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Fornax-Colour Magnitude Diagram

The Dwarf Spheroidal Galaxies, of which Fornax is one of the largest, are the least populous galaxies known and are generally thought to 
have extremely large mass-to-light ratios. Coleman & de Jong (2008) recently discussed the star formation history of Fornax showing that 
although many of the stars were formed more than 10 Gyr ago, there is a clear intermediate age population with a strong burst of formation 
around 3 to 4 Gyr ago. The dominant population has a mean metallicity of [Fe/H]~-1.4, while stars younger than 5 Gyr reach [Fe/H]~-0.5. 

The asymptotic giant branch (AGB) variables are the most luminous evolutionary phase that low and intermediate mass stars pass through. 
As such, AGB stars are of particular interest as they allow us to probe star formation to signifi cant distances. In particular we know, from 
the LMC, that the largest amplitude and most luminous of these variables, the Miras, obey a period luminosity relation. 

The work described here is the outcome of a programme monitoring Fornax over a period of several years using the 1.4-m InfraRed Survey 
Facility (IRSF) at Sutherland with the Sirius three-channel camera (Nagayama et al. 2003) to obtain near-infrared (JHK) photometry. 

We have discovered 18 red variables of which 5 have the large amplitudes (∆K>0.4 mag) that identify them as Miras. We assume these to 
be carbon-rich, although spectroscopic confi rmation is required. They have periods between 258 and 495 days indicating a range of initial 
masses, although obviously not as large as in the LMC. As the illustrated period-colour diagram shows some of these stars are much redder 
than Miras of comparable period in the Galaxy or the LMC. They appear to have high mass-loss rates and therefore high circumstellar 
extinction. A further two variables have erratically variable mass-loss rates, similar to several well monitored stars in the LMC. 

It is particularly interesting that this relatively low metallicity system shows AGB stars with thick dust shells and high mass-loss rates. 

Periodic AGB Variables
These are K light curves for the periodic variables; 
4025 has a small amplitude  (∆K<0.4 mag) and is 
therefore a semi-regular variable; all of the others 
are Miras. Note that each point is plotted twice to 
emphasize the periodicity. 
The periods of the Miras in Fornax range from 258 
to 495 days while those of carbon stars in the LMC 
range from 157* to 939 days. A range of periods is 
indicative of a range of initial masses/metallicities. 

* Shortest P LMC Mira has uncertain C star status

Erratic mass-loss episodes
Fornax: These two stars show SR/Mira pulsations plus 
long term changes indicative of erratic mass loss. 
Similar behaviour is observed among Galactic carbon 
SR and Mira variables (Whitelock et al. 2006), as well 
as amongst similar variables in the LMC (see right).

LMC: TRM 72 and TRM 88 show Mira pulsations 
plus the long term changes indicative of erratic mass 
loss (Whitelock et al. 2003).

K Period-Luminosity Relation

Bolometric Period-Luminosity Relation

In the following we derive distances relative to the LMC which we assume has a distance 
modulus of 18.39±0.05 (van Leeuwen et al. 2007). 

2.4 2.6 2.8
-3

-3.5

-4

-4.5

-5

Log(P)

2.3 2.4 2.5 2.6 2.7 2.8
0

1

2

3

4

Log P

MK=-3.51(logP-2.38)-7.15 
(Whitelock et al. 2007). 

All of the Mira K mags are 
fainter than expected from the 
above PL relation. 

Presumably because of high 
circumstellar extinction. 

Open circles: Galactic Miras
Crosses: LMC Miras
Magenta circles: Fornax Miras

Miras in Fornax are redder than 
those in the Galaxy and the LMC 
at the same period. Thus the K 
mags experience significant 
circumstellar extinction.

The bolometric magnitude, 
Mbol, is calculated from an 
(H-K)-dependent bolometric 
correction (Whitelock et al. 
2006). With the exception 
of the Mira with the shortest 
period the results fall close to a 
PL relation: 
          Mbol = -2.54logP + 1.98 
(Whitelock et al. 2006) with the 
same slope as the LMC relation, 
and indicate:   
          (m-M) = 20.72 ± 0.1 
for the Fornax dwarf  galaxy.
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AGB Variables shown in colour
Magenta: Miras with established periods  Cyan: Stars with large erratic variations  

Green: Low amplitude SR variables
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