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“Soft” encounters 
harassment/cannibalism 

(Richstone 76, Moore +98, Ostriker 75)

Tidal pull & stripping 
(Merritt+ 83, Gao+04)

Reduction/halt  
of cosmic accretion 
(Behroozi+ 14, Joshi+19)

Ram-pression stripping 
(Gunn&Gott 72, Steinhauser +16, 
Poggianti+16)

Hydrodynamical  Gravitational 

Torque transfer 
(Renzini 18)

AGN feedback, 
stellar winds 
(Churazov+ 01, Sijacki +06)

Mergers 
(Negroponte +82, 

Hernquist +94)

Shock heating 
(Rees & Ostriker 77)

Environmental processes
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How does accretion shape clusters and galaxies?  
How long does quenching take? 

Does quenching depend on the accretion path?
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pre-processing

Haines+ 13/15, MB+ 18
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Simulations Observations 

De Lucia+ 12, Bahè+ 13/19

Pre-processing
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• Multi-wavelength survey of X-ray luminous 
clusters at 0.15<z<0.30 

• 104 spectr. confirmed cluster members up to 
~2r200 and down to M* ≈ 2x1010 M☉                                     

(80 % completeness) 

• weak dependence on SFR and SFH 
• no morphological bias, weak dependence on 

SFR and SFH 
• 96% spect. completeness for  MIPS 24 µm 
sources 

• 90% phot. completeness at 400µJy 

LoCuSS survey
6 C. P. Haines et al.
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Figure 2. Extended X-ray emission from Abell 1763. All spectroscopically confirmed X-ray groups are indicated and labelled by their
redshift and estimated M200 value. Those groups which are infalling into Abell 1763 are marked by red circles of diameter r200.

2.5 A catalogue of X-ray groups falling into
massive clusters

X-ray groups which are infalling into the primary clusters
are identified from their projected cluster-centric radii and
redshifts as those located within the “trumpet”-shaped caus-
tic profile enclosing those galaxies identified as cluster mem-
bers by Haines et al. (2013). In total 39 of our X-ray groups
were identified as being within the caustics of the primary
cluster. The full list of infalling X-ray groups is presented in
Table 2, including their positions, redshifts, X-ray luminosi-
ties, mass estimates, whether they have an obvious central
dominant galaxy (Brightest Group Galaxy or BGG) or not,
and the number of spectroscopically-confirmed members.

Figures 2–5 show the 0.5–2.0 keV band X-ray images
of Abell 1763, Abell 1835, Abell 963 and Abell 1758N,
smoothed with a Gaussian kernel of width 1200 after remov-
ing point sources. These enable the extended X-ray emission
from groups in the outskirts of the cluster and in the back-
ground to be identified. Each X-ray detected group with

confirmed redshift is labelled along with its M200 mass esti-
mate.

The X-ray emission from Abell 1763 extends signifi-
cantly in the WSW direction (as seen previously by Zhang
et al. 2007, Fig. B.6), including two sub-peaks that are iden-
tified as ⇠1014M� groups. Both of these peaks are close to
extremely massive passive galaxies with M⇠1011.6M�, fea-
tureless bulges and the extended di↵use envelopes character-
istic of BCGs. Two more groups with masses 5–7⇥1013M�
lie along the same axis, but in the opposite direction (ENE),
notably directly towards Abell 1770, some 13Mpc distant,
and within the filament of star-forming galaxies previously
detected as feeding Abell 1763 along this axis (Fadda et al.
2008; Edwards et al. 2010). Again the centres of X-ray emis-
sion from both groups are located close to massive passive
galaxies.

Abell 1835 is a classic relaxed cool-core cluster, as
demonstrated by its regular circular surface brightness con-
tours, and the most luminous cluster in the ROSAT Bright-
est Cluster Sample (Ebeling et al. 1998). At larger radii
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Figure 3. Extended X-ray emission from Abell 1835. All spectroscopically confirmed X-ray groups are indicated and labelled by their
redshift and estimated M200 value. Those groups which are infalling into Abell 1835 are marked by red circles of diameter r200.

(0.5–1.0 r200) four X-ray groups are identified with masses
2.7–6.1⇥1013M�. The two most massive groups were pre-
viously identified in the XMM data by Pereira et al. (2010)
and in Chandra data by Bonamente et al. (2013), who mea-
sured temperatures of 2.7 and 2.1 keV for the pair. The
X-ray peaks are centred on massive passive galaxies with
M⇠1011.3M�. The finding of numerous groups in the infall
regions of A1835 can explain its velocity dispersion profile
which remains flat at 1 500 km s�1 out to 2Mpc and signif-
icant substructures detected by the Dressler-Shectman test
(Czoske 2004). It also demonstrates how the core of a cluster
may behave as a relaxed system (Smith et al. 2005), while
on larger scales it is strongly disturbed due to the presence
of infalling groups.

Abell 963 has been classified as a relaxed cluster based
on the joint HST strong-lensing and X-ray analysis of Smith
et al. (2005), although it lacks the strong cool core of A1835.
The XMM maps again reveal significant sub-structure on
large scales, with three infalling groups identified. While

two are relatively poor systems (M200⇠2–3⇥1013M�, the
third is a massive group with M200=1.0⇥1014M�, located
at a projected distance of 1.0 r200 from A963. A Subaru
IC image centred on the group is shown in Fig. 6 with
the known group members labelled. The X-ray emission
(magenta contours) is centred on a massive passive galaxy
(M⇠1011.2M�) which dominates the group. The BUDHIES
team carried out an ultra-deep Hi survey of Abell 963 and
its environs, revealing that galaxies within the most massive
X-ray group are strongly deficient in Hi, relative to the lower
mass groups and the infall regions of the cluster, and pro-
viding evidence of the impact of pre-processing on galaxies
in infalling groups, stripping their gas contents and quench-
ing star-formation before they are accreted into the cluster
(Ja↵é et al. 2016).

Abell 1758 is a well known double cluster system with
two distinct clusters (A1758N and A1758S) separated by
8 arcmin (Rizza et al. 1998) in the plane of the sky (or 2Mpc
at z=0.279). Both A1758N and A1758S are undergoing ma-
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Figure 4. Extended X-ray emission from Abell 963. The three
spectroscopically confirmed X-ray groups infalling into A963 are
marked by red circles and labelled as in Figs. 2–3.

Figure 5. Extended X-ray emission from Abell 1758N. Both
A1758S and the second X-ray group falling into A1758N are
marked by red circles and labelled as before.

jor mergers, with Chandra imaging of A1758N revealing two
remant cores separated by 800 kpc and shock fronts (David
& Kempner 2004). Our XMM analysis has revealed a fur-
ther sub-structure within this complex system, a 4⇥1013M�
group that lies 6 arcmin (1.5Mpc) ESE from A1758N and at
the same redshift (z=0.279). The X-ray emission is centred
on a compact clump of four group members, including the
BCG (Fig 7), with many more group galaxies in the vicinity.
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Figure 6. A 21400⇥21400 Subaru/SuprimeCAM IC -band image
centred on the infalling group A963-g10 (M200=1.0⇥1014 M�).
Magenta contours indicate the extended X-ray emission from the
group. Spectroscopic group members are indicated in red, and
their redshift reported.
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Abell 1758 Group 7

Figure 7. A 16000⇥16000 Subaru/SuprimeCAM RC -band image
centred on the infalling group A1758-g7 (M200=4.1⇥1013 M�).
Magenta contours indicate the extended X-ray emission from the
group. Spectroscopic group members are indicated in red, and
other galaxies with known redshifts indicated in blue.
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HST and Subaru optical insets + Chandra X-ray map

Abell 1758

Northern clump 
M200 =18x1014 M⊙ 

Southern clump 
M200 =7x1014 M⊙ 

Shockwave

6 Schellenberger et al.

Figure 2. Exposure corrected XMM-Newton image with GMRT 608MHz radio contours (3,4,7 and 20 � levels, � =
0.2mJy bm�1), and optical closeups (top left and top right: HST observations ICZG24040 & ICZG14040, with WFC3/F160W;
bottom: SDSS).
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Figure 2. Exposure corrected XMM-Newton image with GMRT 608MHz radio contours (3,4,7 and 20 � levels, � =
0.2mJy bm�1), and optical closeups (top left and top right: HST observations ICZG24040 & ICZG14040, with WFC3/F160W;
bottom: SDSS).
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Figure 2. Exposure corrected XMM-Newton image with GMRT 608MHz radio contours (3,4,7 and 20 � levels, � =
0.2mJy bm�1), and optical closeups (top left and top right: HST observations ICZG24040 & ICZG14040, with WFC3/F160W;
bottom: SDSS).
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HST RELICS

• Mass cut Mstar > 109 M⊙ , LIR > 109.8 L⊙ 
• Theoretical models from Calura +16 

confirm “normal” star formation modes,  
no starburst 

• SFR and dust masses in cluster tail at lower 
values compared to field galaxies 

Abell 1758: star-forming galaxies
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Abell 1758: star-forming galaxies
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Abell 1758: star-forming galaxies
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18 wavebandsMIPS PACS 
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J-K

UV+SDSS

MB+ 20

• Cluster SF members showing reduced   
mid-IR luminosity 

• Enhance reduction in ram-pressure 
stripped galaxy: dust destruction/
removal? 

• Timescales of 0.7-2.0 Gyr 

Abell 1758: dust properties
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Conclusions       

• Systematic panchromatic study of star-forming cluster 
members at z> 0.25, with measurement of dust masses 

• Direct confirmation of pre-merger state of Abell 1758  

• Direct evidence of dust consumption/destruction in recently 
infalling galaxies. SF galaxy mostly infalling in  isolation 

• Heating from the intracluster medium radiation, ram-pressure 
stripping and merger shocks. Timescales ~1.35 Gyrs 
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Alpine Cosmology Conference 2020
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Zillertal (Austria)   Aug 31 - Sept 4
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Thank you        

Image credit: Illustris-TNG collaboration EAS 2020-S14, June 29th


