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5
CO Observations of LSB Disk Galaxies

We present deep 12CO(J = 2� 1) JCMT observations of three LSB galaxies. We probed different environments (H I
maximum, H I minimum, star forming region) in these galaxies. No CO was found at any of the positions observed.
This leads to a very hard mean upper limit of MH2

=MHI < 0:25, with individual measurements reaching ratios of less
than 4 per cent. We argue that the implied lack of molecular gas is real and not caused by conversion factor effects. The
lack of a molecular phase may explain the very low star formation rates in these galaxies.

LOW Surface Brightness (LSB) galaxies exhibit
some of the most extreme properties known

for disk galaxies. These disk dominated galaxies
have central surface brightnesses �B

0 ' 23:5 mag
arcsec�2. Their extreme gas-richness (McGaugh
& de Blok 1997) and low metallicities (McGaugh
1994) show them to be quite unevolved. They
have low mass surface densities and this has often
been suggested as a possible cause for their slow
evolution (van der Hulst et al. 1987, McGaugh
1992, de Blok & McGaugh 1996).

Detailed investigations of a small sample of LSB
galaxies (van der Hulst et al. 1993) show that their
gas surface densities in general lie below the crit-
ical density needed for star formation, as derived
by Kennicutt (1989). Although this global thresh-
old density should be considered as a boundary
condition only (local instabilities may still cause
star formation), it nevertheless shows that condi-
tions for star formation in LSB galaxies are not as
favorable as in “normal” high surface brightness
(HSB) galaxies.

This might simply be caused by the low densi-
ties, making dynamical time-scales much longer,
and therefore hampering the collapse of gas com-
plexes into Giant Molecular Clouds (GMCs). The
low metallicity may also make cooling of the In-
terstellar Medium (ISM) more difficult, delaying
the formation of GMCs.

To get a better handle on the properties of the
cold, molecular component of the ISM in LSB
galaxies, one needs to observe indicators such as
the CO molecule. Previous studies (Schombert et

al. 1990) that have tried to detect CO, have not suc-
ceeded to rather low limits. This either means that
CO does not work as a tracer in LSB galaxies – im-
plying that large amounts of molecular hydrogen
could still exist – or that LSB galaxies are deficient
in their molecular component, or that CO emis-
sion may have been missed because of beam dilu-
tion effects.

The case of H2-poor galaxies is especially inter-
esting: the conditions that can then be deduced
for LSB galaxies, which have obviously formed
stars, might help answer questions as: where and
how do stars form in an environment poor in
molecular gas? Do they form from neutral hydro-
gen, or is a small molecular component, even as
an intermediate agent always needed? Are GMCs
always needed for star formation?

In this paper we will describe the results and
implications of a few very deep pointed observa-
tions in the CO(2–1) line of various galactic envi-
ronments in LSB galaxies. Positions could be se-
lected on the basis of detailed HI (de Blok et al.
1996) and optical imaging (de Blok et al. 1995).
A companion paper (Gerritsen & de Blok 1997)
will address the presence of the molecular gas us-
ing an N-body hydro-dynamical simulation. Sec-
tion 5.1 describes the observations; in Section 5.2
the results are discussed; Section 5.3 gives a dis-
cussion of the implications; and Section 5.4 sum-
marizes the results.
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84 CHAPTER 5 CO OBSERVATIONS OF LSB DISK GALAXIES

TABLE 5.1— Observed positions

Name �(1950:0) �(1950:0) tint type
(1) (2) (3) (4) (5)
F563-V1 08 43 46.7 +19 04 16 8800 peak
F568-V1 10 42 19.5 +22 19 00 8800 hole

10 42 18.5 +22 19 15 10855 peak
F571-V1 11 23 40.5 +19 06 50 10400 SF

(1) Name of the galaxy. (2) Right ascension pointing
position. (3) Declination pointing position. (4) Total in-
tegration time in seconds. Time spent on source is half
this value. (5) ‘Peak’ denotes a peak in the H I distribu-
tion, ‘hole’ a hole in the H I distribution, ‘SF’ a region of
star formation.

5.1 Observations

Three galaxies were chosen from the sample of
LSB galaxies described in de Blok et al. (1996). In
order to observe as wide a range of galactic en-
vironments as possible, we used H I column den-
sity maps and H� imaging to choose prominent
H I minima and maxima and star forming regions.
The H� images were also used to check whether
any H I features coincided with optical features.
In the end four positions were observed with the
15-m James Clerk Maxwell Telescope at Mauna
Kea, Hawaii, in the 12CO (J= 2�1) line at 230 GHz
rest-frequency.

The observations were carried out from
29 March–3 April 1993. The A2 SIS receiver
was used with the AOSC back-end, giving
2048 channels over a bandwidth of 500 MHz with
a 250 kHz channel separation. Because of a factor
of two oversampling the effective resolution was
500 kHz. This corresponded to a velocity range of
652 km s�1, and an effective velocity resolution of
0.67 km s�1 (2 channels).

The beam size was 22 arcsec and observations
were made in beam-switching mode. The object
position and a piece of sky 2 to 3 arcmin away
in azimuth were observed. Calibration was done
with the help of a three-load measurement. Three
resistors with known temperatures were mea-
sured and thus calibrated the temperature scale.
These calibration measurements were made every
half hour. The scatter in these calibration mea-
surements was less than 5 per cent from night to
night. This calibration was deemed to be suffi-
ciently accurate for our purpose.

The observed positions are given in Table 5.1,
along with the name of the galaxy, a description
of the position and the total (on+off source) inte-
gration time. The top panels in Fig. 5.1 show the
pointing positions.

5.2 Results
No CO emission was detected at any of the
positions after on-source integration times of
� 1:5 hours per position. Typical RMS-noises at
500-kHz resolution were T?

A � 6 mK. A beam ef-
ficiency of 0.77 was used to convert the measured
antenna temperatures T?

A to brightness tempera-
tures Tb. As the original velocity resolution is too
high to get any meaningful upper limits, we have
smoothed the spectra to lower resolutions. We
will present the results for two different resolu-
tions: a velocity channel separation of 5.2 km s�1,
i.e., identical to the velocity channel separation of
the Schombert et al. (1990) observations, and 11
km s�1, which is identical to the velocity channel
separation of the VLA H I observations in de Blok
et al. (1996).

We determined 3� upper limits to the H2 mass
in the beam following the method described in
Schombert et al. (1990) and Bregman and Hogg
(1988). Using the H I velocity widths measured
within the JCMT beam [extracted from the de Blok
et al. (1996) H I data cubes], we can derive an up-
per limit to the H2 mass as follows. For a channel
spacing of 11 km s�1 we get:

ICO <� 3Tb � ∆VHI=
p

n;

where ∆VHI = 11n. This yields

ICO <� 3Tb � ∆VHI =

q
∆VHI=11= 3Tb �

p
11∆VHI

We can then convert this to upper limits of H2
masses in the beam by using the formula given in
Sanders et al. (1986):

M(H2)= 5:82[(�=4)d2
b ICO ]:

Here db is the telescope beam diameter at
the distance of the source, expressed in parsecs.
This formula assumes X = N(H2)=

R
T(CO)dv =

3:6 � 1020. The H2 mass depends directly on the
value of this conversion constant. In this analy-
sis we will not vary the conversion constant. It
will be seen that the upper limits we derive are so
tight that any reasonable variation in the conver-
sion factor will not influence the results.

Table 5.2 compares the RMS noises at the lower
resolutions. The top panel contains the RMS-noise
of the spectra smoothed to 5.2 km s�1; the bottom
panel that of the 11 km s�1 spectra.

The bottom panels of Fig. 5.1 compare the 11 km
s�1 JCMT spectra with the VLA spectra measured
at the same spatial position. These latter were ex-
tracted from the data cubes using a beam size of
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FIGURE 5.1(A)— Overview of the CO-observations of LSB galaxies. In each plot the top three panels show, from left-to-right,
a B-band optical image, an H I column density map and a continuum-subtracted H� image. Superimposed circles denote the
position and size of the JCMT-beam. The panels in the center and bottom show the CO-spectrum and the H I spectrum respectively,
as measured at these positions. The top plot shows LSB galaxy F563-V1. The bottom plot shows LSB galaxy F568-V1. In this galaxy
two positions were observed. The heavy lines denote position 1 (hole), the light lines position 2 (peak).
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FIGURE 5.1(B)— See previous caption. Shown is LSB galaxy F571-V1

TABLE 5.2— Upper limits to CO-fluxes and H2 masses in LSB galaxies

Name Pos �(T�A ) �(Tb ) ∆VHI ICO D db MH2
MHI MH2

=MHI

(mK) (mK) (km s�1) (K km
1
2 s�

1
2 ) (Mpc) (kpc) (107 M�) (107 M�)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
5.2 km s�1 resolution

F563-V1 1 3.76 4.88 65 0.268 38 4.05 2.01 6.91 0.28
F568-V1 1 3.30 4.28 80 0.260 60 6.40 4.88 11.3 0.43
F568-V1 2 2.40 3.12 80 0.190 60 6.40 3.55 55.1 0.064
F571-V1 1 2.81 3.64 55 0.185 59 6.29 3.35 13.5 0.25

11 km s�1 resolution
F563-V1 1 2.77 3.60 65 0.092 38 4.05 0.68 6.91 0.10
F568-V1 1 2.58 3.35 80 0.094 60 6.40 1.76 11.3 0.15
F568-V1 2 2.20 2.86 80 0.081 60 6.40 1.51 55.1 0.027
F571-V1 1 2.17 2.82 55 0.066 59 6.29 1.20 13.5 0.088

(1) Name of galaxy. (2) Number of pointing. (3) RMS noise antenna temperature (mK). (4) RMS noise brightness tem-
perature (mK). (5) Velocity width H I profile at pointing position (km s�1). (6) Upper limit to CO flux (K km1=2s�1=2). (7)
Distance to galaxy (Mpc). (8) Diameter of beam at distance of galaxy (kpc). (9) 3� upper limit of H2 mass (107 M�). (10)
H I mass within beam (107 M�). (11) ratio H2 mass and H I mass.

22 arcsec (the size of the JCMT beam). If a signif-
icant amount of CO were distributed like the H I
the CO profile should resemble the neutral hydro-
gen profile at that pointing, but at the position of
the H I signal, there is no hint of any CO emission.

The total masses of the H I within the beam are
compared with the upper limits to the H2 masses
in Table 5.2. The upper limits to the MH2=MHI
ratios are extremely low, consistent with the pre-
vious measurements by Schombert et al. (1990)

and Knezek (1993). While the observations of
Schombert et al. probed entire galaxies in one
observation, our pointed observations show that
also more locally the amount of CO is extremely
low.

5.3 Discussion

As LSB galaxies have low metallicities in the
ISM (McGaugh 1994) we will compare our non-
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detections with observations of samples of other
late-type low metallicity galaxies. One such sam-
ple is that of Sage et al. (1992) of dwarf irregu-
lars and blue compact galaxies. One of their con-
clusions was that for the galaxies in their sam-
ple the CO/H I ratio did not depend on metal-
licity. Having a constant CO/H I ratio should in
case of the LSB galaxies with their appreciable HI
masses have given rise to detectable CO emission.
Our results therefore do not seem consistent with
their conclusions, but this should perhaps not be
expected. Dwarf irregulars and especially blue
compact galaxies have appreciable star formation
rates or are undergoing bursts. Both also have
high surface densities. This contrasts with the low
current star formation rates and low surface den-
sities in LSB galaxies.

It may therefore be more fair to compare
our results with observations of a number of
Magellanic irregular galaxies by Hunter & Sage
(1993). These observations also resulted in null-
detections. They suggest that molecular gas may
be a transient phenomenon in dwarf galaxies,
caused by the low H I volume densities which are
not high enough to sustain H2. These low volume
density conditions are also found in LSB galaxies
(de Blok & McGaugh 1996) and may thus imply
that LSB galaxies are truly poor in H2, resulting in
non-detections regardless of the value of X. Alter-
natively, the conversion factor X for the conver-
sion from CO emission to H2 mass may be much
different from the Galactic value. This would im-
ply that LSB galaxies can still have significant H2
masses, despite the CO measurements. Finally, H2
may be present in large quantities, but hidden in
small, cold clouds, as advocated by e.g. Pfenniger
et al. (1994) as an explanation for the dark matter
problem. Although there have been detections of
very cold H2 in M31 (Allen et al. 1995), we think
the latter two options are not the most likely ones
for LSB galaxies, especially as stability arguments
(van der Hulst et al. 1993) and the rotation curves
of LSB galaxies (de Blok & McGaugh 1997) do not
allow for a very massive unseen disk component
in LSB galaxies.

Conversion factor

LSB galaxies have lower abundances of oxygen,
and presumably carbon, in their gas component.
The sizes of the clouds as traced by the CO may
be smaller than the underlying H2 clouds. Lower-
ing CO abundance will thus lower the intensity of
the CO. This will lead to a substantial underesti-
mate of the total amount of molecular hydrogen,
combined, perhaps, with increased beam dillution

effects, as the clouds will cover a smaller fraction
of the beam.

Colors, metallicities and Balmer decrements to-
wards H II regions all suggests a low dust con-
tent for LSB galaxies (McGaugh 1994). None of
the LSB galaxies was found in the IRAS database,
which also points to a lack of dust. The low dust
content may make the conversion from H I into
H2 more difficult as suggested by Schombert et al.
(1990). As dust grains also provide shielding from
the interstellar radiation field, the low densities
found in LSB galaxies make it easier for UV pho-
tons to dissociate molecules, destroying H2 more
easily.

This effect is dramatically illustrated by Mal-
oney and Black (1988) using a model of the SMC.
A dust to gas ratio (equivalent to metallicity) 17
times smaller than that of the local solar neigbour-
hood yields an H2 peak abundance which is de-
creased by only 10 per cent. The effect is much
more dramatic for the CO. Whereas models for
Galactic GMCs show that 99 per cent of the carbon
is locked up in CO, the GMCs in the SMC contain
only 1 per cent of the carbon in the form of CO.
Self-shielding is thus very important for the sur-
vival of CO molecules in the interstellar UV radi-
ation field.

Both of these effects give rise to a very different
conversion factor X. Despite the apparent lack of
CO, this picture suggests that H2 might still con-
stitute a significant fraction of the gas mass.

Deficient in H2

Low H2 fractions are supported by the work of
Vila-Costas and Edmunds (1992) [VCE]. Amongst
other things they looked at the mutual depen-
dences in a number of HSB galaxies of metal
abundances in the gas, surface densities of the gas
and H2 fractions. The latter were determined from
CO fluxes from the literature, by assuming a vari-
able conversion factor that would for each galaxy
give an exponential total (i.e. H I and H2) gas dis-
tribution. They show that low gas-surface density
galaxies have low oxygen abundances (their Fig.
7), and low H2 fractions. One should, however,
as VCE warn, be careful not to over-interpret this
relation. Until we really know how the CO/H2
conversion factor behaves, it is not possible to dis-
entangle the various effects that lead to these rela-
tions.

In Fig. 5.2 the relation between abundance and
molecular gas fraction from VCE is shown, with
our measurements and those from Schombert et
al. (1990) overplotted. We did not include the re-
sults from Knezek (1993) as no abundances were
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FIGURE 5.2— The ratio of H2 mass and total gas mass plot-
ted versus the oxygen abundance. The dashed line show the
average relation derived for HSB galaxies by VCE, the dotted
lines show the approximate 2� width of the distribution. Our
measurements and those of Schombert et al. (1990) are indi-
cated by the upper limit symbols, using abundance data from
McGaugh (1994) and de Blok & van der Hulst (1997). Two
cases where no abundance measurements were available are
indicated by the horizontal errorbars that span the range of
abundances found in LSB galaxies. The upper limits are con-
sistent with the trend derived by VCE.

available for her sample. If we determine the H2
fraction in LSB galaxies using the measured abun-
dance values from McGaugh (1994) and de Blok &
van der Hulst (1997) we find that MH2=Mgas must
be less than 0:25. The LSB upper limits are consis-
tent with the trend derived by VCE. The trend as
presented in VCE cannot be explained as an arte-
fact of their variable conversion factor X. VCE al-
low values between 0.8 and 4.8 (�1020), which is
a factor of 6. This translates in approximately a
factor of 2 change in MH2=Mgas. The various val-
ues of X are however independent of properties
like Hubble type, and will therefore not introduce
any systematic trends. The effect of changing X in
a non-systematic way as VCE have done is there-
fore merely a shift in the positions of individual
galaxies by at most a factor of 2. Fixing the value
of the conversion constant will likewise not affect
the conclusion that in LSB galaxies the molecu-
lar component is only a small fraction of the total
amount of gas.

A similar trend of decreasing MH2=MHI, but as
a function of Hubble type was derived by Young
& Knezek (1989) and is shown in Fig. 5.3. They
argue that this trend cannot be caused by vary-

FIGURE 5.3— The ratio of H2 mass and H I mass plotted as
function of Hubble type. The filled circles show the average
value for each Hubble type from Young & Knezek, indicating
a decreasing importance of the molecular component with re-
spect to the atomic component. The vertical lines indicate the
full range of the Young & Knezek data points. The Schombert
et al. and our measurements are indicated by the upper limit
symbols. The data assume a constant conversion factor.

ing the properties of the molecular clouds while
keeping the intrinsic MH2=MHI ratio constant (i.e.
by changing X). If this were the case, the tem-
perature of the gaseous ISM would need to be
some 20 times lower in late type galaxies than in
early types, or alternatively the density of the gas
would have to differ by a factor of 400 between
early and late types.

So the change in MH2=MHI most probably is
caused by a true decrease in the importance of H2
towards later types, and shows that in LSB galax-
ies the atomic gas is the most important gas com-
ponent. We illustrate this in Fig. 5.3, where the
data of Young & Knezek is schematically repre-
sented, along with LSB measurements. The upper
limits derived for the LSB galaxies clearly follow
the trend defined by the Hubble sequence, con-
firming that LSB galaxies also in this respect be-
have as extremely late-type galaxies.

The low molecular content of LSB galaxies is
supported by the low metal abundances. These
make for a less efficient cooling of the ISM, which
leads to higher cloud temperatures, making it dif-
ficult for a cold molecular phase to exist. Detailled
modelling suggests that the lack of cooling is suf-
ficient to prevent most of the gas from becom-
ing cold (T < 1000 K) (see the results presented
in Gerritsen & de Blok 1997), and that this is the
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main cause for the low star formation rates in LSB
galaxies. This again implies that H2 is a negligible
fraction of the total gas mass.

So, if GMCs in LSB galaxies form less easily,
then the main form of star formation may be a
very sporadic and stochastic one, purely depend-
ing on local conditions: little knots of star forma-
tion occuring diffusely over the galaxies, instead
of being concentrated in giant star forming com-
plexes along spiral arms. It is interesting that ob-
servations of LSB galaxies show that the star form-
ing regions do not follow the spiral arms.

5.4 Concluding Remarks

We have presented deep, pointed 12CO(J = 2� 1)
observations of three LSB galaxies. No CO
was found at any of the positions observed.
This leads to a very hard mean upper limit of
MH2=MHI < 0:25, with individual measurements

reaching ratios of less than 4 per cent. It seems
likely that there are no large amounts of H2 hid-
den in LSB galaxies. The low star formation rates
measured in LSB galaxies can thus be explained
by the absence of a molecular component. Star
formation in LSB galaxies may thus proceed in a
different way than in HSB galaxies. A detailed
comparison between the properties of star form-
ing regions in LSB and HSB galaxies may be a
good way to put more constraints on the way stars
form in environments that lack a cold component.
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