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Motivation

CALIFA:

I
Coverage

I
Diverse types of galaxies (kinematics, morphology, interaction

state)

I
Statistically well-defined sample, possible to perform volume

and large scale structure corrections



Measuring the rotation velocity from CALIFA velocity fields

A CALIFA velocity field, our model and residuals

MCMC-based model selection provides full posterior distribution of

model parameters: realistic uncertainties



Modelling the Tully-Fisher relation: data-driven outlier

rejection

v22 �Mr distribution, color-coded for inclination-corrected �Re



Results

Left: bivariate linear regression fit to the data. Right:

1
V
max

weighted and

unweighted models of the Tully-Fisher relation with intrinsic scatter

I
IFU information helps to select the sample in a non-arbitrary,

reproducible way

I
Inclination is the largest source of velocity uncertainties and it

is di�cult to constrain precisely

I
With CALIFA, we can try to obtain a volume-corrected

Tully-Fisher relation



Kinematics of Major 
Mergers:

The CALIFA perspective

Jorge Barrera-Ballesteros
Begoña García-Lorenzo
Jesus Falcón-Barroso

Glenn van de Ven
CALIFA Collaboration

Instituto de Astrofísica de Canarias (IAC), Spain
 Max Planck Institute for Astronomy (MPIA), Germany



Major Mergers: Crucial for Galaxy Evolution

…However, galactic properties across the entire major 
merger are poorly studied observationally… 
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Fig. 1. Example of the scheme for the merger described in section 2.1. Top: SDSS r-band images of galaxies included in the CALIFA survey,
from left to right: Stage 1, well-defined separation of the galaxy main bodies; no evident interaction signatures (IC 0944); Stage 2, galaxies
overlap, but no strong morphological interaction features such as bridges are present (VV 488NED02); Stage 3: pre-merger phase, two defined
nucleus with evident interaction features (Mice); Stage 4, single extended nucleus in optical with prominent tidal features (Arp 220) and Stage 5,
merger remnant, possible tidal debris (NGC 7364). Black line represents one arcmin. Top is north and left is east. Middle: stellar velocity fields.
Bottom: H↵+[NII] velocity field for each galaxy example. In each of the velocity fields the numbers represent the velocity range in km/s.

kinematic properties, while in appendix B we present the kine-
matic velocity distributions for the ionized gas and the stars.

2. Sample and Observations

Prior to introduce the interacting sample, we present in section
2.1 the evolutionary scheme used for the evolution of the merger
event. Then the main aspects of the interacting sample are pre-
sented in section 2.2. We briefly highlight the CALIFA observa-
tions, kinematic extraction and methodology used to determine
the kinematic parameters in sections 2.4 and 2.5.

2.1. Evolutionary scheme of galactic merging

We are interested in describe how the kinematics of the stel-
lar and the ionized gas components evolve along the merging
event. Therefore, we need to set an evolutionary scheme for
the merger. A classical morphological scheme is the Toomre se-
quence (Toomre & Toomre 1972), where 11 galaxies are roughly
ordered according a visual degree of completeness on the merg-
ing event. However, this sequence does not represent a precise
order in time sequence of the merging process (Haan et al. 2011;
Rossa et al. 2007). For this study we used a morphological clas-
sification scheme introduced by Veilleux et al. (2002). This mor-
phological classification is based on n-body simulations of the
merger of two spiral disk galaxies (Surace 1998, and references
therein). It was introduced to analyze a sample of (U)LIRGs and
is still used for studies in this kind of objects (e.g., Arribas et al.
2008; Yuan et al. 2010). This classification cannot be used as a
strict time sequence but rather as a broad indicator of the inter-

action/merging process stage. In fig. 1 we show an example of
this classification scheme using in our interactive sample. Main
features of each stage are highlighted as follows: First approach

(1): Earliest stage of interaction. It is prior to first passage of
the galaxies. Galaxy shape remain unperturbed and separated.
There is no clear evidence of tidal tails or any other interaction
feature.First contact (2): Galactic discs overlaps but no strong
tidal features are detectable. This stage also account for sys-
tems where companions discs seem to be overlaped but the line
of sight distance between them is significant. Pre-merger (3):
For this stage two nuclei are identifiable and well-defined tidal
tails and other merging structures like bridges or plumbs are
readly seen in the optical images. While the pure morphological
data do not guarantee that these nuclei will necessary merge, the
presence of these strong interacting features indicate an eventual
merger.Merger (4): This stage occurs after the nuclei have ap-
parantly coalesce. These systems have prominent tidal features,
but only one nucleus can be clearly seen in the optical images.
Moreover, the nuclear emission could be clearly extended and
could be cut by dust lines.Late merger (5): Systems in this stage
show faint tidal features or evidence of previous interaction. Any
possible tidal feature is close to the detection limit and the main
brightness profile is given by a relaxed system such as the one
for an elliptical galaxy.

Coarsely, these merge stages can be divide in pre-merger
(1,2), merger (3) and merger remnant (4 and 5) stages (e.g., Haan
et al. 2011). Several remarks have to be taken into account for
such evolutionary scheme. From recent numerical simulations
Lotz et al. (2008) found similar trends in the evolution of the
morphology of equal-mass gas rich mergers. However, they note
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Fig. 1. Example of the scheme for the merger described in section 2.1. Top: SDSS r-band images of galaxies included in the CALIFA survey,
from left to right: Stage 1, well-defined separation of the galaxy main bodies; no evident interaction signatures (IC 0944); Stage 2, galaxies
overlap, but no strong morphological interaction features such as bridges are present (VV 488NED02); Stage 3: pre-merger phase, two defined
nucleus with evident interaction features (Mice); Stage 4, single extended nucleus in optical with prominent tidal features (Arp 220) and Stage 5,
merger remnant, possible tidal debris (NGC 7364). Black line represents one arcmin. Top is north and left is east. Middle: stellar velocity fields.
Bottom: H↵+[NII] velocity field for each galaxy example. In each of the velocity fields the numbers represent the velocity range in km/s.

kinematic properties, while in appendix B we present the kine-
matic velocity distributions for the ionized gas and the stars.

2. Sample and Observations
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Fig. 2. Top: Morphological against SDSS r-band absolute magnitude
distribution of the interacting sample. The number in each bin repre-
sents the sources include on it. Bottom: Colour-Magnitude Diagram
(CMD) for the interacting sample. Blue, pink, yellow, green and cyan
represent interaction stages from 1 to 5. Black dots represent the con-
trol sample. For comparison we plot the density contours diagrams of
the CALIFA mother sample. Red and blue contours represent the early-
and late- type galaxies. Each of the countours represent the 25 %, 50%
and 75% of the mother sample.

Prior to introduce the interacting sample, we present in sec-
tion 2.1 the evolutionary scheme used for the evolution of the
merger event. Then the main aspects of the interacting sample
are presented in section 2.2. We briefly highlight the CALIFA
observations, kinematic extraction and methodology used to de-
termine the kinematic parameters in sections 2.4 and 2.5.

2.1. Evolutionary scheme of galactic merging

We are interested in describe how the kinematics of the stel-
lar and the ionized gas components evolve along the merging
event. Therefore, we need to set an evolutionary scheme for
the merger. A classical morphological scheme is the Toomre se-
quence (Toomre & Toomre 1972), where 11 galaxies are roughly
ordered according a visual degree of completeness on the merg-
ing event. However, this sequence does not represent a precise
order in time sequence of the merging process (Haan et al. 2011;
Rossa et al. 2007). For this study we used a morphological clas-
sification scheme introduced by Veilleux et al. (2002). This mor-
phological classification is based on n-body simulations of the
merger of two spiral disk galaxies (Surace 1998, and references
therein). It was introduced to analyze a sample of (U)LIRGs and
is still used for studies in this kind of objects (e.g., Arribas et al.
2008; Yuan et al. 2010). This classification cannot be used as a
strict time sequence but rather as a broad indicator of the inter-
action/merging process stage. In fig. 1 we show an example of
this classification scheme using in our interactive sample. Main
features of each stage are highlighted as follows: First approach

(1): Earliest stage of interaction. It is prior to first passage of
the galaxies. Galaxy shape remain unperturbed and separated.
There is no clear evidence of tidal tails or any other interaction
feature.First contact (2): Galactic discs overlaps but no strong
tidal features are detectable. This stage also account for sys-
tems where companions discs seem to be overlaped but the line
of sight distance between them is significant. Pre-merger (3):
For this stage two nuclei are identifiable and well-defined tidal
tails and other merging structures like bridges or plumbs are
readly seen in the optical images. While the pure morphological
data do not guarantee that these nuclei will necessary merge, the
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misaligned (> 30˚)~10 %

• early-type galaxies
• interaction stage 3 or 5

aligned(< 30˚) ~90 %

• early- & late-type galaxies
• all stages of merger



Stellar and gas kinematics match well 
across the merger event.



Learn more at poster  # 1!

Thanks!

Stellar and gas kinematics match well 
across the merger event.

 

Method
No assumptions on the kinematics is done

Kinematics Across Major Mergers: The CALIFA view
J. K. Barrera-Ballesteros1,2, B. García-Lorenzo1,2, J. Falcón-Barroso1,2, G. van de Ven3

1.  Instituto de Astrofisica de Canarias, Spain; 2.  Universidad de La Laguna, Spain; 
3.  Max Planck Institute for Astronomy, Germany 

 

  Major Mergers: Crucial for galactic evolution
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Fig. 1. Example of the scheme for the merger described in section 2.1. Top: SDSS r-band images of galaxies included in the CALIFA survey,
from left to right: Stage 1, well-defined separation of the galaxy main bodies; no evident interaction signatures (IC 0944); Stage 2, galaxies
overlap, but no strong morphological interaction features such as bridges are present (VV 488NED02); Stage 3: pre-merger phase, two defined
nucleus with evident interaction features (Mice); Stage 4, single extended nucleus in optical with prominent tidal features (Arp 220) and Stage 5,
merger remnant, possible tidal debris (NGC 7364). Black line represents one arcmin. Top is north and left is east. Middle: stellar velocity fields.
Bottom: H↵+[NII] velocity field for each galaxy example. In each of the velocity fields the numbers represent the velocity range in km/s.

kinematic properties, while in appendix B we present the kine-
matic velocity distributions for the ionized gas and the stars.

2. Sample and Observations

Prior to introduce the interacting sample, we present in section
2.1 the evolutionary scheme used for the evolution of the merger
event. Then the main aspects of the interacting sample are pre-
sented in section 2.2. We briefly highlight the CALIFA observa-
tions, kinematic extraction and methodology used to determine
the kinematic parameters in sections 2.4 and 2.5.

2.1. Evolutionary scheme of galactic merging

We are interested in describe how the kinematics of the stel-
lar and the ionized gas components evolve along the merging
event. Therefore, we need to set an evolutionary scheme for
the merger. A classical morphological scheme is the Toomre se-
quence (Toomre & Toomre 1972), where 11 galaxies are roughly
ordered according a visual degree of completeness on the merg-
ing event. However, this sequence does not represent a precise
order in time sequence of the merging process (Haan et al. 2011;
Rossa et al. 2007). For this study we used a morphological clas-
sification scheme introduced by Veilleux et al. (2002). This mor-
phological classification is based on n-body simulations of the
merger of two spiral disk galaxies (Surace 1998, and references
therein). It was introduced to analyze a sample of (U)LIRGs and
is still used for studies in this kind of objects (e.g., Arribas et al.
2008; Yuan et al. 2010). This classification cannot be used as a
strict time sequence but rather as a broad indicator of the inter-

action/merging process stage. In fig. 1 we show an example of
this classification scheme using in our interactive sample. Main
features of each stage are highlighted as follows: First approach

(1): Earliest stage of interaction. It is prior to first passage of
the galaxies. Galaxy shape remain unperturbed and separated.
There is no clear evidence of tidal tails or any other interaction
feature.First contact (2): Galactic discs overlaps but no strong
tidal features are detectable. This stage also account for sys-
tems where companions discs seem to be overlaped but the line
of sight distance between them is significant. Pre-merger (3):
For this stage two nuclei are identifiable and well-defined tidal
tails and other merging structures like bridges or plumbs are
readly seen in the optical images. While the pure morphological
data do not guarantee that these nuclei will necessary merge, the
presence of these strong interacting features indicate an eventual
merger.Merger (4): This stage occurs after the nuclei have ap-
parantly coalesce. These systems have prominent tidal features,
but only one nucleus can be clearly seen in the optical images.
Moreover, the nuclear emission could be clearly extended and
could be cut by dust lines.Late merger (5): Systems in this stage
show faint tidal features or evidence of previous interaction. Any
possible tidal feature is close to the detection limit and the main
brightness profile is given by a relaxed system such as the one
for an elliptical galaxy.

Coarsely, these merge stages can be divide in pre-merger
(1,2), merger (3) and merger remnant (4 and 5) stages (e.g., Haan
et al. 2011). Several remarks have to be taken into account for
such evolutionary scheme. From recent numerical simulations
Lotz et al. (2008) found similar trends in the evolution of the
morphology of equal-mass gas rich mergers. However, they note
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Gravitational torques are 
responsable to drastically 
change the morphology 
hence the mass 
distribution and the 
motion of the different 
galactic components as the 
merger evolves.

Goals:
• We are aimed to study the stellar and 

ionised gas kinematics of galaxies which 
undergo different stages of the merger 
event. 

• Understand  the physical processes that 
lead to the 2D velocities fields in 
interacting galaxies.

The CALIFA survey:
• Covers a wide range of luminosities
•  Allow us to study merging systems in 

different stage of the galactic fusion. 
• Spatially resolved properties, in particular 

their stellar and ionised gas kinematics.  
• Homogeneous set of non-interacting 

galaxies 
• Compare interacting vs. non-interacting 

samples

Merging Sequence

 

Kinematic of interacting galaxies
Spatially resolved kinematics is fundamental 
to understand physical process during merger 

 

 From close pairs to remnants: 
 The interacting sample

Direct determination of kinematic properties
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CALIFA Cubes Features
• Field of view: 74”x 64”
• Spatial Resolution:  ~2”
• Spectral Resolution: ~ 6.5 Å
• Spectral Range:3745-7300 Å
Stellar Kinematic 
• Voronoi Binning continuum 

emission (emission lines 
masked)

• Kinematics are obtained by 
fitting a linear combination 
of stellar templates by 
means of the pPXF method

Ionised Gas Kinematic
•  Cross Correlation technique 

in the H�+[NII] spectral 
range

Interacting Sample
• 88 galaxies considered as 

interacting
• Observed until March 2013 

+ CALIFA complementary 
observations 

• 34 galaxies in  close pairs (8 
systems with IFU data) 

• 29 galaxy pairs with tidal 
signatures of interaction ( 9 
complete systems)

• 25 merger remnants

Control Sample
• 80 non-interacting galaxies 

selected to have no 
companions or signatures of 
recent merger

• Barrera-Ballesteros et. al. 
2014 (submitted) for details

Conclusions
• Stellar and ionised gas internal 

kinematics sides are well aligned across 
the merger event within 12˚ (~80%)

• Strong misalignments between star and 
gas only in small fraction (~10%), early-
type galaxies in stage 3 or 5 

•  Both stellar and ionised gas components 
present quite tight relation in most of the 
galaxies regardless the interaction stage, 
morphology or stellar mass

• Physic mechanism(s) that maintain both 
components kinematically aligned along 
the merger event at kph scales?
• young stellar population formed in situ 

follow the ionised gas kinematics?
• do the gas and stars in the merger 

event  decouple? if so, when?

misalignment > 30˚
~10 %

early
type
42

late 
type
46

J.K. Barrera-Ballesteros et al.: Tracing major mergers in the CALIFA survey
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Fig. 2. Top: Morphological against SDSS r-band absolute magnitude
distribution of the interacting sample. The number in each bin repre-
sents the sources include on it. Bottom: Colour-Magnitude Diagram
(CMD) for the interacting sample. Blue, pink, yellow, green and cyan
represent interaction stages from 1 to 5. Black dots represent the con-
trol sample. For comparison we plot the density contours diagrams of
the CALIFA mother sample. Red and blue contours represent the early-
and late- type galaxies. Each of the countours represent the 25 %, 50%
and 75% of the mother sample.

that morphologies are specially disturbed at the first passage of
the galaxies and right after the nuclei coalesced. Then, by visual
inspection one may classified interacting galaxies after the first
passage as pair of galaxies prior to this event. Eventhough this
scheme is drawn from numerical simulations of two disk spiral
galaxies, we used it also for galaxies of di↵erent morphology
(e.g., elliptical-spiral system), this scheme has to be taken as we
stated above as broad indicator of the merger event. Finally, note
that in stage 5 where only low surface brightness features point
to a previous interaction, confusion with an isolated galaxy may
arise. Several numerical simulations have study the morphology
of the merger remnants according to the mass-ratio and the gas
fraction of the progenitors. For modest gas fractions the merger
remnants are likely to resamble early-type galaxies (Naab et al.
2006) while for gas-rich equal mass mergers the remnants re-
samble late-type Sb galaxies Lotz et al. (2008). In the following
section we show that for this late stage we have a similar fraction
of both morphologies as an attempt to include di↵erent channels
of the merging process.

2.2. Interacting Sample

The sample presented in this study is part of the galaxies ob-
served in the CALIFA survey until March 2013. Galaxies in this
survey belong to the nearby universe (0.005< z < 0.03) with
an isophotal diameter in the SDSS r-band of 4500 . D25 . 8000
(for details see Sánchez et al. 2012). From the SDSS r-band
images we select by visual inspection those galaxies with evi-
dent signatures of interaction as explained in section 2.1. For
systems of galaxy pairs we select galaxies with companions

in a radius smaller than 160 kpc, systemic velocity di↵erence
smaller than 600 km s�1 and di↵erence in r-band magnitude
smaller than 2 mag 1 (except for the pairs NGC 5614/5615 and
UGC 10695/NOTES01 where the di↵erences in magnitude is of
the order of 3 mag). For some CALIFA objects there is more
than one companion that satifies such criteria, in this case we
selected the brightest companion. We restict ourselves to in-
clude galaxies located in compact groups since our goal is to
study galaxy-galaxy mergers. We also included homogeneous
obseravtions from 14 companion galaxies not included in the
CALIFA mother sample observed as part of a project comple-
mentary to the CALIFA survey (P.I.s Barrera-Ballesteros, van de
Ven). Finally, we excluded those galaxies that did not meet the
minimuum requirements to measure any meaningful kinematic
parameter neither in the stellar nor in the ionized gas component
(see sections 2.4 and 2.5) . These criteria yield 87 individual
galaxies as our interacting sample. In table 1 we present a sum-
mary of the observed sample according to their interacting stage.

In top panel of Fig. 2 we plot the distribution of the inter-
acting sample according to their morphological type and SDSS
r-band absolute magnitude. Morphologies were obtained by vi-
sual inspection form several member of the collaboration while
absolute magnitudes are based on SDSS DR7 ugriz growth curve
magnitudes (see datails in Walcher et. al. in prep.). The sample
covers a wide range of morphologies and luminosities. In bot-
tom panel of Fig. 2, we plot the Colour-Magnitude diagram of
the interacting sample, for comparison, we overplot the density
contours from the CALIFA mother sample. The bulk of inter-
acting galaxies are located at M

r

⇠ -22 mag, at the same range
of magnitudes and colours where most of the CALIFA mother
sample objects are located. There is an excess of blue galax-
ies in the interacting sample with respect to the CALIFA mother
sample. They represent a fraction of 20% of the interacting sam-
ple. These galaxies are either distorted star-forming galaxies or
are part of the companions not observed in the CALIFA survey
therefore they do not satisfy the selection requirements of the
CALIFA survey. In general, the galaxies at di↵erent interaction
stages spread homogeneously across the colour-magnitud dia-
gram except for the late-merger galaxies. These galaxies lie in
the red sequence rather than the blue cloud. This is expected
from the criteria used to classify those galaxies as highly virial-
ized merger remnants.

2.3. Control sample

In order to distinguish possible disturbances in the velocity fields
due to internal processes rather than the merging process itself,
we analize in a companion article the stellar and ionized gas ve-
locity fields for 80 non-interacting galaxies (hereafter control
sample; see Barrera-Ballesteros et. al. 2014 for details in selec-
tion criteria). In bottom panel of Fig. 2 we compare the colours
and magnitudes of this sample with respect to the interacting and
the CALIFA mother samples. As the interacting sample, most of
the galaxies from the control sample have an absolute magni-
tude close to M

r

⇠ -22 mag, moreover all the control sample lie
within the blue contours of the control mother sample.

In Fig. 3 we contrast the control against the interacting sam-
ple. In its top panel we plot their stellar mass distributions (stel-
lar masses are taken from Walcher et. al., in prep.). Both dis-
tributions peak at similar stellar masses (Mstellar ⇠ 1010.8 M� ).

1 realtive distances, systemic velocities and magnitudes for selecting
the sample were taken from NEDNASA/IPAC Extragalactic database.
http://ned.ipac.caltech.edu/
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Kinematic Properties

J.K. Barrera-Ballesteros et al.: Tracing major mergers in the CALIFA survey

ple of an ionised-gas velocity maps. Typical error values are of
the order of 22 km s�1 obtained from Monte Carlo simulations.
In Table 1, we summarize the number of sources where we are
able to dermine stellar and ionized gas kinematic parameters.
Both the pPXF and the CC methods are able to determine veloc-
ity dispersion maps however, due to the low spectra resolution
of the V500 data we did not attempt any further analysis of these
maps. They are also not required for the work presented here.

2.5. Robust kinematic properties

Stellar and ionized gas velocity fields are presented in Appendix
B. The method we follow to derived the kinematic proper-
ties from the velocity fields is described in detail in Barrera-
Ballesteros et. al. 2014. In this section we highlight its main
features. Several IFU studies evidence that for interacting galax-
ies or merger remnants the velocity fields depart from a pure ro-
tational velocity field (e.g., Bellocchi et al. 2013; Westmoquette
et al. 2012; Colina et al. 2005). In this study we characterize the
kinematics of the interacting and merging galaxies through pa-
rameters derived directly from their stellar and ionised gas veloc-
ity distributions. No assumption on the behaviour of the galactic
components is made. First we determine the kinematic center
then we procedeed to obtain the major kinematic position angle.

The procedure to detemine the kinematic centre make uses
of the velocity gradient field. For a pure-rotational velocity field,
the peak of the velocity gradient coincides with the optical cen-
tre. In practice, we used the weighted average location of the
positions defining the brighter peaks/structures of the velocity
gradient map, using as weights the velocity gradient value at
each location, as the position of the kinematic centre (see details
in García-Lorenzo et. al. 2014). This centre produces a more
symmetric pseudo-rotational curve (see below) than the optical
nucleus. Location of the kinematic centre respect to the optical
nucleus are presented in table A.

The major kinematic axis (PAkin, hereafter) provides a mea-
surement of the global kinematic orientation. In practice, we
plot the radial velocity for all the spaxels up to a given radius
in a position-velocity diagram centred in the kinematic centre
obtained previusly. We then choose those spaxels with the max-
imum (minimum) projected velocity at the receding (approach-
ing) side at di↵erent radii. This velocities and radii yield the
pseudo-rotational curve 2. Finally, for each side we identify the
selected spaxels in the velocity map. The average of their polar
coordinates provides an estimation of PAkin and their standard
deviation (�PAkin) measures the scatter of these points around the
straight line defining the kinematic PA. To compare the stellar
and the ionised gas kinematic PA we pick the common maximum
radius where both components can be measured. We estimate
the uncertainties on the determination of PAkin and �PAkin via
Monte Carlo simulations. For the stellar component the largest
uncertainty in PAkin is 30 � with typical values of ⇠ 7 � and for
�PAkin the uncertainties have tipical values of ⇠ 5 � . Similarly
for the ionized gas the largest uncertainty is 30 � however typi-
cal uncertainties are of the order of ⇠ 5 � similary for �PAkin the
uncertainties are of the order of ⇠ 5 �.

Following the same procedure as in Barrera-Ballesteros et.
al. 2014, we determine the photometric orientation PAmorph of
the galaxies by fitting an ellipse model using the standard task

2 Note that this definition di↵ers from the classical idea of rotational
curve for which the orientation in the plane of the sky had to be choosen
in advance (Sofue & Rubin 2001)

ellipse of IRAF3 on the isophotes of the SDSS r-band image at
the same distance were PAkin are derived for both of the com-
ponents. In summary, we present three kinematic misalignments
to trace the distortions of the velocity fields: the misalignment
between the morphologial PA and the kinematic orientation in
each component, the comparison between the approaching and
receding orientation in each component and the comparison of
the stellar and ionized gas kinematic position angles:

 morph�kin = |PAmorph � PAkin| (1)
 kin�kin = | |PAkin,app � PAkin,rec| � 180�| (2)
 gas�star = |PAgas � PAstar| (3)

note that for each galaxy and for each component two values of
 morph�kin are available as well as for  gas�star while for  kin�kin
only one value is available.

3. Kinematic Misalignments as tracer of the
interaction

In this section we present the stellar and ionized gas kinematic
PAs compared with the morphological ones. From our method,
we are able to determine the intrinsic kinematic distortion in
each component by comparing the approaching and receding
kinematic PA. Finally we also compare the stellar and ionized
gas kinematic PA.

Prior to introduce the kinematic properties of the intereacting
sample we have to point out that in order to distangle the physi-
cal process that govern the merging event from those due to the
secular regime, we compare the interacting sample with the con-
trol galaxies. The latter is in turn bias towards late-type galaxies
(see section 2.3). However the kinematic misalignments of the
early-type galaxies in the control sample are within the scatter
of the entire sample. Then for the sake of comparison we as-
sume that trends found for the galaxies in the control sample are
representative of the entire sample regardless their morphology.

3.1. Morpho-Kinematic misalignments

In figure 4 we present the distribution of  morph�kin for the stars
and the ionized gas. Top panel shows the misalignment for the
stellar component. It spans in a large range of values. For
the non-interacting galaxies we found that 90% of the sam-
ple has misalignments smaller than 20 �. From this we obtain
that the fraction of interacting galaxies with large misalignments
( > 20 �) in any of their sides is ⇠ 42% ( it reduces to 30%
considering galaxies with  > 20 � in both sides). The interact-
ing and control stellar morpho-kinematic misalignments are not
likely to be drawn from the same parent distribution (KS test, p
< 0.1%; using the IDL routine kdtwo.pro).

In section 3.2 we study this misalignment according to stellar
mass and the morphological interaction stage. Here we want to
highlight the galaxy with the largest misalignment in both sides,
NGC 5794. This galaxy is part of a triplet with the early-type
galaxy NGC 5797 (CALIFA object with signatures of intereac-
tion) and further away the late-type spiral NGC 5804. From its
visual morphology this galaxy is catalogued as lenticular (S0)
with its photometric PA ⇠ 105 �. However, the stellar kinematic
orientation for both sides is close to 0 �. In fact, a more careful
3 IRAF is distributed by the Optical Astronomy Observatory, which
is operated by the Association of Universities for research in Astron-
omy (AURA) under cooperative agreement with the National Science
Fundation
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Fig. 11. Radial profiles of the kinemetric properties, calculated using
the kinemetry programme for galaxy B 300 Myr after an equal mass
merger for redshift z = 0.1 (top) and z = 0.5 (bottom). The position
angle Γ and the flattening q of the best fitting ellipses as well as the first
and the fifth order Fourier terms k1 and k5 are plotted as a function of
radius.

properties as seen at redshift z = 0.5 for model galaxy A dis-
turbed by an equal mass merger, 100 Myr after the first passage
of the two discs. The appearance of the velocity field and the
radial behaviour of mainly the flattening q point towards an in-
teraction (compare to Figs. 1 and 2 for the undisturbed case).
Small-scale distortions, however, are smeared out.

Complementary to these investigations of VFs at intermedi-
ate redshift, we study the appearance of the 2D velocity field at
z = 2 as observed with SINFONI at VLT. Due to the use of adap-
tive optics, these observations are not seeing limited and have a
high angular resolution (we adopt 0.15′′ for our study). As a
test case we take galaxy A during an ongoing minor merger in
simulation 2. The velocity field of this timepoint for seeing lim-
ited observations and various redshifts is shown in Fig. 7. The
galaxy has a radial exponential disc scale length of 4.5 kpc and
is therefore comparable in size to the one observed by Genzel
et al. (2006). The velocity field of this timepoint as seen at red-
shift z = 2 with an instrument such as SINFONI is presented in
Fig. 14. Peculiarities in the VF caused by the merger are clearly
visible.

4.3. Distorted velocity field

To heavily disturb the velocity field of a spiral galaxy, a tidal
interaction with a galaxy of similar or higher mass is necessary.
In this section we use the velocity field of the small galaxy B in

Fig. 12. Evolution of the 2D velocity field appearance with redshift of a
model galaxy B disturbed by an equal mass merger, 300 Myr after the
encounter: a) z = 0.05, b) z = 0.2, c) z = 0.3, d) z = 0.4. Additionally
the same 2D velocity fields as seen at z = 0.1 and z = 0.5 are shown in
Fig. 10

Fig. 13. The 2D velocity field of a model galaxy A disturbed by an
equal mass merger, 100 Myr after the first passage of the two discs is
shown in the upper panel. The lower panel shows the radial profiles of
the kinemetric properties, calculated using the kinemetry programme.
The position angle Γ and the flattening q of the best fitting ellipses as
well as the first and the fifth order Fourier terms k1 and k5 are plotted as
a function of radius. Both figures correspond to redshift z = 0.5.

simulation 2 after its first passage through galaxy A, i.e. about
200 Myr after the first encounter.

In this case the VF no longer shows a regular pattern of
rotation. Both at low and intermediate redshift the irregularity
is visible, although at z = 0.5 the substructure is completely
blurred leaving a single “velocity blob” (see Fig. 15). The poor
resolution of only 5 × 5 pixels at this redshift together with the
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Figure 6 – continued
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Previous velocity field 
distributions: 
• study single object  
• single ‘snapshot’ of event
• single component fields
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Fig. 1. HCG 2a,b. North is at the top and East is to the left of all images in Figs. 1 to 6. HCG 2a is located to the East of HCG 2b. Top left:
R band image from CTIO. Top right: velocity field. We highlight the HCG 2b scale at the top of the velocity field, in order to show clearly its
dynamic range. Bottom left: monochromatic image. Bottom right: velocity dispersion map. Small arrow in the R band image and monochromatic
map indicates the position of a new source (probably in the background) detected in the Fabry-Perot analysis.

rotation curves were derived from the velocity fields using the
procedure developed by Epinat et al. (2008a). The position of
the morphological center for each galaxy is marked with a plus
sign in the velocity fields of Figs. 1 to 6.

The optical position angles (PAs) were taken from
Mendes de Oliveira (1992) and from the Hyperleda4 database.

In all cases, the PA is oriented from North to East. For
HCG 2c and HCG 22c, the kinematic inclination resulted in un-
realistic values which resulted in maximum rotation velocities
higher than the expected velocities (Torres-Flores et al. 2009).
Therefore, in these cases, we used the morphological inclina-
tions obtained from the relation cos(b/a) = i, where b and a

4 http://leda.univ-lyon1.fr

correspond to the length of the minor and major axis of the µB =
25 mag arc−2 isophote given in Hickson (1993).

3.2. Source extraction and photometry

We searched for ultraviolet emitting regions in the vicinity of all
seven targets (see Sect. 4.2 for the corresponding figures). We
also include HCG 92 and HCG 100 which were previously an-
alyzed in Mendes de Oliveira et al. (2004) and de Mello et al.
(2008a), using the following method. We generated catalogs us-
ing SExtractor (SE, Bertin & Arnouts 1996) in the FUV, NUV
and R-band sky-subtracted images. The threshold for source
detection was set to 1.5 sigma (DETECT−THRESH = 1.5)
for a minimum area of 5 pixels (DETECT−MINAREA = 5).
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HCG 2c and HCG 22c, the kinematic inclination resulted in un-
realistic values which resulted in maximum rotation velocities
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Therefore, in these cases, we used the morphological inclina-
tions obtained from the relation cos(b/a) = i, where b and a
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correspond to the length of the minor and major axis of the µB =
25 mag arc−2 isophote given in Hickson (1993).

3.2. Source extraction and photometry

We searched for ultraviolet emitting regions in the vicinity of all
seven targets (see Sect. 4.2 for the corresponding figures). We
also include HCG 92 and HCG 100 which were previously an-
alyzed in Mendes de Oliveira et al. (2004) and de Mello et al.
(2008a), using the following method. We generated catalogs us-
ing SExtractor (SE, Bertin & Arnouts 1996) in the FUV, NUV
and R-band sky-subtracted images. The threshold for source
detection was set to 1.5 sigma (DETECT−THRESH = 1.5)
for a minimum area of 5 pixels (DETECT−MINAREA = 5).

• ONLY early-type galaxies
• interaction stage 3 or 5

misalignment < 30˚
~90 %

• early/late types
• all interaction stages

time

Examples of velocity fields for 
interacting galaxies. Simulated 
(Kronberger et. al. 2007). NGC 5953 
Stellar (Falcón-Barroso et. al., 2006 ). 
UGC312 (Torres-Flores et. al., 2010) 

close pairs overlapping disks pre-merger merger remnant late remnant



Additional Material
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Internal kinematic misalignements
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Where does star
formation stop?

James Allen - University of Sydney



Star formation is suppressed in 
high density environments

How?

Where?



Continuum

Hα

How concentrated is star formation?



Do star formation profiles
vary with environment?

Low density

High density

Adam SchaeferR / Re
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Dynamical Modelling of SAMI 
Galaxies 

ESO 3D2014, Tuesday 11th March 
Nic Scott (University of Sydney) and the SAMI Team 



Dynamical Modelling 

2 

›  Input Multi Gaussian Expansion 
model of the surface brightness 

›  Predict stellar kinematics for a 
range of inclinations, M/Ls and 
anisotropies 

›  Fit to observed SAMI kinematics 
to constrain parameters 



Dynamical Modelling 

3 

›  Input Multi Gaussian Expansion 
model of the surface brightness 

›  Predict stellar kinematics for a 
range of inclinations, M/Ls and 
anisotropies 

›  Fit to observed SAMI kinematics 
to constrain parameters 



Mass-to-light ratio vs. velocity dispersion 

›  Find a tight relationship between M/L and velocity dispersion in each of the 
three SAMI Pilot clusters 

›  Scatter ~ 8% 
›  Slopes between 0.55 and 0.72, consistent with each other and literature  

4 

Abell 85 Abell 168 Abell 2399 



The Fundamental and Mass Planes 

› Compared to Fundamental Plane (see Colless talk), the Mass Plane (M-
Re-sigma) is i) tighter and ii) closer to the Virial Prediction 

5 

a = 1.1±0.5 
b = 1.0±0.2 

a = 1.7±0.4 
b = 1.1±0.2 



Upcoming Work 

› Dynamical models for 1000s of galaxies from the SAMI galaxy 
survey 

› Compare dynamical masses from stellar kinematics, ionized 
and atomic gas  

› Study variation of M/L, dark matter fraction and IMF as a 
function of:  
- mass  
- environment, 
- morphological type  
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SDSS-IV/MaNGA 
Mapping Nearby Galaxies at APO

• Part of  SDSS-IV. 

• Multi-object IFS: 17 galaxies per 7 sq. deg. pointing

• 10,000 galaxies in 6 years.

• Spatial resolution:  2.5” (1-2kpc);
spectral resolution: 50-70 km/s (sigma);
spectral coverage:   3500-10,500A.

• Median S/N per A of 5.5 per fiber in r-band at 1.5Re. 

• Had a successful prototype observation run,
currently commissioning the production hardware.
Survey observation begins on July 1st !

Renbin Yan (University of Kentucky) for the MaNGA Team



Target Selection

• Flat stellar mass distribution

• Uniform spatial coverage in units of Re

- 2/3 of the sample covered to 1.5Re

- 1/3 of the sample covered to 2.5Re

• Simple selection based on Mi and 
redshift.

• No size or inclination cuts

12”

32”

2x 4x 4x 2x 5x



Current Field Choice

Let us know which fields we should prioritize.



Example science outcome

See Poster #44 for more information on MaNGA

Plot made by K. Bundy, C. Conroy, & R. van den Bosch


