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RESUMEN

Se usaron las observaciones en lineas moleculares milimétricas y sub-
milimétricas, para sondear el medio interestelar en unos cuantos kpc centrales de
tres galaxias con brotes de formacién estelar: M82, IC342 y M83. Los medios
moleculares asociados con la actividad de formacién estelar en estas galaxias
parecen estar compuestos de componentes multiples. Los brotes de formacién
estelar en M82 y MS83 tienen caracteristicas similares. El brote de formacién
estelar en IC342 es mucho mas moderado, con muchas de las propiedades de la
nube similares a aquellas observadas en el kiloparsec central de la Via Lactea. Se
observa una correlacién entre el tamafo de la nube y la eficiencia en la formacién
de las estrellas en cada galaxia; cuanto mayor es la eficiencia, menor es el tamafio
de la nube. También parece haber una correlacién entre la eficiencia de formacién
estelar y la densidad superficial del gas (o o ).

ABSTRACT

Millimeter and submillimeter-wave molecular line observations were used to
probe the interstellar medium in the central few kpc of three nearby starburst
galaxies: M82,1C342, and M83. The molecular mediums associated with starburst
activity in these galaxies appear to be composed of multiple components. The
starbursts in M82 and M83 have similar characteristics. The starburst occuring in
IC342 is much more subdued, with many of the derived cloud properties similar to
that observed in the central kiloparsec of the Milky Way. A correlation is observed
between the cloud size and the star formation efficiency in each galaxy; the higher
the efficiency, the smaller the cloud size. There also appears to be a correlation
between star formation efficiency and gas surface density (o, ox €).
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1. INTRODUCTION AND BACKGROUND

Millimeter and submillimeter-wave molecular line observations were used to probe the interstellar medium
in the central few kpc of three nearby starburst galaxies: M82, IC342, and M83. Each galaxy was mapped in
the J=3—2 transition of CO (at the CSO) and the J=2—1 transition of CS (at NRAO). M82 was also mapped
in the J=2—1 transition of CO. Isotopic transitions of CO were observed toward selected positions in each
galaxy. C!'30 3—2 emission was detected for the first time toward two positions in M82; CO 4—3 emission was
detected for the first time toward three positions in M83. In addition, high angular resolution 60 and 100 um
IRAS images were generated, via a Richardson-Lucy: algorithm, and used to study the thermal dust emission
in IC342 and M83. A detailed analysis of the molecular gas data was performed using both LTE and non-LTE
techniques.

2. RESULTS

Our analysis reveals that a single temperature model for the molecular gas cannot explain the observed
line ratios; a multicomponent temperature model is indicated (see Figure 1). Temperatures in the molecular
medium in the centers of all three galaxies range from 10 to <50 K. Main and isotopic line ratios toward 1C342
and M83 suggest that the molecular clouds are optically thick and externally heated.

The dust temperatures derived from IRAS high resolution images of M83 and IC342 are consistent with
those derived from CO and indicate dust and gas temperatures are higher in the nuclei and bars than in the
surrounding disks. Elevated dust and gas temperatures (~ 30 to 35 K) are also observed toward HII regions in
the disks. The similarity between temperatures derived from the gas and dust suggest densities in the nuclear
molecular clouds are ~ 105 cm™3. Such high densities are consistent with the detection of CS towards these
regions.

A comparison of 12CO and '3CO observations along the major axis of M82 indicates gas optical depths are
highest towards positions ~ 12 northeast and southwest of the 2 pm peak (see Figure 2). These positions are
associated with the molecular ring observed in 12CO. A comparison of 13CO and C!30 J=3—2 observations
towards the central region of M82 reveals that in order for the CO emission to be optically thin (as suggested
by the CO main line ratios) the 13CO to C'®0 abundance ratio must be ~ 3 (see Figure 3).

With half-peak integrated intensity diameters of 630, 1000 and 1300 pc, the derived gas masses, M, toward
the centers of M82, M83, and IC342 are 5.5 x 107, 3.5 x 107, and 6.4 x 107 Mg, respectively. The mass of young
stars, M, associated with the starburst in each galaxy was estimated from observed luminosities. Using these
mass estimates, the star formation efficiency (~ M,/(M, + M,) was found to be 77, 60, and 10% for M82,
M383, and IC342 respectively. Assuming a Salpeter initial mass function, the observed luminosities indicate star
formation rates of 16, 6, and 2.5 Mg /yr for the three galaxies. Using our gas temperature and density estimates
we derived areal and volume filling factors for the molecular medium. These estimates, along with the half-peak
integrated intensity diameters, are used to compute the size and number of clouds in the nuclear region of each
galaxy. The average cloud sizes are 0.6, <1 and >11 pc in M82, M83 and IC342, respectively. Likewise, the
corresponding numbers of such clouds in these galaxies are 10%, >10* and <30. In addition, the derived values
of M, and the observed size of the emission regions were used to compute the molecular gas surface density
towards the nucleus of each source. These surface densities are 174, 140 and 82 M /pc? for M82, M83 and
IC342, respectively. Table 1 summarizes the values of the parameters discussed above.

3. SUMMARY

1) The molecular mediums associated with starburst -activity in M82, M83, and IC342 appear to be
composed of multiple components. The temperatures of these components range from 10 to ~ 45 K. Gas
densities of ~ 105 cm™3 are indicated. . .

2) The starbursts in M82 and M83 have similar characteristics. The starburst occuring in IC342 is much
more subdued, with many of the derived cloud properties similar to that observed in the central kiloparsec of
the Milky Way.

3) A correlation is observed between the cloud size and the star formation efficiency in each galaxy; the
higher the efficiency, the smaller the cloud size. Due to the expected instability and resulting short lifetime of
small clouds in the turbulent, energetic nuclear regions of starbursts, small clouds appear to be a result and not
a cause of high star formation efficiencies.
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Figure 1. Ratio maps of integrated intensity toward M82: a) CO(3—2)/CO(2—1) and b) CO(2—1)/CO(1—0).
The CO(3—2) and CO(1—0) data were convolved to the same angular resolution as the CO(2—1) data (31”).
Ratios range from 0.5 to 1.2 in a) and 0.7 to 1.8 in b). Contours are in intervals of 0.1. The CO(1—0) data is
from Nakai et al. 1987, PASP, 39, 685.

Figure 2. The integrated intensity ratio of the 12CO(3—2) to !3CO(3—2) line along a) M82’s major axis and
b) M82’s minor axis is indicated by the solid line. The dashed lines denote the maximum value of the error
bars. Data is sampled every half-beam width (10.8").

Figure 3. a) The integrated intensity ratio of the 13CO(3—2) to C!80(3—2) line, R(13/18), toward the SW
CO peak position is plotted as a function of velocity (solid line). The optical depth, 7, is also plotted as a
function of velocity for an abundance of b) 12, ¢) 9 and d) 5 (dashed lines).
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ﬁ: Table 1.1
%E Summary of Derived Properties for M82, M83, IC342 & the Milky Way
2,
?} Property M382 M383 IC342 Galactic Center
Tex (K) > 20 > 10 > 12 ~50
Teo ~1 >3 >17 -
Ny, (cm~2) 1x 10% > 1.2 x 10?2 1.3 x 10%* -
Mg (Mp) 5.5 x 107 ~3.5 x 107 6.4 x 107 7.9 x 107
fa 0.1 <0.07 0.004 -
fv 1.6 x 10~* <8x107° 4.3 x 1073 -
der (pe) 0.6 <1 > 11 20-30
Cloud Num. 10* > 10* <30 10
Mgyn (Mo) 6.5 x 103 1.3 x 10° 7x 108 7 x 10°
Mg/Mayn 0.08 > 0.02 0.10 0.01
Lir (Lp) 2.5 x 100 9 x 10° 3.8 x 10° 1x 10°
€ (%) 77 60 10 <2
SFR (¥2) 16 6 2.5 0.3-0.6
74 (y1) 3.4 x 108 2.9 x 106 2.6 x 107 3 x 108
Dg (pc) 630 1300 1000 1000
g (33) 174 140 ' 82 101

TDescription of Table Parameters

Tex= gas excitation temperature (K)

Teo= 12CO(3—2) tau ‘

Np,= column density of molecular Hydrogen (¢cm™?)

M, = molecular gas mass within the half intensity region (Mg)

fao= areal filling factor

fy= volume filling factor

dcL= average cloud diameter within the half intensity region (pc)

Cloud Num.= average number of clouds within the half intensity region
Mgyn= dynamical mass within the half intensity region (M)

Mg /Mgyn= fraction of molecular gas to total (dynamical) mass

Ligr= far-infrared luminosity within the half intensity region

e= star formation efficiency as defined by Mg/(Ms+Mg) (%); Ms= mass of young stars
SFR= star formation rate (Mg /yr)

T4= gas depletion timescale (yr)

Dg= diameter of the half intensity region (pc)

o= molecular gas surface density within the half intensity region (Mg /pc?)

4) There appears to be a correlation between star formation efficiency and gas surface density (o, o ¢).
However, no similar trend is found between the total gas mass associated with a starburst and star formation
efficiency.
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