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Goals

• Measure dynamical masses for galaxies as 
part of the RESOLVE project

• Look for asymmetric gas flows (bars, 
warps, etc)

• Use the large aperture of SALT to push 
down to low surface brightness dwarfs
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Observations to date

• 30 objects observed

• Reduced through wavelength calibration for 
14 galaxies

• 16 galaxies with problems with their 
observations or reductions
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Reduction Steps

Mix of PySALT and python scripts

• Masking the data
• Flat field correction based on low order 

surface fits to the data themselves
• Seeing correction
• Flux correction based on stars in the field
• Wavelength calibration
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Analysis

All galaxies were then fit with Diskfit to 
measure the velocity profile.  The galaxies 
were fit by three different models: rotational 
only,  rotation + radial flows, and rotation+ 
bar.
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Galaxy model i( ) Vsys(kms−1) φ′
d
( ) φ′

b
( ) χ2

min ν <|∆V |>

rf0037
rotation 51.5±2.0 4401.5±1.0 115.8 ... 1.8 5634 36.4
radial 52.4±1.9 4402.5±0.9 115.8 ... 1.7 5617 35.2

bisymmetric 52.8±1.3 4403.5±0.8 108.5±1.4 117.6±3.8 1.6 5598 33.8

rf0394a
rotation 41.0±1.4 6455.1±0.4 66.0±0.4 ... 2.1 4894 26.5
radial 40.0±1.2 6455.4±0.5 76.1±1.7 ... 2.0 4883 26.4

bisymmetric 53.0±0.3 6455.5±0.5 73.9±0.3 66.5±1.9 2.0 4871 26.3

rf0394b
rotation 58.0±1.5 6538.0±0.8 42.8±0.9 ... 0.9 1085 21.1
radial 57.8±1.4 6539.7±0.9 45.6±1.0 ... 0.8 1079 21.1

bisymmetric ... 6538.4±1.3 48.8±1.0 110.1±22.6 1.2 1139 21.7

rs0390
rotation 68.8±0.9 6913.8±1.5 167.1±0.5 ... 3.0 2743 54.5
radial 69.1±0.4 6913.9±1.3 167.3±0.7 ... 3.0 2737 54.2

bisymmetric 65.8±0.3 6915.3±1.2 164.6±0.9 323.9±2.8 2.9 2730 54.7

rs0405
rotation 82.5±0.3 6986.5±2.3 45.9±0.2 ... 2.7 1501 60.5
radial 82.5±0.3 6986.0±2.3 46.0±0.3 ... 2.6 1481 60.0

bisymmetric 81.3±0.2 6983.1±1.8 44.8±0.2 45.7±2.3 2.5 1465 58.2

Table 2. Model parameters for all velocity fields in our sample. Columns 1–8: Model, disk inclination,
systemic velocity, disk position angle, distortion position angle in the sky-plane, minimum reduced χ2,degrees
of freedom, mean absolute residual.
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Figure 1. (a) is the photometric image of rf0037 from the SDSS dr7 image list tool with a scale of 0.3961arc-
sec/pixel. (b) is the velocity field of rf0037 extracted using the SALT-FP pipeline. (c) is the best fit model
(radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the observed
rotation curve and the best fit model. The velocity colorscales are in kms−1

ure ??. rf0394a has a typical rotation profile with a max-
imum velocity around 200km−1. In the bisymmetric case,
the maximum is lower at 150kms−1. There is evidence of
non-circular flows on the order of 10-50kms−1 in both the
radial and bisymmetric flow cases, so there may be an inter-
play between both radial and bar-like flows in this galaxy.
The grayscale Hα map does not show a bar-like feature so
any elliptical streaming has to arise from a non-axially sym-
metric dark matter halo (Spekkens & Sellwood 2007) rather
than from a bar. The bisymmetric flow model is taken as
the best fitting model because it more closely matches the

features of the velocity field of rf0394a. It estimates an oval
distortion with a position angle 66.5 , which is the same as
the disk position angle.

5.2.1 Discussion of results

There is evidence of non-circular motions up to 50kms−1

within the inner 18 of rf0394a for the radial flow model and
the inner 23 for the bisymmetric flow model. The wiggles
in the isovelocity contour and the sharp gradient along the
minor axis are indicative of significant non-circular gas flows.
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Figure 1. (a) is the photometric image of rf0037 from the SDSS dr7 image list tool with a scale of 0.3961arc-
sec/pixel. (b) is the velocity field of rf0037 extracted using the SALT-FP pipeline. (c) is the best fit model
(radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the observed
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ure ??. rf0394a has a typical rotation profile with a max-
imum velocity around 200km−1. In the bisymmetric case,
the maximum is lower at 150kms−1. There is evidence of
non-circular flows on the order of 10-50kms−1 in both the
radial and bisymmetric flow cases, so there may be an inter-
play between both radial and bar-like flows in this galaxy.
The grayscale Hα map does not show a bar-like feature so
any elliptical streaming has to arise from a non-axially sym-
metric dark matter halo (Spekkens & Sellwood 2007) rather
than from a bar. The bisymmetric flow model is taken as
the best fitting model because it more closely matches the

features of the velocity field of rf0394a. It estimates an oval
distortion with a position angle 66.5 , which is the same as
the disk position angle.

5.2.1 Discussion of results

There is evidence of non-circular motions up to 50kms−1

within the inner 18 of rf0394a for the radial flow model and
the inner 23 for the bisymmetric flow model. The wiggles
in the isovelocity contour and the sharp gradient along the
minor axis are indicative of significant non-circular gas flows.
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Figure 2. (a) is the photometric image of rf0394a from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394a extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1

These radial flow velocities may be too large to be assumed
physical, but may be getting energy from stellar feedback
(van Eymeren et al. 2009) especially given that they are in
the inner Hα disk where star formation is occurring.

Projecting the bisymmetric model onto the observed
rotation curve (Figure ??) shows that the Vt component
neatly traces the observed data. Therefore, even in the case
of rf0394a, the derived DiskFit model is representative of
the actual data.

5.3 rf0394b

The velocity map of rf0394b is a simple field with clear or-
dered rotation as shown in figure 3a. There are no clear
signs of turbulence except a twisted minor axis isovelocity
contour. Figures 3e, 3f and 3g show the optimal rotation-
only, radial flow and bisymmetric flow models to rf0394b
with residuals in 3h, 3i and 3j. Values of ∆ISM=25kms1 and
junc=1 were used. Velocity estimates were extracted out to
a radius of 15.2 with ring separation of 2.5 . Non-circular
flows were set to zero at the outermost ring radius.

The radial profiles of the fitted velocity components are
shown in figure ??. The rotation curve is shown to be de-
clining but this is due to noisy data on the peripherals of the
velocity map which cause the models to appear to be having
closed isovelocity contours. Otherwise, rf0394b has a typi-
cal rotation curve for its Hα velocity field with a maximum
at ∼120kms−1. Radial flows are on the order of 5-10kms−1

while bisymmetric flows rise up to 20kms−1.
The optimal parameters for the three models are shown
in table ??. The estimated values of the systemic velocity
agree within their uncertainties. The inclination estimates
are nearly identical for the rotation-only and radial flow
models, however, ellipticity parameter was held fixed when

running the bisymmetric model, so no estimate for inclina-
tion was obtained. The radial flow model best describes the
kinematics of rf0394b considering that it returns the lowest
χr,min value and the bisymmetric flow estimates have large
error bars.

5.3.1 Discussion of results

From the wiggles in the isophotes in the fluxmap (Figure
3b), it is clear that rf0394b has some random motions of
gas in its disk, and the wiggles in the isovelocity contour
along the minor axis reflect radial motion of the gas. We
found evidence of radial flows on the order of 5-10kms−1

which may be responsible for the wiggles in the isovelocity
contour. There is also evidence of significant elliptical flows
at velocities of up to 20kms−1. However, since there is not
any evidence of a bar in the photometric image (Figure 3c)
nor in the grayscale image (Figure 3d), this streaming is
unlikely to be driven by a bar. Therefore, like in the case of
rf0394a, any bisymmetric flows are likely to be driven by a
non-axially symmetric dark matter halo.

The radial flow model was projected onto the observed
rotation curve to check consistence with data. The model
only agrees with the receding half of the observed rotation
curve. Considering that the modelled velocity profile was
projected onto both halves, this means that the kinematics
of rf0394b are not the same for both sides of the galaxy.
There is indication of this possibility in the velocity map by
the sharp twist in the isovelocity contour on the approaching
half which is not reflected on the receding side. To find out
the cause of this feature, however, would require data of
higher resolution than what is used here.
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Figure 2. (a) is the photometric image of rf0394a from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394a extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1
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Figure 2. (a) is the photometric image of rf0394a from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394a extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1
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at velocities of up to 20kms−1. However, since there is not
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unlikely to be driven by a bar. Therefore, like in the case of
rf0394a, any bisymmetric flows are likely to be driven by a
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only agrees with the receding half of the observed rotation
curve. Considering that the modelled velocity profile was
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Figure 3. (a) is the photometric image of rf0394b from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394b extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1

5.4 rs0390

SDSS photometry of rs0390 shows a smooth decreasing light
profile with a dust lane and no spiral structure. In the Hα
grayscale and flux images, only the central parts of the
galaxy are bright, with a small blob ∼4.6 away from the
nucleus. The object to the left of the galaxy is a star and was
masked out in the analysis. Pure rotation, radial and bisym-
metric flow models were fit to the velocity field of rs0390 and
are shown in figures 4e,f and g with the residual maps in 4h,
i and j. Velocity estimates were extracted at 8 radii with
maximum ring spacing of 3.04 and maximum ring radius
of 25.35 . Non-circular motions were set to zero at the inner-
most and outermost ring radii. The models trace the overall
rotation of the gas in the galaxy. There is a large area of ve-
locity offset on the receeding half of the galaxy correspond-
ing to a gas blob in the photometric and Hα grayscale image
which may well be a star forming region. This flow is not
modelled sufficiently by either of the models. The high and
close average residuals point out a possible common offset
such as noisy data on the edges. The output parameters are
shown in table ??. All model estimates of the systemic veloc-
ity agree within their uncertainties. The rotation-only and
radial flow model estimates of inclination and disk PA agree
within their uncertainties, however the estimates from the
bisymmetric model differ by over a degree. The bisymmetric
model estimates a distortion of position angle 323.9±2.8 .

The radial profiles of the extracted velocity components
are shown in figure ??. The overall shape of the rotation
curve is distorted, probably due to the superimposed ve-
locity of the gas blob. The radial flows are important at
radii smaller than ∼7 while the bisymmetric flows are sig-
nificant between 5 and 25 on the order of about 30kms−1.
The bisymmetric flow model has a lower χ2 value but there

is no apparent trend in the profiles of the m = 2 compo-
nents, so the radial flow model is the best fit model for this
galaxy.

In the position velocity diagram (Figure ??), the Hα

emission is much fainter in the outer regions than in the
inner regions, however, the model is still consistent within
the inner regions where the emission is strong.

5.4.1 Discussion of results

The velocity field of rs0390 (Figure 4a) looks disturbed on
the receding side. This is due to an offset from a blob of
gas which is likely to be an active star forming region that
superimposes an a high velocity component onto the actual
velocity field of the galaxy. Figure ?? is a line profile through
the center of the blob showing Hα emission. However, even
the underlying field still shows wiggles in the isovelocity con-
tour along the minor axis indicating radial flows. There is
evidence of radial flows (Figure ??b) which rise to 30kms−1

within the inner 7 . The supposed HII region is also located
within 7 of the center, so it may be responsible for the
radial flows. The estimate of the bisymmetric component
V2t does not take on a clear trend, however, on average the
bisymmetric flows have velocities of 30kms−1. The presence
of a dust lane indicates large amounts of gas which normally
should be associated with ongoing star formation. The dust
lane, coupled with the gas blob and its high velocity are
strong reasons in favor of radial flows in rs0390. However,
if the dust lane is due to a merger history, then it is also
possible that there is a distortion in the potential causing
the m=2 flows.
Figure ?? shows the radial flow model projected onto the
observed rotation curve. The external component that is
superimposed onto the velocity field distorts the kinematic

2002 RAS, MNRAS 000, 1–9

6 E. Naluminsa, S. Crawford, P. Vaisanen

(a) (b) (c) (d)

(e)

Figure 3. (a) is the photometric image of rf0394b from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394b extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1
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SDSS photometry of rs0390 shows a smooth decreasing light
profile with a dust lane and no spiral structure. In the Hα
grayscale and flux images, only the central parts of the
galaxy are bright, with a small blob ∼4.6 away from the
nucleus. The object to the left of the galaxy is a star and was
masked out in the analysis. Pure rotation, radial and bisym-
metric flow models were fit to the velocity field of rs0390 and
are shown in figures 4e,f and g with the residual maps in 4h,
i and j. Velocity estimates were extracted at 8 radii with
maximum ring spacing of 3.04 and maximum ring radius
of 25.35 . Non-circular motions were set to zero at the inner-
most and outermost ring radii. The models trace the overall
rotation of the gas in the galaxy. There is a large area of ve-
locity offset on the receeding half of the galaxy correspond-
ing to a gas blob in the photometric and Hα grayscale image
which may well be a star forming region. This flow is not
modelled sufficiently by either of the models. The high and
close average residuals point out a possible common offset
such as noisy data on the edges. The output parameters are
shown in table ??. All model estimates of the systemic veloc-
ity agree within their uncertainties. The rotation-only and
radial flow model estimates of inclination and disk PA agree
within their uncertainties, however the estimates from the
bisymmetric model differ by over a degree. The bisymmetric
model estimates a distortion of position angle 323.9±2.8 .

The radial profiles of the extracted velocity components
are shown in figure ??. The overall shape of the rotation
curve is distorted, probably due to the superimposed ve-
locity of the gas blob. The radial flows are important at
radii smaller than ∼7 while the bisymmetric flows are sig-
nificant between 5 and 25 on the order of about 30kms−1.
The bisymmetric flow model has a lower χ2 value but there

is no apparent trend in the profiles of the m = 2 compo-
nents, so the radial flow model is the best fit model for this
galaxy.

In the position velocity diagram (Figure ??), the Hα

emission is much fainter in the outer regions than in the
inner regions, however, the model is still consistent within
the inner regions where the emission is strong.

5.4.1 Discussion of results

The velocity field of rs0390 (Figure 4a) looks disturbed on
the receding side. This is due to an offset from a blob of
gas which is likely to be an active star forming region that
superimposes an a high velocity component onto the actual
velocity field of the galaxy. Figure ?? is a line profile through
the center of the blob showing Hα emission. However, even
the underlying field still shows wiggles in the isovelocity con-
tour along the minor axis indicating radial flows. There is
evidence of radial flows (Figure ??b) which rise to 30kms−1

within the inner 7 . The supposed HII region is also located
within 7 of the center, so it may be responsible for the
radial flows. The estimate of the bisymmetric component
V2t does not take on a clear trend, however, on average the
bisymmetric flows have velocities of 30kms−1. The presence
of a dust lane indicates large amounts of gas which normally
should be associated with ongoing star formation. The dust
lane, coupled with the gas blob and its high velocity are
strong reasons in favor of radial flows in rs0390. However,
if the dust lane is due to a merger history, then it is also
possible that there is a distortion in the potential causing
the m=2 flows.
Figure ?? shows the radial flow model projected onto the
observed rotation curve. The external component that is
superimposed onto the velocity field distorts the kinematic
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Figure 3. (a) is the photometric image of rf0394b from the SDSS dr7 image list tool with a scale of
0.3961arcsec/pixel. (b) is the velocity field of rf0394b extracted using the SALT-FP pipeline. (c) is the best
fit model (radial flow) to the field using DiskFit with residual map(d). (e) is a comparison between the
observed rotation curve and the best fit model. The velocity colorscales are in kms−1

5.4 rs0390

SDSS photometry of rs0390 shows a smooth decreasing light
profile with a dust lane and no spiral structure. In the Hα
grayscale and flux images, only the central parts of the
galaxy are bright, with a small blob ∼4.6 away from the
nucleus. The object to the left of the galaxy is a star and was
masked out in the analysis. Pure rotation, radial and bisym-
metric flow models were fit to the velocity field of rs0390 and
are shown in figures 4e,f and g with the residual maps in 4h,
i and j. Velocity estimates were extracted at 8 radii with
maximum ring spacing of 3.04 and maximum ring radius
of 25.35 . Non-circular motions were set to zero at the inner-
most and outermost ring radii. The models trace the overall
rotation of the gas in the galaxy. There is a large area of ve-
locity offset on the receeding half of the galaxy correspond-
ing to a gas blob in the photometric and Hα grayscale image
which may well be a star forming region. This flow is not
modelled sufficiently by either of the models. The high and
close average residuals point out a possible common offset
such as noisy data on the edges. The output parameters are
shown in table ??. All model estimates of the systemic veloc-
ity agree within their uncertainties. The rotation-only and
radial flow model estimates of inclination and disk PA agree
within their uncertainties, however the estimates from the
bisymmetric model differ by over a degree. The bisymmetric
model estimates a distortion of position angle 323.9±2.8 .

The radial profiles of the extracted velocity components
are shown in figure ??. The overall shape of the rotation
curve is distorted, probably due to the superimposed ve-
locity of the gas blob. The radial flows are important at
radii smaller than ∼7 while the bisymmetric flows are sig-
nificant between 5 and 25 on the order of about 30kms−1.
The bisymmetric flow model has a lower χ2 value but there

is no apparent trend in the profiles of the m = 2 compo-
nents, so the radial flow model is the best fit model for this
galaxy.

In the position velocity diagram (Figure ??), the Hα

emission is much fainter in the outer regions than in the
inner regions, however, the model is still consistent within
the inner regions where the emission is strong.

5.4.1 Discussion of results

The velocity field of rs0390 (Figure 4a) looks disturbed on
the receding side. This is due to an offset from a blob of
gas which is likely to be an active star forming region that
superimposes an a high velocity component onto the actual
velocity field of the galaxy. Figure ?? is a line profile through
the center of the blob showing Hα emission. However, even
the underlying field still shows wiggles in the isovelocity con-
tour along the minor axis indicating radial flows. There is
evidence of radial flows (Figure ??b) which rise to 30kms−1

within the inner 7 . The supposed HII region is also located
within 7 of the center, so it may be responsible for the
radial flows. The estimate of the bisymmetric component
V2t does not take on a clear trend, however, on average the
bisymmetric flows have velocities of 30kms−1. The presence
of a dust lane indicates large amounts of gas which normally
should be associated with ongoing star formation. The dust
lane, coupled with the gas blob and its high velocity are
strong reasons in favor of radial flows in rs0390. However,
if the dust lane is due to a merger history, then it is also
possible that there is a distortion in the potential causing
the m=2 flows.
Figure ?? shows the radial flow model projected onto the
observed rotation curve. The external component that is
superimposed onto the velocity field distorts the kinematic
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