8/**!$=X<PBL;=P;XAP$Y;ZZ;S[HX$;Y$PZH=B<L=$
;\=<LE<?$SABK$.'!$]$^$_V`$=X<PBLR$P;9XZ<B<@<==$B;$
.aGV4$bVc$=X<PBL8$

-365136((8((

Zn(316G:9(2==542:?C(95(B2;(gmX_8Xa(4=K9:?;9hI(3??C(

))-D,')(!%,b"#)(
/**!$=X<PBL;=P;XAP$Y;ZZ;S[HX$;Y$PZH=B<L=$

R$P;9XZ<B<@<==$B;$

Zn(316G:9(2==542:?C(95(B2;(gmX_8Xa(4=K9:?;9hI(3??C(Zn(316G:9(2==542:?C(95(B2;(gmX_8Xa(4=K9:?;9hI(3??C(
5:G?;(q(:5(45<H=?:?(:G?(H;56;2<<?
Zn(316G:9(2==542:?C(95(B2;(gmX_8Xa(4=K9:?;9hI(3??C(



Large	  effort:	  114	  telescope	  nights,	  29	  refereed	  pubs	  so	  far,	  all	  
wide-‐field	  –	  ALL	  PUBLIC	  on	  VO	  as	  soon	  as	  published	  (Moreg+	  
2014)	  

WFC/INT,	  WFC/ESO2.2,	  WYFFOS/WHT,	  2dF/AAT,	  WFCAM/UKIRT,	  
90prime/Bok,	  LBC/LBT,	  Omegacam/VST,	  AAOMEGA/AAT,GMOS/
Gemini,	  VIMOS/VLT,	  X-‐Shooter/VLT,	  MUSE/VLT	  



A	  VISUAL	  SEARCH	  

Two	  of	  us	  (BP	  &	  GF),	  independently	  inspected	  the	  B-‐band	  
OMEGACAM	  images	  (if	  seeing	  >	  1.3”,	  V-‐band)	  
	  
Assign	  a	  “jellyfish	  class”	  from	  5	  (very	  strong)	  to	  1	  (very	  weak)	  –	  
possible	  7dal	  cases	  iden7fied,	  mergers	  excluded	  –	  class	  is	  likely	  	  
combina7on	  of	  stripping	  phase	  and	  orienta7on	  
	  
A	  range	  of	  “morphological	  paierns”	  (proper	  jellyfishes,	  handlebars,	  
croissants,	  comets	  etc…)	  
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JELLYFISH	  GALAXIES	  IN	  WINGS	  CLUSTERS	  

The	  WINGS	  group,	  Poggian7+	  in	  prep.	  

Compared	  to	  other	  field(cluster)	  galaxies,	  jellyfishes	  have	  a	  SF	  enhancement	  of	  a	  factor	  
1.3-‐1.8	  /	  1.7-‐2.3	  	  (classes	  12-‐345)	  



MASS	  DISTRIBUTION	  
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Color-‐mass	  diagram	  and	  
spectral	  types	  

Color-‐mass	  diagram	  and	  jellyfish	  class	  



CLUSTERCENTRIC	  DISTANCE	  
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Independence	  
from	  global	  cluster	  
proper7es	  

41	  clusters,	  of	  which	  7	  in	  
Shapley	  (17%	  of	  total)	  
	  
N_j	  ==	  Number	  of	  jellyfishes	  
that	  are	  member	  (1)	  or	  could	  
be	  members	  (no	  redshiu,	  -‐1)	  
	  
Tot	  N_j	  ==	  190	  
	  
average	  number	  of	  poten7al	  
jelly	  per	  cluster	  =	  4.6	  
	  
43	  =	  N_j	  in	  Shapley	  clusters,	  ==	  
23%	  del	  totale	  
	  
average	  number	  of	  jelly	  in	  
Shapley	  clusters	  =	  6.1	  ("jelly	  
excess")	  



SHAPLEY	  SUPERCLUSTER	  
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Figure 19: Cluster A1069. Left panel: rest frame velocity distribution (km/s) for galaxies in the input
redshift range (z±0.015); member galaxies (membership as defined above) are in green, other galaxies
in blue. The mean velocity of the cluster and the rest frame velocity dispersion are written on the
top of the figure. The long dotted lines define the ±� region. Right panel: redshift distribution for
galaxies in the input redshift range (z± 0.015); colors as in the left; the mean redshift is indicated on
the top.

Figure 20: Cluster A1069. Left: RA DEC position of member galaxies. The green, red and black dots
rapresent respectively the X center, the optical center and the BCG location. The circle of radius
R200 is plotted in red, centered on the old WINGS centre coordinates. Right: RA DEC position of
galaxies in the substructure (red circles) and member galaxies (blue crosses). The red big circle gives
an idea of the R200 of the cluster. and the green one of a tentative R200 of the substructure.
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Rosa	  Calvi	  	  +	  WINGS	  collaborators	  	  

Padova-‐Millennium	  Galaxy	  and	  Group	  
Catalogue	  (PM2GC)	  	  	  

Based	  on	  the	  Millennium	  Galaxy	  Catalogue	  (PI	  
Simon	  Driver,	  Liske	  et	  al.	  2003),	  a	  38	  deg^2	  
equatorial	  survey	  	  

• 	  B-‐band	  imaging	  with	  WFC/INT	  	  	  

AAT/2dF	  redshiu	  survey	  combined	  with	  2dFGRS	  
and	  SDSS:	  spectroscopic	  completeness	  in	  the	  area	  
96%	  to	  B=20	  

A	  general	  field	  galaxy	  sample	  at	  z=0.04-‐0.1	  



Padova-‐Millennium	  Galaxy	  and	  Group	  
Catalogue	  (PM2GC)	  	  	  

	  

•  Group	  catalogue	  (groups,	  binaries	  and	  singles)	  and	  environment	  characteriza7on	  (FOF	  
algorithm)	  

• 	  Galaxy	  morphologies	  	  

• 	  Galaxy	  stellar	  masses	  

• 	  SFHs	  and	  stellar	  popula7ons	  from	  spectral	  analysis	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Calvi	  et	  al.	  2011,	  2012,	  2013	  

ADVANTAGES	  compared	  to	  SDSS:	  

Beier	  imaging	  quality	  

Spectroscopic	  completeness	  (14%	  of	  all,	  
27%	  of	  our	  compacts	  missing	  in	  SDSS)	  
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SUMMARY	  
Jellyfish	  galaxies	  are	  unmistakable	  signatures	  of	  gas	  stripping	  (most	  
probably	  ram	  pressure	  stripping)	  
	  
They	  are	  a	  wide	  spread	  phenomenon	  in	  clusters	  of	  all	  masses,	  
weaker	  cases	  may	  be	  present	  in	  groups	  
	  
The	  gas	  in	  the	  tentacles	  forms	  new	  stars,	  which	  are	  added	  to	  the	  
intracluster	  light	  –	  When	  jellyfishes	  are	  opAcally	  recognizable,	  the	  
majority	  are	  in	  a	  phase	  of	  enhanced	  star	  formaAon	  
	  
Hints	  that	  their	  most	  favourable	  condiAons	  are	  in	  complex	  
structures,	  like	  cluster	  mergers,	  where	  X-‐ray	  shocks	  are	  found	  
	  
There	  is	  now	  a	  large	  sample	  of	  jellyfishes	  in	  low-‐z	  clusters,	  for	  follow-‐
up	  studies	  



To	  do	  next:	  
	  
PosiAon	  wrt.	  Chandra	  maps	  
Galaxy	  color	  maps	  (uBV)	  to	  see	  spaAal	  distribuAon	  of	  
star	  formaAon	  
IFU	  data	  (MUSE	  +	  KOALA?)	  
InvesAgate	  group	  jellyfishes	  


