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Mapping the kinematics in nearby systems
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Fig. 3. Stellar (top) and ionised gas (bottom) velocity field (left) and velocity dispersion (right). The ionised gas maps are measured from the Hα
emission line in the V500 grating. Velocities are relative to 6652 km s−1 which corresponds to the heliocentric velocity of stars measured within the
central 5′′ of NGC 4676A. The velocity dispersion maps have been corrected for instrumental resolution; velocity dispersions below ∼35km s−1
for stars and ∼58km s−1 for the gas are unresolved at the instrumental resolution. Typical errors are 5-10km s−1 for the stellar velocities and
15km s−1 for the ionised gas. In these maps and all the following maps, the black contours indicate V-band isophotes with the outermost contour
at 23mag/arcsec2 and contours spaced by 0.6mag/arcsec2. The black circle shows the effective spatial resolution of the CALIFA observations
before Voronoi binning of the data.

seen in H i surveys, where multiple components are observed in
a single resolution element (3.7′′ in the case of CALIFA).

We detect a blueshift of 30kms−1 of the gas relative to stars
in the nucleus of NGC 4676A, and an 88kms−1 redshift of the
gas relative to the stars in the nucleus of NGC 4676B. In the
case of NGC 4676A this is a clear case for an outflow with
some transverse velocity component. The cause of the offset for
NGC 4676B is less obvious, but may be due to a tidal compo-
nent passing in front of the bulge and contributing significantly
to the Hα luminosity.

The spectral resolution of CALIFA is not sufficient to iden-
tify dynamically distinct components in the emission lines, how-
ever measurements of line asymmetries indicate where such
multiple components may exist. Following the cross-correlation
method of García-Lorenzo (2013) for the [O iii] emission line we

find a mixture of blue- and redshifted asymmetries in the west-
ern bicone of NGC 4676A, again consistent with gas outflowing
in bicones perpendicular to the disk.

5. Stellar populations
In this section we use the stellar continuum shape and strength
of stellar absorption features to characterise the spatially re-
solved properties of the stellar population and constrain the stel-
lar masses and star formation history of each galaxy. From the
simulations of Barnes (2004) we expect first passage to have oc-
curred about 170Myr ago, and optical spectra of star clusters
indicate some star formation occurred at that time (Chien et al.
2007). Here we investigate how wide spread that star formation
was and whether it has continued to the time of observation.
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• Detailed analysis of individual 
systems. 

!
• Most of these studies focus on a 
particular component of interacting 
system: stars, ionized, neutral or 
molecular gas (e.g., Colina+05, Wild
+14, Iono+05).  

!
• From rotational patterns to complex 
velocity fields.  
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• Bellochi+2013:  (U)LIRGs at different 
interacting stages (N < 60).  

!
• Velocity field from Hα emission line. 
!
• ~ 70% of the sample dominated by 
rotation.

Bellocchi et al.: 2D kinematics of (U)LIRGs
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Fig.A.8. (General comments about the panels as in Fig. A.1.) IRAS F06206-6315: this system has a double nuclei separated by ∼ 4
kpc, as clearly seen in the HST-NICMOS image. There is a tidal tail starting in the north and bending towards the southeast, which
contains a local peak of Hα emission (i.e., a possible tidal dwarf galaxy candidate). The brightest nucleus seems to be in positional
agreement with the kinematic center. The velocity field is regular, and most of the spectra are well fitted using one component. The
scale is of 1.72 kpc/′′.
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Fig.A.9. (General comments about the panels as in Fig. A.1.) IRAS F06259-4708 (ESO 255-IG007): two VIMOS pointings were
used during the observation of this triple system. The two brightest galaxies, the northern and the central ones, are separated by a
distance of ∼11 kpc, while the third one is located at ∼ 13 kpc to the south from the central galaxy (see next panel). The present
panels correspond to the northern and central galaxies, which show a regular velocity field pattern. The scale is of 0.769 kpc/′′.
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Fig.A.16. (General comments about the panels as in Fig. A.1.) IRAS 08355-4944: this galaxy is morphologically classified as a
post-coalescence merger. It has a quite regular velocity pattern and a relatively disturbed structure in the velocity dispersion map.
Most of the spectra in the inner region have been fitted applying 2-Gaussian fit. The spatial scale is 0.521 kpc/′′.
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Fig. 3. Relationship between the central velocity dispersion, σc, of the
systemic component and its mean velocity dispersion over the observed
area, σmean, for the three different morphological classes. The color code
is the same as the one used in figure 2.

ies having higher v/σ than objects in a more advanced interac-
tion/merging phase (classes 1, 2; see Table 2)6.

Kinematical data of samples of nearby galaxies with avail-
able IFS are also included for comparison: elliptical/lenticular
galaxies drawn from the SAURON project, studying the stel-
lar kinematics (e.g., Cappellari et al. 2007), local spiral galax-
ies selected from the Gassendi Hα survey of SPirals (GHASP,
Epinat et al. 2010), and LBAs at redshift ∼ 0.2 observed in Hα
with OSIRIS/Keck (i.e., Gonçalves et al. 2010)7. We note that
these works use slightly different definitions for v and σ, but
these have no significant impact on the interpretation of the v/σ
over σ relationship (see caption of Fig. 4).

The (U)LIRGs fill the gap between rotation-dominated spi-
rals and dispersion-dominated ellipticals in the v/σ-σ plane.
In particular, there is a clear transition among (U)LIRGs, with
isolated (class 0), interacting (class 1), and merging (class
2) sources tending to increase their mean velocity dispersion
while decreasing the velocity amplitude, therefore moving from
high-σ and low-v/σ spirals to low-σ and high-v/σ ellipticals.
Moreover, systems classified as class 0 (LIRGs in all cases)
have mean velocities vshear = (150 ± 14) km s−1 similar to those
of spirals (mean velocity amplitude of ∼ 160 km s−1) but with
much higher velocity dispersionσmean (i.e., 44 ± 4 km s−1, while
24 km s−1 for spirals, see Table 3). This suggests that class 0
LIRGs are rotating disks, more turbulent and thicker than those
of normal spirals. Therefore, the main difference between the
global kinematic properties of these two samples, rather than the
rotational amplitude, is the mean velocity dispersion, which is
higher for LIRG disks. On the other hand, interacting (class 1)
and merging systems (class 2) have lower dynamical ratios, with

6 Although there are two class 0 objects with relatively low v/σ (high
σ), we note that one (IRAS F13229-2934, v/σ ∼ 1.4) is known to be
affected by the presence of an AGN (Arribas et al. 2012).
7 While the LBAs have star formation rates (SFRs) similar to our

local LIRGs, the spiral and E/S0 samples have considerably smaller
rates (see Table 3).

kinematical values closer to those obtained for the ellipticals.
The trend observed in this plot is consistent with the idea that
the process of merging in (U)LIRGs possibly transforms spi-
ral galaxies into intermediate-mass ellipticals (e.g., Genzel et al.
2001; Tacconi et al. 2002; Dasyra et al. 2006b). These class 1
and 2 systems even share similar kinematical properties with the
LBAs (see Tables 2 and 3), discussed in detail in Sect. 4.4.4.

Fig. 4. Relationship between the observed dynamical ratio v/σ, tak-
ing here the vshear /σmean (see text) and the mean velocity dispersion.
Color code is the same as the one adopted in previous figures. The plus
signs represent spiral GHASP galaxies (i.e., Epinat et al. 2010), empty
squares E/SO objects (i.e., Cappellari et al. 2007), and top-down empty
triangles LBAs (i.e., Gonçalves et al. 2010). For the spirals the v param-
eter is defined as the maximum amplitude of the rotational curve within
the extent of the velocity field along the major axis, and σ is the aver-
age of the velocity dispersion map. For E/S0, v and σ are luminosity-
weighted square quantities derived, respectively, from the velocity field
and velocity dispersion maps (see details in Cappellari et al. 2007). For
the LBAs, the velocity shear vshear has been defined as in this work,
while the velocity dispersion is the flux-weighted mean value.

When the number of resolution elements that characterizes
a galaxy is small (i.e., galaxy size ∼ PSF), the determination
of the σmean values may be affected by the smearing of the
velocity field and may lead to artificial peaks in the σ-map
(see Davies et al. 2011). Due to the linear resolution limitations,
this effect becomes common at higher redshift, as discussed in
previous works (e.g., Förster Schreiber et al. 2009; Epinat et al.
2010). However, for local samples, which are observed with
much higher linear resolution, this effect is generally neglected.
Indeed, this correction was not applied for the local comparison
samples used here (i.e., spiral and elliptical/lenticular galaxies).
Our LIRGs have spatial scales somewhat larger than those char-
acterizing those systems8, but the smearing effects are still in

8 The typical linear resolutions (seeing FWHM ∼ 1′′) of GHASP spi-
rals and E/S0 galaxies are, respectively, 0.27 kpc and 0.09 kpc, while for
our LIRGs and ULIRGs they are 0.48 kpc and 1.32 kpc, respectively.

9

σ (km/s)
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σ

Mapping the kinematics in nearby mergers



• How the internal structure (kinematics) of galaxies is affected as the 
merger evolves? 

!
• Do the stellar and ionized gas components evolve differentially? 
!
• Quantifying the level of ‘distortions’ produced induced by the interactions 
using a homogeneous control sample of non-interacting galaxies.  

Mapping the kinematics in nearby mergers



The CALIFA survey

• 937 galaxies from SDSS/DR7 of all 
Hubble Types. 
• Nearby galaxies selected by size         
(45” < D25  < 80”; 0.005 < z < 0.03). 

• PMAS/PPAK-IFU @ CAHA 3.5m. 

• Wide range of  stellar masses                                      
(9.4 <log(Mstar/M⦿) <11.4). 

• > 450 galaxies observed.

74”

65”

@ 2” ~ 0.5-1.0 kpc

Sánchez+2012,  Husseman+2013, García-Benito+2015

http://califa.caha.es/



The CALIFA survey
Sánchez+2012,  Husseman+2013, García-Benito+2015
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CALIFA interacting galaxies 

  103 galaxies at different stages of merger  
+ 80 non-interacting galaxies as control sample (Barrera-Ballesteros+2014)
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Αn “assumption-free” method

Characterization of Velocity Fields       

Κinematic Centre 
(García-Lorenzo+2015)

A&A proofs: manuscript no. CALIFA_ionized_gas_presubmitted_Jan14
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Fig. 3. Examples of the estimation of the kinematic center (KC) position for NGC 2347, a galaxy with a single peak in the velocity gradient
image (panels a and b), and NGC 5947, an object with a ring structure in the central region of the velocity gradient distribution (panels c and d).
Left panels show the ionized gas velocity field (from Hα+[NII] following the procedure in §3) in the inner region of NGC 2347 (panel a), and
NGC 5947 (panel c). Right panels correspond to the average derivative of the Hα+[NII] velocity field for NGC 2347 (panel b), and NGC 5947
(panel d) normalized to their velocity gradient peaks. Green open squares indicate the velocity gradient pixels used to estimate the KC location
through the average of their positions weigthed by their gradient values. Contours from the stellar continuum are overlapped. The white plus sign
marks the location of the optical nucleus (peak of the stellar continuum) and the black circle indicates the estimated KC position.

affects the detection of asymmetries (the template is generated
without noise). In appendix B we analyze the limits in the detec-
tion of double/multiple gaseous components in CALIFA V500
data cubes through a single-Gaussian model as a function of the
signal-to-noise of the profile. Based on the results in appendix B,
the searching of double/multiple gaseous components through
the asymmetries in the [OIII] emission profiles should be re-
stricted to observed spectra with an estimated S/N ([OIII]λ5007)
≥ 30 and over a 10% intensity of the peak (10% bisector level).
However, the Monte Carlo simulations in appendix B do not in-
clude the effects of the stellar subtraction that could be playing
a role in the observed [OIII] profiles, mainly in those with lower
S/N. To mitigate the impact of uncertainties in the stellar sub-

traction on the detection of multiple gaseous components, we
only will consider those spectra with a minimum S/N of 40. We
establish that a profile is actually asymmetric only when the ab-
solute differences between the central velocity provided by the
CC function and the velocity at two bisector levels (at least) are
larger than the limits at each level established in Appendix B
(equations B.1 and B.4).

4. Results

Appendix A provides some structural parameters obtained
from NED (VNED

sys , and PANED) and from measurements within
the CALIFA collaboration (table A.1). Appendix A also in-
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For a pure-rotational disc, its gradient peak is located at the optical nucleus.

Velocity Field  Vel. Gradient Field  



Αn “assumption-free” method

Characterization of Velocity Fields       

Velocity Field

Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)
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Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)
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Characterization of Velocity Fields       
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Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)



Αn “assumption-free” method
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Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)
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(García-Lorenzo+2015, Barrera-Ballesteros+2014)
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Characterization of Velocity Fields       

Velocity Field

Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)



Αn “assumption-free” method

Characterization of Velocity Fields       

Kinematic PA 
(García-Lorenzo+2015, Barrera-Ballesteros+2014)

• Average kinematic PA (PAkin). 
• Radial deviation of kinematic PA 
(δPAkin). 

• Derived for both kinematic sides. 
• + Morphologial PA (Ellipse fitting)

Velocity Field



Morpho-kinematic PA misalignments
ψmorph-kin = | PAmorph - PAkin | 
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Morpho-kinematic PA misalignments
ψmorph-kin = | PAmorph - PAkin | 
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 Ionised gas

Enhancement of ψmorph-kin  at the merger stage.



Stellar-Gas Kinematic PA misalignments
ψgas-stars = | PAgas - PAstars | 
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43% (28/66) of interacting sample 
with  ψgas-stars > 16 degrees.

18% (12/66) of interacting sample 
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Stellar-Gas Kinematic PA misalignments
ψgas-stars = | PAgas - PAstars | 
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Large misalignments observed 
mostly in early-type galaxies, at 
different stages of interaction. 



Stellar-Gas Kinematic PA misalignments
ψgas-stars = | PAgas - PAstars | 
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Summary
• Covering a wide range of environmental and internal parameters, the CALIFA survey 

allow us to compare the 2D kinematic properties of galaxies at different stages of 
interaction with non-interacting galaxies.   

!
!
• We develop an “assumption-free” method to characterize homogeneously  the stellar 

and ionized gas velocity fields from those two samples.    
!
!
• We trace the impact of interactions in the internal structure of galaxies: 

• Larger morpho-kinematic misalignments comparing to control sample in particular for 
galaxies with evident signatures of interaction. 
!

• Interacting galaxies show a large impact changing the internal structure of galaxies: 
43% (28/66) shows stellar-gas kinematics larger than non-interacting sample.   



For more about physical properties of the CALIFA 
interacting galaxies see the talk: 

!

Central star formation and chemical enrichment 
in CALIFA interacting galaxies!

!

S8 - 11:45 am  
 


