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ABSTRACT
Context. We use Tree-SPH simulations from the GalMer database to characterize and quantify the non-circular motions induced by

the presence of bar-like structures on the observed rotation curve of barred galaxies derived from empirical models of their line-ofsight velocity maps. The GalMer database consists of SPH simulations of galaxies spanning a wide range of morphological types and
sizes.
Aims. The aim is to compare the intrinsic velocities and bar properties from the simulations with those derived from pseudoobservations. This allows us to estimate the amount of non-circularity and to test the various methods used to derive the bar properties
and rotation curves.
Methods. The intrinsic velocities in the simulations are calculated from the gravitational forces whereas the observed rotation velocities are derived by applying the ROTCUR and DiskFit algorithms to well-resolved observations of intermediate-inclination, strongly
barred galaxies.
Results. Our results confirm that the tilted ring method implemented in ROTCUR systematically underestimates or overestimates the
rotational velocities by up to 40 percent in the inner part of the galaxy when the bar is aligned with one of the symmetry axes for all
the models. For the DiskFit analysis, we find that it produces unrealistic values for all the models used in this work when the bar is
within approximately ten degrees of the major or minor axis.
Key words. dark matter – galaxies: kinematics and dynamics – galaxies: structure – galaxies: spiral

1. Introduction
Bars are common features in disc galaxies, with nearly
two thirds of nearby galaxies showing strong or weak bars
(e.g., de Vaucouleurs et al. 1991; Eskridge et al. 2000; Knapen
et al. 2000; Marinova & Jogee 2007; Menéndez-Delmestre et al.
2007; Barazza et al. 2008; Aguerri et al. 2009; Marinova et al.
2009; Méndez-Abreu et al. 2010; Masters et al. 2011). These
bars are dynamically important as they drive secular evolution by moving gas towards the galactic center (Athanassoula
et al. 2013; Heller & Shlosman 1994; Shlosman & Noguchi
1993) and transfer angular momentum throughout the galaxy
(Lynden-Bell & Kalnajs 1972; Weinberg 1985; Athanassoula
& Misiriotis 2002; Marinova & Jogee 2007); thereby changing the kinematics of the gas and the properties of the galaxy in
general.
Of particular importance is the effect of the bar on the velocity maps and rotation curves. Typically, the gas is assumed
to be moving in circular orbits and its observed velocity is used
to determine the mass distribution of galaxies (de Blok et al.
2008; Randriamampandry & Carignan 2014). This approximation works quite well for unbarred galaxies since the deviations
from circular motion are small (Bosma 1978) but, in barred
galaxies, the gas flows along the bar. Regan et al. (1999) using
CO(1−0) emission-line observations found that the molecular

gas in the inner part of barred galaxies is moving along the bar instead of in circular orbits. These flows are non-circular in nature
and strongly affect rotation curves derived under the assumption of axisymmetry. Results from Hi observations have also
confirmed that the gas streaming along the bar produces large
scale non-circular flows (Bosma 1978) on the observed rotation
velocities. The precise effect of non-circular flows on the observed rotation curves depends on the orientation of the bar relative to the major axis of the observed disk (see e.g., Valenzuela
et al. 2007; Spekkens & Sellwood 2007; Dicaire et al. 2008;
Randriamampandry et al. 2015).
Hydrodynamic or N-body simulations are ideal to characterize and quantify these non-circular flows since the exact gravitational potential due to the mass is known for all the snapshots. In
this work, a suite of N-body simulations is used to quantify the
size of the observed deviations and compare them to the intrinsic non-circularity found in the simulations. We have selected
snapshots of isolated galaxies in the GalMer (Chilingarian et al.
2010) database that have the strongest bars in order to study the
largest possible effects of the bar. In addition to the characterization and quantization of the non-circularity, we also test the
ability of the DiskFit algorithm (Spekkens & Sellwood 2007) to
recover the circular and non-circular components of the gaseous
motion based on the observed velocity map.
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The paper is organized as follows: a brief description of the
GalMer database is given in Sect. 2. In Sect. 3, we describe the
method used to measure the bar properties. In Sect. 4, we present
the method used to characterize and quantify the non-circular
motions, and the results are discussed in Sect. 5. Finally, in
Sect. 6, we summarize the main results and highlight some possible future works.

2. The GalMer database
The GalMer database (Chilingarian et al. 2010) consists of a
large set of Tree-SPH simulations of galaxies with different morphological types and sizes. The main objective of the GalMer
project is to study galaxy evolution through mergers. It can also
be used to study isolated galaxies by choosing the second galaxy
pair as “none”. The simulation results are publicly available and
accessible online1 . The simulations are designed to cover a wide
range of morphological types from giant ellipticals to dwarf spirals. The initial parameters of the GalMer models used are given
in Table 1. The models used in this study are: the giant spirals
(gSa, gSb and gSd) which are massive and large in size, the intermediate spirals (iSa, iSb and iSd) with medium sizes and masses
and the dwarf spirals (dSa, dSb and dSd) with low masses and
small sizes. The models are classified as Sa, Sb and Sd galaxies
depending on the importance of the bulge component and of the
mass fraction (see Table 1). The Sa models have prominent bulge
and lower gas fraction similar to early type spirals, the Sb models have smaller bulge but larger gas fraction than the Sa model
and the Sd models are bulge-less with a gas fraction similar to
late type spirals (See Chilingarian et al. 2010, for details). The
snapshots with the strongest bars are shown in Fig. 1 for all nine
models used in this work. The giants Sa, Sb and Sd are shown
in the top panels, the intermediate or medium mass spirals in the
middle panels and the dwarfs or low mass spiral in the bottom
panels.
The GalMer database uses a go-on-the-fly algorithm which
enables the user to obtain the masses, the velocity maps and other
properties for every snapshot. The radial velocities maps are obtained by projecting the velocity components of each particle
into a line-of sight (LOS) radial velocity assuming an infinite
distance. The pixel size depends on the zoom that is chosen by
the user on the online tool. The LOS radial velocity is given by:
Vr = VX cos ϕ cos θ + VY sin ϕ cos θ + VZ sin θ,

(1)

where VX , VY and VZ are the velocity components for each particles, ϕ and θ are the azimuthal and polar angles respectively
(Chilingarian et al. 2010).
The GalMer database does not provide the observed uncertainties for the mock velocity fields.

3. Bar properties
There are several methods used to determine the strength and
size of a bar in the literature. The two most commonly used
methods are ellipse fitting and Fourier decomposition. Ellipse
fitting is often used for observed galaxies, while Fourier decomposition is typically used for simulations.
Ellipse fitting consists of finding the set of iso-density (surface brightness) ellipses. The ellipticity of each ellipse is then
used as a proxy for the bar strength as a function of radius. The
largest value of the ellipticity, max , is used to describe the overall bar strength while the bar length is taken to be the location of
1

http://galmer.obspm.fr/

A86, page 2 of 10

rapid changes in either the bar ellipticity of the surface brightness, or defined as the radius where there is a significant change
of the position angle of the ellipses (eg., Díaz-García et al. 2016).
In Fourier decomposition, the image or density maps are
modeled as a Fourier series (Salo et al. 2010):
Z
1 2π
am =
Σ(r, θ) cos(mθ)dθ,
(2)
π 0
Z
1 2π
bm =
Σ(r, θ) sin(mθ)dθ.
(3)
π 0
The m = 0 and m = 2 components are calculated. Then the total
second moment, A2 , is calculated as:
q
A2 (r) = a22 (r) + b22 (r).
(4)
The phase is found by:
!
a2 (r)
·
Φ2 (r) = arctan
b2 (r)

(5)

The total bar strength is given by the A2 /A0 component and
the bar length is found by either a large dip in surface brightness or a large change of phase (Laurikainen et al. 2004, 2005).
This method has been applied to determine the bar length using
the mass distributions of N-body simulations (e.g., Debattista &
Sellwood 2000), and using images obtained from observations
(e.g., Aguerri et al. 1998, 2003).

4. Characterization of non-circular motions
4.1. Different forms of non-circular motions

The amplitude of non-circular motions varies between galaxies.
These motions complicate the study of the dynamics of gas in
disc galaxies and diminish the usefulness of the rotation curves
derived assuming axisymmetry. These motions are usually less
than 20 km s−1 in magnitude (Bosma 1978) and vary in azimuthal phase relative to the disk major axis so that the overall
impact on rotation curves is typically small. Other large scale
deviations from circular motion can be divided into three types.
The first is a kinematic warp: in this case, the PA and inclination
changes with radius (see Christodoulou et al. 1993; Józsa 2007).
The commonly used package ROTCUR (Begeman 1989) allows
these parameters to vary as a function of radius which make it
ideal to deal with this type of non-circular motion. The second
type is large scale asymmetries due to tidal interactions with another galaxy. This produces an unusual shape of the outer part
of the Hi distribution that typically requires detailed simulation
to decipher (eg, Gerhard & Fall 1983; Oh et al. 2015). The third
type, which we are interested in, is the non-circular motion induced by a bar-like structure which is also known as oval or bar
distortions (eg., Spekkens & Sellwood 2007). In this case, the
deviation from circular flows is due to the gas streaming along
the bar.
4.2. Non-circular motions within the simulations

The true rotation velocities (expected rotation curve) at a given
radius can be obtained from the gravitational potential and its
derivatives in the simulation by computing the average forces.
The expected circular velocity is given by:
* +
∂Φ
2
hVexpected i = r
= r hFr i,
(6)
∂r
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Fig. 1. Gas and stellar distribution maps for the snapshots with the strongest bars as defined by their bar strengths and lengths. The giants Sa,
Sb and Sd are shown on the top panels, the intermediate or medium mass on the middle panels and the dwarf or low mass spirals on the bottom
panels. The pixel scale is 0.1 kpc using a zoom of 10 on the online tools (see http://galmer.obspm.fr/).

where Fr is the radial force from the particles calculated azimuthally on a grid and Φ is the gravitational potential. A grid
of concentric rings divided into angular bins is used in order to
increase the force calculation speed.
The intrinsic non-circular components of the gas velocities
can be determined a number of ways. A simple approach is to
bin the gas particles in radial and angular bins and calculate the
differences between the flow within a cell and the expected RC.
These can then be used to calculate the rms for the tangential and
radial velocities as a function of radius.
A slightly more elegant approach is to calculate the m = 0
and m = 2 Fourier moments for both the tangential and radial
velocities. This allows a comparison between the strength and
orientation of the velocity moments and the mass moments. It
is also particularly useful because the DiskFit algorithm (see
Sect. 4.3.2), breaks down the observed velocity map into noncircular radial and tangential components that are similar to the
intrinsic Fourier moments.

The Fourier components are given by:
Vt (r, θ) = A0,t (r) +
Vr (r, θ) = A0,r (r) +

∞
X
m=1
∞
X

Am,t (r) cos[mθ + θm,t (r)],

(7)

Am,r (r) cos[mθ + θm,r (r)],

(8)

m=1

where Am,t (r) and Am,r (r) are the tangential and radial Fourier
mth velocity moments respectively, θ, θm,t (r) and θm,r (r) are the
angular phases.
4.3. Non-circular motions from mock observations
4.3.1. Tilted ring analysis

Generally, the observed velocities are described as
Vobs = Vsys + Vc (r) sin(i),

(9)
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Table 1. Initial parameters for the GalMer simulation from Chilingarian et al. (2010).

N. stars

N. gas

N. DM

9
10.0

10
80 000

11
240 000

12
160 000

6.0

12.0

160 000

160 000

160 000

−

7.0

15.0

60 000

20 000

40 000

2.8

1.4

3.5

7.0

40 000

120 000

80 000

86.2

3.5

0.7

4.2

8.5

80 000

80 000

80 000

8.6

86.2

4.2

−

5.0

10.6

120 000

40 000

80 000

2.3

0.9

11.5

1.3

0.3

1.6

3.8

8 000

24 000

16 000

4.6

1.2

0.9

17.2

1.6

0.3

1.9

3.8

16 000

16 000

16 000

5.7

−

1.7

17.2

1.9

−

2.2

4.7

24 000

8 000

16 000

Mdisc

Mbulge

Mgas

Mhalo

ad

rb

ag

rh

Model

109 M

109 M

109 M

109 M

kpc

kpc

kpc

kpc

1
gSa

2
92.0

3
23.0

4
9.4

5
115.0

6
4.0

7
2.0

8
5.0

gSb

46.0

11.5

9.4

172.5

5.0

1.0

gSd

57.5

−

7.5

172.5

6.0

iSa

46.0

11.5

4.6

57.5

iSb

23.0

5.7

4.6

iSd

28.7

−

dSa

9.2

dSb
dSd

Notes. The first column is the model, the second to fifth are the masses of the different components, followed by their scale lengths, and the last
three columns are the number of particles for the stars, the gas and the dark matter halo components.

where Vsys is the systemic velocity and i is the inclination angle.
ROTCUR (Begeman 1989) is widely used to extract Vc from two
dimensional velocity maps.
The harmonic decomposition, pioneered by Franx et al.
(1994), has been implemented into the GIPSY task RESWRI.
This task is ideal for small scale departure from circular motions
but not for large non-circular flows such as those induced by a
bar. We do not include higher order harmonic components in the
tilted ring analysis carried out in this work.
4.3.2. DiskFit analysis

Spekkens & Sellwood (2007) adopted a different approach when
dealing with large scale non-circular motions induced by bars.
Their method is based on modeling the tangential and radial
components of the velocity at a given point as a Fourier series
and by assuming that the non-circular flow is caused by a bar
and that the non-axisymmetric distortion can be described by
the m = 2 radial and tangential Fourier moment.
The DiskFit algorithm is designed to account for noncircular flows such as bi-symmetric distortion, kinematic warp
and lopsidedness (see Spekkens & Sellwood 2007, for details).
For a bi-symmetric flow from a bar the velocity map is modeled using:
Vmodel = Vsys + sin(i)[Vt cos(θ) − V2,t cos(2θb ) cos(θ)
−V2,r sin(2θb ) sin(θ),

(10)

where Vt is the circular velocity, V2,t and V2,r the amplitudes of
the tangential and radial component of the noncircular motions
for a bi-symmetric flow model, and θ and θb are the angle in the
disk plane relative to the projected major axis and angle relative
to the bar axis respectively (see Spekkens & Sellwood 2007).
A86, page 4 of 10

DiskFit uses a bootstrap method to estimate the uncertainties
on the parameters using χ2 minimization technique:
χ2 =

2
P
N 
X
 Vobs (x, y) − kk=1 ωk,n Vk 
 ,

σn
n=1

(11)

where Vobs (x, y) is the observed velocity at the position (x, y) on
the sky, σn is the uncertainty, ωk,n is a weighting function which
includes the trigonometric factors and also defines an interpolation scheme for the projected model (Spekkens & Sellwood
2007; Sellwood & Sánchez 2010).

5. Discussion of the results
The bar properties and the effect of the non-circular motion on
the rotation curves are discussed in this section. The bar properties (bar strength and bar radius) obtained directly from the simulations and from the images are compared in Sect. 5.1. In order
to see the effect of the bar more clearly, we select the snapshot
from each of the nine isolated galaxy runs that has the strongest
bar (see Fig. 1). We make mock observations of each snapshot
with different bar orientations at a constant inclination of 60 degrees and a pixel size of 0.1 kpc. Each snapshot was then analyzed using both ROTCUR and DiskFit. DiskFit returns both
the inferred circular and non-circular motions, while ROTCUR
only returns the circular component. Therefore, we define the
non-circular motions from ROTCUR as:
VNCM = VROTCUR − Vexpected .

(12)

The ROTCUR analysis is discussed in Sect. 5.2.1 and the DiskFit
analysis in Sect. 5.2.2.
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Fig. 2. Example of bar properties calculation for the gSb model. The gas density map in arbitrary unit is shown in the top left panel and the stellar
density map in the bottom left panel. Comparison between the radial variation of the Fourier amplitudes A2 derived from the gas density map
(dotted blue line), the stellar density map (continuous black line) and the ellipticity obtained by fitting ellipses to the stellar map (dashed red line)
are shown in the top right panel. The phases are shown in the bottom right panel, lines and symbols are the same in both panels. The vertical
dashed green line is the bar length estimated from the Fourier amplitudes, rA2 , and the vertical black dashed line is the bar length estimated from
the ellipticity, r . The ellipse in the center of each map shows where the bar are located.

5.1. Bar properties: simulation vs. observations

An example of the simulation analysis is shown in Fig. 2. The
left-hand panels show the gas (upper) and stellar (lower) surface
densities for the gSb snapshot. The right-hand panels show the
intrinsic bar strengths and orientations using the Fourier and ellipse fitting methods. There is a number of interesting things
to note in Fig. 2. Firstly, the gas and stellar bars are different.
The gas bar is significantly stronger, but they both have similar
bar lengths. This is most likely due to the gas’ increased sensitivity to the bar’s perturbations because of its lower velocity
dispersion. Secondly, the ellipse fitting analysis gives a shorter
bar. This is due to the Fourier method including similarly oriented spiral structure at larger radii. The ellipse method more
accurately determines the switch from the bar to the spiral structure. Aguerri et al. (2009) argued that the ellipse fitting method
could under-estimate the actual bar length, and the difference
between the bar length estimated from the Fourier and ellipse
fitting technique could also depend on the bar surface brightness
profile. The shorter bar obtained from the ellipse fitting technique has also been noticed by other authors (e.g, Erwin 2005;
Michel-Dansac & Wozniak 2006).
In addition, the value of  is larger than A2 /A0 for the stars
across the extent of the bar. However, this does not indicate

Fig. 3. Comparison between the intrinsic bar radii obtained using the
Fourier decomposition and the ellipses fitting methods estimated from
the simulation. The dashed line is the one to one line.

a disagreement regarding the bar strength, because the two
quantities are determined using radically different methods. The
A86, page 5 of 10
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Fig. 4. Comparison between the bar properties estimated within the simulation to those from images obtained from pseudo-observations. The
maximum Fourier m = 2 amplitude estimated within the simulation is plotted against those obtained from images on the top left panel. Comparison
between the maximum ellipticity measured within the simulation and from images is shown on the bottom left panel. The right panels show
comparison between the bar radius estimated within the simulation with those measured from images, the bar radius obtained using the Fourier
method is on the top panel and those obtained using the ellipse fitting technique on the bottom panel.

Fig. 5. Example of the “intrinsic” rotation curve calculation for the gSb model. First column: the tangential velocities map is shown in the top panel
and the tangential Fourier moments map in the bottom panel. Second column: the radial velocities map is shown in the top panel and the radial
Fourier moment map in the bottom panel. Third column: the top panel shows the comparison between the expected circular velocities Vexpected
calculated from the gravitational potential as a solid black line and the Fourier A0 (Vt ) as a long-dashed magenta line. The expected and Fourier
axisymmetric radial velocities are shown as solid blue and dashed green lines, respectively. The non-circular velocities as a function of radius are
plotted in the bottom panel. The continuous black line and the long-dashed blue line are the rms velocities estimated from the residual maps, and
the dashed lines are the m = 2 Fourier components. The ellipse in the center of each map shows the location and orientation of the bar.

Fourier method draws concentric circular rings and calculates
the Fourier moments, while the ellipse fitting method attempts
to draw iso-density ellipses. Figure 3 shows comparison between
the bar radii estimated from the ellipse fitting to those obtained
from the Fourier decomposition for all the models. The bar radii
A86, page 6 of 10

estimated from the ellipse fitting are shorter than those obtained
from the Fourier decomposition as illustrated in the example in
Fig. 2.
Figure 4 shows comparisons between the simulated and
observed bar strengths and radii using the nine snapshots.
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Fig. 7. Rotation curve error ∆V = [Vrotcur − Vexpected ]/Vexpected at R =
0.5rbar where rbar is the bar radius estimated from the Fourier decomposition for all the Sb models. The giant Sb model is presented as red
squares, the intermediate Sb as magenta circles and the dwarf or low
mass Sb as green diamonds.

5.2. Non-circular motions

A sample of the velocity flows found in the simulations is shown
in Fig. 5. The upper left and middle panels show the binned
velocity flows for the tangential and radial velocities respectively
and the lower left and lower middle panels show the corresponding Fourier models. The upper right panel shows the expected
rotation curve and compares it to the average tangential velocity
flow and the m = 0 Fourier moment. This panel shows that the
average velocity, the Fourier moment, and the expected rotation
curve are all in agreement. The lower right panel shows the noncircular radial and tangential velocities calculated either using
the rms method or the Fourier moments. In this case, the Fourier
measure is slightly larger than the rms measurement. This result
is easily understood through the method used. The m = 2 Fourier
moments should equal the maximum deviation from circular motion, while the rms measure should be smaller as it averages the
square of the deviations throughout the ring.
5.2.1. ROTCUR analysis

Fig. 6. Ratio between VNCM = VROTCUR − Vexpected and Vexpected as a function of radius for the gSb, iSb and dSb models. The vertical dashed lines
show 0.5, 1 and 2rbar estimated from the Fourier decomposition. Each
rotation curve was derived from mock galaxies with projected bar orientation between 0 and 90 degrees. The projected bar PA are shown on
top of each figure.

This figure shows that the measured bar properties estimated
within the simulation are similar to those obtained from pseudoobservations using stellar images.

The rotation curves are derived from the velocity maps downloaded from the GalMer database. The bar orientation angle was
varied between 0◦ and 90◦ for each snapshot. Figure 6 shows the
deviations of the ROTCUR rotation curves from the expected
rotation curve as a function of radius for the snapshots with the
strongest bar for the gSb, iSb and dSb models. The ROTCUR rotation curves agree with the expected curve at approximatively
1 bar length, however they slightly increase between 1 and 2 bar
lengths due to the perturbation caused by the spiral arm structures before returning to the true rotation curve at 2 bar lengths.
Beyond 2 bar lengths, the curves all agree with the expected
curve. The projected bar PA is shown in the top corner of each
panel. The vertical dashed lines show 0.5, 1 and 2 bar radius. The
Fig. 6 implies that the rotation curves measured using ROTCUR
are smaller than the expected rotation curves inside the bar radius
when the bar PA is less than 40◦ and larger than the expected velocities when the projected bar orientation is larger than 60◦ .
Figure 7 shows the variation of the rotation curve error,
which is the difference between the ROTCUR rotation curve and
A86, page 7 of 10
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Fig. 8. DiskFit results for a giant Sb model, Left panel: the observed velocities field (top) and the residual velocities (bottom). Right panel: the
DiskFit model (top) and a comparison between Vt , V2t and V2r with the amplitude of the m = 0 and m = 2 Fourier mode A0 and A2 (bottom).

the expected rotation curve normalized by the expected rotation
curve as a function of radius for nine different bar orientations.
The velocity at R = 0.5rbar is used to estimate the rotation curve
error. This often corresponds to the maximum ellipticity max
(Michel-Dansac & Wozniak 2006). The magnitude of the rotation curve error is zero or very small when the bar is oriented
at 45◦ from the major axis. The velocity at half the bar length
is more than 40% larger than the expected value when the bar
is perpendicular to the major axis, and 40% smaller when the
bar is parallel to the major axis. There seems to be a systematic increase or decrease of the velocities derived by ROTCUR
at half the bar radius depending on the orientation of the bar.
This has been previously investigated in the literature (see e.g.,
Spekkens & Sellwood 2007). The reason for ROTCUR under or
over-estimating the velocities is that when the bar is aligned with
the major axis, most of the gas and stars are found at the apocenter of their elliptical orbits at each radius near the major axis.
This gas is moving more slowly than it would if it was moving in circular orbits, and the rotation curve is under-estimated if
this effect isn’t taken into account. Conversely, bars that project
along the minor axis place gas and stars close to the epicenter along the major axis, which implies that the rotation curve
will be over-estimated if bar-like flows are ignored (Spekkens &
Sellwood 2007). This shows the importance of using a specifically designed packages such as DiskFit when deriving the rotation curves of barred galaxies.
5.2.2. DiskFit analysis

DiskFit (Spekkens & Sellwood 2007) is specifically designed to
account for non-circular motions induced by bars. However, it is
A86, page 8 of 10

well known that the DiskFit algorithm fails when the bar is parallel or perpendicular to the major axis of the galaxy (Sellwood
& Sánchez 2010; Randriamampandry et al. 2015). This failure
is due to a degeneracy in Eq. (10) for θb = 0 or 90◦ .
The inclination, disk PA, disk kinematic center (xc , yc ) and
bar PA were allowed to vary during the fits. The systemic velocity Vsys is fixed to zero. A bi-symmetric distortion model (m = 2)
is considered up to R = 2.5rbar , then the non-axisymmetric flows
are set to zero beyond this radius. The disk inclinations and PAs
derived from DiskFit are in agreement with the expected values
within the error bars. Five bootstraps were used to estimate the
uncertainties on the parameters.
Figure 8 shows a sample DiskFit analysis for the gSb snapshot with a bar angle of approximatively 45◦ . The observed velocity field is in the top left panel, the DiskFit bi-symmetric
model is shown in the top right panel and the residual velocity (data-model) is in the bottom left panel. Only a few pixels in
the innermost part of the residual map have values larger than
40 km s−1 .
Comparisons between the Fourier amplitudes and the
DiskFit velocities for the Sa, Sb and Sd models are shown in
Figs. 9−11 respectively. The ratio ∆Vt = (Vt − A0,t )/A0,t is plotted in the top panel, ∆V2r = (V2r − A2,r )/A2,r in the middle panel
and ∆V2t = (V2t − A2,t )/A2,t in the bottom panel. The shaded gray
area shows where DiskFit fails to recover the bar orientation or
velocities, or where the uncertainties on the returned parameters
are large, which is about 10◦ from the symmetry axes. There is
a number of interesting things to note in these figures. Firstly,
DiskFit successfully recovers the rotation curve and the noncircular components for all the models for the bar orientations
ranging between 10◦ and 80◦ . Unlike the ROTCUR analysis,
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Fig. 9. Ratio between the Fourier amplitudes and the DiskFit velocities
at R = 0.5rbar (estimated from the Fourier decomposition of the stellar
surface densities) for the spiral Sa models, giants (blue), intermediate
(green) and dwarf (red). The ratio ∆Vt = (Vt − A0,t )/A0,t is plotted in
the top panel, ∆V2r = (V2r − A2,r )/A2,r in the middle panel and ∆V2t =
(V2t − A2,t )/A2,t in the bottom panel. The shaded area shows the range
of bar orientations where DiskFit fails to recover the bar orientation
or velocities, or where the uncertainties on the returned parameters are
large.

there is no systematic under or over estimation of the velocities.
There is a larger scatter in the inferred non-circular moments.
However, the scatter may be due to the resolution of the velocity
maps and more work is required before any definite conclusions
are reached.

Fig. 10. Same as Fig. 9 but for the Sb models.

–

–

–

6. Summary
We present an analysis of the strongest barred snapshots of nine
isolated GalMer simulations. We characterized the intrinsic bar
strengths and non-circular motions and compared them to mock
observations of the systems.
We found that:
– The bar lengths estimated from ellipse fitting are shorter than
those estimated from the Fourier decomposition technique
which is consistent with previous studies (e.g., Erwin 2005;
Aguerri et al. 2009).
– The Fourier decomposition technique gives similar results
for the bar properties when applied directly to the simulation
or to the images obtained from mock observations.
– ROTCUR systematically under-estimates the velocities
when the bar is parallel to the major axis and overestimates

–

them when the bar is perpendicular to the major axis for all
the models. This shows the importance of properly accounting for the non-circular motions induced by the bar when
deriving rotation curves (see Spekkens & Sellwood 2007;
Dicaire et al. 2008; Randriamampandry et al. 2015).
The magnitude of the rotation curves error when ROTCUR
is used depends only on the orientation of the bar and it is
not correlated with either the bar strength or the bar length.
DiskFit is able to reproduce the amplitudes of the Fourier
m = 0 and m = 2 components when the bar is at an intermediate PA.
Unlike ROTCUR, DiskFit does not show a systematic overestimation or under-estimation of the inner part of the rotation curves.
DiskFit fails to recover the bar orientation or velocities, or
return large parameter uncertainties when the bar is closer
than 10 degrees to either the minor or the major axis (see
also Sellwood & Sánchez 2010).

As future work, we will be using new simulations of a sample of
four barred galaxies. This will allow us to perform a direct comparison between the simulation with the Hi and ancillary data
from observations, as well as putting a tighter constraint on the
bar orientation range where DiskFit fails.
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