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KINEMA TICS OF THE NUCLEAR REGION OF M83

I. Rodrigues,1 R. J. D��az,2,3 H. Dottori, 4 E. Mediavilla, 5 M. P. Ag•uero,3 and D. Mast3

RESUMEN

La enormegeneraci�on de energ��a detectadaen muchosn�ucleosde galaxiasrepresenta uno de los temasclave de
los estudiosde galaxiasy de su evoluci�on, a pesarde lo cual varias cuestionespermanecensin resolver: >Sonla
acreci�on sobreagujerosnegrossupermasivos y la violenta formaci�on de estrellass�olo fen�omenoscoevolventes o
sonsociosnecesariosen la actividad? >>C�omo esla f��sica detallada de los mecanismosque provocan la violenta
formaci�on de estrellas en el n�ucleo extendido? >Cu�al es la relaci�on de los mecanismosdetonadorescon la
evoluci�on de galaxias? La principal desventa ja para enfrentar estascuestionesesque las etapasdesarrolladas
de grandeseventos de formaci�on estelar en los centros gal�acticos no proporcionan su�cientes claves sobre su
origen, ya que los indicios morfol�ogicos de los mecanismosdetonadoresson borrados en escalasde tiempo
de unas cuantas revolucionesorbitales del n�ucleo gal�actico. Aqu�� presentamos el comienzode un evento as��,
experimentado por M 83, una galaxia lo su�cientemente cercanapara permitir llevar a cabo detalladosestudios
espacialescinem�aticos y morfol�ogicos. La espectroscop��a 3D de alta resoluci�on del IR cercanosugierela captura
de una galaxia sat�elite cuya excitaci�on dej�o atr�as de s�� un arco nuclear gigante de formaci�on estelar violenta.
El gradiente de edad dentro del arco apoya el hecho de que �esta estructura sigueel camino orbital del intruso.
Nuestro modelado num�erico indica que los dos n�ucleosseunir��an en menosde 50 50 Myr (Ma~nos).

ABSTRA CT

The enormousenergyoutput detectedin many coresof galaxiesis oneof the key issuesin the studiesof galaxies
and their evolution, notwithstanding several questionsremain unsolved: Are accretion onto super-massive black
holesand violent star formation just coevolving phenomenaor necessarypartners of the activit y? How is the
detailed physics of the mechanisms triggering the nuclear extended violent star formation? Which is the
relationship of the triggering mechanisms with galaxy evolution? The main drawback to face these issuesis
that developed stagesof large star formation events at galactic centres do not provide enough clues about
their origin, since the morphological signaturesof the triggering mechanism are smearedout in the time scale
of a few orbital revolutions of the galaxy core. Here we present the onset of such an event undergoneby M
83, a galaxy nearby enoughto allow detailed spatial cinematic and morphological studies. High resolution 3D
near-IR spectroscopy sugeststhe capture of a satellite galaxy, whosespur left behind a giant nuclear arc of
violent star formation. The agegradient within the arc supports that this structure traces the orbital path of
the intruder. Our numerical modelling indicates that the two nuclei would coalescein lessthan 50 Myr.

Key Words: GALAXIES: INDIVIDUAL: (M83) | GALAXIES: SPIRAL

1. INTR ODUCTION

M83 is a nearby grand designspiral galaxy (D=
3:7Mpc: de Vaucouleurs et al. 1991). Despite of
the several observational studies, the dynamical ori-
gin of its nuclear starburst has remained elusive
(Rogstad et al. 1974; Elmegreen et al. 1998; Gal-
lais et al. 1991). Long slit observations (Thatte et
al. 2000) revealedtwo peaksin the slit pro�le of the
stellar radial velocity dispersion, interpreted as the
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presenceof two dynamical centres. The existenceof
two o�-centred nuclei, one of them coincident with
the optical nucleusand the other located a few arc-
secondsto the west of the optical nucleus, was pro-
posed(Mast et al. 2002). A deepphotometric study
(Harris et al. 2001) of the 45 most massive clusters
in the giant star forming arc (see Figure 1) shows
that starburst began less than 10 Myr ago and the
clusters may dissolve on a 10 Myr timescale.

2. OBSERVATIONS AND SIMULA TIONS

We carried out sub-arcsecondspatial resolution
3D spectroscopy, using CIRPASS instrument at the
GENIMI south telescope. Figure 2 shows the radial
velocity �eld of the ionised gas. It is clear that the
main rotation centre is far from the optical nucleus.
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124 RODRIGUES ET AL.

Fig. 1. HST pseudo colour optical image. The aver-
age ages of the young massive star clusters (Harris et
al. 2001) in the arc (in 25o angular sectors), are depicted
together with the age of the oldest clusters in each sec-
tor. The �eld observed with the GEMINI/CIRP ASS is
shown (blue polygon), as well as the position of the main
rotation centre (yellow circle). The red features in the
image inside the integral �eld area can be compared with
the J-band contin uum image in Figure 2. The main ro-
tation centre (in truder nucleus) is at the youngest end of
the giant star forming arc. Coincidently , the dynamical
crossing time at this scale is about 5 Myr.

The hypothesis that it corresponds to a satellite ac-
creted into the gaseouscircumnuclear environment
of M83 is supported by a seriesof observational ev-
idences: i) the hidden massconcentration is at the
youngestend of the starburst arc (Figure1); ii) The
continuum mapsat radio wavelengths(Telesco1988)
and at 10� m (Thatte et al. 2000)have a strong tidal
appearance,with the largest emissionat mid-IR lo-
cated precisely at the position of the dark mass;iii)
the ageof the oldest clusters in the starburst arc is
similar to the dynamical crossingtime of the central
kpc; iv) the agedi�erence betweenthe youngestand
the oldest ends of the arc (a few Myr) is similar to
the dynamical crossingtime at a 100pc scalein M83.

In order to study the dynamical evolution under
this scenario, we simulated the encounter between
the main systemcomponents, following the evolution
of their stellar and gaseouscontents using GADGET
(Springel 2005). The systemwasmodeledby 3 com-
ponents (disks), constructed following the observed
sizes,masses,and radial velocity distributions. They
are: a disk, representing the inner part of M83 bulge
(2 � 108M � ), the optical nucleus (2 � 106M � ) and
the intruder nucleus(16 � 106M � ).

Fig. 2. Left: Radial velocity map of the ionised gas(Pa�
line), showing the optical and the hidden nuclei. The
step in isovelocity lines was �xed equal to the average
uncertainty, but the shape of the �eld does not qualita-
tiv ely change even at a 3 sigma display. Right: J-band
imagegeneratedfrom the contin uum emission(resolution
is 0.6").

A total of 100,000particles was used and di�eren t
orbits have beentested.

The main result of the simulation is that the
galaxy nucleus, the optical nucleusand the intruder
mass would form a single massive core in 23 Myr.
Considering the range of uncertainties in the orbit
determination, we can state that this massive core
would �nally settle as the new nucleus of M 83 in
lessthan 50 Myr, implying a net grow of the central
galactic mass. Furthermore, the whole star forma-
tion and nuclei merging event would last less than
a global galactic revolution (about 150 Myr at the
averageradius of 5 kpc).
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