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THINGS

• The HI Nearby Galaxy Survey - Walter et al (2008)

• VLA B,C,D array of 34 nearby Sa-Irr galaxies

• distance 3-15 Mpc

• ~6” spatial (100-500 pc), 2-5 km/s velocity resolution

• overlap with SINGS (Spitzer infrared) and GALEX NGS (UV)
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HERACLES

• HERACLES - Leroy et al. (2009)

• HEterodyne Receiver Array CO Line Extragalactic 
Survey

• HERA multipixel receiver on IRAM 30m telescope

• Maps CO J=2→1 of entire HI disk of 18 THINGS galaxies 
(+others)

• 13” spatial and 2.6 km/s velocity resolution (~ THINGS)



Outline

• Stacking of THINGS HI profiles

• Broad and Narrow HI components

• Comparison with CO from HERACLES

• Narrow-component HI and SF 
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HERACLES
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Needed for star formation

• “Cold” gas  a necessary ingredient for star 
formation

• Neutral → cold neutral → molecular → SF

• Investigate cold neutral component: mass, 
distribution and velocity dispersion



Phases of the Neutral ISM

• Broad: Warm: T ~ 104 K

• Narrow: Cold: T ~ few 100 K

• but dispersions higher - 
turbulence et al
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Super Profiles
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Fig. 1.— Examples of super profiles for the THINGS galaxies (the rest are shown in the Appendix). The left panels show super profiles
fitted with double Gaussian components whereas the right panels show super profiles fitted with a single Gaussian component. The bottom
panels show the residuals from the fits. The filled circles indicate the data points. The solid black lines represent the results from the single
and double Gaussian fitting. The dashed and the dotted lines represent the narrow and broad components required in the double Gaussian
fitting. The errors on the data points are smaller than the size of the symbols.
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Profiles
28

Figure 25. Super profiles of the THINGS galaxies. For each galaxy, we show the results from the single (left panel) and double (middle
panel) Gaussian fitting. The right panels show a fit with a Lorentzian function. The bottom panels of each set of plots show the residuals
from the fits. The filled circles indicate the data. The solid black lines represent the results from the single, the sum of the double Gaussian,
and the Lorentzian fitting. The dotted and the dashed lines in the middle panel represent the narrow and broad components required in
the double Gaussian fitting. We plot error bars as 3� error bars, though in most cases they are smaller than the symbols plotted.
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Figure 25. (continued).
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Figure 25. (continued).

31

Figure 25. (continued).
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Dispersions

5

Figure 2. Solid histogram: ratio of the reduced �2 from the triple
and single Gaussian fits (�2

3G/�2
1G). Dotted histogram: ratio of the

reduced �2 from the double and single Gaussian fits (�2
2G/�2

1G).
Hatched histogram: ratio of the reduced �2 from the triple and
double Gaussian fits (�2

3G/�2
2G).

Figure 3. Histograms of velocity dispersions derived from both
one and two-component Gaussian fits. The dotted histogram rep-
resents the velocity dispersions derived from the single Gaussian
fit. The solid and hatched histograms represent the velocity dis-
persions of the double-Gaussian narrow and broad components,
respectively.

the highest inclination in our sample is 76�). We smooth
these model data cubes to various resolutions and create
the corresponding super profiles. We fit the artificial su-
per profiles both with single and a double Gaussian to see
how the dispersion changes with resolution and to check
whether resolution and inclination can create broad and
narrow components from a single input component. We
have tested a case where the input rotation curve rises
linearly up to 130 km s�1 at 1 kpc and flattens. The
results from the constant and the linearly rising plus flat
rotation curve models are identical.

For the IC 2574 models, we use its average position an-
gle derived by de Blok et al. (2008), but an inclination of
63� and 80� for comparison with the NGC 2403 models.
Here we also use a single component velocity dispersion
of 8 km s�1, a constant HI surface density density but an
input rotation curve that rises linearly up to 80 km s�1

at the outermost radius of the models. We use a channel
spacing of 2.6 km s�1 as used by THINGS for IC 2574.
We adopt a vertical Gaussian scale height of 0.1 kpc. We
fit the model super profiles of the IC 2574 with both sin-
gle and double Gaussians but the results of the double
Gaussian decomposition are not meaningful as the super
profiles are almost perfectly Gaussian. So, for the IC
2574 models, we only present the single Gaussian fitting
results. We also test a case where the scale height is 0.5
kpc but the results are similar to the 0.1 kpc models.
Figure 4 and Table 2 summarize the model super pro-

file parameters as a function of the resolution. It is clear
that profiles become broader with decreasing resolution,
and more so for a higher inclination. For example, at
1100 (the average resolution of THINGS), the di↵erence
between the velocity dispersion measured from the 80�

and the 63� inclination model data cubes of NGC 2403
is ⇠ 9%. At a resolution of 6000, the di↵erence is ⇠ 29%.
From Figure 4, it is apparent that we do not recover the
input 8 km s�1 dispersion even at very high resolution.
This is a result of the finite channel spacing of the data
cubes used (5.2 km s�1) in combination with the high in-
clination. However, for the IC 2574 models, the velocity
dispersion approach the input 8 km s�1 value and this is
due to the smaller channel spacing used.
Figure 5 shows a selection of the modelled super

profiles of NGC 2403. It is clear that resolution e↵ects
can introduce a spurious broad component. We can use
the ratio between the areas of the narrow and broad
components An/Ab (i.e., the flux or mass ratio) to gauge
whether any of the models resemble the data. Figure 6
shows the An/Ab ratio as a function of resolution. This
ratio decreases with resolution, showing the increasing
importance of the spurious broad component. The
extremely high ratios at high resolution should not be
over-interpreted. These are simply due to the fitting
routine being forced to fit an almost perfectly Gaussian
profile with two components. At the lowest resolution
in the models, the broad component created by the low
resolution accounts for ⇠ 13% of the total flux. In the
THINGS data, the broad component amounts to ⇠ 70%
of the total flux. This discrepancy also indicates that res-
olution e↵ects are not solely responsible for the observed
broad components. Comparison of the models and data
shows that at 1100 (the typical THINGS resolution), the
resulting super profile is well fitted by a single Gaussian
function. It also shows that the shape of the super
profile only starts to significantly deviate from a single
Gaussian at a resolution about six times worse than
the THINGS resolution. Thus, resolution e↵ects alone
cannot explain the observed shapes of the super profiles.

The previous test investigated whether double compo-
nents can be spuriously created using single component
input models. Here we investigate whether input dou-
ble components can be recovered from limited resolution
models. We use the 63� inclination model of NGC 2403
described before. Recall that this model assumes a filled

2G broad

1G

2G
 n

a
rr
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False Super Profiles

• Many ways to get a non-Gaussian super profile

• Inclination and resolution effects

• Dominant narrow profiles

• Thick, lagging component

• Skewed input profiles

• Inaccurate shuffling

• Bulk motions (galaxy interaction, starburst)

• Tested and under control: Ianjamasimanana et al 2012 
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Table 2
E↵ect of the resolution on the shapes of the super profiles

NGC 2403 models IC 2574 models

Resolution Velocity Flux ratio Resolution Velocity
dispersion dispersion

�1G �n �b An/Ab �1G
(00) (pc) (km s�1) (km s�1) (km s�1) (pc) (km s�1)

Inclination: 63�

4 62 8.6 8.5 15.5 83.3 78 8.1
8 124 8.6 8.6 15.4 60.6 155 8.1
11 171 8.6 8.6 15.4 56.6 213 8.1
20 310 8.9 8.8 15.6 23.4 388 8.2
30 465 9.3 9.0 16.1 12.4 582 8.3
40 621 9.8 9.3 16.8 7.9 776 8.4
50 776 10.1 9.6 17.5 5.6 970 8.6
60 931 10.6 9.8 18.1 4.2 1164 8.8

Inclination: 80�

4 62 9.4 9.0 16.1 9.0 78 8.1
8 124 9.5 9.1 16.4 7.7 155 8.1
11 171 9.7 9.2 16.6 6.6 213 8.1
20 310 10.4 9.6 17.7 4.0 388 8.2
30 465 11.4 10.0 19.0 2.6 582 8.3
40 621 12.5 10.6 20.5 1.8 776 8.5
50 776 13.6 11.2 21.9 1.4 970 8.7
60 931 14.9 11.8 23.3 1.2 1164 9.0

Note. — �1G: Velocity dispersion derived from one-component Gaussian fit. �n: Velocity disper-
sion of the narrow component. �b: Velocity dispersion of the broad component. An/Ab: Ratio of the
fluxes or masses associated with the narrow and broad components. Here, only the single Gaussian
results of the IC 2574 models are shown (see Section 4.1).

Figure 5. Observed and simulated super profiles of NGC 2403 derived after smoothing the model data cubes to the resolution indicated
on the plots. The left and right panels represent the results from the model data cubes of NGC 2403 with input inclination of 63� and 80�,
respectively. The dotted and the dashed lines represent the narrow and broad components required in the double Gaussian fitting. The
solid lines represent the results of the double Gaussian fitting.

“NGC 2403” at 63 degrees inclination “NGC 2403” at 80 degrees inclination



False Super Profiles

• Many ways to get a non-Gaussian super profile

• Inclination and resolution effects

• Dominant narrow profiles

• Thick, lagging component

• Skewed input profiles

• Inaccurate shuffling
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• Tested and under control: Ianjamasimanana et al 2012 
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Figure 8. Top panel: comparison of super profile parameters derived from the faint and bright parts of galaxies. Bottom panel: comparison
of super profile parameters from the normalized and the original super profiles. The triangle shaped symbols represent interacting or
disturbed galaxies (NGC 3031, NGC 4449, NGC 5194, NGC 5457, NGC 3077). The open circle symbols represent galaxies with star bursts
or mild AGN activity (NGC 1569, NGC 3521, NGC 3627). The star symbols indicate non-interacting galaxies that have an anomalously
high velocity dispersion (NGC 7331, NGC 2841). The rest of the galaxies are represented by the filled circle symbols.

ing, independent of the area coverage. The most ex-
treme model with 20 km s�1 radial motions and 80%
area coverage has a superprofile that is broadened by
⇠ 23%. Large-scale non-circular motions of this mag-
nitude are rare in disk galaxies, and mostly only found
in the central parts of barred galaxies. We can compare
this with the work by Trachternach et al. (2008) who
used harmonic decompositions of the velocity fields of
the THINGS galaxies to quantify the non-circular mo-
tions there. They found a median amplitude of all non-
circular motions of Ãr = 6.7 ± 5.9 km s�1. Of their 18
analyzed galaxies, 17 have Ãr . 10 km s�1 and only one
has Ãr > 20 km s�1.
Finally, we repeat the procedure described above, but

rather than assuming the same constant HI surface den-
sity disk for all models, we assume that the profiles
with non-circular motion have an amplitude that is 30%
of that of the profiles without non-circular motions.
This choice will allow the non-circular motion profiles
to mimic low-level broad wings in the super profiles. In
this case we fit all resulting super profiles with double
Gaussians. We show in Figure 12 and Table 3 the fitted
An/Ab ratios as a function of input expansion velocities.
The An/Ab ratio decreases with increasing expansion ve-
locities. If we assume that the non-circular motions in
the THINGS galaxies are of order 10 km s�1 or less (Tra-

Table 3
E↵ect of the radial motions on the

shapes of the super profiles

Vrad An/Ab

(km s�1) 20% 40% 60% 80%

5 109.8 102.1 99.3 98.2
10 33.5 18.1 13.8 12.9
15 7.9 3.3 2.0 1.4
20 6.0 2.9 1.9 1.3

Note. — Vrad: Input radial velocity used
to construct the model data cubes. Percent-
age indicates the area coverage of gas with
non-circular motions. An/Ab: Flux ratio of
the narrow and broad components.

chternach et al. 2008), then these motions are only able
to introduce spurious broad wings containing at most 7%
of the total flux, i.e., much smaller than observed. We
therefore conclude that radial motions cannot be a ma-
jor cause of the observed non-Gaussianity of the observed
super profiles.

4.4. Thick disks and lagging halos

Lastly, we investigate the possibility that our sample
galaxies have a thin disk embedded in a “lagging” thick
HI disk with a lower rotation velocity, as was found for



• Define clean sample of galaxies not obviously 
affected by these systematic effects (also no star burst, 
no interaction)

• Example: compare approaching and receding sides

False Super Profiles

15

Figure 15. Top left panel : Comparison of the width of the super profiles from the approaching and receding sides of the galaxies. The
largest of each of these velocity dispersions is represented by �large and the smallest one by �small. The dashed line represents the line of
equality.Top right panel : Histogram of the di↵erence between the velocity dispersion derived from the approaching and receding halves of
the galaxies. Bottom left panel: Narrow component velocity dispersion as a function of the amplitudes of non-circular motions, Ã, derived
by Trachternach et al. (2008). Bottom right panel: Broad component velocity dispersion as a function of Ã. Note that only the 18 galaxies
that are part of Trachternach et al. (2008) sample are shown here. Symbols are as in Fig. 8.

10.1 to 24.3 km s�1 with a mean of 16.8 ± 4.3 km s�1.
Though we did our best to remove systematic e↵ects in
super profiles, the derived velocity dispersions are always
an upper limit to the intrinsic velocity dispersion.
We have investigated possible correlations between the

shapes of the super profiles and global properties of
galaxies. We found that the flux ratio of the narrow and
broad components tends to be high for high metallicity,
high star formation rate (SFR) galaxies. The flux ratio
also increases with increasing FUV-NUV colors. We in-

terprete these correlations as evidence that the formation
of cold HI gas is a necessary step towards star formation.
In addition, the velocity dispersion ratio of the narrow
and broad components decreases with increasing metal-
licity, FUV-NUV colors and H↵ luminosities.
We present tentative evidence that the narrow com-

ponent is associated with molecular gas. We find that
upper limits on �n/�b and An/Ab change with ⌃H2/⌃HI,
suggesting that the cold neutral phase and the molecular
phase are related.

APPENDIX

A. SUPER PROFILES: GAUSSIAN AND LORENTZIAN

In this appendix, we present the super profiles of all THINGS sample (see section 2 for an explanation on how these
profiles were generated). The profiles are shown in Figs. A1–A8. For each galaxy, the left panel represents a plot of
the super profile fitted with a single Gaussian component whereas the middle and right panels represent super profiles



Symmetrical Profiles

|vHer3-vIWM| < 5 km s-1 to identify symmetrical profiles 
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Figure 4.5: Examples of super profiles of NGC 2366 using LHAP (top left panel), RHAP (top right

panel) and SP (bottom panel)
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Figure 17. Location of symmetric and asymmetric profiles for the THINGS galaxies. Blue pixels represent symmetric profiles (SP). Green
and red pixels represent left-handed asymmetric profiles (LHAP) and right-handed asymmetric profiles (RHAP), respectively. Ellipses
represent the optical radius r25. The small grey circles indicate the approaching sides.



Narrow

Broad

Narrow component:

Broad component:

6.5± 1.5 km s�1

16.8± 4.3 km s�1

Velocity Dispersions



But is this relevant for star formation?
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Figure 22. Top panel : velocity dispersion ratio as a function of metallicity, (FUV-NUV) colors and Hα luminosities. Bottom panel: Flux
ratio of the narrow and broad components as a function of metallicity, (FUV-NUV) colors and Hα luminosities. The triangle symbols
represent interacting galaxies (those that are tidally interacting with a nearby companion or are being affected by their environment; these
are NGC 3031, NGC 4449, NGC 5194, NGC 5457, NGC 3077). The open circle symbols represent galaxies that are disturbed kinematically
due to the effect of e.g., star formation (NGC 1569, NGC 3521, NGC 3627). The star symbols indicate non-interacting galaxies that have an
anomalously high velocity dispersion (NGC 7331, NGC 2841). The diamond shaped symbols represent non-interacting and non-disturbed
galaxies where the dispersions measured on the opposite sides of the galaxies differ by more than 1.5 kms−1. (NGC 4826 and M81 DwB;
see Section 5 for the choice of this value). Filled circle symbols represent our clean sample galaxies.

Figure 23. Velocity dispersion (left panel) and An/Ab ratio (right panel) as a function of H2 and HI mass surface density ratio.

Global Properties

narrow/broad
flux ratio

narrow/broad
dispersion ratio

metallicity FUV-NUV
●:  symm profs, clean sample

o△☐☆:       symm. profs, other gals



Refining the profiles
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Fig. 19.— Top panel : Comparison of the derived velocity dispersions inside and outside r25. The left panel is for the narrow component,
whereas the right panel is for the broad component. Bottom panel : Comparison of the mass ratio of the narrow to that of the broad
component inside and outside r25 (left panel). The right panel compares the degree of asymmetry (defined as the o�set between the peak
velocity of the narrow component and the peak velocity of the broad component) of the super profiles inside and outside r25. The solid
lines are lines of equality.

radial profiles of the narrow and broad components can
be explained by the fact that the CNM and WNM have
di�erent densities and therefore have di�erent response
to incoming radiation. (discussion still in progress)

7.2. Does the narrow component trace molecular gas?

( In progress)

8. CONCLUSION
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Fig. 19.— Top panel : Comparison of the derived velocity dispersions inside and outside r25. The left panel is for the narrow component,
whereas the right panel is for the broad component. Bottom panel : Comparison of the mass ratio of the narrow to that of the broad
component inside and outside r25 (left panel). The right panel compares the degree of asymmetry (defined as the o�set between the peak
velocity of the narrow component and the peak velocity of the broad component) of the super profiles inside and outside r25. The solid
lines are lines of equality.

radial profiles of the narrow and broad components can
be explained by the fact that the CNM and WNM have
di�erent densities and therefore have di�erent response
to incoming radiation. (discussion still in progress)

7.2. Does the narrow component trace molecular gas?

( In progress)

8. CONCLUSION

• Do properties change as a function of local environment?

• Create super profiles using masks

• Example: dispersions and mass ratios inside R25 (high star 
forming) and outside R25 (no or very low star formation)
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Radially
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Figure 7. (Continue)

11

Figure 6. Plot of An/Ab ratio as a function of Column density.

6

Figure 3. (Continue)

Preliminary
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Figure 7. Narrow (diamond shaped symbols) and broad (circle symbols) component velocity dispersion as a function of radius normalized
to r25. The dashed lines are fits to exponential function of the form V0 exp(�x/l).
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Figure 6. Plot of An/Ab ratio as a function of Column density.

An/Ab is the flux ratio of the broad and narrow 
components 

Trend with column density



Star formation rates
SUPER PROFILES AND PROPERTIES OF GALAXIES 87
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Figure 5.5: Histograms of the velocity dispersion of the narrow (solid histograms) and broad (gray

histograms) components derived in low, medium and high SFR regions. The velocity dispersions tend to
be higher in high SFR regions.

medium and low SFR regions. Moreover, the first three panels of Figure 5.6
show that super profiles in the high SFR regions tend to be more asymmetric
than those in the medium and low SFR regions. Finally, as can be seen from
the last three panels of Figure 5.6, the mass ratio of the narrow component
to that of the broad component is higher in the high SFR regions than in the
medium and low SFR regions. Thus, there seems to be a correlation between
the shapes of the super profiles and the star formation activity of galaxies.

The Star Formation Efficiency in Nearby Galaxies 67

Fig. F.— Atlas of data and calculations for NGC 5055.

Define SFR masks using Leroy et al (2008) 
THINGS star formation rate maps (24μm 
Spitzer and GALEX FUX)

10-4 < SFR < 10-3 M⊙ yr-1 kpc-2

10-3 < SFR < 10-2 M⊙ yr-1 kpc-2

SFR > 10-2 M⊙ yr-1 kpc-2

Preliminary all profiles, all galaxies
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NGC 2403 Example

Abstract
The HERACLES survey is one the largest and most sensitive survey of CO in nearby galaxies. We compare the kinematics of the HI and the CO in the THINGS galaxies. 
In this poster we focus on two galaxies, NGC 3198 and NGC 7331. Both are late-type spirals with a central-depression in the HI emission, which shows high CO 
emission in the centre. We derive velocity fields and rotation curves for both galaxies, and show that combining the CO and HI produces a complete rotation curve 
for the case of NGC 7331. We find that, in the absence of bars, the overall dynamics of the CO to be very similar to that of the HI.

Bradley S. Frank1, W. J. G. de Blok1,2, 
The HERACLES Team

1 The Astrophysics, Cosmology and Gravity Centre (ACGC),  The University of Cape Town, South Africa
2  Netherlands Institute for Radio Astronomy, ASTRON, Netherlands

Intensity map shows that CO fills the HI “hole”. PV-diagrams shows solid-body like kinematics in centre; velocity fields illustrate the overlap between HI and CO - 
ideal for combining rotation curves. Kinematic parameters converge to model after a few iterations, rotation curve in agreement with von Linden et al. (1996)

THINGS-HI
HERACLES-CO

HI and CO Intensity Maps for NGC 7331

PV-Diagram for NGC 7331

THINGS-HI
HERACLES-CO

HI and CO Velocity Fields (Hermite) for NGC 7331

Rotation Curves for NGC 7331

HI and CO Intensity Maps for NGC 3198

NGC 3198 was one of the first galaxies for which the kinematics was derived using a tilted-ring model. Here we use the Hermite-polynomial derived velocity-fields 
to compute a rotation curve using the tilted-ring model. The effect of the streaming-motions due to the spiral-arms on the rotation curve of the CO can be seen 
at 30” and ~ 85”. 

THINGS-HI
HERACLES-CO

HI and CO Velocity Fields (Hermite) for NGC 3198

THINGS-HI
HERACLES-CO

PV-Diagram for NGC 3198
Rotation Curves for NGC 3198

References: The HI Nearby Galaxy Survey, Walter et al. 2008 - HERACLES: The HERA CO Line Extragalactic Survey, Leroy et al. 2009 - 
THINGS Rotation Curves and Mass Models, de Blok et al. 2008 - The Dynamics of the Inner Part of NGC 7331, von Linden 1996

SB type galaxy - 
CO emission 

concentrated in 
the centre.

NGC 3198

NGC 7331
Sb early-type spiral 

- Post-starburst 
galaxy - Central-
depression in HI 

emission filled by 
CO.  

THINGS-HI
HERACLES-CO

THINGS-HI
HERACLES-CO

poster by Bradley Frank
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NGC2403 VELOCITY FIELDS

Contours:	

-40 to 340 km/s in 
steps of 30 km/s	
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contours start from +3σ
in steps of +3σ

- HERACLES
- THINGS

NGC2403 POSITION VELOCITY
major-axis minor-axis



NGC2403 ROTATION CURVES

5kpc



CO Dispersions

poster by Moses Mogotsi



NGC 3184 Example



CO dispersions



HI-CO comparisons

σHI = (1.5 ± 0.2) σCO 
σHI - σCO =(7.2 ± 1.3) km/s
Note σCO and σHI,narrow similar



Stacking the CO
Anahi Caldu-Primo and Fabian Walter

Stack&HI,&CO&spectra&in&bins&of&radius,&SFR,&total&gas

HI CO HI CO

Velocity&Dispersion
as&func>on&of&radius&



Stacking the CO
Anahi Caldu-Primo and Fabian Walter

&&&&Ra>o&of&HI/CO&Velocity&Dispersion&for&all&Galaxies

Average&Ra>o&is&1.41&±&0.34
consistent&with&nonLstacked&value

Ra>o&of&HI/CO&Velocity&Dispersion&…

...&binned&by&Radius

…&binned&by&SFR

…&binned&by&Total&Gas



Summary

• Stacking can be used to identify broad and narrow 
components in THINGS galaxy profiles

• Narrow component: 6.5  ± 1.5 km s-1

• Broad component: 16.8  ± 4.3 km s-1

• Dispersions decline exponentially

• Narrow component associated with star formation

• CO dispersions ~1.5 times smaller than “single component” HI 
dispersions, and similar to “narrow component” HI dispersion

• Future work: quantify the “narrow HI”-CO (H2) connection - 
“narrow HI” SF law

• Increase S/N of individual profiles, more sophisticated 
stacking, smaller areas, CO super profiles


