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The gas cycle ®
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Environmental mechanisms can break the cycle
and/or strip gas
> environmental quenching of Star Formation

Ram-pressure stripping
Interaction IntraCluster Medium - gas in the galaxy disc

the most efficient stripping mechanism in clusters
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Gas Stripping Phenomena in galaxies
ESO Large Programme - Pl Poggianti

120h with MUSE@VLT

94 Gas stripping candidates (clusters/groups/field)
20 galaxies as control sample

where, how, why is gas removed from galaxies?
what is the effect on the galaxy SFH?

Poggianti et al. (2017) ApJ, 844, 49
http://web.oapd.inaf.it/gasp

— Galaxies in different environments (clusters, groups, field+control sample)
— Galaxies with different masses (from 10° to 10> M)
— Galaxies with different stripping signatures
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— Observations completed: April 2018

— Phase 3 data available (for 50% galaxies) with
* datacubes
* emission line flux maps
velocity maps
Star Formation History maps in 4 age bins, ages, stellar masses
* integrated spectrum

*

— DR2 (all gaIaX|es) Apr|I 2019

European
+ES* soutem

@ Observatory ESO — Reaching New Heights in Astronomy

I‘-i—::l_l—ﬂ@ m R O -

Conc vy TR oo

15 Jan 2018

First data release of the deep 3D cubes plus ancillary maps and 1D spectra from the Large Programme 'Dissecting GAs Stripping
Phenomena in ¢ ies (GASP)'

Published: 26 Oct 2017
The ESO Large Program 'Dissecting GAs Stripping Phenomena in galaxies' (& hitp:/web.oapd.inaf.IUgasp/, PI: B.Poggianti) is now releasing deep MUSE 3D cubes observed in wide

et "'cld mode and natural seeing plus ancillary products from all the observations taken during the first three semesters of the program (P96, P97 and P98).
| Catalogues, Piates and DSS

Tools and Documentation

The scientific goal of the large programme is to study galaxies at z = 0.04-0.07 in different environments. The first half of the final sample (57/114) is now released. For each target
galaxy, the released data products are the reduced and combined MUSE 3D data cubes that can be queried and downloaded using the Phase 3 query form. The 3D data cubes come
together with an associated extracted 1D spectrum and associated maps of the emission-line fluxes for the Halpha and Hbeta emission, the Halpha 2D line-of-sight velocity field, the

Related Extemal Services
ESO & HST Image Galleries average star formation rate in four age bins, as well as luminosity-weighted stellar age and stellar mass density maps.

The released data come with a detailed description of the Large Program and a comprehensive data documentation here.

Last Update: 27.10.17 ® ESO Send us your comments | Subscribe to Newsletier | Privacy Statement
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GASP. I. Gas stripping phenomena in galaxies with MUSE

Poggianti et al. (2017a), ApJ 844, 48

GASP. Il. A MUSE view of extreme ram-pressure stripping along the line of sight: kinematics of the jellyfish galaxy JO201
Bellhouse et al. (2017), ApJ 844, 49

GASP. lll. JO36: a case of multiple environmental effects at play?

Fritz et al. (2017), ApJ 848, 132

GASP. IV. A Muse View of Extreme Ram-pressure Stripping in the Plane of the Sky: The Case of Jellyfish Galaxy JO204
Gullieuszik et al. (2017), ApJ 846, 27

GASP. V. Ram-pressure stripping of a ring Hoag's-like galaxy in a massive cluster

Moretti et al. (2018), MNRAS, 475, 4055

Ram-pressure feeding of supermassive black holes

Poggianti et al. (2017b), Nature, 548, 304

GASP. VII. Signs of gas inflow onto a lopsided galaxy

Vulcani et al. (2018a), ApJ 852, 94

GASP. VIII. Capturing the birth of a Tidal Dwarf Galaxy in a merging system at z~0.05

Vulcani et al. (2017), ApJ 850, 163

GASP IX. Jellyfish galaxies in phase-space: an orbital study of intense ram-pressure stripping in clusters

Jaffé et al. (2018), MNRAS 476, 4753

GASP. X: APEX detection of molecular gas in the tails and in the disks of ram-pressure stripped galaxies

Moretti et al. (2018), MNRAS 480, 2508
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UVIT view of ram-pressure stripping in action: Star formation in the stripped gas of the GASP jellyfish galaxy JO201 in Abell 85

George et al. (2018), MNRAS 479, 4126

GASP. XII. The variety of physical processes occurring in a single galaxy group in formation
Vulcani et al. (2018b), MNRAS, 480, 3152

GASP. XIll. Star formation in gas outside galaxies

Poggianti et al. (2019), MNRAS, 482, 4466P

Enhanced star formation in both disks and ram pressure stripped tails of GASP jellyfish galaxies
Vulcani et al. (2018c), ApJ, 866L, 25

Marco Gullieuszik Science with multi-object spectrographs: perspectives and opportunities for the Italian community

Milano 12.12.2018



arcsec

arcsec

GASP results

INAF

ISTITUTO NAZIONALE
DI ASTROFISICA

NATIONAL INSTITUTE

30! | 240
180
20 120

60
10}

) Vstars |km /s
s L

—120

_10l —180

—240

=10 0 10
arcsec

=30 =20

304

20}

—-10]

10kpe

-30 -20 -10 0 10

aresec

Gullieuszik et al., 2017

arcsec
=N W
O O O O
°
(4]

|
-
(=)

I
N
o

o

O

—30

-60 —40 —20 0 20 40

arcsec

60

30 ’ o i e
20 ' |
10
0
_10 .
-20
-30

arcsec

20

~40 =20 0

arcsec

—-60

Poggianti et al., 2017

40

60

Av [km sl

Av [km s71]

160
80

-80

-160
-240
=320
-400
-480

160
80

-80

-160
-240
—320
-400
—480

y (arcsec)

FOR ASTROPHYSICS

o
. BGG ™ ——1 10 kpc
-50 —-40 -30 -20 -10 0 10
x (arcsec)

Bellhouse et al., 2017

Marco Gullieuszik

Science with multi-object spectrographs: perspectives and opportunities for the

Italian community Milano 12.12.2018



* INAF

GASP results ® o

‘ NATIONAL INSTITUTE
FOR ASTROPHYSICS

Ram pressure stripping is at play
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GASP jellyfish galaxies are first infallers, and the more extreme are close to
the cluster center and have higher velocities (i.e. suffer more intense stripping)
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5/7 galaxies with emission line ratios typical of AGN

, in the center and in an extended region of ~10 kpc.
— selecting (observed) JF:

Ha tails as long as the stellar disk diameter L
J only 3% of EL galaxies in WINGS clusters show AGNSs)
[masses between 4e10 and 3e11]
nature.com > nature > letters > article AGN Confirmed by Xray emiSSion (Chandra)
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Enhanced SFR in the disk galaxies In situ star formation in the tails of all GASP
undergoing ram-pressure stripping galaxies

The tail clumps follow scaling relations similar to disk clumps.
Their stellar masses are comparable to Ultra Compact Dwarfs and Globular Clusters.

1.00
® control
: ﬁs 30 7 12 30/, 0 —12
; . A
0.75 ap 20 =|{-16 20/ 2 l-16
2 X by
e i 10 =H-2.0 10 <H-2.0
0.501 ~~ best fit control . 5 5
DU best fit stripping % 0 <24 8 o S f-24
X 4 ) g =
K7} N o Sf28 ° - S f-28
© - = = &
i 0.25 ZH-32 . v ZH-32
= 290 -4 =20 A ¥
! 9 -36 7 -36
. 0141 o ‘ o147
5 0.00 -30 et X -30 % b
° -30 -20 -10 0 10 20 30 : -30 -20 -10 0 10 20 30 :
E arcsec arcsec
E?-—O.ZS
ﬂ 30 o o -1.2 30/ -1.2
g -0.50 20 =fl-16 ‘ ~fl-16
L: =Y. : =N 20 &
10 , '. E -2.0 10 'A \:‘\ -2.0
-0.75 g R =24 g : 24
. Z 0 = Z o =1
: : F EYI = BX:
1.00 ok % | IO L
=1 ol 5 | ef32 Sk : H
. R -36 =o' © J0204 -36
9.5 100 105 11.0 115 W a  a e PR
log(M , [Ms]) disk -30 20 -10 0 10 20 30 0 -30-20-10 0 10 20 30 =0
arcsec arcsec
Vulcani et al., 2018 Poggianti et al. 2019

Marco Gullieuszik Science with multi-object spectrographs: perspectives and opportunities for the Italian community Milano 12.12.2018



* INAF

GASP follow-up programmes @

ISTITUTO NAZIONALE

DI ASTROFISICA

7' NATIONAL INSTITUTE
FOR ASTROPHYSICS

Molecular gas

— CO gas with APEX (33+44 hrs) for 5 galaxies to detect molecular hydrogen in the galaxies and in the tails: is the
molecular gas stripped as well or is it formed in situ? How much molecular gas is present in the tails and left in the main
body? [molecular gas is present both in the disk and in the tails, with different velocities, Moretti et al., 2018b]

— ALMA observations [4 targets, 22 hrs, ImJy RMS, all with AGN, in different clusters. 1 kpc resolution would allow to
resolve the knots as in GASP. CO21 and CO10. Moretti et al., in prep.]

Cold gas

— Deep HI observations of 15 JF in 5 clusters with JVLA (100 hrs, 15 kpc resolution)[mainly to study the interplay of the
different gas phases, but also to correlate HI deficiency to the JF appearance and to discover interactions, if any.
Ramatsoku et al., in prep.; Deb et al., in prep.]

Magnetic field
— 50 h JVLA S-band observation of JO206. Observations will be likely completed in ~weeks

Ongoing star formation
— Ultraviolet view of RPS in action with UVIT/Astrosat (24.4 ks) [George et al., 2018]

— Chandra observations [14 galaxies with masses >2e10 and JClass>=3, 10-60 ks each, 560 ks in total, 11 already show
X-ray emission. To detect AGN signatures, shock fronts, ULXs]

Marco Gullieuszik Science with multi-object spectrographs: perspectives and opportunities for the Italian community Milano 12
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GASP follow-up programmes: ALMA

Red contours are CO21
from ALMA cycle
5(ACA+12m) at

0.3,1.5and 2.7
Jy/beam.km/s

Beamsize=14"x1.1"

RMS (10) = 1mJy/beam

CO(2-1) and Ha not
always coincident:

Haimage + CO contours  different stages of
SF?

COimage + Ha contours

MUSE RGB image Moretti et al., in prep.
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WEAVE
e Galaxy cluster survey
e Stellar Populations at intermediate redshifts Survey (StePS)

JWST
Distribution of H2 in the disc and tails of GASP galaxies

Science cases for:

MICADO/MAORY @ E-ELT

e Probing the assembly of high redshift early-type galaxies
e The star formation history of galaxies at the peak of their compactness

MAVIS @ VLT

Mass growth and size evolution of early type galaxies

Dissecting the morphological evolution through the cosmic time and environment
Ram-pressure stripping in intermediate-z clusters

Variation of Star-forming clumps properties with redshift and environment
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