Abstract

Ln the ttamewotk of this PhD thesis, the study of the distribotion of an extended mass close
to the supet-massive black hole (SMEH) at the centre of cor Galaxy is addressed using obser
vational data and theotetical modelling. The main emphasize is on establishing a distinction be-
twesn the ttaction ot datk mass present in the totm ot a black hole and that in an extended totm.
Di=spite the significant obssrvational and theoretical progress in the undetstanding of SMEHs
in the last ten veats, the totmation of SMEH= and the intetplay with theit host galaxy ate still
pootly onderstood. The work presented here extends cor understanding of the dyvnamics in the
vicinity ot the SMEH. Alteady in 1974, it was proposed that the tadio sootce Sgr A* conld be
a SMEH. With obsetvations during the tollowing vears, it became more cleat that the centre ot
out Galaxy hides an amount of datk mass closes to 3:<10° M. Howsver, the strongsst evidencs
tor the existence of a SMBH, was anly after it became possible to trace for the fitst time stellar
otbits ot tast moving stars, the so-called S-stars, aronnd Sgr A*. This was achievable nsing the
SHARP near-inttared speckle camem at la Silla in Chile as well as the neat-intrared cameta
MNAOSCOMNICA at the Very Large Telescope (VLT ) at Patanal in Chile. In collaboration with
the near-intfrared group at the Max-Planck-Institut tor Extra-terrestrial Physics in Qarching by
Munich, T nsed the imaging data on the Galactic Centre to study the stellar distri botion, and
used proper motion and radial velocity data to study the motion of the 5-stars at the Galactic
Centre.

In order to investigate the distribotion ot mass around the black hole, in this work, stellar
otbits are modelled assuming an extended mass potential, in addition to the potential ot the
black haol=. [ study the otbits in both Kepletian and non-Kepletian potentials. This is the firse
study gf this Lind combining observational data and theoretical modelling,.

This wotk shows also the fitst approach whete the mass-to-light tatio (M/L) is considered
to be varving from the outer tegions to the inner regions ot the galaxy. From earlier dvnamical
stodies on galaxy evolotion, it is widely agresd upon the ML incteasing inthe innet tegions ot
a galaxy. This implies that thete conld exist an additional quantity ot hidden mass close to the
centre. Here, [ stody explicitel v possible candidates tor this hidden com ponent - taint, low-mass
stars and heavier compact remnants.

In practice, meaningtul analvsis is only possible on the star 52 which shows the shottest
otbital paticd and thetetore the most complets orbit of all other S-stars. A 4 -order Hermits
integratot, which 1 optimized tor this study, is nsed to model the 52-otbit in response to the
SMEH potential as well as an additional extended mass distribotion. A grid method is imple-
mented to the Hetmite scheme to fit the 52 orbit to the positional and velecity data available
trom the year 1992 till 2003. [ was able to confitm the position of the black hole candidate
Sgr A%, to detetmine an opper limit on the total amount of mass that could be ptesent in the
central 20 mpe and extended into the outetr regions ot the central stellar cluster, as well as to
dedoce anupper limiton the ML, This wotk l=ads to the results that the total central datk mass
is not necessarily confined entitely ina SMBH. A traction £ 20% of this mass could be present
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in an extended distribution. Testing ditberent distributions tot this extended mass component, it
tutned oot that the present data do not sutfice to discriminate betwesn the ditterent potentials.

Ln otdet tostudy the constitnents ot the possi ble extended datk component, [ investigate the
KE-band luminesity function (KLF) of the obsetved stellar clustet.

The t==ult is that, the sxt=nd=sd mass cannot be fotmed only by taint, low-mass stats. The
presence of stellar black holes and neutron stars is requited in order to account tor the possible
extzndad mass traction in the centee of the Milky Wav, Futthetmote, such a clostet ot stellar
temnants analysed in an approximative analvtical totm, is tound o be stable.



