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What is ram-pressure stripping

Two ingredients:

1) High velocity

2) Dense environment Gas

Stars

Galaxy clusters

and groups



Multi-wavelength tails

IC 4040

Yagi et al. 2010

Halpha X-Ray

Sun et al. 2010

HI (neutral hydrogen)

Chung et al. 2007

NGC4654 ESO137-001

So far no tail has been observed in all the three phases. 
Expensive and long integrations are needed in HI and X-Ray 


Multi-Phase tails



IC 4040

Yagi et al. 2010

CGCG 160-212

NGC 4858

M. Fossati et al.: Hα tail behind NGC 4848

Fig. 1. Left panel: grayscale representation of the Gaussian-smoothed (three-pixel-kernel) NET image of NGC 4848, with contours of the same
image (contours are from 1 to 320 × 10−17 erg cm−2 s−1 arcsec−2 in 10 logarithmic intervals). The white cross marks the center of the molecular
hydrogen given by Vollmer et al. (2001), while the white X marks the center of the HI given by Bravo Alfaro et al. (2001). Three knots of NET
emission with associated stellar continuum are marked K1-3. Right panel: grayscale representation of the OFF image of NGC 4848, with contours
of the Gaussian-smoothed (three-pixel-kernel) NET image (same as left panel). Note the angle between the major axis of the galaxy and the
direction marked by the tail, which points toward the center of the Coma cluster.

3. The galaxy

In spite of its SBab classification, the morphology of NGC 4848
is rather irregular, being composed of a central nuclear source
(harboring an active galactic nucleus (AGN) [NII]λ6584 Å/Hα =
0.64, see Gavazzi et al. 2011) with red (g − i = 1.5 mag) color.
At a 5−10 arcsec projected radial distance from the nucleus, a
bright, blue, and clumpy ring of active HII regions dominates
the galaxy morphology. Further out, the light profile falls-off ex-
ponentially, as is typical of a disk. Given the irregular shape of
the galaxy, a simple (bulge+disk) model cannot fit the measured
light profile in any band. Therefore, a non-parametric classifica-
tion method has to be used, such as the CAS system of Conselice
(2003).

Based on the Hα and r-band images obtained in 2012 and
on B and H-band images, we derived the concentration, asym-
metry and clumpiness (CAS) parameters of NGC 4848 (see
Table 3). We remind the reader that a theoretical r1/4 law has
C = 5.2, while an exponential disk has C = 2.7. Moreover,
a symmetric and smooth galaxy has A = 0, S = 0. Typical
values for Sa-Sb galaxies in the r band are C = 3.9 ± 0.5,
A = 0.07 ± 0.04, and S = 0.08 ± 0.08 (Conselice 2003), which
are consistent with the values of C = 3.0 ± 0.5, A = 0.11± 0.05,
and S = 0.10± 0.10 found by Fossati et al. (in prep.) for a larger
sample of 360 galaxies in the Coma Supercluster in the r band.
The same set of parameters were derived in the NET Hα frames,
yielding C = 2.5 ± 0.9, A = 0.28 ± 0.11, and S = 0.65 ± 0.26
for Sa-Sb. Therefore, NGC 4848 is significantly more asymmet-
ric and clumpy and less concentrated than typical Sab galax-
ies, especially in bands that more sensitively trace the presence
of young stars, consistently suggesting that some morphological
peculiarity has been recently (<1 Gyr) induced by the interaction
of the galaxy with its surrounding environment.

3.1. The SFR from the Hα luminosity

To make a quantitative estimate of the Hα+ [NII] flux associated
with NGC 4848, we preferred to use the new SPM image alone

Table 3. Concentration, asymmetry, and clumpiness (CAS) parameters
of the galaxy NGC 4848 in four bands.

Band C A S
Hα 1.76 1.05 1.75
B 1.83 0.45 1.06
r 2.50 0.30 0.57
H 3.06 0.18 0.35

to avoid uncertainties caused by to resampling that occurs when
the image is stacked with the existing INT observation. The
Hα+[NII] flux within the optical extent of NGC 4848 was found
to be log F(Hα + [NII]) = −12.47 ± 0.03 erg cm−2 s−1. Before
converting this flux into a SFR, the Hα flux must be corrected for
Galactic extinction, contamination due to [NII]λλ6548, 6584 Å,
internal extinction, and dust extinction (see Boselli et al. 2009;
Gavazzi et al. 2012). Given the high Galactic latitude of the
Coma cluster, extinction due to the Milky Way (Schlegel et al.
1998) is negligible (the dust-corrected value is log F(Hα +
[NII])MW = −12.46 ± 0.03 erg cm−2 s−1). The deblending
from [NII] was computed using the drift-scan spectrum of the
galaxy taken from Gavazzi et al. (2004). The corrected flux be-
came log F(Hα)MW;DB = −12.68 ± 0.03 erg cm−2 s−1. The flux
was further corrected for internal extinction using the Balmer
decrement (as in Boselli et al. 2012), which was determined
again with the drift-scan spectrum to yield log F(Hα)MW;DB;AA =
−12.11 ± 0.03 erg cm−2 s−1. The final correction for dust ab-
sorption in HII regions assumes that only a fraction f of the
Lyman continuum photons contribute to the ionization of the
atomic hydrogen. Following Boselli et al. (2009) and assuming
a Salpeter IMF, f = 0.77 we obtained log F(Hα)MW;DB;AA;EX =
−11.99±0.03 erg cm−2 s−1. Conversely, the photon escape frac-
tion was considered to be negligible (Boselli et al. 2009). The
corrected Hα luminosity was thus LHα = 1.1±0.2×1042 erg s−1.
According to Kennicutt (1998), the unobscured SFR is given by
SFRHα[M⊙ yr−1] = 7.9 × 10−42 × LHα[erg s−1], thus SFRHα =
8.8 ± 0.2 M⊙ yr−1. The bulk of the star formation takes place in
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NGC 4848

Ha tails are ubiquitous 

See G.Consolandi’s talk for other clusters

MF et al. 2012

27/64 (42%) LTG display 

extended asymmetric 

ionised emission 

(Yagi in prep.)



MUSE @ VLT

The Multi Unit Spectroscopic Explorer 

is a second generation instrument at 
VLT.


•  Large FoV 1’ x 1’

•  High sensitivity (8.2 m telescope)

•  Good spatial and spectral resolution 
(0.2” pixels and R=2500)


• Optical Wavelengths (4800-9000A)

Highly multiplexed instrument 

24 spectrographs

24 detectors (4000x4000 pixels each)


90000 spectra per exposure Needs efficient data processing



ESO137-001 with MUSE

•The first SV program 
observed with MUSE


•  The first MUSE paper 
(Fumagalli, MF et al. 2014)




ESO137-001 with MUSE

45 min
15 min

80m 4.1m telescope
Fumagalli, MF et al. 2014 (updated fig.)



ESO137-001 Kinematics

Ordered velocity field in the tail (as well as in the galactic disc)

Proof of high velocity motion in the cluster potential 

Radial orbit and Vinfall ~ 3000km/s (Jachym et al. 2014)

Fumagalli, MF et al. 2014 (updated fig.)



ESO137-001 Line ratios

Shocks in the tail
Metallicity gradient?

MF, Fumagalli et al. 2015



ESO137-001 Diagnostics
Which physical processes are keeping the gas ionized 


 in the tail?

Shock

Higher T in 

the outer tail



The Growth of Star Forming galaxies across environments and 
cosmic time. Results from KMOS3D, Ha3



Size growth of SF galaxies

Nelson et al. 2012 (2015)

• 57 massive galaxies 

• 0.8 < z < 1.3
• From 3D-HST grism

H� + [NII] effective radius ~ 30% larger than R-band effective radius. 

Ongoing growth of disks

Fossati et al. 2013

• Local Universe (z=0)

• From Ha + [NII] imaging



Disk truncation due to Ram pressure stripping

NGC4569
NGVS RGB Halpha

Boselli et al. 2006

The role of environment

Ha3: Fossati et al. 2013

HAGGIS: Kulkarni et al. in prep.

Density



KMOS @ VLT

The K-band multi object spectrograph 
is a second generation instrument at 
VLT.


•  24 deployable IFU (FoV 2.8’’ x 2.8’’)

•  High sensitivity (8.2 m telescope)

•  Good spatial and spectral resolution 
(0.2” pixels and R=3000)


• NIR Wavelengths (IZ,YJ,H,K)

Highly multiplexed instrument 

24 times faster than SINFONI for high-z galaxies


KMOS3D is a large GTO program (75 nights) targeting 600 galaxies at 
z=0.7-2.7 from 3D-HST deep fields (PI Forster-Schreiber / Wilman)




• Overdensity in narrow bins in redshift.

• Ha is more compact for galaxies in overdense environments (?)

Size growth from KMOS3D



SF vs Stellar Sizes - the picture so far

SF gas follows 
stars

z~0, HI-normal, field

Bulge + Bar?

0.6 -0.4 -0.0 0.8 2.3 5.5 11.8 24.4 49.8 99.9 199

177" X 177" 177" X 177"

Credit: S. KulkarniCredit: G. Consolandi



SF vs Stellar Sizes - the picture so far

SF gas follows 
stars

z~0, HI-normal, field

z~0, groups, HI-deficient

satellite 
stripping



SF vs Stellar Sizes - the picture so far

z~1, high SFR z~1-2, normal 
SFR

evidence of 
stripping?


