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Abstract

The shape of line-of-sight velocity distributions (LOSVDs) carries important information about the internal
dynamics of galaxies. The skewness of LOSVDs represents their asymmetric deviation from a Gaussian profile.
Correlations between the skewness parameter (h3) and the mean velocity (V ) of a Gauss–Hermite series reflect the
underlying stellar orbital configurations of different morphological components. Using two self-consistent N-body
simulations of disk galaxies with different bar strengths, we investigate -h V3 correlations at different inclination
angles. Similar to previous studies, we find anticorrelations in the disk area, and positive correlations in the bar area
when viewed edge-on. However, at intermediate inclinations, the outer parts of bars exhibit anticorrelations, while
the core areas dominated by the boxy/peanut-shaped (B/PS) bulges still maintain weak positive correlations.
When viewed edge-on, particles in the foreground/background disk (the wing region) in the bar area constitute the
main velocity peak, whereas the particles in the bar contribute to the high-velocity tail, generating the -h V3
correlation. If we remove the wing particles, the LOSVDs of the particles in the outer part of the bar only exhibit a
low-velocity tail, resulting in a negative -h V3 correlation, whereas the core areas in the central region still show
weakly positive correlations. We discuss implications for IFU observations on bars, and show that the variation of
the -h V3 correlation in the disk galaxy may be used as a kinematic indicator of the bar and the B/PS bulge.

Key words: galaxies: bulges – galaxies: kinematics and dynamics – galaxies: spiral – galaxies: structure

1. Introduction

Kinematic information is essential to understand disk secular
evolution. It encapsulates the potential, angular momentum,
and underlying stellar orbits of the disk and bar, if present.
Measurement of the disk kinematics can reveal the disk
formation history, the bar, and spiral arm growths and
evolutions, and allow us to estimate the dynamical mass of
the whole disk.

Integral-field unit (IFU) spectroscopic observations of
nearby disk galaxies provide 2D spatially resolved spectral
information, whereby important kinematic properties can be
measured. They are a powerful tool to investigate bar
kinematics (e.g., Cappellari et al. 2007; Krajnović et al.
2011). IFU surveys such as ATLAS3D (Cappellari et al. 2011),
CALIFA (Sánchez et al. 2012; García-Benito et al. 2015),
SLUGGS (Brodie et al. 2012, 2014), SAMI (Croom et al.
2012; Bryant et al. 2015), MaNGA (Bundy et al. 2015), and
MUSE (Bacon et al. 2010) have led to significant progress in
our understanding of disk galaxy formation and evolution.

The shape of line-of-sight velocity distributions (LOSVDs)
can be described by the Gauss–Hermite series. Key kinematic
information includes the mean velocity (V ), velocity dispersion
(σlos), and the third and fourth Gauss–Hermite coefficients h3
and h4, describing the asymmetric (“skewness”) and symmetric
(“kurtosis”) deviations from a Gaussian profile, respectively
(Gerhard 1993; van der Marel & Franx 1993; Bender
et al. 1994). Positive h3 indicates a high-velocity tail, and

negative h3 a low-velocity tail. For h4, a positive value
indicates a sharp central peak, and a negative value results from
a flat-top profile. Correlations between h3 and the mean line-of-
sight (LOS) velocity V reflect the underlying stellar orbits.
Commonly seen in disk galaxies, bars play important roles in

their secular evolution (e.g., Kormendy & Kennicutt 2004).
Bureau & Athanassoula (2005) used N-body simulations to
confirm the negative -h V3 correlation (i.e., anticorrelation)
observed in edge-on disks and the positive correlation observed
in bars, as reported in previous long-slit observations of edge-
on galaxies (e.g., Fisher 1997; Chung & Bureau 2004) and the
theoretical orbital analysis by Bureau & Athanassoula (1999).
They suggested that LOSVDs with a high-velocity tail (positive

-h V3 correlation) may be tracers of bars (also see
Molaeinezhad et al. 2016). Debattista et al. (2005) also
suggested that when viewed face-on, boxy/peanut-shaped
(B/PS) bulges tend to show h4 values in the inner regions
that are smaller than elsewhere (also see Iannuzzi &
Athanassoula 2015). In doubly barred disks, Du et al. (2016)
found peaks in the LOS velocity dispersion σlos near the inner
bars, and -h V3 anticorrelations in the inner bars for certain
orientations. These Gauss–Hermite coefficients relations are
important indices that can be used to understand bar kinematics
and evolution when compared to IFU observations.
To understand the -h V3 (anti-)correlations, and the

reasons behind those correlations, we carry out a study based
on two self-consistent N-body simulations of disk galaxies with
different bar strengths. We also investigate the inclination angle
(and bar viewing angle) dependence of key kinematic features,
especially in the B/PS bulge regions.
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The paper is organized as follows. Section 2 describes the
two simulations. The results and corresponding discussion are
presented in Sections 3 and 4, respectively. Key results are
summarized in Section 5.

2. Simulations

Two disk galaxy N-body simulations with different bar
amplitudes are analyzed here. Face-on and edge-on projec-
tions of the two models are shown in the top and middle
panels of Figure1 in Li & Shen (2015). Compared to Model
2, the bar in Model 1 is longer and stronger; it has
experienced higher buckling instability, resulting in a more
prominent B/PS bulge (Combes & Sanders 1981; Raha
et al. 1991). Initially, the two models were featureless
exponential disks. In Model1, two million disk particles
evolve in a live dark matter halo, consisting of 2.5 million
particles with a compressed King profile (Ψ(0)/σ2=3 and
rc=10Rd; see Sellwood & McGaugh 2005 for details of the
adiabatic compression). Model2 was shown to reproduce
well the photometric and kinematic properties of the Galactic
bulge in Shen et al. (2010). It consists of one million disk
particles rotating in a rigid dark matter halo potential. Bars in
both models grow quickly to form an inner B/PS bulge. In
previous studies, the two models (especially Model 2) have
been used extensively to understand the structure and
kinematic properties of the Galactic bulge and disk (e.g.,
Shen et al. 2010; Li & Shen 2012, 2015; Li et al. 2014;
Molloy et al. 2015a, 2015b; Nataf et al. 2015; Qin
et al. 2015).

To understand the inclination dependence of key kinematic
properties, the two models are projected with moderate and
edge-on inclination angles (i=60°, 90°) and different bar
viewing angles (fbar=0°, 45°, 90°).9 fbar is the angle between
the major axis of the bar and the major axis of the inclined disk
(fbar=0° is thus a side-on bar and fbar=90° an end-on bar).
To calculateV , σlos, h3, and h4, we fit the Gauss–Hermite series

to the LOSVDs up to the fourth order.10 h3 maps of the edge-on
disks (i=90°) and moderately inclined disks (i=60°) in
Models1 and2 are shown in Figures 1 and 2, respectively. We
used the Voronoi binning method of Cappellari & Copin
(2003; with S/N=50). The disks in the two models rotate
clockwise as seen from Z>0, i.e., positive (receding) at X<0
and vice versa.

3. Results

For Model1, in the edge-on view (top row in Figure 1),
inside the bar area (∣ ∣ )X 4 kpc , h3 and V exhibit positive
correlations, with larger h3 values in the end-on cases
(fbar=90°; third column) than the side-on cases (fbar=0°;
first column). In the outer disks (∣ ∣ )X 4 kpc , h3 generally
anti-correlates with V , as expected. These results are consistent
with previous studies (Bureau & Athanassoula 2005) and the
kinematics of the Milky Way bar/bulge (Zhou et al. 2017).
For moderately inclined disks (i=60°, bottom row of

Figure 1), inside the outer parts of the bars, the -h V3
correlations change drastically from positive to negative,
whereas the core areas dominated by the B/PS bulges (within
about half the bar length) still show weak positive correlations.
This is most significant in the second and third columns for
Model1 (fbar=45° and 90°). This phenomenon was first
noticed in Bureau & Athanassoula (2005) and confirmed in
Iannuzzi & Athanassoula (2015). They found that the -h V3
correlation in the bar region decreases as i decreases, and even
becomes an anticorrelation for i80°. This is consistent with
our results, except for the core areas, which maintain positive

-h V3 correlations. From the top left panel in Figure 1, it
seems that the isodensity contours of Model1 in the edge-on
view with a side-on bar are not symmetric with respect to the
midplane. The buckling event may not be completely finished.
We have performed a similar analysis in earlier snapshots of
this simulation. The main results are unchanged.

Figure 1. h3 maps of Model1 viewed edge-on (i=90°, top row) and partially inclined (i=60°, bottom row), with different bar viewing angles (fbar=0°, 45°, and
90° in the first, second, and third column, respectively). The disks rotate clockwise as seen from Z>0, i.e., positive (receding) at X<0 and vice versa. The projected
density contours are overlaid on the maps. As the inclination decreases, the -h V3 correlations in the outer part of the bar area change from positive to negative, while
the core area dominated by the B/PS bulge still maintains weak positive -h V3 correlations. The anticorrelations persist in the disks (with smaller h3 amplitudes) as
the inclination decreases.

9 Close to face-on (i30°), LOS velocities are too small to show a clear h3
pattern.

10 We also fit the Gauss–Hermite series up to the eighth order. The fourth-
order and eighth-order fits yield consistent results, with the fifth and higher
order coefficients being negligible.
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For Model2, as shown in Figure 2, it exhibits a consistent h3
pattern with Model1 with smaller h3 amplitude and weaker

-h V3 correlation. Note that in the first column of Figure 2, the
disk area at ~∣ ∣X 8 kpc shows a positive -h V3 correlation
along the major axis of the bar. This feature may be related to the
Outer Lindblad Resonance (OLR) of the bar in Model2.
According to Binney & Tremaine (2008), we estimate the
location of OLR of the two models by comparing the bar pattern
speed (Ωb) and the radial profiles of Ωb+κ/2. The location of
OLR is ∼14 kpc for Model1 (Ωb≈20 km s−1 kpc−1), and
∼8 kpc for Model2 (Ωb≈40 km s−1 kpc−1). The bar rotates
slower in Model 1, thus resulting in a larger OLR radius and the
absence of this feature in the disk of Model 1.

We also examined h4 maps of the two models. In the face-on
views, the B/PS bulges show h4 values that are smaller than
elsewhere, in agreement with Debattista et al. (2005) and
Iannuzzi & Athanassoula (2015).

4. Discussion

4.1. LOSVDs in Disk and Bar Areas

The most direct way to understand the -h V3 correlations is by
dissecting the LOSVDs themselves. We thus select typical fields in
the disk and bar areas. For the edge-on and moderately inclined
viewing angles, the selected disk areas are at −7<X<−6 kpc,
while the selected bar areas are at −2.5<X<−1.5 kpc. The
selected core areas are at −1<X<−0.5 kpc. All three areas are
restricted with <∣ ∣Z 0.5 kpc.

4.1.1. Edge-on Disks ( = i 90 )

Theoretically, for an axisymmetric edge-on disk, the main
peak of the LOSVD at any given position is contributed by
particles at the tangent point of nearly circular orbits, with a
low-velocity tail from the projected stellar orbits away from
(both in front and beyond) the tangent point (Bureau &
Athanassoula 2005). This generates the usual -h V3
anticorrelation.

The LOSVDs of the disk and bar areas in the edge-on view
with an end-on bar are shown in Figure 3. As shown in the
right panel, along each LOS, the particles are separated into

three subsamples according to the distance from the tangent
point, representing a tangent region (green, <1 kpc), an
intermediate region (blue, 1–4 kpc), and a wing region (red,
>4 kpc). The corresponding LOSVDs of the disk areas in the
two models are shown in the first column with the same color
scheme. As expected, the green histograms peak at the highest
velocities, ∼170 km s−1, while the blue and red histograms
peak at lower velocities, ∼160 and 100 km s−1, respectively.
This agrees with the theoretical expectations that the tangent
points lead to the highest velocities, while the wing regions
lead to low velocities. For the total LOSVDs, the low-velocity
tails are mainly contributed by the red histograms. The
combined effect is the usual -h V3 anticorrelation.
The three-dimensional orbital configuration of bars has been

extensively studied in the literature (Pfenniger 1984; Pfenniger
& Friedli 1991; Patsis et al. 2002, 2003; Skokos et al. 2002a,
2002b). Inside the bar, the main orbit families of N-body
simulations can be regarded as three-dimensional general-
izations of the main two-dimensional orbit family, i.e., the x1
family corresponding to orbits elongated parallel to the bar
(Bureau & Athanassoula 2005). The x1 orbits lead to higher
LOS velocities than the outer orbits in the end-on bar view, and
much lower velocities in the side-on bar view (Bureau &
Athanassoula 1999). As the viewing angle to the bar
approaches end-on, the velocity distribution from the elongated
orbits in the bar shifts toward velocities higher than those of
circular orbits. Considering the low-velocity contributions from
quasi-circular (foreground and background) projected disk
orbits surrounding the bar, the combined effect is a high-
velocity tail, i.e., an unusual positive -h V3 correlation.
For our two models, the velocity distributions in the bar field

are shown in the second column of Figure 3. Clearly, the green
histograms show much larger peak velocities (∼200 km s−1)
than those of the blue histograms (intermediate regions). The
red histograms (wing regions) show the lowest peak velocities
(∼50 km s−1). This is fully consistent with the theoretical
expectations of the x1 orbit family. However, in the bar areas,
both the green and blue histograms show low-velocity tails,
i.e., large negative h3 values (when considered independently).
This is more significant in Model1, with a strongly buckled bar
( = -h 0.4623

tangent ). The LOSVDs inside the bar areas show

Figure 2. h3 maps of Model2 viewed edge-on (i=90°, top row) and partially inclined (i=60°, bottom row), with different bar viewing angles. The disks rotate
clockwise as seen from Z>0. The projected density contours are overlaid on the maps. Model2 shows a similar h3 pattern as in Model1. Note that in the first
column (Model 2 with fbar=0°), there is a positive -h V3 correlation in the outer disk along the bar major axis ( ~∣ ∣X 8 kpc), which may be due to the Outer
Lindblad Resonance of the bar.
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low-velocity tails and large dispersion. The x1 orbits seem
unlikely to contribute to such low-velocity tails. Other orbital
families are needed to explain this feature.

As shown in the third column of Figure 3, the core areas
have large velocity dispersions. The green histograms’ peak
velocities are slightly higher than those of the blue histograms’.
The LOSVDs in tangent and intermediate regions are quite
symmetric, with small h3 values. The total LOSVDs show
weak positive -h V3 correlations.

We also study the LOSVDs in the bar and disk areas in the
edge-on disk with a side-on bar. The results are shown in
Figure 4. In the bar area, the LOSVDs become much broader
than the end-on case, resulting in a much weaker h3 amplitude
and -h V3 correlation.

Figure 5 shows the face-on view of the h3 maps of VY for the
two models in different bar angles. VY actually represents the
LOS velocity in the edge-on view with the observer in the X–Y

plane and the corresponding LOS perpendicular to the X-axis.
This provides a clear visualization of the spatial distribution of
h3 values in different regions of the galaxy. The disks rotate
clockwise. In the bar region, the outer part exhibits clear
anticorrelation with V . This is consistent with Figures 3 and 4.
The disk of Model2 at ~∣ ∣R 8 kpc shows positive -h V3

correlation, probably due to the influence of OLR.

4.1.2. Moderately Inclined Disks ( = i 60 )

At slightly smaller inclination angles (i=60°), -h V3

correlations change dramatically. As shown in Figures 1 and 2,
h3 values in the disk area decrease at smaller inclinations, while
inside the bar areas, especially in the end-on cases, the -h V3

correlations change from positive to negative in the outer parts
of the bars. The core areas maintain weak positive correlations.

Figure 3. LOSVDs in the disk and bar areas of the two models viewed edge-on (i=90°) with an end-on bar (fbar=90°). The black histograms are the combined
LOSVDs of all particles in the three areas. The green, blue, and red histograms represent the tangent, intermediate, and wing particles (foreground and background),
respectively. The right panel sketches the three lines of sight in the disk, bar, and core areas, and the choice of the tangent, intermediate, and wing regions on top of the
isodensity contours of Model1. The disks rotate clockwise. In the disk areas, the wing particles lead to the low-velocity tails of the LOSVDs, producing characteristic
negative -h V3 correlations. In the bar area, the tangent particles lead to high-velocity tails and thus positive -h V3 correlations.

Figure 4. LOSVDs in the disk and bar areas of the two models viewed edge-on (i=90°) with a side-on bar (fbar=0°). The layout of this figure is the same as that of
Figure 3. LOSVDs in the bar regions are more symmetric than Figure 3.
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For lines of sight through the disks at i=60° with an end-on
bar, as shown in the top panel of Figure 6, the depths along the
lines of sight (8 kpc) are roughly twice the vertical thickness of
the disks (4 kpc).11 For planar orbits, a 60° inclination will
cause a 13% reduction ofV . The velocity distributions will thus
shift to slightly lower velocities and become narrower. We
again divide the particles into two groups, i.e., the tangent
region (green) and an intermediate region (blue). Due to the
smaller depths along the lines of sight, we cannot define a wing
region 4 kpc away from the tangent point, as before.

For the disk areas, as shown in the left column of Figure 6,
the green histograms peak at ∼160 km s−1, the blue ones at
∼140 km s−1. The h3 values are very small for the combined
histograms, due to the lack of low-velocity contributions from
the wing regions as in the edge-on cases.

In the outer part of the bar, in the middle column of Figure 6,
both the green and blue histograms show clearly skewed
distributions with low-velocity tails. Here, in the moderately
inclined cases, the lines of sight do not go through the outer
disk areas. Without the low LOS velocity contributions from
the outer disks, the bars themselves display the unusual -h V3
anticorrelations. The velocity distribution of the tangent region
(green histogram) in Model1 seems to be composed of two
components, i.e., a narrow peak ∼170 km s−1 and a broad peak
∼50 km s−1. A similar feature can also be seen in the green
histogram (tangent region) in the top middle panel of Figure 3

for the bar area. The high-velocity narrow peak is probably
related to the x1 orbits, while the broad low-velocity peak may
be due to other orbital families in the bar.
In the core area, as shown in the right column of Figure 6,

the LOSVDs of the tangent and intermediate regions have large
velocity dispersions and small h3 values. The weak positive

-h V3 correlations at a 60° inclination in the core area are
consistent with the edge-on cases, where the LOSVDs are
dominated by the tangent and intermediate regions.
We also tried considering only the bar particles in the

simulations. Regardless of the inclination angles, there are
positive and negative -h V3 correlations in the core and outer
bar areas, respectively, consistent with the previous argument.
In this work, we found similar phenomena as Iannuzzi &

Athanassoula (2015), but we strive to understand the reason
behind this. Along each LOS, by dissecting the particles into
tangent, intermediate, and wing regions, we investigate the
shape of the LOSVDs causing the correlation. For the bar area,
the dependence of the -h V3 correlation on the inclination
angle is also explained with the combination of the LOSVDs
from the tangent, intermediate, and/or wing regions.

4.2. Comparison with IFU Observations of nearby Galaxies

A direct comparison between our simulation predictions and
the IFU observations is not straightforward. h3 derived from the
observed spectra is sensitive to dust extinction correction and
has large fluctuations (Seidel et al. 2015). Moreover, bars are
often accompanied with nuclear disks, nuclear bars, or
pseudobulges that may affect the -h V3 correlation in the
core region.

Figure 5. h3 maps of Model1 (top row) and Model2 (bottom row) viewed face-on with different bar angles (from left to right, fbar=0°, 45°, and 90°). h3 here is
derived from VY, which represents the LOS velocity in the edge-on view with the observer in the X–Y plane and the LOS perpendicular to the X-axis. The disk rotates
clockwise. In the outer part of the bar, h3 displays anticorrelation with VY , consistent with the analysis in Figures 3 and 4.

11 The top panel shows the isodensity contours in the Y−Z plane. Therefore,
the bar is the side-on view. The selected disk, bar, and core areas have different
X ranges, but the same Y and Z ranges. The red dashed line represents the
projected LOS of the disk, bar, and core areas.
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Our pure bar models at moderate inclinations (i∼60°)
predict a positive -h V3 correlation in the core and an
anticorrelation in the outer part of the bar. In the edge-on view,
the simulations exhibit a positive -h V3 correlation in the bar
region. According to previous simulations (Bureau & Atha-
nassoula 2005; Iannuzzi & Athanassoula 2015), the -h V3
signature is strongest with relatively large inclination angles
(i  40°) and bar viewing angles (fbar  40°). Seidel et al.
(2015) studied 2D kinematics of 16 barred galaxies observed
with SAURON IFU. Unfortunately, only two galaxies have
relatively large inclination angles (∼60°) and large fbar, i.e.,
NGC2543 and NGC5350. For the two galaxies, we do see

-h V3 anticorrelations in the outer part of the bar, consistent
with our predictions for the bar kinematics at moderate
inclination angles. A similar -h V3 anticorrelation in the bar
region was reported in Saburova et al. (2017) with long-slit
observations of UGC1344.

If the isodensity contours are more peanut-like, with weak h3
values, then the bar is probably aligned with the projected
major axis of the disk, i.e., fbar=0°. If the isodensity contours
are more spheroidal with strong positive correlations between
h3 and V , fbar is close to 90°. Recently, Opitsch et al. (2017)
mapped the kinematics of the M31 bulge region, and found a
positive -h V3 correlation. Considering the relatively large
inclination angle of M31 (close to edge-on), this positive
correlation and the lack of clear B/PS isophotes probably
imply the existence of an end-on bar in M31, which also
consistent with our predictions.

Our simulations do not include nuclear substructures in the
central region of the bar. For real galaxies, additional
substructures, e.g., nuclear disk, secondary bars, or pseudo-
bulges (Kormendy & Kennicutt 2004), could overwhelm the

weak -h V3 correlation predicted by our models. In fact,
Seidel et al. (2015) detected -h V3 anticorrelations in the core
regions in half of their sample. The detected anticorrelation
probably hints for a kinematically decoupled substructure,
since a pure bar model predicts weak positive correlations in
the core region. In the future, we will make more tests with
more sophisticated simulations including the later formation of
nuclear substructures (e.g., Cole et al. 2014).

4.3. Bars and B/PS Bulge Identification

In edge-on galaxies, the disks generally show -h V3
anticorrelations, while the bars display positive correlations.
Therefore, based on the area showing a positive -h V3
correlation in long-slit or IFU observations, the bar existence
may be revealed. The bar roughly corresponds to the region
with a positive -h V3 correlation. In addition, the h3
amplitude depends on the viewing angle of the bar. An end-
on bar usually shows larger h3 values than a side-on bar.
In a moderately inclined disk, the bar can be directly

measured from the image at small fbar. When fbar is close to
90°, a bar may be difficult to identify. In this case, negative

-h V3 correlations in the inner region of the disk can help to
confirm the existence of a bar.
Recent observational studies have identified B/PS bulges in

local disk galaxies (Erwin & Debattista 2017; Li et al. 2017).
From our results, for a barred galaxy with B/PS bulge in
moderate inclinations, without the presence of nuclear
substructures, the core area could be identified by the central
positive -h V3 correlation, with the outer part of the bar
showing negative -h V3 correlation. This feature is different
from results of the pure bar models without B/PS bulges.
Iannuzzi & Athanassoula (2015) investigated the individual
contribution of bars and B/PS bulges on the observed
kinematics by comparing a simulation in pre- and post-B/PS
formation. They found quite significant differences in velocity
dispersion, h3 and h4 maps, with B/PS bulges showing strong
h3 and h4 features off the kinematic-major axis. The in-plane
values are also boosted with B/PS bulge. At smaller inclination
angles, the simulations without B/PS bulges show negative

-h V3 correlation in the bar and the core regions. We
performed a similar analysis by analyzing the snapshots of our
models with pre- and post-B/PS formation. The results are
consistent with Iannuzzi & Athanassoula (2015).

5. Summary

We use two N-body simulations of disk galaxies with
different bar strengths to investigate their disk kinematics and
dependence on inclination. For the disks viewed edge-on, we
confirm the negative and positive -h V3 correlations in the
disk and bar areas, respectively. The h3 amplitude is larger in
bars viewed end-on than those viewed side-on. At 60°
inclination, the h3 amplitude in the disk areas is smaller, while
in the bar areas, the -h V3 correlations change from positive
to negative in the outer parts of bars, and remain weakly
positive in the core area dominated by the B/PS bulge.
To understand the origin of the -h V3 correlation, we

dissect the LOSVDs in the bar and disk areas at different
inclination angles. In the edge-on views, for the disk areas, the
tangent region of the underlying quasi-circular orbits along the
LOS leads to the highest velocities, while the regions far from
the tangent point mainly lead to a significant low-velocity

Figure 6. LOSVDs in the disk and bar areas of the two models viewed at a 60°
inclination with an end-on bar (fbar=90°). The top panel shows the LOS
through the isodensity contours of Model1 in the edge-on view with a side-on
bar, with green and blue regions representing the tangent and intermediate
regions, respectively. The black histograms are the combined LOSVDs of all
particles in the three areas. The green and blue histograms represent the tangent
and intermediate region particles, respectively. The disk areas now have very
small h3 values, i.e., symmetric LOSVDs, due to the lack of particles in the
wing region. The LOSVDs in the bar areas show prominent low-velocity tails,
and thus the unusual -h V3 anticorrelations. In the core area, the total
LOSVDs maintain a positive -h V3 correlation.
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contribution. The combined distribution thus shows an -h V3
anticorrelation. In the bar areas, the bar particles lead to
velocities even higher than those of circular orbits, changing
the combined LOSVD to one with a high-velocity tail, thus
resulting in a positive -h V3 correlation. These results are
consistent with theoretical expectations. However, for bar
particles only, the LOSVDs in the outer part of the bar show
significant low-velocity tails, which seems unlikely to be
contributed by x1 orbits.

At a 60° inclination, the depths along the lines of sight
decrease from ∼20 to ∼8 kpc. All velocities decrease by ∼13%
due to the projection effect. Because of the smaller depths
along the lines of sight, there is no contribution from low-
velocity disk particles surrounding the bars. Therefore, the total
LOSVDs are mainly contributed to by the tangent and
intermediate regions. In the disk areas, the LOSVDs are fairly
symmetric with very small h3, while in the bar areas, the
LOSVDs of the tangent and intermediate regions show
negative -h V3 correlations in the outer parts of the bars,
and weak positive correlations in the core areas. This results in
the observed contrasting behavior with respect to the edge-on
cases, and is confirmed by a test using the bar particles, where
both the edge-on and moderately inclined disks show antic-
orrelations between h3 and V in the outer parts of the bars, and
weak positive correlations in the core areas.

We also compare with IFU observations and find our
predictions to be roughly consistent with IFU and long-slit
observations of nearby galaxies in the bar region, suggesting
that the -h V3 correlation could be a good indicator for the
bar identification. For a disk viewed edge-on, the bar can be
associated with the area showing a positive -h V3 correlation.
In moderately inclined disks, h3 andV are anti-correlated in the
outer parts of the bars. In long-slit and IFU observations of
moderately inclined disks, the anticorrelations seen in the bar
areas are thus fully consistent with bar kinematics; there is no
need for an additional disk to explain the anticorrelations.

From our results, we can see that the core region dominated
by the B/PS bulge shows a positive -h V3 correlation at a
moderate inclination angle, whereas the outer parts of the bars
show a negative -h V3 correlation. This feature is absent for
simulations without B/PS bulges that only show weak -h V3
anticorrelations in the bar region. This drastic feature in the bar
area can be used in B/PS bulge identification.
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