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•

The kinematic of galaxies compact groups: an 3D view of
these systems

•

The Tully-Fisher relation for compact group galaxies

•

The effect of the galaxy-galaxy interactions in the intergalactic
medium: Metallicity gradients in tidal tails and merging systems

Compact groups... Emanuela, Paul, Jonathan and Mayte’s talks
An interesting
example of galaxygalaxy interaction
in compact
groups... HCG 31.
Strong star
formation burst
can be identified
in this kind of
systems...
The presence of tidal
tails is a common
phenomena in these
systems
Credit: NASA, ESA, J. English (University of Manitoba), and the Hubble Heritage Team (STScI/AURA)

Compact groups... Emanuela, Paul, Jonathan and Mayte’s talks
An interesting
example of galaxygalaxy interaction
in compact
groups... HCG 31.

In this sense, compact groups galaxies are
Strong star
mainly interacting galaxies... where mergers/
formation burst
interactions take place!
can be identified
in this kind of
systems...
The presence of tidal
tails is a common
phenomena in these
systems
Credit: NASA, ESA, J. English (University of Manitoba), and the Hubble Heritage Team (STScI/AURA)

Given the strong interactions events, the kinematic of
these galaxies can be very perturbed...

In this case, how can we study their internal
kinematics?
We can use spectroscopy to analyze their nebular
emission lines, and therefore, we are able to study
their kinematics

Here appears the importance of the 3D spectroscopy
Spectral and spatial information
simultaneously

In several cases, the use of 3D
spectroscopy avoid some
problems related with onedimensional spectra (like the
determination of the position
angle of the galaxies)
Some limitations of 3D data...
IFU data: Large spectral coverage, but small spatial coverage
Fabry-Perot data: Large spatial coverage, but small spectral coverage
MUSE at VLT: available since the last year

Philippe’s Talk!

Some effects of galaxy-galaxy interactions in the
kinematics... the role of 3D spectroscopy in HCG
In this case, we can see the velocity field of HCG 2a,b
R-band

Halpha

Velocity field

Using the velocity field, we are
able to determine the kinematical
parameters of the galaxy and
therefore, its rotation curve

Velocity dispersion

We have performed
kind of analysis for a
whole sample of HCG
galaxies
Torres-Flores et al. (2009)

Recently we have increased the sample of compact group
with kinematic data...

VV 304a
VV 304b

Torres-Flores et al. 2014b
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Perturbed
fieldsgroup
will
Recently we have increased the
samplevelocity
of compact
produce
perturbed rotation
with kinematic
data...
curves...
VV 304a
VV 304b

Strong misalignment
between approaching
andvelocity
receding behavior
sides of
Peculiar
the rotation curves

Torres-Flores et al. 2014b

Change of the position angle along the major
axis... signature of galaxy-galaxy interaction
Can these interactions affect the chemical
distribution of these galaxies?...

The high spectral resolution of the Fabry-Perot
observations allow us to study with details the
kinematic of these galaxies located in dense
environments...
In this sense, can the environment play an important
role in the kinematics of galaxies?
How can we prove that?
One way is to use the Tully-Fisher relation...

The Tully-Fisher relation
Relation between the luminosity and the
rotational velocity of spiral galaxies
Useful to:
Determine extragalactic distances
Study galaxy evolution (e.g. Kassin et al. 2007)
Give some constrains on cosmological galaxy formation models
(e. g. de Rossi et al. 2012)

Tully & Fisher (1977)

In the last years, the TF relations
has been analyzed at different
redshifts... e. g. Puech et al. (2008),
Cresci et al. (2009)

Some authors have found and
offset in the zero point of the
TF relation, i. e. local galaxies
are brighter (or display higher
masses) that high-z galaxies:
Evolution in the zero point of
the TF relation
Cresci et al. (2009)

Puech et al. (2008)

The Tully-Fisher relation
However, in some cases can be useful to use the mass of the galaxies instead of their luminosities
Obtaining a mass-to-light ratio (M/L), luminosities can be converted in stellar masses
If we also take into account the gaseous mass of the galaxies, we can obtain their baryonic masses:
Mbar=Mstar+Mgas
Stellar TF relation

Baryonic TF relation
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Baryonic TF relation

Stellar masses
+
Gaseous masses

When the gas
mass is taken
into account,
the low-mass
galaxies follow
the same
relation that
high-mass
systems

Low mass
galaxies

MacGaugh (2000)

The case of the Tully-Fisher relation
The HCG sample

• Rotational velocities were taken from Mendes de Oliveira et
al. (2003), Torres-Flores et al. (2009, 2010)
• K-band magnitudes were taken from 2MASS.
• Optical colors were taken from the Hickson 1993
• HI masses were taken from Verdes-Montenegro et al.
(2001). When no HI masses were available, we estimated
them from the morphological types*.

Some previous results... B-band TF relation
Low mass galaxies are off the TF relation (Mendes
de Oliveria et al. 2003, Torres-Flores et al. 2010)
The inclusion of HCG low mass galaxies strongly
affects the slope and zeropoint of the TF relation

The case of the Tully-Fisher relation
B-band TF relation

K-band TF relation

Torres-Flores et al. (2013a)
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Some outliers can be also identified in the K-band TF relation

HCG 49b and 96c are 2 sigma off the relation defined by GHASP. How can we explain the location of that galaxies?
Apparently, 49b and 96c display higher luminosities for their rotational velocities. In fact, the rotational velocities of these
systems are in agreement with their morphological types

The case of the Tully-Fisher relation
What about the stellar masses of HCG 49b and 96c?
We should not use their infrared luminosities to derive their stellar
masses... we need an independent method...

The case of the Tully-Fisher relation
What about the stellar masses of HCG 49b and 96c?
We should not use their infrared luminosities to derive their stellar
masses... we need an independent method...
In the case of 49b, its
SDSS spectrum
shows a little
continuum emission
Using multi
wavelength data, we
can fit the spectral
energy distribution
of this galaxy and
derive it stellar mass

In the case of 96c, Plana et al.
(2010) studied the mass
distribution of this galaxy,
finding a stellar mass of
Mstar ~ 4.5*109 Msun

Mstar~108 Msun

The case of the Tully-Fisher relation
Stellar TF relation
For the HCG sample, we found:
Mstar=10(3.25±0.79)Vmax(3.22±0.36)
The slope of the TF relation for the HCG
sample is influenced by the lack of vey lowmass galaxies. In the case of GHASP, the
fitting gave us:
Mstar=10(0.21±0.83)Vmax(4.48±0.38)
However, the outliers galaxies HCG 49b
and 96c now lie on the TF relation defined
by GHASP
As expected, their luminosities were too
high for their rotational velocities... why?
Torres-Flores et al. (2013a)

HCG 49b displays a very strong Halpha
emission (as shown by Martinez et al. 2010)

HCG 96c display some level of star formation,
besides an AGN.

The case of the Tully-Fisher relation
Baryonic TF relation
For the HCG sample, we found:
Mbar=10(5.20±0.69)Vmax(2.42±0.30)
In this case, the slope is different from the
GHASP value
Mbar=10(2.21±0.61)Vmax(3.64±0.28)
As in the stellar case, the HCG galaxies
follow the relation defined by galaxies in
less dense environments
In this case, we have included the sample of
gas-rich galaxies studied by McGaugh et al.
(2012, empty stars)... These galaxies follow
the relation defined by GHASP!
Torres-Flores et al. (2013a)

HCG 49b and 96c lie on the baryonic TF relation.This fact confirm that their
luminosities were to high for their rotational velocities

We already see that interactions between galaxies affect
the kinematics of these systems...
However, during the interacting events
some neutral gas belonging to the disk of
each galaxy can be ejected into the
intergalactic medium...

Is it important?

Some effects of galaxy-galaxy interactions in the
intergalactic medium
Interacting
galaxies in compact
groups

Enrichment of metals
in the intergalactic
medium
..but, are these star-forming
regions formed “in situ” or
they were ejected from the
parent galaxies during
interaction process?

Gas in the intragroup
medium due to
galaxy interactions
Star formation in the
intragroup medium
(and tidal tails),
which is “rich” in HI

how does the metal
mixing work in
interacting galaxies and
tidal tails?

Some effects of galaxy-galaxy interactions in the
intergalactic medium
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medium due to
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Spectroscopic observations of interacting galaxies
can helpinusthe
to
Star formation
Enrichment
of
metals
understand the star formation process inintragroup
the intergalactic
medium
inmedium
the intergalactic
and in the tidal tails of interacting systems...
this
(and tidalAlso,
tails),
medium
information can help us to understand the which
chemical
evolution
of
is “rich”
in HI
these systems
..but, are these star-forming
regions formed “in situ” or
they were ejected from the
parent galaxies during
interaction process?

how does the metal
mixing work in
interacting galaxies and
tidal tails?

Star formation in interacting galaxies... a Tidal Dwarf Galaxy in NGC 6845?
NGC 6845: Compact
group of galaxies
We found a bright
knot “in the disk” of
the main galaxy

Star formation in interacting galaxies... a Tidal Dwarf Galaxy in NGC 6845?
NGC 6845: Compact
group of galaxies
We found a bright
knot “in the disk” of
the main galaxy
Gemini/GMOS image
reveals the presence
of faint tidal features
connecting this
source with NGC
6845B
The spectra of this blue knot has a
strong blue continuum emission
This stellar emission can be fitted with a
single stellar population of 4 Myr, 8x106 Msun.
Nebular emission lines gives an oxygen
abundance of 12+log(O/H)=8.63, close
to the solar value

Is this object a typical star forming region in a spiral galaxy?

Star formation in interacting galaxies... a Tidal Dwarf Galaxy in NGC 6845?
Metallicity-luminosity relation for regions formed in tidal features

Bastian et al. 2006 regions
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Star formation in interacting galaxies... a Tidal Dwarf Galaxy in NGC 6845?
Metallicity-luminosity relation for regions formed in tidal features

The blue knot is one of the
most brightest star forming
region located in tidal features...

This is the location of the blue knot....
Bastian et al. 2006 regions
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Star formation in interacting galaxies... a Tidal Dwarf Galaxy in NGC 6845?
Metallicity-luminosity relation for regions formed in tidal features

The blue knot is one of the
most brightest star forming
region located in tidal features...

This is the location of the blue knot....
Bastian et al. 2006 regions
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We can speculate that this object was formed in a
strong interaction event, given a compression of neutral
gas. We can not exclude the possibility of a TDG,
Simulations can help us to understand the
formation of this object!

Details can be found in the poster of Daniela Olave Rojas

Olave-Rojas in preparation

An extra consequence of the galaxy-galaxy interaction process...
N-body simulations found flat or inverted
metallicity gradients for interacting
galaxies (Rupke et al. 2010)

This effect could be the result of a
mixture of gases coming from the central
and the external regions of the interacting
galaxies

Also, gas flows along tidal structures can produce a
flattening in the metallicity gradient along tidal tails

Using Gemini/GMOS data we have analyzed some interacting systems...
NGC 92: Main galaxy of the Robert’s Quartet CG

Using Gemini/GMOS
spectra for each
star-forming region
along the tail, we
derived their oxygen
abundance

Torres-Flores et al. 2014a

Using Gemini/GMOS data we have analyzed some interacting systems...
NGC 92: Main galaxy of the Robert’s Quartet CG

Using Gemini/GMOS
spectra for each
star-forming region
along the tail, we
derived their oxygen
abundance

The tidal tail of NGC 92
displays a flat metallicity
distribution
Radial inflow of low-metallicity
gas from the outskirts of the
interacting galaxies + ejection of
gas from the central regions of
these galaxies (Rupke et al.
2010)
Torres-Flores et al. 2014a

Other extreme example... The merging compact group HCG 31
Can the merger process mix the gases in this system?

Gemini/GMOS IFU data

IFU data allow us to derive an oxygen abundance map

There is a difference of 0.2 dex between
the two main star forming knots, which
are separated by a distance of 800 pc

Is the gas mixing an efficient
process in merging systems?

Other extreme example... The merging compact group HCG 31
Can the merger process mix the gases in this system?

Gemini/GMOS IFU data

IFU data allow us to derive an oxygen abundance map

There is a difference of 0.2 dex between
the two main star forming knots, which
are separated by a distance of 800 pc

Is the gas mixing an efficient
process in merging systems?
Multiple Halpha profiles detected in the
central region: It suggests gas flows along
the galaxies. It can explains the oxygen
abundances “between” HCG 31A+C

Some preliminary results for other systems... NGC 1487
Local interacting
systems with
extended tidal tails

N
E

Gemini data allow us
to find Several HII
regions along the tails
Spectroscopic data allow
us to derive physical
parameters
5’x5’
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BPT diagram: Star-forming regions
Oxygen abundance gradient for NGC 1487

Mainly SFR regions!

Inverted metallicity gradient?
Is this a result of interactions? ... consistent with simulations!

Some preliminary results for other systems... Arp 314
Interactions in Arp 314

3

Triplet of
interacting
galaxies
Arp 314-1

Arp 314-1

Arp 314-2

Oxygen abundance gradient for Arp 314-1 is shallower than
the observed for non interacting systems
Arp 314-3

nd r! -band composite Gemini/GMOS image of NGC 92, where blue, green and red colours are associated with each
Red circles indicated the regions for which we have obtained spectroscopic data.
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T=10000 K, Ne =100 cm−3 (Osterbrock 1989). This analysis allow us to obtain a gaseous colour excess E(B-V), which
was converted into the colour excess of the stellar continuum
(Es (B-V)=0.44×E(B-V), Calzetti et al. 2000). This stellar
continuum was used to correct each spectrum by internal extinction, by using the Calzetti et al. (2000) extinction law.
The flux of the Hβ, [OIII] 4959Å, [OIII] 5007Å, [NII]
6548 Å, Hα, [NII] 6584Å emission lines, which are typically used to determine oxygen abundances through empirical methods, were estimated by fitting a single Gaussian
of each observed profile, by using the routine pan. The radial velocity of each region was measured by using the task
emsao, in iraf.
Using the Hα flux of each region we are able to determine their star formation rates (SFR), using the standard
recipe given in Kennicutt (1998) (SFR=7.9×10−42 erg s−1 ),
under the assumption of a continuous star formation rate.
In this case, we assume a distance of 51.1 Mpc to Arp 314
(NED database). We note that in some cases we observe regions belonging to the disk of the galaxies, while in other
cases the regions were observed in tidal features. In this lat-
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Spectra of Arp 314-1 and
continuum subtraction:
pPXF (Capellari &
Emsellem 2004)
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We detect a possible gas
outflow arising from the
Using the Hα flux of each region we are able to deter- Na doublet!
mine their star formation rates (SFR), using the standard

ical methods, were estimated by fitting a single Gaussian
of each observed profile, by using the routine pan. The radial velocity of each region was measured by using the task
emsao, in iraf.
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under the assumption of a continuous star formation rate.
In this case, we assume a distance of 51.1 Mpc to Arp 314
(NED database). We note that in some cases we observe regions belonging to the disk of the galaxies, while in other
cases the regions were observed in tidal features. In this lat-

The center of Arp 314 NED 01

Interacting systems
and AGN connection?!

Summary
• Most of the HCG galaxies lie on the near infrared Tully-Fisher relation.

A few

galaxies lie off the relation defined by GHASP (HCG 49b and 96c)

• The

outliers galaxies lie on the stellar and baryonic Tully-Fisher relation, once
the stellar masses are computed from spectral energy distribution and mass
distribution

• These results suggest that the outliers galaxies display higher luminosities which
are enhanced by star formation events, during galaxy-galaxy interactions

• Future Fabry-Perot instrument can help us to study in detail interacting systems
located in other environments

•HCG and interacting galaxies are good laboratories to search for star formation
in the intergalactic medium.

• Star forming regions formed during galaxy interactions can be used to trace the
chemical distribution of interacting galaxies

• The

mixture of kinematical and chemical analysis can enable us to understand
the interaction history of HCG galaxies.

