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IRAS	  and	  ISO	  gave	  us	  the	  infrared	  
big	  picture	  of	  M31	  

450 L. Pagani et al.: Mid-infrared and far-ultraviolet observations of the star-forming ring of M31

Fig. 3.Map of the SW portion M31 in the far–UV at 200 nm obtained
with the FOCA–1000 balloon–borne telescope. The angular resolution
is 20

′′. The color scale unit is 2.1 10−17 erg cm−2 s−1 Å−1 arcsec−2.
The background level as measured outside the galaxy is 0.116 unit.
It has no physical significance. The UV emission is a tracer of recent
(< 3 10

8 yr) star formation but radiation also results from scattering
by dust of the stellar UV emission

Fig. 4. Map of the SW portion of the ring of M31 in the LW2 filter
(5.0–8.0µm) (color). The color scale unit is 1 mJy per 6′′ pixel, and
the scale is truncated at 3 units to obtain a better display of the faint
emission. The contours indicate the 21–cm line integrated intensity,
from data in Brinks & Shane (1984): contours with levels from 1000 to
3500K km s−1 in steps of 500K km s−1. The 1000K km s−1 contour
is in red for clarity. Note that there is an error in the level specifica-
tion in Loinard et al. (1996). The angular resolution of the 21–cm map
is 24′′

×36′′. Note the excellent correlation between mid–IR and H i

emissions, in particular at the faintest levels. The yellow boxes delin-
eate regions for which the mean UV intensity has been evaluated, as
discussed in the text

Fig. 8.Map of the SW portion of the ring of M31 in the the far–UV at
200 nm (contours) superimposed on the LW2 filter (5.0–8.0µm) map
(color). The UV contours are at 0.15, 0.2, 0.3, 0.4, 0.5, 1.0 and 2.0 in
units of 2.1 10−17 erg cm−2 s−1 Å−1 arcsec−2. The background is at
0.116 unit. The LW2 filter color scale unit is 1 mJy/pixel. It is truncated
at 3 units for clarity. A few OB associations give a very strong UV
emission, in particular NGC 206. Most of the diffuse UV emission
comes from outside the ring of interstellar matter as defined by the
H i, CO and mid–IR emission. The UV within the ring is affected by
extinction. The extendedUVemission is probably in part light scattered
by dust in the diffuse ISM

mid–IR peaks associated with H ii regions as depicted by Hα.
In our Galaxy, the emission at 5–8µm (the wavelength range of
the LW2 filter) is strong in photodissociation regions (PDRs) at
the interfaces betweenH ii regions andmolecular clouds (M17:
Cesarsky et al. 1996b; Orion bar: Cesarsky et al. 1999) and at
the surfaces of molecular clouds illuminated by UV radiation
(reflectionnebulae likeNGC7023:Cesarsky et al. 1996a).There
is also emission from the more diffuse interstellar gas (see e.g.
Abergel et al. 1996). However we do not know well the relative
importance of these various sources at the scale of a galaxy.
Our observation of M31 gives a clear information on this point.
The presence of peaks associated with H ii regions probably
indicates mid–IR emission from interfaces, but there is some
ambiguity here because there is also much ISM close to the
H ii regions. In any case, the mid–IR emission of the interfaces
cannot be a large fraction of the total, since there is much diffuse
mid–IR emission in M31 far from Hα emission regions. We
will see later (Fig. 11) that only very few localized regions in
M31 have a LW3/LW2 intensity ratio (in Jy) larger than 1, a
characteristic of strong PDRs.

Particularly interesting is the vicinity of the main OB as-
sociation of M31, NGC206 = OB78 (see Fig. 1). The stellar
winds and perhaps supernova explosions in this association have
eroded a hole in the interstellar medium while triggering some
secondary star formation in the resulting shell (Fig. 1 and 7).
The UV emission of the association itself is very strong (Fig. 3
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Spitzer/IRAC	  observaOons	  of	  M31	  
provides	  both	  big	  and	  small	  pictures	  

• measurement	  of	  global	  M*	  and	  SFR	  
– M*	  =	  1.1	  x	  1011	  M	  

–  SFR	  =	  0.4	  M/yr:	  quiescent	  galaxy	  

•  Finding	  evolved	  stars	  
–  supergiants	  >106	  L;	  some	  not	  visible	  in	  opOcal	  

•  TesOng	  populaOon	  synthesis	  models	  with	  GCs	  	  
– models	  seem	  to	  be	  pre_y	  good	  	  



The	  mid-‐infrared	  sees	  both	  
young	  and	  old	  populaOons	  	  

NGC	  205,	  M32	  

Star-‐forming	  ring	  bulge	  

Montalto	  et	  al	  09	  

Barmby	  et	  al	  06	  



3.6	  micron	  total	  luminosity	  gives	  a	  stellar	  
mass	  consistent	  with	  dynamics	  



SFR	  derived	  from	  8.0	  micron	  luminosity	  
agrees	  with	  FIR,	  Hα;	  larger	  than	  radio	  	  



IRAC	  surface	  brightness	  profiles	  
extend	  over	  3	  decades	  in	  radius	  	  

M0	  III	  color	  

No	  red	  nucleus	  

red	  ring	  

See	  also	  
Courteau	  et	  al	  
2011	  



New	  observaOons	  will	  extend	  the	  
IRAC	  profile	  to	  6.6°	  x	  4.4°	  	  

N

E

MIPS	  coverage	  



IRAC	  point-‐source	  photometry	  reveals	  
a	  rich	  populaOon	  of	  evolved	  stars	  

Mould	  et	  al	  2008	  

O-‐rich	  AGB	  

C-‐rich	  AGB	  

SG	  



M31’s	  globular	  clusters	  can	  be	  used	  
to	  test	  populaOon	  synthesis	  models	  
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Figure 6. SSP colors as a function of metallicity, for old ages (t ≈ 13 Gyr). Model predictions are compared to observations of globular clusters in the MW and M31.
The model SSPs include the predictions from M05 (dotted lines), BC03 (dot-dashed lines), and predictions from the present work where either the Padova or BaSTI
stellar evolution calculations have been assumed. In general, the agreement between models and data is acceptable, though the data tend to be redder than the models
as the metallicity increases. The difference in J − K color between MW and M31 globular clusters is striking.
(A color version of this figure is available in the online journal.)

The model V − I colors compare favorably with the data at
log(Z/Z#) > −1.0. At lower metallicities, the models diverge
from the data, with the FSPS model using BaSTI isochrones
performing worst.

All models fail at predicting the observed V − K and J − K
colors, both at low and high metallicities for the latter and at
higher metallicities for the former. Recall that the near-IR data
come from a recent analysis of 2MASS data by Cohen et al.
(2007). Our results echo those of Cohen et al. (2007) who
compared MW star cluster J − K colors against several SPS

models. In addition to the M05 model, they also compare to the
models of Worthey (1994) and Buzzoni (1989) and find similar
levels of disagreement with these other models.

Cohen et al. (2007) speculate that the cause of the discrepancy
could be either (1) inadequate calibration of the stellar libraries
or (2) issues with the near-IR filter transmission curves (Cohen
et al. used published predictions for Johnson JHK photome-
try from these models). Since we compute 2MASS magnitudes
self-consistently from the model spectra, the second explana-
tion cannot be the source of the discrepancy. The problem is not

Conroy	  &	  Gunn	  
2010:	  OpOcal/
NIR	  colors	  as	  
funcOon	  (Z)	  

20 arcsec

B225 B178 B338 B012

Barmby	  &	  
Jalilian	  2012	  



At	  mid-‐infrared	  wavelengths,	  
different	  models	  don’t	  quite	  agree	  

mid-‐IR	  colours	  as	  funcOon	  of	  age	  



Including	  circumstellar	  dust	  makes	  
the	  model	  outputs	  vary	  more	  



Within	  the	  uncertainOes,	  models	  
and	  data	  agree	  

Except	  maybe	  in	  
[4.5]-‐[5.8]	  ?	  



OpOcal-‐to-‐IRAC	  colours	  could	  be	  
good	  metallicity	  indicators	  
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