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Scientific Focus and Methods:
●  The structure, stel.pops, dynamics of 
    today's cluster dwarf galaxies have 
    been shaped….in that same cluster? 
    Elsewhere? When? How? Why?
 → Compare observations to sims/models
•  Focus: better with chocolate
•  Method: eat it quickly!
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„How to discriminate between cluster galaxy properties imprinted 
at birth and resulting from environmental transformation“
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• associate research fellow at Institute of 
Astronomy & Astrophysics, Academia 
Sinica (ASIAA) in Taipei, Taiwan

• interested in
• BCG+ICL

• cluster galaxy evolution

• radio galaxies

• galaxy-halo connection (assembly bias, 
SHAM, etc)

• application of machine learning

• will talk about cluster galaxy evolution from 
Subaru Hyper Suprime-Cam (HSC) survey
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Ryan Leaman, Postdoc
Max-Planck-Institut für Astronomie (MPIA) 

leaman@mpia.de

Talk Title: The Survival of a Relic Galaxy in the Centre of Perseus 

Scientific Interests: 

•GC-host galaxy co-evolution 

•Galaxy accretion histories 

•Dwarf galaxy chemodynamical evolution 

•Local Group + SAMs 
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Claudia Lagos
ICRAR

Talk Title:

The connection between mass, environment and slow rotation 

in simulated galaxies





Gandhali Joshi
Postdoc, Max Planck Institute for Astronomy (MPIA)
joshi@mpia-hd.mpg.de

Talk title: Mass Loss and Preprocessing of Group Galaxies

Research interests and methods:
- Galaxy evolution in groups and 

clusters
- The role of preprocessing in 

determining mass loss and final 
galaxy properties

- Zoom-in simulation of galaxy 
group



The infall of galaxies into clusters - 
the formation of long and 

short hot gas tails
Christine Jones , William Forman, Eugene Churazov, 

Yuanyuan Su, Ralph Kraft, Ming Sun, Scott Randall, Paul 
Nulsen, John Zuhone, Elke Roediger 

(see Table 1) with a cleaned coadded exposure time of 262 ks.
These deep data sets reveal a wealth of gas-stripping-related
structures, showing that M60 is undergoing ram-pressure stripping
as it falls through the ICM toward the cluster center. In the
Chandra image (Figure 1), we see that the gas removed from the
core of M60 has formed wings, a western edge, and a faint eastern
filamentary tail. Understanding the nature of these edges and
filamentary gaseous structures, and determining the velocity of
M60 through the Virgo ICM are the focus of this paper.

This paper is organized as follows. In Section 2 we list the
five Chandra observations used, explaining the data reduction
and processing methods. Section 3 documents the critical steps
undertaken to analyze the Chandra data, highlighting the
observational results from the reprocessed, coadded data and
discussing the results drawn. Our conclusions are presented in
Section 4. All coordinates are J2000, and unless otherwise
indicated, all errors are 90% confidence levels. Using the
Surface Brightness Fluctuation (SBF) distances from Mei et al.
(2007), the distance to M87 is 17.2±0.6 Mpc, and
1 4.98 kpc¢ = . These measurements assume a Hubble constant
H 73 km s Mpc0

1 1= - - in the ΛCDM cosmology and are
consistent with the SBF measurements by Tonry et al. (2001)
(16.1± 1.2 Mpc).

2. Observations and Data Reduction

We reprocessed and then coadded five observations of M60
(Table 1) taken with the Chandra X-ray Observatory using the
Advanced CCD Imaging Spectrometer array (ACIS) with
ACIS-S (chip S3) at the aimpoint, giving a total exposure of
270 ks. A sixth, 38 ks observation from the archive (ObsID
785) was badly flared and thus was excluded from our analysis.
All the data were taken in VFAINT mode and analyzed using
the standard X-ray processing packages, CIAO 4.7 (CALDB
4.6.8), FTOOLS 6.15, Sherpa 4.4, and XSPEC 12.9.0. The data
were filtered with lc_clean and deflare to remove events in
periods of abnormally low or high counts, where the count rate
deviates more than 20% above or below the mean. This gave a
useful exposure time of 262 ks.

Some events from M60ʼs bright core are redistributed along
the ACIS readout direction during readout. These out-of-time
events may contaminate both imaging and spectral analyses of
the faint diffuse X-ray emission of interest. We model the
readout contribution to the background using CIAO tool
readout_bkg, based on the algorithm developed by Vikhlinin
et al. (2005). The cosmic X-ray contribution to the background
was taken from the blank-sky background files; a series of
source-free background sets obtained at high galactic latitude to

avoid contamination from our Galaxy. For each observation the
relevant blank-sky background files for that date were down-
loaded and reprocessed. These were the period D source-free
data sets for the S3 CCD with exposure 400 ks. Identical
energy filters and the same cleaning process using CIAO were
applied to the blank-sky background files. The normalization of
the background was set by the ratio of exposure times between
the M60 and blank-sky background data sets, with a last
adjustment to account for the time variability of the particle
background component made by matching the detected count
rate for background and source in the 10–12 keV energy band,
where particle backgrounds dominate. Both the readout and
cosmic X-ray background contributions were subtracted from
our subsequent image analysis. Exposure-corrected, back-
ground-subtracted flux images were created for each observa-
tion in the soft (0.5–2.0 keV) and hard (2.0–7.0 keV) X-ray
energy bands, binned at a two-by-two pixel resolution
(0. 984 0. 984´ ´ ´ ). The exposure-corrected, background-sub-
tracted, coadded mosaic of the five Chandra observations used
in our analysis, with the identified point sources excluded, is
shown in Figure 1. The dynamical gas features studied within
this paper are marked. The reader may view a less processed
coadded mosaic of the five data sets, which includes point
sources, in Figure 5.

Table 1
Chandra Observations of M60

ObsID Date Exposure Cleaned Exposure
(ks) (ks)

8182 2007 Jan 30 52.37 48.28
8507 2007 Feb 1 17.52 17.52
12975 2011 Aug 8 84.93 80.84
12976 2011 Feb 24 101.04 101.04
14328 2011 Aug 12 13.97 13.97

Note. The cleaned exposure is after removal of periods of anomalously high
and low count rates.

Figure 1. Exposure-corrected, background-subtracted, coadded Chandra X-ray
image of M60 in the soft band (0.5–2.0 keV). A bin size of 2×2 pixels
(1″×1″) is used and the image has been smoothed with a 2″ Gaussian kernel
to highlight faint diffuse features. Both the instrumental readout and cosmic
X-ray backgrounds have been subtracted and point sources have been
excluded. North is up and east is to the left. Note the leading edge to the
north and west in the direction of M87 and gaseous wings extending from the
edge to either side. The small region of bright emission northwest of the surface
brightness edge is the spiral galaxy NGC 4647.
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Figure 2. Left: XMM-Newton 0.5–2 keV mosaic of A3627 from an 18 ks observation. The main tail of ESO 137-001 is significant in the XMM-Newton image. Right:
the composite X-ray/optical image of ESO 137-001’s tail. The Chandra 0.6–2 keV image (from the new 140 ks observation) is in blue, while the net Hα emission
(from the SOAR data; S07) is in red. The white stellar image is the same as the one shown in Figure 1. Note that the X-ray image was adaptively smoothed (also for
other X-ray contours shown in this work). The X-ray leading edge is in fact in the same place as the Hα edge (Figure 4).

sections, we discuss the spatial and spectral properties of
ESO 137-001’s tails.

3.1. Spatial Structure

The observed soft X-ray emission of the tails most likely
comes from the interfaces between the hot ICM and the cold
stripped ISM. Although there are no data for the cold atomic
and molecular gas (note the Spitzer data on the polycyclic
aromatic hydrocarbon (PAH) emission and the warm molecular
H2; Sivanandam et al. 2010), the X-ray surface brightness of
the tails reveals a great deal about the stripped ISM. The
surface brightness of the tails is quantitatively examined. We first
derived the 0.6–2 keV surface brightness profiles across some
parts of the tails and the leading edge. As shown in Figure 3,
both tails are narrow but highly significant features above the
local background. Even the “protrusion” is a 4.1σ feature.
The leading edge (or the contact discontinuity) is very sharp,
corresponding to the Hα edge (Figure 4). The gap between two
tails has a similar surface brightness as the local background
(Figures 3(b) and (c)). For the front part of the gap, the surface
brightness is (6.26 ± 0.30) × 10−5 counts s−1 kpc−2, while the
local background is (5.88 ± 0.27) × 10−5 counts s−1 kpc−2.
The low surface brightness of the gap has implications for
the three-dimensional structure of the stripped ISM tail. One
possibility for the observed double tails is the projection effect
of one broad cold ISM tail. According to this interpretation,
the three-dimensional structure of the soft X-ray emission
might be a cylindrical shell that produces double tails in the
projected surface brightness. As shown in Figure 3, such a
configuration fails to simultaneously account for both the low
surface brightness of the gap and the observed widths of two
tails. The observed emission level between tails is similar to
that outside tails. Basically, the width of the cylindrical shell
required to make the central emission dim also makes each
peak unacceptably narrow in relation to the observed profiles.
Thus, the two X-ray tails are most likely detached. This is also
supported by the Spitzer data (Sivanandam et al. 2010). The
8 µm PAH emission only appears in the first 20 kpc of the main
tail. The IRS data only cover a small field downstream but no

enhanced warm H2 emission is present at the front part of the
gap. Eventually, we need H i and CO data to better reveal the
distribution of the cold ISM downstream of ESO 137-001.

In principle, the surface brightness profiles along the tails
reflect the stripping history. As shown in Figure 5, both tails
have wiggles and substructures along the (time) axis. However,
the unknown conversion from the X-ray emission to the mass of
the stripped ISM (filling factor, detail of the emission spectra,
etc.) makes this difficult with only the X-ray data. A more
complete picture can be obtained with the H i and CO data.
From Figure 5, the total linear length of the whole tail system is
at least 4.′2 or 80 kpc. We also measured the widths of the main
tail in four segments (before sharp bends) and the widths of the
secondary tail in two segments. The model is composed of a
Gaussian and a flat local background. As shown in Figure 6,
the widths of both tails do not increase with the distance
from the galaxy. This conflicts with simulations (e.g., RB08;
Kapferer et al. 2009), as further discussed in Section 7.2. If
ESO 137-001 is moving supersonically, a bow shock may form.
The local sound speed is 1263 (kT /6 keV)1/2 km s−1. For a Mach
number of 1.1–3, the predicted position of the bow shock is
20′′–2′′ from the leading edge (or the contact discontinuity).
No such shock front is detected in the Chandra exposure.
The enhanced surface brightness would be much weaker in
projection on the sky, especially if ESO 137-001 is farther from
the cluster center than the projected position.

3.2. Spectral Properties

With this deep Chandra exposure, for the first time spatially
resolved spectroscopy can be done for X-ray stripping tails of
a cluster late-type galaxy. We measured gas temperatures in
five regions of the main tail and two regions of the secondary
tail (Figure 7). The background is from the local source-free
regions. A single APEC model with Galactic absorption was
used. We emphasize that the measured temperatures are only
spectroscopic temperatures as the intrinsically multi-phase gas
is fitted with a single-kT model. In fact, a hard X-ray excess
generally exists in the spectral fits, which implies the existence
of hotter components. However, with limited statistics, we

Christine Jones  
Senior Astrophysicist, Smithsonian Astrophysical Observatory, CfA 
President, American Astronomical Society



Pavel Jáchym 
Czech Academy of Sciences (CAS), Prague 

jachym@ig.cas.cz 

Scientific focus and methods: 

�  Ram pressure stripping and evolution of 
galaxies in clusters 

�  Optically dark clouds in clusters 

�  Effects of AGN feedback on star formation 

Ø  Millimeter observations 

Ø  Numerical simulations 

Ø  EU ARC – Czech node 

Talk: Molecular Gas in Ram Pressure Stripped Tails 



Bruno Henriques
ETH Zurich

Talk Title:

The link between AGN and environmental quenching



Oleg Gnedin 
Associate Professor 

University of Michigan, USA 

Talk title: 
On the origin of the correlation between halo mass 
and its globular cluster system mass  

Research interests: 
Simulations of galaxy formation 
Formation of massive star clusters 
Origin of globular clusters  
 
Plot: direct modeling of star clusters in 
cosmological simulations allows new tests of 
the implementation of star formation 



Matteo Fossati, Postdoc
Max Planck Institut für 
Extraterrestriche Physik (MPE)
mfossati@mpe.mpg.de

Talk Title: A spatially resolved view of gas stripping processes 
in nearby clusters

Scientific focus and methods:

Gas kinematics and ionization conditions

Stellar populations in dense environments

Environmental quenching


3D spectroscopy

Statistical studies of high-z samples  



M60

Bill Forman 
Director  
High Energy Astrophysics Division 

Senior Astrophysicist  
Smithsonian Astrophysical Observatory  
CfA  Cambridge, MA M87 from Chandra



Christoph Engler, Research Assistant
Astronomisches Rechen-Zentrum, Zentrum für 
Astronomie der Universität Heidelberg (ARI/ZAH)

Scientific Focus and Methods:

• Dwarf galaxies in clusters

• Analysis of low-mass galaxies in the Illustris simulation

• Linking a cluster's assembly history to galaxy                 

  properties

  

christoph@dwarfgalaxies.net

Talk Title: Intrinsic Scatter of the Mass-Metallicity 

Relation in Illustris Dwarfs



Eric Emsellem, Faculty
European Southern Observatory (ESO)
& CRAL – Obs Lyon

Scientific Focus and Methods
•  Analytic models and hydro simulations 

•  Mostly IFU (e.g., MUSE, MaNGA) obs

•  From dwarf to massive galaxies

•  Star formation vs dynamics

•  Stellar clusters and nuclei

  

eric.emsellem@eso.org

Talk Title: Is prolateness the (dominant) rule for BCGs? 



Martina Donnari, Postdoc

Max Planck Institute for Astronomy
donnari@mpia-hd.mpg.de

Scientific focus
★ Star formation rate in 

different environments

Method
★ Cosmological simulation: 

IllustrisTNG

Talk title (flash talk): The effects of environment on the star formation activity of 
galaxies with the IllustrisTNG simulation 



Luca Cortese, Staff 
International Centre for Radio Astronomy Research 

University of Western Australia 

Scientific Focus and Methods: 

•Gas/Star-formation cycle 

•Quenching time-scales and stripping 

•Morphological transformation 

•Integral Field Spectroscopy (SAMI) 

•HI and H2 surveys (xGASS, ALFALFA) 

•Panchromatic view of galaxies 

   

luca.cortese@uwa.edu.au 

Talk Title: Cold gas stripping in galaxy groups 



Mike Cooper 
Faculty @ UC Irvine 

Talk Title — Project Purple Rain    : When Doves Cry, Satellites Quench


— galaxy evolution z < 3 
— the Local Volume 

Some Scientific Foci:

— the GOGREEN Survey 
— PHIBSS2 Survey
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Alessandro Boselli 

Laboratoire d’Astrophysique de Marseille 

alessandro.boselli@lam.fr 

Talk Title: VESTIGE: A Virgo Environmental Survey Tracing 

Ionised Gas Emission 

Scientific focus and methods: 

Ionised gas emission in Virgo cluster 

galaxies as a tracer of ongoing 

perturbations 

 

Multifrequency analysis of Virgo cluster 

galaxies 



Frank van den Bosch 
Associate Professor 

. Yale University 

Talk:  
The Tidal Evolution 

of Substructure
Research Focus: 
- Galaxy-Halo Connection 
- Satellite Kinematics 
- Galaxy Quenching 
- Dark Matter Substructure



  

Bahar Bidaran

Bahar@dwarfgalaxies.net

Zentrum für Astronomie der Universität Heidelberg 
(ZAH)

Talk Title: Dwarf progenitors- what we can learn 
from circular velocity profiles?

Scientific Focus and Methods:

Environmental effects on dwarf and late type galaxies.
Big data processing

  



Yannick Bahé, Postdoc
Sterrewacht Leiden (The Netherlands)

Scientific Focus and Methods: 

• Formation of galaxies in/around groups 

and clusters 

• Cosmological hydro simulations 

• Comparison to observations and 

qualitative understanding of what’s going on 

  

bahe@strw.leidenuniv.nl

Talk Title (Friday): Metallicity, quenching, and stellar mass 
fractions in cluster galaxies: the EAGLE view

mailto:bahe@strw.leidenuniv.nl


Mike Anderson
postdoctoral fellow 

MPA Garching
michevan@mpa-garching.mpg.de

“Multiphase gas in a sightline towards a filament in M87”

Research interests: 
         - Galaxy formation; circumgalactic medium; AGN and stellar feedback  
         - Intracluster medium; cooling flows; filaments in galaxy clusters 
         - Missing baryons; metal enrichment history of the Universe 
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