
The Environmental Impact on Galaxy 

Evolution: 

Highlighting the Structure of the 

Local Cosmic Web
Antoine Bouchard

University of Cape Town, South Africa

In collaboration with:

S.L. Blyth, E. de Blok, K. van der Heyden, B. Holwerda

G. Da Costa, H. Jerjen

1



Measuring (and understanding) the 

global properties of nearby galaxies

HI survey of galaxies in the southern hemisphere 

(Local, CenA and Sculptor groups) 
Bouchard et al. 2005, 2006, 2007

H! survey of dwarfs in CenA and Sculptor 
Bouchard et al. 2009, Côté et al. 2009 (submitted)

CRUMBS: Characterising Radio-Undetected Masses in 

Baryonic Surveys (leftovers from NIBLES) 
in collaboration with S.L. Blyth (talk was on Tuesday)

2



Global HI properties of 

galaxies

CRUMBS preliminary 

results

CRUMBS: Stacking the 

leftovers from NIBLES

Caveats:

Detected galaxies were 

explicitly removed from the 

dataset

These are averages

3



Global HI properties of 

galaxies

CRUMBS

Wrong slope?!?!

Blue galaxies are mostly 

detected by NIBLES

Red (ie early-type) 

galaxies have (more) HI 
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Global HI properties of 

galaxies

16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp

! "2

ð4Þ

for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
keep their ISM for a long period of time. These are objects like
[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
final evolutionary state. If any of the latter type contained H i,
they whould be considered transition-type objects because such
low H i content would be short-lived and prone to ram pressure
stripping. The current sensitivity of H i observations allows us
to distinguish the late-type dwarfs but does not allow a differ-
entiation between the early- and transition-type dwarfs at the
distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1

!;B (top to bottom).
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16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp

! "2

ð4Þ

for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
keep their ISM for a long period of time. These are objects like
[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
final evolutionary state. If any of the latter type contained H i,
they whould be considered transition-type objects because such
low H i content would be short-lived and prone to ram pressure
stripping. The current sensitivity of H i observations allows us
to distinguish the late-type dwarfs but does not allow a differ-
entiation between the early- and transition-type dwarfs at the
distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1

!;B (top to bottom).
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16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp
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for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
keep their ISM for a long period of time. These are objects like
[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
final evolutionary state. If any of the latter type contained H i,
they whould be considered transition-type objects because such
low H i content would be short-lived and prone to ram pressure
stripping. The current sensitivity of H i observations allows us
to distinguish the late-type dwarfs but does not allow a differ-
entiation between the early- and transition-type dwarfs at the
distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1

!;B (top to bottom).
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16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp

! "2

ð4Þ

for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
keep their ISM for a long period of time. These are objects like
[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
final evolutionary state. If any of the latter type contained H i,
they whould be considered transition-type objects because such
low H i content would be short-lived and prone to ram pressure
stripping. The current sensitivity of H i observations allows us
to distinguish the late-type dwarfs but does not allow a differ-
entiation between the early- and transition-type dwarfs at the
distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1

!;B (top to bottom).
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16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp

! "2

ð4Þ

for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
keep their ISM for a long period of time. These are objects like
[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
final evolutionary state. If any of the latter type contained H i,
they whould be considered transition-type objects because such
low H i content would be short-lived and prone to ram pressure
stripping. The current sensitivity of H i observations allows us
to distinguish the late-type dwarfs but does not allow a differ-
entiation between the early- and transition-type dwarfs at the
distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1
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16 galaxies that were not detected in H i and at least eight with
MH i /LB < 0:05 M! L"1

!;B. The Cen A environment seems much
more efficient in removing gas from dwarfs than that of Sculptor. In
addition, CenA also has amuchmore prominent population of gal-
axies with 1 M! L"1

!;B < MH i /LB < 10 M! L"1
!;B than Sculptor.

Gunn &Gott (1972) determined that the ISM of a galaxy will
be stripped away by ram pressure if

!IGM k !ISM
"ISM

vp

! "2

ð4Þ

for a galaxy with an ISM of density ! ISM and velocity dispersion
of "ISM, traveling at a velocity vp through an intergalactic me-
dium of density ! IGM. By adopting "ISM ¼ 10 km s"1, a value
typical for the studied dwarfs (e.g., Mateo 1998; Bouchard et al.
2005), and taking a value of vp & 300 km s"1, we find that if
!IGM k 10"3!ISM, ram pressure will eventually remove all the
gas in a low-mass dwarf. In the case of the dE ESO 269-G066
the ISM density is ! ISM < 10"2 cm"3 (MH i < 105 M! inside a
presumed radius of 1 kpc). This value is much lower than that
of the dIrr ESO 324-G024, where ! ISM ¼ 15 cm"3 (MH i ¼
1:5 ; 108 M! inside a radius of 1 kpc; CFC97). An IGM density
of the order of&10"3 cm"3 would therefore strip away any gas
accumulation in ESO 269-G066 but otherwise leave ESO 324-
G024 intact. These values for ! IGM are consistent with the values
measured byX-ray observations of NGC5128 (Cooke et al. 1978;
Feigelson et al. 1981) and of loose galaxy groups (Mulchaey et al.
1996; Helsdon & Ponman 2000).

Figure 7 shows that, for the faint objects of the Cen A group
(MB > "13), there seems to be a threshold in H i masses at
values of MH i & 107 M!. All objects below this value have at
least a factor of 10 less H i than the ones above. In fact, there is
only one detected galaxy below this limit: the dIrr ESO 269-
G037 withMH i ¼ 4 ; 105 M!. It seems that the dwarfs situated
above the threshold have kept their H i, while the ones below are
efficiently swept clean of ISM.

Assuming that the 107 M! threshold does indeed exist, we
can redefine the morphological classification of dwarf galaxies
based on H i properties. In the MB > "14 regime of the Cen A
group, there are 13 late-type dwarfs (MH i k 107 M!) that may
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[CFC97]Cen6 (MH i /LB ¼ 1:8). They have an important un-
tapped and stable potential for further star formation. There is

also a single detected transition-type galaxy (ESO 269-G037)
that might currently be losing its ISM through ram pressure
stripping. Finally, there are 12 early-type dwarf candidates,
where no ISM has been detected. Much like Ursa Minor in the
Local Group or Scl-dE1 in the Sculptor group, their lack of ISM
prohibits any further star formation, and they have reached their
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stripping. The current sensitivity of H i observations allows us
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distance of the Cen A group (4.3 Mpc).
Finally, we note that the present investigation has targeted

some of the faintest known members of the Cen A group. The
H i survey for these galaxies, i.e., fainter thanMB >"14, is now
complete to an H i mass of 106 M!. However, it is most likely
that not all dwarf galaxies of the Cen A or Sculptor groups have
been found to date. For example, in the Local Group 10 of the
&40 members are fainter than MB > "10. In the Cen A group
there are only four galaxies of the &45 galaxies that are this
faint. The advent of next-generation optical surveys will probably
uncover new group members. These future discoveries and H i
follow-up work will give an even better insight into the prop-
erties for galaxies at the faint end of the luminosity function, for
different environments.

5. CONCLUSIONS

We have presented Parkes single-dish and ATCA interfero-
metric H i observations of 18 low-luminosity dwarf galaxies
belonging to the Cen A group, with an emphasis on early-type
dwarfs. This was done in order to identify objects with H i
reservoirs and, therefore, potential for further star formation. As
a result, we can constrain dwarf galaxy evolution scenarios by
providing a thorough analysis of a nearby dense environment.
The main conclusions can be summarized as follows:

1. Of the 18 observed dwarfs, five were detected: three were
late-type dwarfs and two were of mixed morphology. None of the
early-type objects were found to contain H i. The detection limits
on all nondetected early- and mixed-type objects are in the range
from MH i ¼ 105 to 6:5 ; 105 M!, MH i /LB < 0:24 M! L"1

!;B.
2. Unlike the Local Group and the Sculptor group, in which

all mixed-morphology dwarfs are detected in H i, only two of the

Fig. 7.—H imass vs. absolute B-band magnitude for early-type dwarfs (circles), mixed-type dwarfs (diamonds), and late-type dwarfs (triangles) of the Cen A (left)
and Scl (right) groups. Filled symbols show the observed galaxies, and the other data were taken from CFC97, Huchtmeier et al. (2000, 2001), Bouchard et al. (2005),
and Beaulieu et al. (2006). The diagonal lines show constant MH i /LB values of 100, 10, 1, 0.1, and 0.01 M! L"1
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Next step: More galaxy 

properties
A systematic survey of all 

galaxies in the Local Universe 

(D < 20 Mpc) - MeerKAT THINGS

3 hours per galaxy: 5" detection limit 

of 8x106 (D/20 Mpc)2 Msol (assuming 

an unresolved source with 20 km/s 

dispersion)

Low column density HI:

sensitive to NHI = 1019 cm-2

(interactions)

and high resolution imaging (R=8”)

(internal processes)

34 nearby galaxies that were also targets of the
Spitzer Legacy program SINGS2 and the GALEX
Nearby Galaxy Survey. THINGS, uniquely, in-
cluded the VLA B-array in its observations, thus
yielding angular resolutions of 6” to 10”, a factor
∼ 3 better than, previous, more typical H i obser-
vations as illustrated in Figure 1.

THINGS clearly demonstrated the power of ob-
taining these high-resolution 21-cm observations
and combining them with multi-wavelength (par-
ticularly infrared and UV) data to probe physi-
cal processes in the ISM (Figure 2). Among the
results from THINGS were the accurate determi-
nation of the rotation curves of disk and dwarf
galaxies at sub-kiloparsec resolution as well as a
measurements of the non-circular motion compo-
nent of galaxy dynamics (Oh et al. 2008; Trachter-
nach et al. 2008; de Blok et al. 2008). The lat-
ter has frequently been involved to explain the
discrepancy between observations and predictions
from ΛCDM simulations. THINGS showed that
the non-circular motion component cannot be the
cause of the discrepancies. The first systematic
measurements were also made of the scaling be-
tween stars and gas (“the Schmidt Law”) on sub-
kiloparsec scales in a significant sample of nearby
galaxies (Tamburro et al. 2008; Bigiel et al. 2008;
Leroy et al. 2008). In the process it was demon-
strated that while star formation in molecular
clouds is a relatively universal phenomenon across
galactic disks, the creation of star-forming clouds
(traced by the SFR-to-H i or H2-to-H i ratio) de-
pends strongly on local conditions.

Combining THINGS with direct tracers of star
formation also allowed us to make quantitative
measurements of efficiency of stellar feedback into
the atomic ISM in a number of galaxies. Al-
together THINGS has shown that the combina-
tion of high-resolution H i data and complimentary
data at other wavelengths is an extremely power-
ful probe of galaxy evolution (Figure 2). THINGS,
however, observed only 34 galaxies, which were
specifically selected to be non-interacting, late-
type, and known to have an extended H i disk.
It is clear that in order to have a more complete
census of the properties of local galaxies this work
needs to be extended to more galaxies over a larger
range of properties and environments. This is par-

2Spitzer Infrared Nearby Galaxy Survey

Fig. 1.— NGC 6946 from THINGS (Walter et al.
2008) at low (30”) resolution and high (6”) reso-
lution.
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Searching for the Local 

Cosmic Web

A deep blind survey of a 

strip in the Sculptor group

Search for the Local 

Cosmic Web

5" detection limit of 

NHI=1018 cm-2 with 90” 

resolution requires 155 

hours per pointing 

(MeerKAT)

total investment in observing time would therefore
be ∼ 1500 hours (62.5 days).

This Nearby Galaxy Snapshot program could
easily be executed as a filler program as it can
be executed whenever a small chunk (∼ 3 hours)
of MeerKAT time is available to complete an-
other galaxy. The legacy value and usefulness for
the community would be very large, especially as
ALMA should be producing similar maps for these
galaxies at a similar timescale and observations of
the neutral atomic phase of the ISM will be in
great demand.

4.2. The Sculptor Group Portrait

Two local structures visible in the Southern Sky
are the Sculptor and Centaurus A groups. Either
one would be a logical target for a detailed wide-
field study with MeerKAT.

The Sculptor group (Scl) is the nearest H i rich
galaxy group in the southern hemisphere. It is
composed of ∼ 30 known galaxies that have been
extensively studied at various wavelengths (see for
an overview Bouchard et al. 2005). No dynami-
cally dominant galaxy has been identified and it is
not clear whether the galaxies are gravitationally
bound to each other. Rather than a proper galaxy
group, Scl could be more accurately described as a
∼ 5 Mpc long filament seen from one of the poles
(Jerjen et al. 1998). The Sculptor group may be
our “Local Cosmic Web”.

Such structures have been predicted by Cold
Dark Matter simulations where galaxies are found
aligned in three-dimensional web of filaments,
knots, groups and clusters. Braun (2004) sug-
gested that there could be very low column density
H i (1017−18 cm−2) residing in these filaments. So
far, this low column density component has evaded
any direct detection.

Taking advantage of the sensitivity to low H i

column density of MeerKAT and the short line-of-
sight distance to Scl galaxies, we propose a blind
H i survey of a 6◦×24◦ region (9×36 pointings, to
ensure Nyquist sampling) of the Sculptor group,
in search of its neutral intergalactic medium. The
proposed survey region starts from NGC300 and
follows a strip of sky in the presumed direction of
the Local Cosmic Web (Figure 3). Assuming an
antenna efficiency of 0.7 and a correlator efficiency
of 1.0, an 8 hour integration with MeerKAT gives

a 3σ detection of a 105M# for galaxies at ∼5 Mpc.
with a linewidth of 20 km/s. The full mosaic of
the Sculptor group would therefore take approxi-
mately 2600 hours of observation time (109 days).
We do not consider a mosaic with the 30-dish in-
termediate stage. A much shallower but wider mo-
saic (720 pointings with 4 hours per pointing) of
the Sculptor Group with the KAT-7 array would
take 2880 hours (120 days). This mosaic would
be a first look survey, later to be expanded and
refined with MeerKAT’s improved sensitivity and
resolution.
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Fig. 3.— The proposed survey area of the Sculp-
tor Group Portrait. Galaxies are dots scaled with
their distance with the Sculptor Dwarf Spheroidal
the closest (80 kpc). The red dashed area is the
shallow mosaic considered for KAT-7 and the solid
blue area is the proposed MeerKAT group por-
trait.

Because the Scl galaxy distribution is rather
sparse, these galaxies have had very little inter-
action with each other. We therefore also expect
to find very extended H i envelopes around these
objects. Proper characterization of the H i at the
edges of these galaxies will help us understand the
physical processes involved in galaxy evolution,
and the role of environment within it, similar to
the galaxies in the snapshot program.

Scl is also known to contain a large number of
H i rich dwarf galaxies, even in the early-type cat-

5

10



Conclusions

The faint end of the HI mass function may be highly 

dependant on environment

The environmental parameters affecting galaxy 

evolution have not all been identified

Ram pressure stripping, cold gas accretion 

(inhomogenous IGM, motion in the IGM)

11


