
project:
- determination of chemical abundances and enhancement
 patterns of key metals: Fe, O, and other -elementsα
- comparison of gaseous and stellar abundances to trace the
  galaxy history of star formation and chemical enrichment
- deriving a map of metallicities

This will be extremely useful to answer several questions on 
the star formation history, the initial mass function, and the 
mixing of newly-produced gas with interstellar matter.

method:
Acquisition and analysis of a deep (100ks) observation of M82
with XMM-Newton; spatially-resolved X-ray spectroscopy and
comparison with near-IR data.

We present here a comparison with a deep Suzaku observation.
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chemical abundances in M82
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background:
M82 is a nearby (~3 Mpc) galaxy which is undergoing a

powerful starburst episode. It has developed two outflow cones
which lie perpendicularly to the galaxy plane and extend for

a few kpc on each side.

Given the different timescales for the explosion of type Ia and
core-collapse supernovae (SN), a significant amount of newly-

produced -elements should be found. SN Ia α are the main
producer of Fe but need a few 100 Myr to explode, while core-

collapse SN explode soon and produce mainly -elements.α
The M82 starburst age is ≤10 Myr.

The key tools for investigating this picture are X-ray
spectroscopy, which looks at the hot, newly enriched gas, and

near infrared spectroscopy, which analyses red supergiant stars
not yet exploded.

 tracking age and mass of stars from spacially-resolved spectroscopy

Making use of spatially resolved spectroscopy with XMM/EPIC, we have
analysed the distribution of chemical elements in the outflows.
A picture is emerging, in which the elements are more abundant in
the regions further away from the galaxy centre, and less abundant near the
centre. This is probably due to the joint effect of different lifetime and
different yields for stars of different masses. Abundances resulting from
instruments with larger point spread functions, such as XMM/RGS and
Suzaku/XIS, are consistent with being an average of XMM/EPIC ones, 
spatially weighted on a region centred on the galaxy nucleus, and with a
diamater of ~2 kpc. The agreement between the abundances derived with
XMM/RGS and Suzaku/XIS is astonishing.

In the figures we show XMM/RGS and Suzaku/XIS spectra, and 
plots for Fe, O and Si abundance vs. the height above
the galaxy plane (northern outflow: distance<0; southern: distance>0).
There is an increase of a factor ~ 4-10 from the centre to the outskirts.

Oxygen, and also Neon (not shown here) may have abundances 
which are well below those of Fe and other α-elements, and also
below the O and Ne abundances in stars. Heavier elements do not
share this behaviour. The origin of this effect is not entirely clear.
Several possibilities might be concurring, such as: fast cooling; an
observational bias related to the wind/ISM interaction (the line
emission from heavier elements comes preferably from hotter
regions, see also Marcolini et al. 2005); interaction with cloud
cores left unenriched from previous starbursts.

references
- Ranalli et al., in preparation
- Origlia, Ranalli et al., ApJ 606, 862   "Stellar and Gaseous
  Abundances in M82",
- Tsuru et al., PASJ 59 SP1, 269
- Ranalli et al., astroph/0511021  "Gaseous abundances in M82"
- Ranalli et al., astroph/0607322 “New insights on chemical
  evolution of galaxies: XMM-Newton observations of M82”

figures
clockwise from top left: Fe, O, Mg, Ne
black lines with error bars: XMM/EPIC results
green: Suzaku/XIS       cyan: XMM/RGS
red: TNG/NICS (infrared camera)


