THE ASTROPHYSICAL JOURNAL, 576:790-797, 2002 September 10

© 2002. The American Astronomical Society. All rights reserved. Printed in U.S.A.

ADAPTIVE OPTICS NEAR-INFRARED SPECTROSCOPY OF THE SAGITTARIUS A* CLUSTER

S. GEZARI, A. M. GHEZ,! E. E. BECKLIN, J. LARKIN, I. S. MCLEAN, AND M. MORRIS
Department of Physics and Astronomy, University of California, Los Angeles, CA 90095-1562; suvi@astro.ucla.edu
Received 2002 February 14, accepted 2002 May 15

ABSTRACT

We present K-band A/AX ~ 2600 spectroscopy of five stars (K ~ 14-16 mag) within 0”5 of Sgr A*, the
radio source associated with the compact massive object suspected to be a 2.6 x 10° M, black hole at the cen-
ter of our Galaxy. High spatial resolution of ~0709 and good Strehl ratios of ~0.2 achieved with adaptive
optics on the 10 m Keck telescope make it possible to measure moderate-resolution spectra of these stars indi-
vidually for the first time. Two stars (S0-17 and SO-18) are identified as late-type stars by the detection of CO
band head absorption in their spectra. Their absolute K magnitudes and CO band head absorption strengths
are consistent with early K giants. Three stars (S0-1, S0-2, and S0-16) with rp.; < 0.0075 pc (~0”2) from Sgr
A* lack CO band head absorption, confirming the results of earlier lower spectral and lower spatial resolu-
tion observations that the majority of the stars in the Sgr A* cluster are early-type stars. The absolute K mag-
nitudes of the early-type stars suggest that they are late O, early B main-sequence stars of ages less than 20
Myr. The presence of young stars in the Sgr A* cluster so close to the central supermassive black hole poses
the intriguing problem of how these stars could have formed or could have been brought within its strong

tidal field.

Subject headings: black hole physics — Galaxy: center — Galaxy: nucleus —
open clusters and associations: individual (Sagittarius A*) —
techniques: high angular resolution

1. INTRODUCTION

The Sagittarius A* (Sgr A*) cluster is a concentration of
faint stars (K ~ 14-16 mag) observed within 0”5 of Sgr A*,
the compact radio source located at the dynamical center of
our Galaxy. Stellar velocities in the central 25 arcsec? have
demonstrated the existence of 2.6 x 10° M, of dark mass
confined to a volume less than 10~¢ pc3, most likely in the
form of a central supermassive black hole (Genzel et al.
1997; Ghez et al. 1998). The dynamics of the Sgr A* cluster
stars are critical for further constraining the location and
distribution of the central dark mass to smaller scales. Ghez
et al. (2000) used the proper motion accelerations of three
Sgr A* cluster stars (S0-1, S0-2, and S0-4) to localize the
central dark mass to within 0705 4 0704 of Sgr A* and to
increase the implied dark mass density by an order of mag-
nitude compared to that achieved with the proper motion
velocities. The dark matter distribution within the orbits of
the Sgr A* cluster stars can be probed in even greater detail
if the radial velocities of the stars can be added to their
proper motions to determine their three-dimensional orbits.

The Sgr A* cluster stars can be fitted by stars of two dif-
ferent spectral types given their absolute K magnitudes,
assuming a distance of 8 kpc (Reid 1993) and 3 mag of K-
band extinction to the Galactic center: (1) early-type (~B)
dwarfs or (2) late-type (~K) giants. If the Sgr A* cluster
stars are early-type main-sequence stars, then they must be
relatively young (<20 Myr). This would amplify, the prob-
lem already posed by the presence of the He 1 stars (fa5c ~ 5
Myr; e.g., Krabbe et al. 1995) how and where young stars
that are currently in the proximity of a supermassive black
hole are formed (Morris 1993; Sanders 1992).

I Also affiliated with UCLA’s Institute of Geophysics and Planetary
Physics.
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Due to the high density of stars in the central arcsecond,
both high spatial resolution and moderate spectral resolu-
tion K-band spectroscopy are required to determine the
nature and the radial velocities of the individual Sgr A*
cluster stars. Thus far, no experiment has satisfied both cri-
teria. Genzel et al. (1997) used speckle spectroscopy to
obtain high spatial resolution but low spectral resolution
(A/AX ~ 35) spectra of four stars in the Sgr A* cluster.
While they did not detect CO band head absorption indica-
tive of late-type giants, at this low spectral resolution, they
were also unable to resolve any of the He 1 and Br features
expected from early-type dwarfs. Other experiments, which
achieved the mnecessary moderate spectral resolution
(A/AX ~ 3000) but only seeing limited spatial resolution
(Bres ~ 073-0"6), provided spectra of the Sgr A* cluster stars
together as an unresolved cluster (Eckart, Ott, & Genzel
1999; Figer et al. 2000). These composite spectra demon-
strated a lack of CO band head absorption from the north-
ern part of the Sgr A* cluster and a weak detection of CO
band head absorption from the southern part, constraining
the presence of late-type stars in the cluster and suggesting
that the majority of the Sgr A* cluster stars are early-type
main-sequence stars.

With NIRSPEC behind adaptive optics on the 10 m Keck
telescope, one can achieve the spatial resolution and Strehl
ratios needed to obtain moderate-resolution (R ~ 2600)
spectra of these stars individually. Thus, for the first time,
we have, in principle, the capability of determining the spec-
tral types and the radial velocities of the Sgr A* cluster stars
in the immediate vicinity of our Galaxy’s central black hole.
The data obtained improve considerably on previous meas-
ures of the K-band spectra of a few of these stars, but the
presumably weak absorption lines expected for OB main-
sequence stars remain below our detection threshold, per-
haps confused in part by local gas emission in the same lines.



SAGITTARIUS A* CLUSTER SPECTROSCOPY 791

This paper describes this important but difficult experiment
in detail, in anticipation of continued efforts to push this
technique to the requisite sensitivity level.

2. OBSERVATIONS

Simultaneous K-band (2.0-2.4 um) spectra and images of
stars in the Sgr A* cluster were obtained with the facility
near-infrared spectrometer NIRSPEC (McLean et al. 1998,
2000) behind the adaptive optics (AO) system (Wizinowich
et al. 2000) on the W. M. Keck II 10 m telescope during
three nights of observations on 2000 June 20-22 (UT).
Near—diffraction-limited spatial resolution was achieved
with adaptive optics using the R = 13.2 mag natural guide
star located 30” northeast from Sgr A*. The observed AO
point-spread function (PSF) was composed of a near—dif-
fraction-limited core on top of a seeing halo of FWHM
~0"25-0"30. Figure 1 shows the FWHM of the PSF’s core
and the fraction of energy it contained during the spectro-
scopic observations. The measurements were made with a
0”5 radius aperture on the bright star IRS 16C in the
tine = 10 s images of the central 474 x 4”4 taken with the slit
viewing camera (SCAM), plate scale = 070171 pixel~!. The
nights of June 20 and 21 had similar spectroscopic condi-
tions, with the PSF containing a median of ~30% of the
total energy in a 0709 core. The night of June 22 had some-
what worse conditions for spectroscopy, with the PSF con-
taining a median of ~25% of the total energy in a 0”1 core.

Spectra were obtained with SPEC, which contains a
1024 x 1024 InSb array, using a 2 pixel wide slit
(3796 x 0”7036) in low-resolution mode, resulting in a mod-
erate spectral resolution of A/AX ~ 2600. Figure 2 shows
the position of the slit on the Sgr A* cluster for each night of
observations. On June 20, the slit was centered on S0-16,2 a
new and variable source coincident with the position of Sgr
A* detected by A. M. Ghez et al. (2002 in preparation), and
on June 21 and 22, the slit was centered on the Sgr A* cluster
stars SO-1 and S0-2 together. Table 1 lists the five stars in the
Sgr A* cluster observed under the slit (SO-1, S0-2, S0-16, SO-

2 New sources named using the convention from Ghez et al. (1998).
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17, and SO-18), their projected distance from Sgr A*, K mag-
nitude, the date they were observed, total integration time,
and the signal-to-noise ratio (S/N) per pixel of the extracted
spectrum for each night of observation. The slit was aligned
so that the bright star IRS I6NW (K = 10.1 mag) was in the
slit for each #,; = 300 s exposure in order for the exposures
to be easily shifted and added together in postprocessing of
the data. Spectra of Tau Sco (B0 V) and HD 203638 (K0
I1T) were also obtained for spectral standards and BS 7105
(B8 V) and BS 7194 (A2 III) for telluric standards.

3. DATA REDUCTION AND ANALYSIS

The following standard data reduction routines were per-
formed using JIP, an analysis package developed by James
Larkin (Larkin 1996): (1) observations of a “ dark spot” of
sky relatively devoid of stars 180” east and 65" south of Sgr
A* were subtracted from each spectrum to remove the at-
mospheric and instrumental background, (2) the spectra
were spatially dewarped, (3) the spectra were wavelength
calibrated using a spectral map constructed from neon arc
lamps, and (4) the spectra were divided by spectra of telluric
standard stars in order to correct for atmospheric absorp-
tion features in the spectra. The telluric standard spectra,
featureless in the K-band except for Bry absorption, were
continuum corrected (i.e., divided by a blackbody of the
same temperature), normalized, and their Bry absorption
feature removed by linear interpolation.

Due to the large number of bad pixels in the spectrometer
array, an additional bad pixel removal routine was per-
formed on the reduced exposures. In order to account for
pixel fluctuations between exposures due to varying seeing
conditions and AO performance, and, to take advantage of
dithering between exposures, bad pixels were identified by
looking at the ratio of pixel fluxes in an exposure to the
median in the stack of exposures. Pixels with flux ratios out-
side of 3 o for an exposure were replaced by the mean flux
ratio times the median flux of that pixel in the stack.

To ensure the best atmosphere and instrumental correc-
tion, spectra were reduced using all possible combinations
of telluric standard stars and dark spot exposures obtained
each night. The best-matched telluric standard star and
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Fic. 1.—Histograms of the FWHM (left) and fraction of energy in the core (right) of the AO corrected PSF in the 7, = 10 s SCAM images taken during

each night of observations.
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Fi6. 2.—Co-added SCAM images of the Sgr A* cluster clipped down to the central 0777 x 0”86 to show the position of the slit during the spectroscopic
observations on June 20 (#j,; = 22 minutes), June 21 (#;,; = 64 minutes), and June 22 (#,, = 46 minutes). Images are oriented such that north is up and east is

to the left.

dark spot exposure was determined by the signal-to-noise
ratios (S/Ns) of the final extracted spectra. The S/N of the
continuum for each star was measured in the wavelength
range from 2.18 to 2.28 um, where the spectra presumably
lack stellar features. This large range of wavelengths was
used in order for the S/N calculation to include noise from
systematic errors due to poor telluric absorption and emis-
sion correction.

In order to maximize the S/N of the faint Sgr A* cluster
stellar spectra, the reduced exposures were weighted by the
peak of IRS 16NW (integrated from 2.20 to 2.28 um) in each
exposure before being summed together, so that the expo-
sures with the highest Strehl ratios contributed the most to
the final averaged two-dimensional spectrum. The peak flux
of IRS 16NW in each spectroscopic exposure varied during
the observing nights due to changes in AO performance,
seeing conditions, and centering of the slit. Figure 3 shows
the final two-dimensional spectra for each night, and Figure
4 shows the spatial profile of the Sgr A* cluster stars and the
astronomical sky background level in the final two-dimen-
sional spectra averaged from 2.20 to 2.28 um, in average
counts per pixel. It is evident from the poor quality of the
June 22 spectrum that, in addition to the total integration

TABLE 1
LoG OF SPECTROSCOPIC OBSERVATIONS

e K Total £,

Source (arcsec) (mag) Date (minutes) S/Nopix
SO-1....... 0.11 14.9 21 Jun 100 21
. ... 22 Jun 80 9

S0-2....... 0.15 14.1 21 Jun 100 25
. ... 22 Jun 80 10

S0-16..... 0.046 15.3 20 Jun 45 18
SO-17..... 0.21 16.0 20 Jun 45 17
S0-18..... 0.44 15.1 21 Jun 100 15
. ... 22 Jun 80 9

Sky........ 0.37 . 20 Jun 45 12
0.44 21 Jun 100 12

0.30 . 22 Jun 80 9

a Projected distance from Sgr A*.

time, the S/Ns of the final spectra are very sensitive to the
Strehl ratios of the individual exposures.

A one-dimensional spectrum for each star was extracted
from the final two-dimensional spectrum from each night
by carrying out a weighted average across ~0”2 in the spa-
tial direction centered on the peak of the star, by weights set
by the PSF profile of IRS 16NW as measured in the two-
dimensional spectrum. One-dimensional spectra of the
astronomical sky background of unresolved stars and gas,
henceforth referred to as the sky in the region between IRS
16NW and S0-16 on June 20, and the region between IRS
16N'W and S0-2 on June 21 and June 22, were also extracted
by averaging across the same width in the spatial direction.
The S/Ns of the spectra extracted from the June 22 spec-
trum are comparable to the S/N of the sky (S/Npi <10), so
they were not used in this analysis. Figure 5 shows the one-
dimensional spectra extracted for the Sgr A* cluster stars
observed on June 20 and June 21 compared to the sky spec-
trum extracted each night. The spectral features expected in
early-type stars (He 1 and Brv) and late-type stars (CO band
heads) are labeled with tick marks. The feature at 2.316 um,
seen in emission on June 20 and in absorption on June 21
for all of the Sgr A* cluster stars and the sky background, is
an atmosphere line that was not completely removed in the
data reduction. Figure 6 shows spectra obtained of two
bright stars in the central parsec, which show the strong
spectral features in the K-band characteristic of early-
type He 1 stars (IRS 16NW) and late-type supergiant stars
(IRS 7).

4. RESULTS

4.1. Late-Type Spectral Features:
CO Band Head Absorption

CO band head absorption is easily identified in late-type
stars because of its distinctive line shape and band head
spacing. In order to identify CO band heads in the low S/N
spectra of the Sgr A* cluster stars and to measure their
radial velocity shifts, the extracted spectrum of each star
was cross-correlated with the spectrum of the observed KO
III spectral standard, HD 203638. Figure 7 shows the cross-
correlations for the wavelength range from 2.29 to 2.37 um,



2.4 i
gm %
5 tg_‘.. _:.
o e
i g
R
-
5
e
%3
: ==
Bry @ - TR
i
: i
e
s ‘
T
= o
e
Hel & Tk T
T =
.k
2.0 i % :
e 1EHW S0—16 S0—17 1ENW

SAGITTARIUS A* CLUSTER SPECTROSCOPY 793

e AL

g

i

>

i

I

=

r 1. ¢

- % =

i £

. *

i =1

= 4

; i

B z 3 A

N, i
16NW SD—’IZF,"SD—I SO—18

i
S0-2 S0—150—18

Fi16. 3.—Final two-dimensional K-band spectra for each night of observations. From left to right: June 20, June 21, and June 22.

which includes the 12CO (2, 0), 12CO (3, 1), and 2CO (4, 2)
absorption band heads for each of the Sgr A* cluster stars
observed (solid line) in comparison to the cross-correlation
for the sky on the same night of observations (dotted line).
The KO III standard spectrum and the Sgr A* cluster spec-
tra were normalized and the slope of the continuum in this
wavelength range was removed before the cross-correlation.
Three of the Sgr A* cluster stars, SO-1, S0-2, and S0-16,
show no significant cross-correlation peaks with the KO III
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FiG. 4—Spatial profile of the final two-dimensional spectra averaged
from 2.20 to 2.28 um in counts per pixel.

standard spectrum above the sky background. S0-17 and
S0-18, on the other hand, show 7 o and 5 o cross-correlation
peaks respectively with the KO III spectrum, where 1 o is
determined by the standard deviation of the cross-correla-
tion for the sky for that night of observations. In order to
not include the negative peak in the sky cross-correlation
attributed to the atmosphere line at 2.316 um, only the por-
tion of the sky cross-correlation with positive pixel shifts
was used to determine 1 . It should be noted that the cross-
correlations for S0-17 and S0-18 peak at the same pixel shift.
This may point to the cross-correlation peaks as being the
result of features in the spectra not intrinsic to the stars (i.e.,
features due to atmosphere lines or systematic errors intro-
duced in the data reduction process). However, the other
Sgr A* cluster stars (SO-1, S0-2, and S0-16) do not show sig-
nificant correlation peaks at this pixel shift, making it hard
to attribute the cross-correlation peaks for S0-17 and S0-18
to systematic features in the spectra. Assuming that the CO
features are real, we derived a radial velocity of —66 4+ 17
km s~! for S0-17 and —76 & 13 km s~! for SO-18. The veloc-
ity shifts were measured by the peak of the Gaussian fit to
the cross-correlation peak, and the error was determined by
the jackknife resampling method (Babu & Feigelson 1996),
in which random half-sets of data were cross-correlated
with the KO III spectrum, and the dispersion of these veloc-
ity fits from the original velocity shift is the 1 o error.

In addition to cross-correlation as a method for identify-
ing CO band head absorption, absorption strengths for the
three strongest band heads in this wavelength range, 12CO
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FiG. 7.—Cross-correlation function of Sgr A* cluster source spectra with the KO I1I standard spectrum from 2.29 to 2.37 um. Dotted line: Cross-correlation

function for the sky on the same night of observations.

(2, 0), 12CO (3, 1), and '2CO (4, 2) were measured for the
stars that showed cross-correlation peaks with the KO III
standard (S0-17 and S0-18) at the appropriate wavelengths
determined by the velocity shift of the peak of the cross-cor-
relation. Absorption strengths were also measured for the
sky at those wavelengths to estimate upper limits on absorp-
tion strengths due to systematic errors. Absorption
strengths for the CO band heads, [(1 — Fco/Feont) X 100],
were measured using a bandwidth of A\ = 0.0055 um for
the CO absorption and continuum fluxes, where the contin-
uum was measured to the left of the first CO band head at
2.29 um, in order to match the methods used in the Klein-
mann & Hall (1986) 2.0-2.5 um spectral atlas of late-type
standard stars. The spectra were divided by the slope of the
continuum from 2.00 to 2.29 um before measuring absorp-
tion strengths so that the slopes of the spectra would be
comparable to the flat spectra in Kleinmann & Hall (1986),
which were directly ratioed by a telluric reference star that
was not corrected for its continuum. The statistical error in
the absorption strength measurements was estimated by the
jackknife resampling method. Figure 8 shows the CO band
head absorption strengths with 1 o error bars for SO-17 and
S0-18 in comparison with the sky for that night of observa-
tion, the observed KO III standard HD 203638 (diamonds),
and the KO IIT standard ¢ Cep from Kleinmann & Hall
(1986; triangles). Table 2 lists the absorption strengths mea-
sured for S0-17 and SO-18.

S0-17 and S0-18 both have significant '2CO (2, 0), 12CO
(3, 1), and 12CO (4, 2) absorption strengths consistent with a
KO giant (within 3 o), as measured for both the Kleinmann
& Hall (1986) KO III standard, and the KO III standard
observed in this analysis. The CO absorption cannot be
attributed to systematic errors since the sky background
demonstrates very little or no absorption at these same
wavelengths. The absorption strength measurements, in
combination with the cross-correlation peaks with the KO
IIT giant spectrum, are suggestive evidence that S0-17 and
S0-18 are, in fact, late-type giants. The other sources, SO-1,
S0-2, and SO-16, have higher S/N spectra than S0-17 and
S0-18 and are uncorrelated with the KO III spectrum,
strongly suggesting that these stars lack CO band head
absorption and therefore do not appear to be late-type
stars.

4.2. Early-Type Spectral Features: He 1 and Br~

In addition to a lack of CO band head absorption, early-
type main-sequence stars can be identified by their He 1
absorption lines at 2.058 um and 2.113 um, and H 1 Bry
absorption line at 2.166 um. In the Hanson, Conti, & Rieke
(1996) 2 um spectral atlas of hot, luminous stars, the stron-
gest feature in the K-band spectra of late O, early B main-
sequence stars is the H 1 Bry absorption line. This also
appears to be the line most sensitive to stellar temperature,
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as the Bry absorption equivalent width monotonically
increases from 1 A for an OS5 star up to 7 A for a BS star.
The He 1lines at 2.058 ym and 2.113 xm, on the other hand,
have weak absorption equivalent widths (<1 A) in this
range of spectral types, and their strengths do not have an
obvious dependence on temperature. In the spectral class
range we are interested in for the Sgr A* cluster, the Bry line
appears to be the most useful diagnostic for spectral classifi-
cation. Unfortunately, the Sgr A* cluster spectra are heavily
contaminated at 2.166 ym by Brvy emission from ionized gas
in the region. This is demonstrated in the two-dimensional
spectrum on June 20 and June 21 (Fig. 4), where Brvy is seen
in emission across the spectrum. At this spectral resolution,
we cannot separate out any Bry absorption intrinsic to the
Sgr A* cluster stars that may be veiled by the strong back-
ground gas emission. We can, however, estimate the

strength of the stellar Brv line by first subtracting out the
flux of Brvy emission from the sky background and then
measuring the residual flux in the stellar spectrum. The Brvy
line equivalent widths were measured at 2.166 um using a
bandwidth of A\ = 0.02 um in order to allow for Doppler
shifts of the lines from the rest wavelength of up to £1500
km s~!. Table 2 lists the resulting Br~ line equivalent widths
measured for the Sgr A* cluster stars after the line emission
from the sky has been subtracted out, with 1 o error bars
determined by the jackknife resampling method.

Within 2 o, S0-17 and SO-18 do not demonstrate Bry
absorption in their spectra, consistent with their classifica-
tion as early K giants. A suggestion of residual Bry emission
can be attributed to the incomplete removal of contribu-
tions from the background gas emission. The spectra of
stars lacking CO absorption, SO-1, S0-2, and S0-16, have

TABLE 2
SUMMARY OF SPECTRAL DATA

ABSORPTION STRENGTHS
[(1 = Fco/Feont) x 100]

RADIAL VELOCITY
STAR Bry EW? 12C0O(2, 0) 12CO(3, 1) 12C0O(4, 2) SPECTRAL TYPEP (kms~h)
SO-1.......... 0.64 +1.22 Early
S0-2.......... 1.27£2.04 Early
S0-16........ 1.034+1.91 Early
S0-17........ —3.60+2.25 11.354+2.50 14.76 +1.35 10.14 +1.96 Late —66+17
SO-18........ —1.15+1.67 13.53+£2.48 10.00 £+ 1.80 8.93+3.01 Late —76+13

2 Equivalent widths measured after flux from background gas emission was subtracted out. Positive equivalent widths

indicate absorption, negative equivalent widths indicate emission.

b Spectral type determined by the presence (late-type) or lack (early-type) of CO band head absorption.
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Bry equivalent widths that are within the range measured
for late O, early B main-sequence stars (within 2 ¢). How-
ever, given the large errors in the equivalent widths mea-
sured for the Sgr A* cluster stars, 1 o ~2 A, and the
uncertainties in subtraction of the background gas contami-
nation, the Bry measurements are not statistically signifi-
cant and therefore are not conclusive enough to classify or
rule out that these stars are early-type. In addition, difficul-
ties in measuring lines in this region of the spectrum arise
from uncertainties in the removal of the Bry absorption line
in the telluric standard spectrum. Hanson, Conti, & Rieke
(1996) emphasize that this is their largest source of system-
atic error in their Br+ line equivalent widths.

The He 1 2.058 um line is also contaminated by emission
from background ionized He 1 gas. However, even without
the difficulties introduced by background gas emission, both
He 1 lines at 2.058 um and 2.113 um have absorption
strengths in normal stars that are intrinsically too low to be
detected in the Sgr A* cluster spectra, which have equivalent
width errors up to 3 A. The very low S/Ns of the Sgr A*
cluster spectra and the strong contamination by back-
ground gas emission makes identification of early-type spec-
tral features intrinsic to the stars in the spectra unfeasible at
this time.

5. DISCUSSION AND CONCLUSIONS

The velocities of the Sgr A* cluster stars can be used to
determine an upper limit to their current distances from the
central black hole by assuming that the stars are in a bound
orbit, and thus, that r < 2GMyy/v2. Combining the radial
velocities for SO-17 and S0-18 reported in Table 2 with their
proper motions (A. M. Ghez et al. 2002, in preparation), we
derive three-dimensional velocities of 730 and 320 km s~ !,
respectively, which bounds their positions to within 0.04
and 0.22 pc. This makes them both likely members of the
Sgr A* cluster, which has a projected radius of 0.02 pc.

The three-dimensional velocities measured for S0-17 and
S0-18 cannot be used to better constrain the density of the
enclosed central dark mass because their radial distances
are greater than the smallest radius of 0.015 pc measured by
the proper motion experiment of Ghez et al. (1998). How-
ever, if the radial velocities of the three stars identified as
early-type (SO-1, SO-2, and S0-16) could be measured with
future higher spectral resolution spectroscopy sensitive to
the He 1 and Bry absorption lines expected to be present in
these stars, then their three-dimensional velocities could
constrain the central dark mass density down to radii less
than 0.0075 pc and further establish the configuration of the
central dark matter distribution as a central supermassive
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black hole as opposed to a cluster of stellar remnants or
other more exotic forms of dark matter.

The lack of CO band head absorption in the moderate
resolution spectra of S0-1, S0-2, and S0-16 is direct evidence
that these stars are not late-type stars, and with their abso-
lute K magnitudes, that they may be late O, early B main-
sequence stars with ages less than 20 Myr. The existence of
young stars in the immediate vicinity of a central supermas-
sive black hole is surprising, considering the extreme condi-
tions expected to inhibit star formation in such an
environment. Morris (1993) discusses how the strong mag-
netic fields (~mG), large turbulent velocities (v ~ 10 km
s~1), high temperatures, and the large tidal forces induced
by the central black hole in the Galactic center would enable
star formation only in gas clouds of very high densities. Gas
near the Galactic center would have to be compressed to
densities 5 orders of magnitude higher than the densities
currently inferred for nearby gas in order to avoid tidal dis-
ruption and be able to gravitationally collapse to form stars.
Such a large density might be accomplished by a violent
compression of gas clouds caused by cloud collisions, stellar
winds, supernova shocks, or the violent release of accretion
energy by the black hole. Alternatively, the presence of
early-type stars in the Sgr A* cluster might be explained by
dynamical friction acting on a massive young star cluster
which formed at a substantial distance from the black hole
and which migrates into the central parsec on a timescale
less than the lifetime of these relatively massive stars (Ger-
hard 2000; S. S. Kim & M. Morris 2002, in preparation).

K-band spectra of five stars in the Sgr A* cluster demon-
strate that this concentration of faint stars contains mainly
young, late O, early B main-sequence stars, consistent with
the low spectral resolution results of Genzel et al. (1997) and
the low spatial resolution results of Eckart, Ott, & Genzel
(1999) and Figer et al. (2000), along with a small number of
older K giants. The close proximity of the young stars in the
Sgr A* cluster to the 2.6 x 10° M, black hole is an interest-
ing challenge for either star formation theory or dynamical
theory. In either case, more can be learned about the star
formation history of the Galactic center and about the
detailed dark mass distribution there if the spectral types
and radial velocities of the Sgr A* cluster stars can be unam-
biguously determined. This may be possible with future,
higher spectral resolution adaptive optics spectroscopy.
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