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1] LoCuSS: pre-processing in galaxy groups falling into clusters

Radial population gradient of cluster galaxies:
the fraction of star-forming galaxies remains
well below field values even at 3 r 200.

Suggestion:

the presence of environmental effects
accelerating the consumption of the gas
reservoir prior to the settling of the galaxy into
the cluster potential, pre-processing.

Haines et al. 2015
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Figure 2. Radial population gradients for MIR-selected star-forming galaxies
from our stacked sample of 30 clusters. Red symbols show the fraction of
massive (M > 2.0 x 10'° M,,) cluster galaxies with obscured star formation at
rates SFRjg > 2.0 M, yr~' as a function of projected cluster-centric radius
(Foeoj/mso0). The error bars indicate the uncertainties derived from binomial
statistics calculated using the formulae of Gehrels (1986). Each radial bin
contains 400 cluster galaxies. The blue horizontal line indicates the correspond-
ing fraction of field galaxies (M > 2.0 x 10'°M; 0.15 < z < 0.30) with
SFRig > 2.0 My yr~! and its 1o confidence limits (shaded region).
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The Local Cluster Substructure survey (LoCuSS)
Haines et al. 2017
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They present a study of a new sample of recently discovered infalling groups (Haines et al. 2017),
focusing in particular on the star-formation properties of the massive galaxies within them.
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Figure 1. Deasity map of the hne-of-sight peculsar vedocity (in units of o) venus chastercentnic radius (in units of ryy) of clusier mesnbers, Superimposed

black comeours are labelled in red with the number density of the 34 infalling group members. Filled grey tnangles show the fraction of group members with
respect to cluster members, as a fenction of clustercenenc radies. The error bars (at o) are compened from hinomial statistics following Gebeels (1986).
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Figure 2. Fraction of massive (M, > 2 x 10'° Mzy) star-forming (SFR > 2 Mg yr~') galaxies, fyr, plotted with respect to projected clustercentric distance in
units of 0. Galaxies in LoCuSS clusters and infalling groups are plotted as filled red circles and grey triangles, respectively. The fy of fiedd galaxies is plotied
as filled blue sguares ot an arbitrary radius The ermor bars (&t 10) are computed from binoenial statistics following Gehrels (1986). Each radial bin coatains on

average 723 cluster and 125 group galaxies, respectively.

Conclusion: star-formation quenching is effective in galaxy groups.
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Jellyfish galaxies:
Stripped galaxies with new stars tracing the stripped tails

GAs Stripping Phenomena in the galaxies in MUSE (GASP) is a new integral-field spectroscopic survey
with MUSE at the VLT.
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Figure 2. Ha Bux emission maps (colourbar) on top of sophotes of Ha continuum in steps of 0.5 mag/srcsec=? (red contours) for 4
example GASP galaxies in differont stripping stages, From left 10 right: a) A galaxy with moderate signs of “Stripping”; b) & galaxy
featuring very Jong ges tails indicative of “Extreme-stripping”; ¢) a truncated “Post-stripping” galaxy; and d) a disturbed galaxy where
the physical cause of the disturbance s unclear (“7°).
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Position vs. velocity phase-space diagram

The green “cone”: regions in phase-space
where ram-pressure stripping is at play.
Red and blue contours: the location of
simulated cluster galaxies from Rhee et al.
(2017).
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Figure 6. The position vs. velocity phase-space diagram of 15
simulated group and cluster galaxies (mass range from 0.5 x 103
to 1 x 10'* M) from Rhee et al, (2017, private communication),
considering multiple lines of sight, separated into “virialized” (en-
tered the cluster > 4 Gyr ago; red contours) and “Recent infalls”
(falling towards the cluster for the first time or recently entered
the cluster < 2 Gyr; blue contours). A galaxy is considered to
enter the cluster when it has crossed Rago for the first time. The
contours enclose 1000, 2500, and 5000 particles from lighter to
darker colours respectively. The axes have been normalized by
cluster size (Ra200) and cluster velocity dispersion (o) to allow
the stacking of 15 simulated clusters with masses between 103
and 10'®Mg. The green area indicates the region where ram-
pressure by the ICM is able to strip 10% (dotted line) to 90%
(solid lines) of the total gas mass of an low-mass galaxy (model
galaxy I) falling in a massive cluster (model cluster B). For details
see Section 3, and Tables 1 and 2,
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« Jellyfish galaxies avoid the
virialized region of the cluster,
and have extended distribution in
contrast to all cluster galaxies.

« “Extreme-stripping” are all
located within 0.5 R,,, and many
are at |Av|/o > 1.

« “Stripping” are mostly located
beyond > 0.5 R,4p-

« “Post-stripping” are near the
center of the cluster.
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Figure 7. The location in projected position va. wlocity phase-space of all the jellyfish galaxy candidates from P16 (small gray stars)
nrxd the ones observed with MUSE by GASP so far (larger colored stars), separated by stripping stage as indicated, The background
shows the distribution of all WINGS/OmegaWINGS clusters with spectroscopie completeness > 507% stacked together (orange colorbar).
The gray curve corresponds to the 3D (un-projected) escape velocity in a NFW halo with concentration ¢ = 6 for reference. Note that,
contrary to the absolute velocities plotted in the phase-space diagram of Figure 6, the velodity axis in this plot has positive and negative
values, To the right of the phase-space disgram, a plot shows the velocity distribution of the overall cluster population of galaxies (open
red histogram), all the jellyfish candidates from P16 (Glled grey histogram), and the galaxies observed by GASP that are confirmed
stripping cases (i.e. *Stripping”, *Extreme stripping”, and “"Post-stripping; dashed blue histogram) at ry < Ryoo. All histograms have
boess normalized 10 unity for comparisos,
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Extreme-stripping galaxies are high
mass galaxies in both low- and high-
mass clusters.

These galaxies are inside or near the
zone where ram-pressure is
estimated to be most intense.

Many stripping galaxies are low-
mass galaxies in low-mass clusters
located outside the high-intensity
stripping zone.

These jellyfish galaxies are possibly
being affected by substructures
within the cluster and clumpy [CM.

mass clustors (bottom panels
on the right panels, As in Figure 7, grey stars correspond (o the jellyfish sample of P16 while the bigger stams are the confirmed jellyfish
galaxios from GASP. Lines of different intensities of ram-pressure are indicated in each case: the dashed coloured lines indicate 10%
stripping of the total gas mass, while the solid line
NFW halo, The vertical dashed line indicates r = Hao

completeness.

. » Tans O h mass a0es
L5yt _ Vs g

Strigprg (Gal HIn O 8)
3.0} Jodyfian carcianes (P16
| ¢ P Siripping (GASP)

Extreme stripping (GASP)

) * ';\( Poatatrgpeyg (GASH,
YU 7 (0ASP)

A 1.5 - *
10} s X
e A X

108
D.( 11
rul Ry

" rass ¢
5 o LOW MSS CUSters - Migh mass palavies

j 4 Svigping (Cal Hin G A)

'§'|1

> 28 . p
z £§ *

X .
03 . 5

ot
0.0 1.0
rul R

corresponds 1o 90% stripping. The grey curve co

15, “LT,",“.‘,‘,."Y’,"T!‘_L‘?",’“",P!”?‘

Svigoing (Gl 100 8)

3 = Low mass Custers - Low mass palawes
g - 1

—— Swigong (0. | C. A)

Figure 8, The location in position vs. velocity phase-space of jellyfish galaxios in high mass clusters (top panels; o > 750km /s) and low
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progenitors of jellyfish, the steep radial cluster T R
Ve|OC|ty diSperSion prOflle Of Je”yfISh Can be Figure 9. Line-of-sight velocity dispersion radial profiles of all

. . . . the cluster jellyfish candidates from P16, and the samples of pas-
ex p | a | n e d by h |g h |y ra d | a | O rb |tS . sive, star-forming, and post-starburst galaxies from Paccagnella
et al. (2017), normalized by the velocity dispersion of the cluster
as a function of distance from the cluster centre in units of Rapq.
The parent sample of WINGS/OmegaWINGS cluster galaxies is
plotted in black for reference. We considered all candidate jelly-
fish (which include the confirmed cases from GASP) and did not
differentiate by class to increase the number of galaxies per ra-
dial bin. Errors are jackknife standard deviations. For this plot we
restricted the galaxy samples to the clusters with spectroscopic
completeness > 50% and clustercentric distances r.; < Rago to
minimize biases.

Conclusion: jellyfish galaxies are a population of recently accreted cluster galaxies
on highly radial orbits, that are stripped via ram-pressure.
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 The main feature of the VIPERS Multi-Lambda Survey

B ‘-’r.lll-....=-'.’

v S (VIPER-MLS) is its ability to investigate the galaxy
! . properties as a function of environment at high redshift.
s %] Moutard etal. 2016 « The unique combination of area, depth and photometric

multi-wavelength coverage of the VIPER-MLS.

« Covering >22 deg? down to K, < 22, the VIPER-MLS
provides a complete sample of galaxies down to stellar
masses of M. ~= 1094 M, at z<0.65 (M. ~= 1088 M_  at

sun sun

z<0.5) including more than 33,500 (43,000) quiescent
galaxies.
 Photometric redshift with o5,/¢142) < 0.04.

« Fast quenching channel of young
low-mass galaxies
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The aim of this study is to highlight the role of environment in the fast quenching of low-mass galaxies.
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Figure 4, Probability distnbetion function (PDF) of the Jocal density o, as measured in 0.5 Mpc radiss apertures at redshifi 0.2 < ¢ < 0.5 for (a) quiescent
low-mass (magenta), high-mass (red) and wltra-massive (groy) galaxios and (b) comparison with star-forming counterparts for low-mass (cyan), high-mass
(blue) galaxics. Dashed limes show the corresponding cumulative PDFs, whille vertical srrows show the corresponding typical local densities, J, defined as
C3 Q. <oty PDF medians, Only galaxics with M. > Mz < 0.5) = 10** M, are considered. Shaded eavelops repeesent the carresponding + 1o uncertainties derived
0.0H 8 Quortar, <ar. <10var " from bootstrap resampling, whale the galacy sumber of cach subsample is writien in the spper lefl comer. Homzoatal green smrows (in paned b) show the Jocal
varex oy i density deviation associated with the different queaching channels: AY,, (dabed light green amows) and A%Jyy (dark green amows) foe low-mass galaxics
AAQR b LA ol ' : prone 1o fast quenching and high-mass galaxies proae slow guenching, respectively (¢f. Sect, 1.2)
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« Quiescent galaxies are located in denser environments than star-forming ones, both for low-mass and high-
mass galaxies.

 Low-mass quiescent galaxies are located in denser environments than high-mass ones.

« The quiescence of low-mass galaxies, associated with fast quenching, requires a stronger increase of the local
density.
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Figure £, Evolution of local densities with redshift, considering galaxics with M, > My (z < 0.65) = 10" M. (a) PDF() (solid lines) and cumulative PDF(p)
(dashed Jines) at redshift 0.2 < z < 05 (wop) and 0.5 < 2z < 0.65 (bottom) for the dafferent classes of galaxies defined in Sect. 3.2: low-mass quiescent ( Qe
magenta) and star-forming (SFy,; Eght blee) galaxies, high-mass quicscent (Quy: red) and star-forming (SFyy: dark blue) ones aad ultra-massive galaxies
(Quar: grey). The galaxy number of cach subsample is writien i the upper keft comer. (b) Commesponding evolution of the modian local density § (cf. Sect. 4)
with rodshift betwoen 2 ~ 0.6 and 2 ~ 0.4 (median redshifis of 0.5 < z < 0,65 aad 0.2 < : < 0.5, respectively). Similarly o Fig. 4, shaded envelopes represent
the comresponding = 1o, as derived from bootstrap resampling. Vertical green armows show the local density deviation associalod with the differont quenching
chasecls, M02 <2 <0Sand 0.5 < ¢ < 065 A%y, (dasded light green arrows) and A%Ju, (dark groen asrows) for low-mass galaxics prone %0 fast quenching
and high-mass galaxies prone slow qguenchang, respectively (cf. Sect. 3.2),

Conclusion : The local overdensity is associated the rapid quenching of
low-mass quiescent galaxies, while the physical mechanism is still uncertain.



