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FFIRSTIRST SSCIENCECIENCE WITHWITH SINFONISINFONI
SINCE THE BEGINNING OF 2005 ANOTHER SUCCESS STORY HAS GONE INTO REGULAR OPERATION AT THE ESO
FACILITIES ON PARANAL. ON UT4 (YEPUN) AN ADAPTIVE OPTICS ASSISTED NEAR INFRARED INTEGRAL FIELD

SPECTROMETER MAKES AN ASTRONOMER’S DREAM COME TRUE: OBTAINING A DIFFRACTION-LIMITED IMAGE OF

WHICH EACH PIXEL CONTAINS A FULL SPECTRUM. IN FACT, SUCH DATA ARE BEST THOUGHT OF AS A CUBE RATHER

THAN A FLAT IMAGE. SINFONI IS THE NAME OF THE NEW INSTRUMENT AND A WHOLE SYMPHONY OF EXCITING

SCIENCE RESULTS HAS BEEN OBTAINED ALREADY.

SSTEFTEFANAN GGILLESSENILLESSEN11, R, RICIC DDAAVIESVIES 11, M, MARKUSARKUS KKISSLERISSLER-P-PAATIGTIG 22, M, MAATTHEWTTHEW LLEHNEREHNERTT 11,,
PPAULAUL VVANAN DERDER WWERFERF 33, N, NINAINA NNOWOWAKAK 11, F, FRANKRANK EEISENHAUERISENHAUER11, R, ROBEROBERTOTO AABUTERBUTER 11,,

MMAATTHEWTTHEW HHORROBINORROBIN11, A, ANDREANDREA GGILBERILBERTT 11, R, REINHARDEINHARD GGENZELENZEL 11,,
RRALFALF BBENDERENDER 11, R, ROBEROBERTOTO SSAGLIAAGLIA 11, M, MARIEARIE LLEMOINEEMOINE-B-BUSSEROLLEUSSEROLLE44, J, JUHAUHA RREUNANENEUNANEN2,32,3,,

KKARINAARINA KKJÆRJÆR 22, M, MARIAARIA MMESSINEOESSINEO22, D, DIETERIETER NNUERNBERGERUERNBERGER22, C, CHRISTOPHEHRISTOPHE DDUMASUMAS 22

1MAX-PLANCK-INSTITUT FÜR EXTRATERRESTRISCHE PHYSIK, GARCHING, GERMANY
2ESO, 3LEIDEN OBSERVATORY, LEIDEN, THE NETHERLANDS

4INSTITUTE OF ASTRONOMY, UNIVERSITY OF CAMBRIDGE, UNITED KINGDOM

TT
HE NEW INSTRUMENT SINFONI
consists of two major compo-
nents: The integral field spec-
trometer SPIFFI (Eisenhauer
et al. 2003) and the adaptive

optics (AO) system MACAO (Bonnet et al.
2003). At the very heart of the system is an
image slicer, which cuts the image in the focal
plane into slices which are then spectrally dis-
persed simultaneously by a grating. By means
of computers the registered information can
then be reassembled into the desired data
cube. SPIFFI offers four different gratings,
one for each of the three infrared-bands J, H
and K and one for the combined H+K-band.
The pixel scale in the spatial dimension can
be chosen from 0.25 × 0.125 arcsec/pixel,
0.1 × 0.05 arcsec/pixel or 0.025 × 0.0125 arc-
sec/pixel (corresponding to a field of view of
8 × 8 arcsec2, 3.2 × 3.2 arcsec2 or 0.8 × 0.8
arcsec2 respectively). The two smallest pixel
scales are for AO assisted observations with
MACAO. The latter allows one to obtain dif-
fraction-limited spatial resolution by analyz-
ing the wavefronts in the optical of either a
natural or in near future also of a laser guide
star. 

SINFONI was working reliably early on,
so that both science verification observations
and first GTO nights (guaranteed time for the
institutes that contributed to SINFONI) could
be interleaved with commissioning activities
in the second half of 2004. There were 
four GTO programmes involved: The Galac-
tic Centre, high redshift galaxies, AGN and
starburst galaxies. The science verification
programme (SV) consisted of 12 programmes
(see ESO web pages > Science Verification

of VLT Instrument > SINFONI) for which the
data were made publicly available immedi-
ately. The observations ranged from high-
redshift galaxies to solar-system bodies, cov-
ering many samples of the science cases
envisioned to be covered by SINFONI. Many
results presented in this article are still unpub-
lished and should not be referenced, as they
are in preparation for fully refereed journal
articles. 

ORBITS OF STARS IN THE IMMEDIATE VICINITY

OF SGR A* (GTO, EISENHAUER ET AL. 2005)
One of the prime targets for SINFONI is the
Galactic Centre region. Unlike in the optical
bands the infrared offers a relatively unob-
scured view to the very centre of the Milky
Way. One finds a densely populated field
which has been resolved into individual stars
up to 18th magnitude. Over the last 15 years,
the positions of the innermost stars have been
measured continuously, which has allowed 
one to detect actual orbits around the dynam-
ical centre. The central mass could be meas-
ured in turn to be 4 million solar masses for
an assumed distance of 8 kpc. This mass
measurement and the resulting density con-
straint is the best evidence for the existence
of a supermassive black hole in the centres of
galaxies. However, in order to determine the
distance and the true 3D structure of the stel-
lar orbits, one needs also information about
the radial component of the velocities. 
This can be obtained spectroscopically and 
hence brings SINFONI into play. By apply-
ing Doppler’s formula the measured wave-
lengths of stellar lines provide absolute ve-
locities. SINFONI now allows one to make

these measurements simultaneously for all
the stars. Already the first observations car-
ried out have substantially reduced the uncer-
tainties, leading to orbital elements with
remarkably small error bars. The distance
according to the new data is 7.6 ± 0.3 kpc, the
mass of the central black hole is now estimat-
ed to be 3.6 ± 0.3 million solar masses (Eisen-
hauer et al. 2005). For six of the stars there
are now determined full 3D orbits (Figure 1).
The orientation of these orbits seems to be at
random – e.g., they are not related with the
system of two discs at radii between 0.1 and
0.5 pc (Genzel et al. 2003). 

A PARADOX OF YOUTH IN THE GALACTIC

CENTRE (GTO, EISENHAUER ET AL. 2005)
The high-quality SINFONI spectra allow de-
terminations of the spectral types of the stars
individually: 24 stars in the inner 0.7? could
be classified. By dropping stars with a total
(3D) velocity lower than 500 km/s one gets a
sample of stars that is free of fore- and back-
ground stars. This leaves 10 stars within the
central 0.7? – all of which surprisingly have
spectral types between B0 and B9 (Figure 2).
These innermost stars of our galaxy have
magnitudes between 14 and 16 implying they
are ordinary main-sequence stars. This is puz-
zling: How can we see stars so close to the
central mass? The tidal forces should effec-
tively suppress in-situ star formation. How-
ever, the stars are too young to have migrat-
ed from far away. Some violent formation
scenarios can already be excluded: The spec-
tra show no apparent broadening of the lines
as one would expect for fast-rotating stars.
Hence, SINFONI has strengthened the previ-



ously known paradox of youth (Ghez et al.
2003), which was before based on one star
only. From the combination of the normal
rotation of the stars and the random orbital
orientations one can conclude that the stars
were most likely brought into the central light
month by strong individual scattering events.

INFRARED EMISSION FROM SGR A* 
(GTO, EISENHAUER ET AL. 2005)

During SINFONI observations two smaller
flares of SgrA* were caught in their entirety.
In each case excess emission over about an
hour of roughly 16th K-magnitude was de-
tected (Figure 3). The spectral slope of both
flares was red and a synchrotron emission
model with highly energetic, non-thermal
electrons fits the data very well (Figure 3). In
such a model during a flare, perhaps caused
by a magnetic field reconnection event, a few
per cent of the electrons near the event hori-
zon are highly accelerated (up to energies
larger than 1 GeV) and subsequently radiate
in the near-infrared via synchrotron emission.
More stringent tests should be possible in
future by simultaneous observation of a
stronger flare in different regimes of the
electromagnetic spectrum.
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Figure 1: Position on the sky (left
inset) and in radial velocity (right
inset) of the 6 S-stars in the Galactic
Centre included in the orbital fitting.
The radial velocities are observed
with SINFONI, except for S2 in 2002
which is taken from Ghez et al.
(2003). The various colour curves are
the result of the best global fit to 
the spatial and radial velocity data of
S1, S2, S8, S12, S13 and S14.

Figure 2: The central arcsecond of
the Milky Way. Left: A processed
NACO H-band image from June 10,
2004, showing stars from K ~ 13.3 
to 17.8. SgrA* is indicated by a circle.
Right: SINFONI K-band image from
August 18/19, 2004, obtained by
collapsing the data cube in spectral
dimension. The circles around the
stars encode their spectral identifica-
tion: blue: early type, red: late type,
thin green: uncertain but not late
type; early- and late-type stars with
3D-velocities ≥ 1000 km/s are
marked by thick circles, between 
500 and 1000 km/s by medium thick
and < 500 km/s by thin circles. 
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Figure 3: Observations of infrared
flares from SgrA*. Top: Wavelength-
collapsed data cubes from July 15,
2004: ‘before’ (t = 0), ‘peak’ 
(t = 60 min) and ‘after’ (t = 116 min)
(relative to to = 3h 37m UT). 
Bottom left: dereddened spectral
energy distribution (SED) of the SgrA*
flare on July 15, 2003. Red circles:
H/K SED averaged over three 
10-minute frames near the maximum;
blue circles: averaged over three
frames at the rising/falling flanks;
solid curves: best power law fits.
Bottom right: The K-band SED for
the flare on July 17, 2004, averaged
over three 10-minute integrations
near the peak.
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stand its history; (2) constrain the velocity
field and dynamical mass distribution; and
(3) determine the central black-hole mass via
stellar dynamics. NGC 3227 is an ideal sub-
ject for AO-assisted observations since it lies
at a distance of 17 Mpc, so that the 60 mas
diffraction limit of the VLT at 2.3 µm corre-
sponds to less than 5 pc. From previous esti-
mates of its black-hole mass (30 million solar
masses), the radius of influence over which
it dominates the gravitational potential is 
7 pc. The size scales on which models predict
the canonical torus to exist are similar.

Moving inwards from the disc at large
scales and the r1/4 bulge in the central kpc,
one finds a high-surface-brightness ring of
gas and stellar continuum emission at radii
less than 140 pc. SINFONI data (Figure 5)
show that in the central 0.75 arcsec, 60 % of
the stellar continuum originates from this
inner disc. The timescale for star formation
in this disc, determined from the ratio of
supernova rate (based on the radio continu-
um flux) to the K-band stellar continuum
yields an age upper limit of 250 Myr. This
means that in the central 16 pc where the sur-
face brightness is highest, the star-formation-
rate density is 300 M0/yr/kpc2, comparable
to the most intensely star-forming galaxies
such as ultraluminous infrared galaxies. 

Further evidence that stars lie in a disc is
given by the isophotes, which are slightly
elongated (suggestive of a weak bar), and

have a position angle offset of 20° from the
kinematic axis – both features of disc dynam-
ics. But this is no thin disc: direct measure-
ments of the stellar rotational velocity and
dispersion give values more typically associ-
ated with an oblate spheroid. The gas also has
a velocity dispersion of 100 km/s or more,
indicative of a highly turbulent environment.

One curious result is the offset between 
the centroids of the continua at 2.1 µm and
2.3 µm. With respect to the centroid of the 
2.1 µm continuum (dominated by stellar
light), that of the 2.3 µm continuum (domi-
nated by emission from dust heated to
500–1500 K by the AGN) is shifted. The off-
set arises naturally in a torus model (Figure
6) with the same geometry as imposed by the
kinematics. This is because dust at such high
temperatures is located only near the inner
edge of the torus, about 1 pc from the AGN;
and if the clouds in the torus are optically
thick at 2 µm, only one side of the inner edge
is visible. In such a model the separation cor-
responds to the 1-pixel shift seen in the data.

While this latter result confirms the basic
concept of the standard thick dusty obscur-
ing torus, it is also clear that the concept needs
to be adapted – so that it can account for the
intense star formation in a disc around the
AGN on scales of a few parsecs as recently
observed in NGC 7469 and Mkn 231 (Davies
et al 2004a/b).

SINS: SURVEY OF HIGH REDSHIFT GALAXIES

(GTO, LEHNERT)
Over the last decade, a new standard set of
cosmological parameters has been estab-
lished, including a fairly mature view of hier-
archical structure formation. The basic prem-
ise of all models of large-scale structure is
that fluctuations in the mass density of the
early universe grow through simple gravi-
tational aggregation/collapse. However, the
evolution of the baryonic component of gal-
axies does not simply follow the merging 
of dark-matter structures. Phenomenological
models have been developed to describe the
formation of galaxies. These models rely
heavily on simple parameterizations of the
physical mechanisms that likely drive galaxy
evolution. The most important ingredients
are metallicity, angular momentum, stellar
initial mass function, and spatial distribution
of the gas, the frequency of mergers, as well
as the star-formation and feedback processes
such as radiation pressure and mechanical
energy injection from both stars and super-
massive black holes.

To begin to understand these processes, an
ambitious programme is being carried out to
determine the spatially resolved dynamics,
ionization, and metallicity of a large sample
of high-redshift galaxies with SINFONI. This
survey, which was christened SINS, consti-
tutes a major part of the MPE GTO pro-
gramme. The sample is chosen to be a repre-
sentative subsample of several samples such
as the “BM/BX” (Shapley et al. 2004), Lyman
break galaxies at z ~ 3, bright K-band select-
ed, (sub)mm, infrared (ISO), and other opti-
cal/near-IR colour (e.g., R-K, J-K, etc.) se-
lected galaxies in the redshift range of 1–3.5.
Thus far, SINS have concentrated observing
time on “BM/BX”, K-selected, and submm-
selected galaxies, having observed ~ 30 ob-
jects over ~ 10 nights. The total integration
times per band range from one hour to 
10 hours depending on the (not a priori
known) surface-brightness distribution of the
emission-line gas. These data demonstrate
that the integral field capability and high effi-
ciency of SINFONI are necessary to study the
properties of high-redshift galaxies: the dy-
namics can be complicated and one does not
know a priori the emission-line distribution
or the kinematic major axis.

SINS have found that high-redshift galax-
ies often show spatially extended kinematics
and emission-line distributions. A significant
velocity shear or perhaps rotation is often ob-
served, with a shear larger than the velocity
dispersion of the gas. This is illustrated in Fig-
ure 4 for one example.

TAKING THE MEASURE OF AGN – 
THE EXTREME ENVIRONMENT OF NGC 3227

(GTO, DAVIES)
The main goals of the MPE GTO programme,
on AGN are, on scales less than 100 pc, to (1)
quantify the recent star formation and under-

Figure 4 (left): Velocity map of 
SSA22a-MD41 at z = 2.1713 in 
H-α observed in the K-band with
SINFONI: The colour bar to the 
right shows the relative velocities and
the bar at the upper right shows 
the physical scale. The contours rep-
resent the H-α surface-bright-
ness distribution. The integration time 
was 2.75 hours, taken as part of 
the SINFONI GTO SINS survey.
SSA22a-MD41 shows simple rotation
in relatively quiescent gas.

Figure 5 (above): The central arcsec 
of NGC 3227 with SINFONI. Far Left:
K-band continuum; Centre Left:
H2 1-0S(1) line flux; Centre Right:
Narrow Brγ line flux; Far Right: Stellar
continuum. The continuum peak is
marked by black circles. The mor-
phologies are remarkably different.
The 1-0S(1) suggests a very turbulent
medium, the stellar continuum is
more regular with slightly elongated
isophotes.
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SUPERMASSIVE BLACK HOLES IN GALAXIES

(GTO, NOWAK)
Every galaxy with a massive bulge compo-
nent probably hosts a supermassive black
hole whose mass follows the mass-velocity
dispersion relation and amounts to ~ 0.15 %
of the bulge mass. The MPE GTO programme
on supermassive black holes aims at an inves-
tigation of whether these correlations remain
valid when galaxies with pseudobulges, very
low-mass bulges or bulgeless galaxies are
considered. SINFONI is ideally suited for this
task because it allows one to resolve the inner-
most dust-obscured regions of disc galaxies.
So far SINFONI obtained K-band data cubes
in the 0.1? pixel scale of  the low luminosity
elliptical  NGC 4486a, a neighbour galaxy of
M87, and the Sd galaxy NGC 3137, both at a
distance of ~ 16 Mpc. Preliminary results 
of  NGC 4486a are shown in Figure 7. HST
images already revealed that this galaxy has
an almost edge-on nuclear disc with a dust
lane. With the SINFONI data this can now 
be verified kinematically. The spectra show

no emission lines but strong CO absorption
bands which were used to determine the stel-
lar kinematics of the galaxy. The resulting ve-
locity and velocity dispersion maps show a
regular rotation pattern and a cold disc with
a velocity dispersion of ~ 115 km/s in the cen-
tre, which decreases along the major axis.
Outside the disc in the bulge the velocity dis-
persion is overall larger. The dust lane can-
not be seen in the K-band image, but it can 
be uncovered by unsharp masking. To con-
strain the central black-hole mass the stellar
kinematics will be modelled using a fully
general axisymmetric orbit superposition
code.

THE STARBURST GALAXY HE2-10
(GTO, VAN DER WERF)

SINFONI is an ideal instrument for studying
starburst galaxies. These objects are general-
ly obscured, making it necessary to go to 
the near-infrared, which luckily contains a
number of highly diagnostic features, such as
Bracket-γ (tracing the youngest stars) and

[Fe II] 1.64 µm (tracing supernova remnants).
SINFONI was used to obtain full JHK-band
datacubes of the nearby starburst dwarf gal-
axy He2-10, with only 10 minutes integration
time on-source per wavelength band with the
0.25? pixel scale (see Figure 8). The K-band
continuum reveals a fairly featureless ob-
ject, dominated by a bright core which is
known to host a number of bright star clus-
ters, as shown by HST imaging. The image
of Bracket-γ is strikingly different: two cores
appear, one of which is close to (but not coin-
cident with) the K-band core. This image is
remarkably similar to the 10 µm emission as
observed with VISIR, but differs strongly
from the optical HST image, underlining the
fact that the youngest star clusters are opti-
cally obscured. The [FeII] image is different
again, showing a slightly older starburst pop-
ulation which allows the progression of the
starburst to be followed spatially and tempo-
rally. Finally, faint H2 emission is seen to trace
mostly the outskirts of the ionized gas as seen
in Bracket-γ. Given the different morpholo-

Figure 6: The ratio between the con-
tinuum at 2.3 µm and at 2.1 µm (left)
indicates that there is an offset of
about 1 pixel. The same is apparent
between the 2.3 µm stellar and 
non-stellar continuum. This can be
explained in terms of the idealised
star-forming torus (right). 

Figure 7 (left): SINFONI measure-
ments of NGC 4486a based on 
a combination of fourteen 600s ex-
posures. The stellar velocity map
(left) and the velocity dispersion map
(right) show a regular rotation pat-
tern and a cold disc inside a hotter
bulge component. Isophotes are
overlaid for reference. 

Figure 8 (below): The starburst
galaxy He2-10 as seen with
SINFONI. From left to right: Integrat-
ed K-Band image, Bracket-γ linemap
(tracing the youngest stars), H2 line-
map and FeII linemap (tracing super-
nova remnants).
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gies of these tracers it is clear that simple slit
spectroscopy would not have given a com-
plete picture of the starburst; for a complete
inventory an integral-field spectrograph such
as SINFONI is required.

THE MASS AND STAR FORMATION OF

HIGH-REDSHIFT LENSED GALAXIES

(SV, LEMOINE-BUSSEROLLE)
The study of the physical properties of high-
redshift galaxies has become one of the major
goals of extragalactic astronomy. In particu-
lar the mass-assembly histories of galaxies
have been the focus of many studies at red-
shifts 1 to 3 (see above). SINFONI has been
used to obtain 2D velocity maps from the 
H-α emission line of a star-forming lensed
galaxy (z = 1.341), behind the core of the mas-
sive galaxy cluster Abell 370. The natural
magnification allows one to spatially resolve
and constrain the dynamics of young star-
forming galaxies 1 to 3 magnitudes fainter
than those selected in blank fields. Thus, the
study of lensed galaxies allows one to probe
a low-mass regime of galaxies not accessible
in standard observations. In this particular
case (Figure 9), a rotation of 110 km/s in a
disc-like geometry was measured for A370-
A5.

STELLAR POPULATION AND

KINEMATIC PROPERTIES OF ULRIGS AND

SEYFERT GALAXIES (SV, IVANOV)
One of SINFONI’s early science cases was
ultraluminous infrared Galaxies (ULIRGs) 
in the nearby universe. Observations were
obtained for the ULIRG/Seyfert-2 galaxy 
IRAS 19254-7245, best known for its 

350-kpc antennae, providing the galaxy a
well-earned nickname “the Superantennae”.
Kinematics were derived from ionized and
molecular gas tracers. Paschen-α was detect-
ed over much of the field of view (Figure 10,
left). Surprisingly, the velocity field is rela-
tively smooth for such a merging system. The
kinematics of other emission lines, notably
various H2 lines, are similar but not identical.
Furthermore, different H2 emission lines also
exhibit significant variations in their veloci-
ty fields, reflecting changes in excitation tem-
perature and mechanism. 

Both the H2 emission-line ratios and the
ortho/para ratio (Figure 10, right) rule out the
UV fluorescence as the dominant excitation
mechanism for the molecular hydrogen at the
nucleus, despite the on-going starburst evi-
dent in Paschen-α emission. Intriguingly,
there appears to be spiral structure present in
the ortho/para map. Part of this structure 
is also visible in the Paschen-α/H2 ratio map,
so these regions are likely to be star-forming
knots with higher-density molecular gas than
in the surrounding areas. Based on the line
ratios, the molecular hydrogen in the Super-
antennae appears to be dominantly shock-
excited.

SUPERNOVA 1987A (SV, SPYROMILIO)
SN 1987A is located in the Large Magellan-
ic Cloud and thus close enough to study its
transition to a supernova remnant. Currently
the pre-explosion circumstellar ring is hit by
the ejecta from the supernova itself and dis-
integrated. With SINFONI, the ring can be
spatially resolved and information about the
shock processes in the different parts of the

ring can be obtained. The collapsed image of
the supernova ring (lower-right panel of Fig-
ure 11) reveals interesting facts of this sys-
tem. The flux is very asymmetric across the
ring, which is due to the inclination and light
travel time. It could possibly also indicate
asymmetry of the supernova explosion. Fur-
ther, the data cube clearly reveals velocity
dispersions of roughly 70 km/s between the
two regions marked with circles on the col-
lapsed image. Comparing the full spectra 
of the different bands (J, H and K) from
spatially different regions provides a thor-
ough account of the shock interactions tak-
ing place. As the system is changing on a
timescale of ~ 0.5 yr this interaction can be
followed as it evolves.

CONSTRAINING THE GALACTIC STRUCTURE

WITH STELLAR CLUSTERS IN

OBSCURED HII REGIONS (SV, MESSINEO)
Galactic HII regions are good tracers of spi-
ral arms. However, their distances are often
poorly constrained and based only on radial
velocities from gas. SINFONI can be used to
improve the understanding of the spatial
distribution of such HII regions by observing
obscured stellar clusters in them at H- and 
K-band. The simultaneous classification in
spectral subclasses of early-type stars and the
determination of extinction correction allows
one to obtain spectrophotometric distances
independent from the kinematic ones. SIN-
FONI allows one to detect the HI recombina-
tion lines from the HII region itself (gas) as
well as the spectrum of the candidate ioniz-
ing star. Thus, a proper decontamination is
possible. SINFONI observations of one such

Figure 9: Left: A CFHT-I band image
of the target: A370-A5; Middle:
The SINFONI 2D negative image of
the detection of the H-α emission
line; Right: The H-α velocity map in
km/s obtained by fitting the emission
line of each spectrum to a single
gaussian function after correction of
the lensing effect. 

Figure 10: Left: Smooth velocity field
of the “Superantennae” as traced 
by Paschen-α. Right: Ortho/para
ratio map of the galaxy, showing an
intriguing spiral structure.
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cluster are shown in Figure 12. From a first
comparision with a near-infrared spectro-
scopic atlas the spectral type of the ionizing
star falls in the O9-B1 category, using the HeI

and H absorption lines and the Bracket-
gamma nebular emission. Apparent H and K
magnitudes were also derived from the
SINFONI data cube with an accuracy of 
0.1 mag. Assuming a spectral type (i.e. ab-
solute K magnitude and H-K colour) one can
derive the extinction and the distance to the
HII region.

FORMATION OF A MASSIVE PROTO-STAR

THROUGH DISC ACCRETION OF GAS:
DISCOVERY OF AN H2 JET ASSOCIATED WITH

THE M17 SILHOUETTE (SV, NUERNBERGER)
The basic processes leading to the formation
of high-mass stars are still a big mystery. On
the one hand, they may accumulate their 
mass by accretion of large amounts of gas and
dust through their circumstellar envelopes or
discs. On the other hand, they may emanate
from collisions of protostars of lower mass-
es in the very centres of dense and massive
starburst clusters. AO supported integral-

field spectroscopy of the M17 silhouette disc
hosting a massive protostar was performed
using SINFONI (Figure 13, next page). The
silhouette disc is seen almost edge-on and the
diameter of its innermost densest part is more
than 4 000 AU. The flared, wing-like appear-
ance might result either from the slight in-
clination of the disc plane against the line-of-
sight or from the external pressure which is
exerted on the disc surface by ionizing
photons and strong winds originating from
the nearby main-sequence OB stars of the
M17 cluster. The images produced from the 

Figure 11: SN 1987A with SINFONI.
Left six frames: different wave-
lengths in the data cube. The two 
red spots in the first frame are stars
in the LMC. The green spot on the
first frame is the first appearance of
the HeI line (2.058 µm) when going
through the cube from short to long
wavelengths. Going further this 

Figure 12: Right: Three-colour image
of a Galactic stellar cluster at 
(l, b = 234.64 deg, 0.83 deg). H-band
is in blue, Bracket gamma in green
and K-band in red. The cluster centre
is resolved and four bright stars are
detected in both H- and K-band. The
central star is surrounded by a ne-
bula. Left: H- and K-Spectra of the
central star.

line becomes visible in different
places and with different strengths.
The velocity difference of 70 km/s 
is apparent when the green spot in
the first frame (full line) and the yel-
low spot on the last frame (dashed
line) are plotted (top right). Bottom
right: collapsed image from 2.057 to
2.063 µm. 
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H2 emission clearly reveal three knots of a jet.
Shocks are the most likely excitation mech-
anism. No counter jet is seen on the other side
of the disc. The SINFONI data add an impor-
tant piece to the puzzle of this truly interest-
ing source. Because ejection of material
through a jet-like outflow is always linked to
accretion of gas and dust either onto the cir-
cumstellar disc or onto the central protostel-
lar source(s), the presence of the H2 jet pro-
vides indirect evidence for ongoing accretion
processes.

NEAR-INFRARED COMPOSITIONAL MAPPING OF

SMALL SOLAR-SYSTEM BODIES (SV, DUMAS)
The solar system is another domain of appli-
cation for SINFONI. The instrument capa-
bility is used at its best on slightly extended
objects (~ 1?), for which MACAO enables the
compositional study of their fine spatial
structures. The asteroid Vesta (rotation peri-
od ~ 5.3 h) displayed a 0.5? diameter during
the August and October 2004 runs (Figure
14), and its brightness (V ~ 6) provided a 
case for high-Strehl performances for the 
AO. Furthermore, with an aspect angle of 

~ 90 degrees at that time, the geometry of the
opposition was particularly favourable to
carry out a detailed mineralogical study of
both hemispheres of Vesta. Vesta displays the
second largest albedo variation between op-
posite hemispheres (after Iapetus). Its disc
integrated spectrum links the asteroid to the
HED (howardites, eucrites, diogenites) mete-
orites and Vesta could be the main source of
these types of meteorites. Vesta is the sole in-
tact asteroid that may have undergone com-
plete planetary-style differentiation. Eucrites
and diogenites formed from magmas pro-
duced inside the asteroid and migrated to-
ward the surface. Together with the material
in between (the howardites) their spatial dis-
tribution on Vesta will help to understand
what occurred at an early stage of formation
of what can be considered the smallest known
terrestrial planet. HST images of Vesta ob-
tained by Thomas 1997 revealed a large im-
pact crater in the south which has excavated
the surface material to reveal the internal
composition of the asteroid. This is a unique
terrain to explore the composition of Vesta’s
mantle. The J and H+K gratings of SINFONI

were used to spectroscopically map, at sev-
eral rotational phases, the surface of Vesta
across the 1–2.4 µm region of the spectrum.
At these wavelengths, the reflectance spec-
trum of Vesta is modulated by the absorption
bands of pyroxene, feldspar and olivine. By
quantifying the spatial distribution of eucrites
and diogenites at an unequalled spatial reso-
lution, and measuring the abundance of
olivine-rich regions excavated from below
the crust, one expects to better understand to
which degree Vesta’s interior melted soon
after its formation.
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Figure 14: Left: Reconstructed
images of Vesta obtained in bands 
J and H+K during the SV run 
of August 2004 (25 mas/pix scale). 
N indicates Vesta’s North Pole. 
Right: Variations in the bands of
pyroxenes for different locations on
the surface of Vesta.

Figure 13: Left: NACO Ks-band
image of the M17 silhouette disc,
showing a field of view of roughly
60 000 AU. Dashed box: The area of
the SINFONI SV study. Centre:
K-band spectrum for a horizontal cut 
through the absorption maximum 
of the south-eastern part of the disc.
Markers a-f denote wavelengths 
at which images have been extract-
ed. Right: Images a-f together 
with the wavelengths and the most
likely atomic/molecular lines. The
position of the suspected protostellar
source(s) at the disc centre is indi-
cated by a cross. In panels c and e
the knots of the H2 jet are labeled
with A, B and C.


