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Abstract. We present results of the mapping of the nucleus of the starburst galaxy NGC 253 and
its immediate surroundings using the Infrared Spectrograph 1 on board the Spitzer Space Telescope.
The map is centered on the nucleus of the galaxy and spans the inner 800 × 688 pc2. We perform a
brief investigation of the implications of these measurement on the properties of the star formation
in this region using theories developed to explain the deficiency of massive stars in starbursts.

INTRODUCTION

NGC 253 is a well studied nearby starburst galaxy located at a distance of 2.5 Mpc [1]
and is mainly powered by an episode of central star formation. This episode is generally
believed to be caused by material brought to the center of the galaxy by a bar which is
clearly visible in the 2MASS image [2]. The presence of a bar from both morphological
and kinematic evidence, and its role as starburst trigger has been extensively discussed
in the literature ([3, 4, 5]).

Observations in the mid-infrared from space by the Infrared Space Observatory (ISO)
were used to identify fine structure lines, molecular hydrogen lines and emission from
polycyclic aromatic hydrocarbons (PAH) [6, 7, 8, 9]. These papers mainly studied
the nuclear region of the galaxy with the Short Wavelength Spectrograph (SWS) and
ISOCAM. [7]

Since the Ne atom and Ne+ ion have an ionization potential of 21.56 and 40.95
eV respectively, this ratio traces the massive star content because it is very sensitive
to the spectral shape of the UV radiation field. Thornley [10] addressed specifically
this issue by modeling the neon ratio as a function of the upper mass cutoff. They
used evolutionary synthesis code and photoionisation code to predict the neon line ratio
around a cluster of stars. Their results show that a [Ne III]/[Ne II] line ratio of 0.06 is
consistent with an upper mass cutoff around 25 M�. However, they found that for short-
lived bursts (1 Myr), the measured neon line ratio is consistent with the formation of
massive (50−100 M�) stars.

1 The IRS was a collaborative venture between Cornell University and Ball Aerospace Corporation funded
by NASA through the Jet Propulsion Laboratory and the Ames Research Center.

429

Downloaded 02 Oct 2007 to 131.215.225.176. Redistribution subject to AIP license or copyright, see http://proceedings.aip.org/proceedings/cpcr.jsp

http://dx.doi.org/10.1063/1.1913960


In this paper, we present the spectral map of the [Ne III]/[Ne II]line ratio. The sensi-
tivity and small aperture size of the IRS gives us the opportunity to do spatial mapping
over small scales of the mid-infrared properties of the central region of NGC 253. A
total of 45 positions were observed around the bright starburst seen at the center of the
galaxy. A spatial gradient is detected in the map.

OBSERVATIONS AND DATA REDUCTION

The observations were carried out during the science verification phase of the Infrared
Spectrograph (IRS) onboard the Spitzer Space Telescope [11] using the Short-High (SH)
module [12]. The spectra ranges from 10 to 20 µm with a resolution R ≈ 600. The map
is centered at a position of RA = 00h47m33.2s DEC = -25◦17′19′′ (J2000) and the step
between each pointing position is 15′′ along the length of the slit and 9′′ along its width.
It spans an area of 70.′′8 × 60.′′8 at a position angle of 271 degrees. This corresponds to
the central 800 × 688 pc2 of the galaxy at the assumed distance of 2.5 Mpc. Each slit
covers an area of 11.′′8 × 5.′′3 (133 × 60 pc). The exposure time for each slit position
was 88 seconds.

The basic data reduction was performed by the standard IRS pipeline version 9.5
at the Spitzer Science Center (SSC). The pipeline removes detector artifacts and cosmic
ray signatures and applies the dark and flatfield corrections (Spitzer Observer’s Manual2,
Chapter 7). Standard full-slit spectral extraction and flux calibration were performed as
described in the SOM. The uncertainty in the line fluxes is dominated by the absolute
flux calibration. At the present state, these uncertainties are on the order of 30%. Un-
certainties on the absolute fluxes have little impact on the uncertainties of the relative
fluxes. Line ratios are mostly affected by the determination of the continuum near the
emission line. In our dataset, this source of error is below 5%.

The 12.8 µm [Ne II]and the 15.55 µm [Ne III] lines are detected with a signal to noise
(S/N) higher than 3, our detection limit, on all the spectra. Line fluxes were measured
by fitting a Gaussian profile after subtracting a second order baseline fit.

DISCUSSION

Figure 1 shows that the [Ne III]/[Ne II] line ratio increases by a factor 4–6 from the
center of the map toward the edges. This increase is higher than our uncertainties on the
relative fluxes. The line ratio at the central pixel is 0.08, in agreement with what was
found with ISO-SWS [9]. The ratio peaks at 0.46 on the south-east edge of the map.

The observed increase of the [Ne III]/[Ne II] line ratio implies a harder ionization field
outside of the nuclear region of NGC 253. In this section, we briefly review the various
physical conditions that may lead to an increase of the value of the neon line ratio. We
discuss the impact of a metallicity gradient, a modified IMF, an age gradient and the

2 http://ssc.spitzer.caltech.edu/documents/som/
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FIGURE 1. Spectral map of the [Ne III]/[Ne II]line ratio over the 2MASS K band contours.

pressure of the ISM on the physical properties of the nuclear region of NGC 253.
A decreasing metallicity leads to a hardening of the ionization field since it affects the

line blanketing and the characteristics of the stellar wind [13]. However, a large gradient
is needed to account for the observed change. In order to triple the neon line ratio, a
change in metallicity close to 1 Z� is required [13]. The maps presented here only cover
a radius of 0.5 kpc so the implied metallicity gradient needed to reproduce the data is on
the order of 2 Z�kpc−1.

Several authors [14, 15, 5, 16, 17, 18] proposed a truncated or steeper IMF to explain
the deficiency of massive stars in starburst galaxies. This would imply that the properties
of the IMF would change from the nucleus to the outer disk. However, the gradient would
imply variations in the IMF only if the stellar populations in the different regions were
nearly the same ages.

Aging can cause a softening of the ionization field where a starburst occurs [10].
The observed properties of short-lived starbursts are very sensitive to the massive star
content within the first 10 million years of a star formation episode [10]. This means
that the hardness of the radiation field, and thus the [Ne III]/[Ne II] ratio, should decay
rapidly if the starburst episode responsible for the ionization field is short-lived. Using
this model, our results would indicate that the outside regions are, on average, younger
than the nuclear region, consistent with star formation propagating outward.

The pressure of the interstellar medium can indirectly affect the ionization field [19].
If stellar clusters remain buried in their native star formation site, a fair fraction of the
UV photons responsible for the ionization of the MIR neon lines will be absorbed. The
net effect is a softening of the radiation field. This model would imply that the pressure
of the interstellar medium is greater at the central position and decreases outward.

CONCLUSIONS

A significant gradient in the [Ne III]/[Ne II] ratio is detected. The ratio rises toward the
edges of the map with the lowest value being at the location of the nucleus. To first order,
this indicates that the radiation field is harder outside the nucleus which in turn suggests
that there is a relative deficiency of massive stars in the nucleus of the galaxy. With
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our dataset, we were able to briefly explore the variation of the ionization field within
a single starburst galaxy and compare it with models that are usually compared to the
ionization fields of a sample of starburst galaxies. The spectral-mapping capability of the
IRS allows detailed studies of the local environment of powerful starbursts and provides
unprecedented insight into the star formation process in starbursts. We presented here a
small sample of our dataset. A more detailed study on the impact of our observations on
the physical properties of the central region of NGC 253 and the stellar population is in
preparation.
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