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1) Motivation

You all know it
already!

2) UV tails & trails: Ongoing
stripping of star-forming
galaxies
3) Asorption-line spectroscopy:
Recent quenching of outer
dwarfs
4) Enviro-history of cluster
members in models.
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The Coma 3-degree Survey

Associated with the HST/ACS
Coma Treasury Survey (Carter et
al. 2008), but much wider area, to
beyond virial radius of cluster.

Background:
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imaging

* Data:
* Comprehensive spectroscopy
from MMT/Hectospec + SDSS:
- “fast” redshift survey
- “deep” stellar pops spectra
* Multiwavelength imaging
including
Optical (CFHT), NIR (UKIRT
+CFHT), FIR (Herschel), Radio
(VLA), Halpha (INT+Subaru),
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MMT/Hectospec Spectrosopy

Coma 3-degree Survey

Two programmes observed in parallel extending to 2.5 Mpc radius ~ Rvir
I. A fast redshift survey of ~7,000 galaxies with r<20.5 to establish
membership, measure LF, GSMF, etc. -> Marzke et al. (in prep).
II. Repeated observations to yield high-S/N spectra of “bright” dwarfs (r~17)
for linestrengths -> stellar population information (RJS et al. 2009)

g-r

~160 “dwarf” galaxies (2-4 mag fainter
than M*). Integration ~4-10 hours per
galaxy, S/N ~ 50 per Angstrom.
SDSS DR7 spectra re-analysed
identically to ensure consistent
treatment (Price et al. 2010).
SDSS

MMT/Hectospec

Combined sample: ~430 galaxies.
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UV imaging

15 ksec GALEX Cycle 5
observation of Coma
core.

Combined with 20 ksec
Cycle 2 observation of
outskirts field to SW by
Hammer et al. (2010 &
LF paper submitted).
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NGC 4874
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XMM

UV Tails & Trails: ongoing stripping
Hα (red) + Chandra (blue)

Generic slide on stripping etc. Take account of talk by Komiyama!

Abell 3627: Sun et al. (2007, 2009)
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... but temporarily perhaps enhance SF in
tails of stripped material.
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Removal of gas, leading to quenching of
SF eventually....
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Small number of known “spectacular”
stripping events in rich clusters.

Simulation: Kapferer et al. 2009
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Gas-Stripping Events (GSE)
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All 80 blue (NUV-i<4, Mi<-17) members
examined for evidence of UV tails/trails: SF in
stripped gas.
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NUV - i colour-magnitude relation for 590
confirmed members within two deep
(>15ksec) Coma GALEX pointings, down to
~M*+4.5.
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Figure 1. UV/optical colour-magnitude relation for spectroscopicallyconfirmed cluster members within the two GALEX fields. No galactic extinction corrections or k−corrections have been applied. The points highlighted in red are outliers from a robust fit to the red sequence. Objects bluer
than the dashed line at N U V − i form the sample examined for signs of
gaseous stripping. The 13 GSE galaxies discussed in this paper are shown
by green crosses.

2.2 Catalogues

In order to measure matched-aperture colours, the MegaCam images were resampled, using SWARP (Bertin et al. 2002), to the same
1.5-arcsec pixels as the GALEX data, and smoothed to match the
5 arcsec FWHM point-spread function (PSF) of the UV images. In
the latter step, we adopt a circular gaussian PSF, constant over all

Find 13 cases - not all “spectacular”!
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GSEs much more
centrally concentrated
than the non-GSE
galaxies with similar
colour.
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istributions of the galaxies with stripping features, compared to the matched Coma member galaxies (upper panels) and to the
GSE galaxies are
tripping (lower panels). The vertical tick shows the median of the comparison sample, while the open symbols above show the
distributed
to classed as “jellyfish”, while others are shown with circles.
vertical position).
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Gas-Stripping Event (GSE) statistics

Within 1 Mpc, 30-40% of blue
Coma members show evidence for
ongoing gaseous stripping.
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Figure 4. The fraction of blue (N U V −i < 4) galaxies undergoing gaseous
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riety of wavebands (Vollmer et al. 2001; Finoguenov et al. 2004;
Yagi et al. 2007; Yoshida et al. 2008; Miller, Hornschemeier &
Mobasher 2009), while others are newly identified as possible stripping events.
The trails are predominantly oriented away from the cluster
centre, indicating that the galaxies are falling into the cluster for
the first time, along nearly radial orbits. All but one uncertain case
lie at projected radii of 300–900 kpc from the cluster centre. The
radial distribution of these galaxies is much more centrally concentrated than the distribution of blue galaxies from which they were
selected, and more similar to the distribution of passive galaxies.
Within 1 Mpc projected radius, some 30% of blue galaxies are currently undergoing stripping.
The radius within which UV trails are observed corresponds
to an ICM density of ∼ 10−27 g cm−3 , in agreement with simulations which show significant star-formation in the stripped wake in
this density regime (Kapferer et a. 2008). There are some hints that
stripping events are associated with local enhancements in the ICM
density, e.g. the eastern structure and the NGC 4839 group, but a
firm link can not be concluded from the present data.
We propose an interpretation of these objects as stage in rampressure stripping that is subsequent to the HI gas tail phase (Chung
et al. 2007), and/or occurring at higher ambient densities. The starformation triggered in the stripping events may lead to the growth
of the galaxy bulge, if newly-formed stars fall back into the source
galaxy. Alternatively they may escape, forming intracluster stellar
systems that could evolve into objects resembling ultra-compact
dwarf galaxies.
As stressed by Sun et al. (2009), a fuller understanding of the
relationship between different manifestations of gas stripping (HI
deficiency, and tails in HI, UV, Hα and X-ray) will be made possible by improving the overlap between observations in the various
wavebands, for the same galaxy cluster. Our optical, UV and data
for Coma will be complemented by an ongoing survey of the clus-
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Figure 5. Colour ACS images of the “fireballs” in GMP 4060 (upper panels) and GMP 2559 (lower panels). The first panel in each row is a GALEX/MegaCam
image, for orientation. The ACS subimages are 10 arcsec on a side.
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Figure 7. Distribution of angle between tails and the clustercentric vector.
The alignment angle θcl is near zero for galaxies apparently approaching the
cluster centre (i.e. tails “outward”) and near 180◦ for galaxies apparently
receding from the cluster centre.

Coma member galaxies, which should be possible within the next
few years using the Expanded Very Large Array.
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Enviro-history of model cluster members

We see trends with projected radius, well within
the virial radius.
Is this expected?
Aren’t clusters well-mixed at such radii?
Shouldn’t projection weaken the trends
substantially?
Address this with orbital history of ~10,000 Mstel >
109 Msun members of the four most massive
clusters (~1015 Msun) in Millenium Simulation.
Ignore semi-analytic predicted SFH!
Track key “life events” of each simulated galaxy...
... and compare to projected location at z~0.
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Key events in life of a cluster galaxy?

Comes within
1Mpc of
eventual halocentral galaxy

Becomes a
member of a
1013 Msun group,
1014 Msun “Virgo”,
1015 Msun “Coma”
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Reproducing the ongoing-stripping fraction

Can match fraction of GSEs, and low
incidence of “outgoing” events, by
assuming a dumb toy model where
galaxies:
1) start to be stripped when they
*first* come within 1Mpc,
2) remain visible for 500 Myr after this
point
3) become “red” thereafter

RJS et al. 2010
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SSP-equivalent ages from absorption
line analyses.
Low-σ galaxies are younger on
average (Caldwell et al. 2003; Nelan,
RJS et al. 2005; etc)

What about environment?
log(Age)

RJS et al.,in prep

Earlier claims of steep environmental
trends in Coma-SW dwarfs, e.g. Carter
et al. (2002).

Contrasts with much weaker effect in
giants e.g. NFPS (RJS et al. 2006)
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Age-radius-mass relations

RJS et al.,in prep

C3dS

Coma 3-degree Survey

Age-radius-mass relations

Ages of giants depend
mainly on “mass”

RJS et al.,in prep

C3dS

Coma 3-degree Survey

Ages of dwarfs depend
mainly on “environment”

Age-radius-mass relations

Ages of giants depend
mainly on “mass”

RJS et al.,in prep

C3dS

Coma 3-degree Survey

Ages of dwarfs depend
mainly on “environment”

Age-radius-mass relations

Ages of giants depend
mainly on “mass”

RJS et al.,in prep

C3dS

Coma 3-degree Survey

Age-radius trend: universal, not localised
Residuals from Age-Luminosity relation

All

Giants

Dwarfs

RJS et al.,in prep

South-West of Coma is “special”: ongoing merger of NGC 4839 group.
BUT: outer galaxies are younger than those in core at all azimuths.
It is the central region that is “unusual”, not the South-West!
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Key events in life of a cluster galaxy?

Time since incorporated
into 1014 Msun halo

Time since incorporated
into 1013 Msun halo

(colour-coded by stellar mass)

Galaxies observed projected nearer cluster centre became members
of clusters / groups earlier than those observed further out...
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Key events in life of a cluster galaxy?

Time since incorporated
into 1014 Msun halo

Time since incorporated
into 1013 Msun halo

(colour-coded by stellar mass)
(colour-coded by final halo ID)

Galaxies observed projected nearer cluster centre became members
of clusters / groups earlier than those observed further out...
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Key events in life of a cluster galaxy?

Time since coming within 1Mpc
of progenitor of eventual “BCG”

... and came within a given
“threshold” radius earlier.

Simplistically, if SF
“quenching” accompanies
any of these events, we
could predict age-radius
trend...
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Quenching time vs radius
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Quenching time vs radius
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Models: ∆ log(TM14, TM13, Tthresh) ≈ -0.2 Rproj / Mpc
Data: ∆ log(TSSP) ≈ -0.13±0.05 Rproj / Mpc (dwarfs)
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Quenching time vs radius

Text

Models: ∆ log(TM14, TM13, Tthresh) ≈ -0.2 Rproj / Mpc
Data: ∆ log(TSSP) ≈ -0.13±0.05 Rproj / Mpc (dwarfs)
Or: ∆ log(TQuench) ≈ -0.18±0.05 Rproj / Mpc
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Quenching time vs radius

Text

Models: ∆ log(TM14, TM13, Tthresh) ≈ -0.2 Rproj / Mpc
Data: ∆ log(TSSP) ≈ -0.13±0.05 Rproj / Mpc (dwarfs)
Or: ∆ log(TQuench) ≈ -0.18±0.05 Rproj / Mpc

Projected gradient of “key-event-times” is sufficient to explain observed
age-radius trend (though need not be the sole explanation!)
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