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According to the hierarchical clustering scenario, galaxies are assembled from 
small debris. 

Dwarfs are believed to be highly dark matter (DM) dominated, with mass-to-
light ratios of ∼ 101–3

Cosmological models predict that our Galaxy should have at least an order of 
magnitude more dark matter haloes than actually found in dwarf galaxies 
form.

From Klypin et al 1999

Importance of Dwarf Galaxies
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Why is Phoenix interesting?
The Phoenix galaxy is an excellent candidate for studying the internal 

kinematics in isolated low-luminosity dwarfs.
 It  is a star-forming (transition) dwarf spheroidal whose stellar 

populations have been recently studied (Hidalgo+ 2009; Saviane+ 
2009).  

 It is located at  about ≈415 Kpc from  the Sun, well beyond  the 
outskirts of the Milky Way halo, in an isolated environment of the  Local 
Group.  

 Tidal interaction with either the Milky Way or M31 can be safely ruled 
out.

Therefore, its internal velocity dispersion cannot be inflated by interaction 
mechanisms such as tidal heating. The measured dispersion directly leads 
to measuring its central mass-to-light ratio. A high vs. low mass-to-light 
ratio  would directly point to the presence of a large amount of dark matter, 
or lack thereof.
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A Universe of Dwarf Galaxies, Lyon, France, 14-18 june 2010

The stellar kinematics of the Phoenix dwarf galaxy

ABSTRACT. The Phoenix dwarf galaxy is the nearest (415 kpc) and 
most typical representative of the class of the so-called transition 
dwarf galaxies - i.e. dwarfs that show traits of dwarf spheroidal and 
irregular galaxies. Phoenix shows low-level recent star formation on 
top of a predominantly old and intermediate-age population (e.g., Hi-
dalgo et al. 2009). Most interestingly, a small cloud of neutral gas 
seems to be physically associated to the stellar body (e.g., Young et al. 
2007). To investigate the evolution of this paradigm dwarf galaxy, we 
have obtained medium- and high-resolution spectroscopy of more 
than a hundred member stars using FORS2, FLAMES and UVES at the 
ESO VLT. We present here precise velocity measurements from high-
resolution spectroscopy allowing us to study the stellar kinematics 
and estimate the internal velocity dispersion and dark matter content 
of Phoenix.  Our new results better constrain the physical and mor-
phological evolution of this intriguing galaxy.

Zaggia1 S., Held1 E.V., Sommariva1 V., Momany2 Y., Rizzi3 L., Saviane2 I.
1INAF Oss. Astronomico di Padova; 2 ESO, Chile; 3 IfA, Hawaii

OBSERVATIONS and MEASUREMENTS. Kinematical measure-
ments were obtained using high resolution spectra from: UVES in the red 

arm for a total of 17 targets in the core of the galaxy and FLAMES in the H! 
region for 80 stars extending out to half of the tidal radius, (rt~800’’).  For 
both samples we selected bright old population RGB stars from a deep 
multi-color photometry obtained with FORS1 (figure above). The FLAMES 
sample were complemented with targets selected from the CTIO Survey of 
dwarf galaxies (Massey et al. 2007). The magnitudes of the whole sample 
ranges from V=19.8 to V=21.2.  The spectra have been reduced with the 
standard ESO pipelines and the radial velocities have been obtained with the 
cross correlation technique.  Due to the faintness of the spectra we care-
fully checked the influence of the sky and of other sources of systematics 
which may lead to and inflation of the final velocity dispersion. Final mean 
errors in the measurements of the UVES+FLAMES sample are of the order 
of ~1.5 km/s. We also used a sample of FORS2 multi-object medium-
resolution spectra taken for chemical abundance analysis. The final radial ve-
locity measurements gave a mean error the order of ~3.0 km/s which al-
lowed to asses general trends but not to perform a detailed kinematical 
analysis.  The final datasets are illustrated in the panels at left.

RESULTS. Isolated from both Milky Way and Andromeda the Phoenix 
dwarf is an ideal case for testing the absence of strong tidal heating on 
dwarf galaxies.  To perform the dynamical analysis we divided the 
UVES+FLAMES sample in 5 radial bins. The results are shown on the figure 
at right. The main results are:

!  The velocity dispersion profile (upper panel) is flat, ~8.0 km/s, within 2 
core radii (rc~80’’) of the galaxy but seems to drop to 4.9 km/s in the 
outer part.  The last point is based only on 5 stars in a limited angular 
sector of the galaxy.

! A consistent rotational component (lower panel) is detected in the in-
ternal part of Phoenix with a vmax=3.2 km/s. The position angle of the ro-
tation axis (middle panel) correlates with the position angle of the pho-
tometric isophotes (the distribution of the old population of Phoenix is 
known to be elongated, see Martínez-Delgado et al. 1999).

! Using the recent calibration of the total mass at rhalf given by Walker et 
al. (2009; their formula 11) we find:

                                  M(rhalf) =1.5!107 Msun

! In the Walker et al. empirical plane rhalf  ÷ M(rhalf), Phoenix seems to fol-
low the same trend of other isolated dwarf galaxies like Tucana and Ce-
tus, i.e. showing a larger mass than other dwarf galaxies of the similar ra-
dius, confirming to be little affected by tidal stripping.

FLAMES+UVES+FORS. The upper panel show the radial trend of the kinemati-
cal data for the FLAMES (red), UVES (blue) and FORS2 (green) datasets.  Lower left 
panel show the sky distribution of the 3 samples. In the lower right panel it is shown the 
histogram of only the UVES+FLAMES radial velocities with gaussian fitting draw using 
the parameters of the whole sample as reported in figure.  

KINEMATICS. In the upper panel it is shown the velocity dispersion pro-
file of the UVES+FLAMES sample of stars. The stars have been divided in bins 
with at least 15 objects in each except for the last point (open dot) which is 
based on only 5 stars.  The lower panel show the rotational component de-
tected in each bin and in the middle panel it is shown the trend of the posi-
tion angle of the rotational axis compared with the trend of the position angle 
of the photometric isophotes of the old stellar population of Phoenix, the 
agreement is quite good.

PHOENIX. Color 
image of the Phoenix 
dwarf galaxy. The image 
is a composition of the B, 
V and I deep images ob-
tained with FORS1at the 
VLT.  The image shows 
quite clearly the young 
and old component of 
the dwarf.  The median 
seeing of 0.6”  allowed to 
select the best targets for 
the follow-up studies with 
FORS2, FLAMES and 
UVES.  The two circles 
show 1 and 2 core 
(King) radii of the galaxy. 

1arcmin



S. Zaggia: The kinematics of the Phoenix Dwarf Galaxy                Santiago 5/4/11

Hidalgo et al 2009

5



S. Zaggia: The kinematics of the Phoenix Dwarf Galaxy                Santiago 5/4/11 6

Hidalgo et al 2009
• 50% of all star formation before 10.5 Gyr ago.
• 35% more up to 6 Gyr ago
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Hidalgo et al 2009
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Saviane et al 2009 (Bennu)
• First PNe in Phoenix allowing a direct measure of metallicity
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UVES @ VLT

The set of UVES data comes from 2 nights run performed in 2001. 
17 stars observed (few multiple spectra)

UVES set-up of the observations:

 UVES Red-Arm 
 λ  center         5800Å
 λ  range         4500÷6600Å
 Slit width         1.2 arcsec
 Resolving power    40000
 Exposure time       1800÷5100s
 Observed S/N        10÷30
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UVES target stars
A total of 17 objects were observed after a careful selection along the RGB 

sequence in the center (r<150”) of the galaxy. The magnitude limit was 
set to I=19.5, about V≈21.0.

I

(V-I)

I=19.5

(V-I)

 I 
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FORS (B,V,I)

1 ARCMIN

1 CORE RADIUS
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FLAMES @VLT

The set of FLAMES data comes from a run performed in 2004. 
85 stars were observed 

GIRAFFE set-up of the observations:

 HR14 (H-alpha) set up 
 λ  center         6500Å
 λ  range         6400÷6600Å
 Fiber diameter       1.2 arcsec
 Resolving power    10000
 Exposure time       4x2800s
 Observed S/N        5÷20
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FLAMES target stars
A total of 85 objects were selected extending down to 1 mag along the RGB 

and out to r~500” of the galaxy. The magnitude limit was set to I=19.8, 
about V≈21.2. We repeated part of UVES targets testing for variability.
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UVES+FLAMES
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UVES 17 stars vrad
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A

The systemic velocity of Phoenix
The UVES Phoenix mean radial velocity is:

   <Vr>= -29.1 ± 2.0 kms-1

This value confirms a physical connection 
with the HI cloud “A” detected nearby the 
galaxy by Young and Lo (1997), which 
mean radial velocity is -23 kms-1.

The value is in good agreement with Irwin 
and Tolstoy who found a mean radial 
velocity of -13±9 kms-1 from FORS data. 

Finally, our precise radial velocity definitely 
rule out the value of Gallart+ (2001) of 
-52±6 kms-1.

B
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UVES: Rotation
The galaxy shows a clear rotational component. Montecarlo experiments showed 

a chance of ≤1.7% to obtain such a rotation curve with a similar sample of 
objects. The Position Angle (PA) is coincident with the major axis of Phoenix 
(next slides). 

Corrected data. 
The above rotation curve has 
been subtracted to the data. 
The distribution of radial 
velocities is gaussian.

Original data. 
The solid body rotation fitted to 
the data gives:

Vrot=6.2 ±2.0 kms-1  

Max at PA=-50˚
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FLAMES spectra

18

Telluric

Star 2850 (V=20.25, brightest) H-alpha

Template
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UVES+FLAMES

20



S. Zaggia: The kinematics of the Phoenix Dwarf Galaxy                Santiago 5/4/11

UVES+FLAMES

21

A Universe of Dwarf Galaxies, Lyon, France, 14-18 june 2010

The stellar kinematics of the Phoenix dwarf galaxy

ABSTRACT. The Phoenix dwarf galaxy is the nearest (415 kpc) and 
most typical representative of the class of the so-called transition 
dwarf galaxies - i.e. dwarfs that show traits of dwarf spheroidal and 
irregular galaxies. Phoenix shows low-level recent star formation on 
top of a predominantly old and intermediate-age population (e.g., Hi-
dalgo et al. 2009). Most interestingly, a small cloud of neutral gas 
seems to be physically associated to the stellar body (e.g., Young et al. 
2007). To investigate the evolution of this paradigm dwarf galaxy, we 
have obtained medium- and high-resolution spectroscopy of more 
than a hundred member stars using FORS2, FLAMES and UVES at the 
ESO VLT. We present here precise velocity measurements from high-
resolution spectroscopy allowing us to study the stellar kinematics 
and estimate the internal velocity dispersion and dark matter content 
of Phoenix.  Our new results better constrain the physical and mor-
phological evolution of this intriguing galaxy.

Zaggia1 S., Held1 E.V., Sommariva1 V., Momany2 Y., Rizzi3 L., Saviane2 I.
1INAF Oss. Astronomico di Padova; 2 ESO, Chile; 3 IfA, Hawaii

OBSERVATIONS and MEASUREMENTS. Kinematical measure-
ments were obtained using high resolution spectra from: UVES in the red 

arm for a total of 17 targets in the core of the galaxy and FLAMES in the H! 
region for 80 stars extending out to half of the tidal radius, (rt~800’’).  For 
both samples we selected bright old population RGB stars from a deep 
multi-color photometry obtained with FORS1 (figure above). The FLAMES 
sample were complemented with targets selected from the CTIO Survey of 
dwarf galaxies (Massey et al. 2007). The magnitudes of the whole sample 
ranges from V=19.8 to V=21.2.  The spectra have been reduced with the 
standard ESO pipelines and the radial velocities have been obtained with the 
cross correlation technique.  Due to the faintness of the spectra we care-
fully checked the influence of the sky and of other sources of systematics 
which may lead to and inflation of the final velocity dispersion. Final mean 
errors in the measurements of the UVES+FLAMES sample are of the order 
of ~1.5 km/s. We also used a sample of FORS2 multi-object medium-
resolution spectra taken for chemical abundance analysis. The final radial ve-
locity measurements gave a mean error the order of ~3.0 km/s which al-
lowed to asses general trends but not to perform a detailed kinematical 
analysis.  The final datasets are illustrated in the panels at left.

RESULTS. Isolated from both Milky Way and Andromeda the Phoenix 
dwarf is an ideal case for testing the absence of strong tidal heating on 
dwarf galaxies.  To perform the dynamical analysis we divided the 
UVES+FLAMES sample in 5 radial bins. The results are shown on the figure 
at right. The main results are:

!  The velocity dispersion profile (upper panel) is flat, ~8.0 km/s, within 2 
core radii (rc~80’’) of the galaxy but seems to drop to 4.9 km/s in the 
outer part.  The last point is based only on 5 stars in a limited angular 
sector of the galaxy.

! A consistent rotational component (lower panel) is detected in the in-
ternal part of Phoenix with a vmax=3.2 km/s. The position angle of the ro-
tation axis (middle panel) correlates with the position angle of the pho-
tometric isophotes (the distribution of the old population of Phoenix is 
known to be elongated, see Martínez-Delgado et al. 1999).

! Using the recent calibration of the total mass at rhalf given by Walker et 
al. (2009; their formula 11) we find:

                                  M(rhalf) =1.5!107 Msun

! In the Walker et al. empirical plane rhalf  ÷ M(rhalf), Phoenix seems to fol-
low the same trend of other isolated dwarf galaxies like Tucana and Ce-
tus, i.e. showing a larger mass than other dwarf galaxies of the similar ra-
dius, confirming to be little affected by tidal stripping.

FLAMES+UVES+FORS. The upper panel show the radial trend of the kinemati-
cal data for the FLAMES (red), UVES (blue) and FORS2 (green) datasets.  Lower left 
panel show the sky distribution of the 3 samples. In the lower right panel it is shown the 
histogram of only the UVES+FLAMES radial velocities with gaussian fitting draw using 
the parameters of the whole sample as reported in figure.  

KINEMATICS. In the upper panel it is shown the velocity dispersion pro-
file of the UVES+FLAMES sample of stars. The stars have been divided in bins 
with at least 15 objects in each except for the last point (open dot) which is 
based on only 5 stars.  The lower panel show the rotational component de-
tected in each bin and in the middle panel it is shown the trend of the posi-
tion angle of the rotational axis compared with the trend of the position angle 
of the photometric isophotes of the old stellar population of Phoenix, the 
agreement is quite good.

PHOENIX. Color 
image of the Phoenix 
dwarf galaxy. The image 
is a composition of the B, 
V and I deep images ob-
tained with FORS1at the 
VLT.  The image shows 
quite clearly the young 
and old component of 
the dwarf.  The median 
seeing of 0.6”  allowed to 
select the best targets for 
the follow-up studies with 
FORS2, FLAMES and 
UVES.  The two circles 
show 1 and 2 core 
(King) radii of the galaxy. 

1arcmin
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The stellar kinematics of the Phoenix dwarf galaxy

ABSTRACT. The Phoenix dwarf galaxy is the nearest (415 kpc) and 
most typical representative of the class of the so-called transition 
dwarf galaxies - i.e. dwarfs that show traits of dwarf spheroidal and 
irregular galaxies. Phoenix shows low-level recent star formation on 
top of a predominantly old and intermediate-age population (e.g., Hi-
dalgo et al. 2009). Most interestingly, a small cloud of neutral gas 
seems to be physically associated to the stellar body (e.g., Young et al. 
2007). To investigate the evolution of this paradigm dwarf galaxy, we 
have obtained medium- and high-resolution spectroscopy of more 
than a hundred member stars using FORS2, FLAMES and UVES at the 
ESO VLT. We present here precise velocity measurements from high-
resolution spectroscopy allowing us to study the stellar kinematics 
and estimate the internal velocity dispersion and dark matter content 
of Phoenix.  Our new results better constrain the physical and mor-
phological evolution of this intriguing galaxy.

Zaggia1 S., Held1 E.V., Sommariva1 V., Momany2 Y., Rizzi3 L., Saviane2 I.
1INAF Oss. Astronomico di Padova; 2 ESO, Chile; 3 IfA, Hawaii

OBSERVATIONS and MEASUREMENTS. Kinematical measure-
ments were obtained using high resolution spectra from: UVES in the red 

arm for a total of 17 targets in the core of the galaxy and FLAMES in the H! 
region for 80 stars extending out to half of the tidal radius, (rt~800’’).  For 
both samples we selected bright old population RGB stars from a deep 
multi-color photometry obtained with FORS1 (figure above). The FLAMES 
sample were complemented with targets selected from the CTIO Survey of 
dwarf galaxies (Massey et al. 2007). The magnitudes of the whole sample 
ranges from V=19.8 to V=21.2.  The spectra have been reduced with the 
standard ESO pipelines and the radial velocities have been obtained with the 
cross correlation technique.  Due to the faintness of the spectra we care-
fully checked the influence of the sky and of other sources of systematics 
which may lead to and inflation of the final velocity dispersion. Final mean 
errors in the measurements of the UVES+FLAMES sample are of the order 
of ~1.5 km/s. We also used a sample of FORS2 multi-object medium-
resolution spectra taken for chemical abundance analysis. The final radial ve-
locity measurements gave a mean error the order of ~3.0 km/s which al-
lowed to asses general trends but not to perform a detailed kinematical 
analysis.  The final datasets are illustrated in the panels at left.

RESULTS. Isolated from both Milky Way and Andromeda the Phoenix 
dwarf is an ideal case for testing the absence of strong tidal heating on 
dwarf galaxies.  To perform the dynamical analysis we divided the 
UVES+FLAMES sample in 5 radial bins. The results are shown on the figure 
at right. The main results are:

!  The velocity dispersion profile (upper panel) is flat, ~8.0 km/s, within 2 
core radii (rc~80’’) of the galaxy but seems to drop to 4.9 km/s in the 
outer part.  The last point is based only on 5 stars in a limited angular 
sector of the galaxy.

! A consistent rotational component (lower panel) is detected in the in-
ternal part of Phoenix with a vmax=3.2 km/s. The position angle of the ro-
tation axis (middle panel) correlates with the position angle of the pho-
tometric isophotes (the distribution of the old population of Phoenix is 
known to be elongated, see Martínez-Delgado et al. 1999).

! Using the recent calibration of the total mass at rhalf given by Walker et 
al. (2009; their formula 11) we find:

                                  M(rhalf) =1.5!107 Msun

! In the Walker et al. empirical plane rhalf  ÷ M(rhalf), Phoenix seems to fol-
low the same trend of other isolated dwarf galaxies like Tucana and Ce-
tus, i.e. showing a larger mass than other dwarf galaxies of the similar ra-
dius, confirming to be little affected by tidal stripping.

FLAMES+UVES+FORS. The upper panel show the radial trend of the kinemati-
cal data for the FLAMES (red), UVES (blue) and FORS2 (green) datasets.  Lower left 
panel show the sky distribution of the 3 samples. In the lower right panel it is shown the 
histogram of only the UVES+FLAMES radial velocities with gaussian fitting draw using 
the parameters of the whole sample as reported in figure.  

KINEMATICS. In the upper panel it is shown the velocity dispersion pro-
file of the UVES+FLAMES sample of stars. The stars have been divided in bins 
with at least 15 objects in each except for the last point (open dot) which is 
based on only 5 stars.  The lower panel show the rotational component de-
tected in each bin and in the middle panel it is shown the trend of the posi-
tion angle of the rotational axis compared with the trend of the position angle 
of the photometric isophotes of the old stellar population of Phoenix, the 
agreement is quite good.

PHOENIX. Color 
image of the Phoenix 
dwarf galaxy. The image 
is a composition of the B, 
V and I deep images ob-
tained with FORS1at the 
VLT.  The image shows 
quite clearly the young 
and old component of 
the dwarf.  The median 
seeing of 0.6”  allowed to 
select the best targets for 
the follow-up studies with 
FORS2, FLAMES and 
UVES.  The two circles 
show 1 and 2 core 
(King) radii of the galaxy. 
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UVES+FLAMES
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The radial density profile

The FORS and CTIO star counts 
have also been used to build 
an extended radial density 
profile and 

    bi-dimensional surface map.
The profile has been fitted with 

an isotropic King-Michie 
model with the following 
parameters:

rc=80” (0.16 kpc)
rt≈900” (1.83 kpc)

c=1.05
No extended halo stars have 

been detected, at least with 
the available data.
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The Mass
Using the velocity dispersion profile and the radial density profile, using 

formula (11) of Walker+ (09) the total mass of Phoenix is:

M(rhalf)=9.7±2.3 x 106 Msolar

Using the literature value of the total luminosity of Phoenix 
    V=-10.1 the M/L is:

M/L=10.7



S. Zaggia: The kinematics of the Phoenix Dwarf Galaxy                Santiago 5/4/11

Walker plot
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Walker plot
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Summary and Conclusions
We have presented a first study on the dynamics of the Phoenix dwarf galaxy, 

an isolated member of the Local Group, based on precise radial velocity 
measurements obtained from the UVES spectrograph.
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Summary and Conclusions
We have presented a first study on the dynamics of the Phoenix dwarf galaxy, 

an isolated member of the Local Group, based on precise radial velocity 
measurements obtained from the UVES spectrograph.

The main results of this study are the following:

 Definitive confirm of a physical connection of the HI cloud detected in the 
vicinity of Phoenix by Young and Lo (1997).

 Detection of a rotational component in the core of the galaxy compatible 
with disk dynamics. 

 Dynamical analysis imply mass of 9.7±2.3 x 106 and M/L=10.7

Finally, given the large distance of Phoenix the velocity dispersion cannot be 
inflated by interaction mechanisms. Therefore we can safely conclude that 
its measured central mass-to-light ratio directly point to the presence of 
dark matter.


