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MEASURING DISTANCE AND PROPERTIES OF THE MILKY WAY’S CENTRAL
SUPERMASSIVE BLACK HOLE WITH STELLAR ORBITS

A. M. GHEZ,I’z S. SALIM,1’3 N. N. WEINBERG,4’5 J. R. LU,1 T. Do,1 J. K. DUNN,1 K. MATTHEWS,4 M. R. MORRIS,1
S. YELDA,1 E. E. BECKLIN,1 T. KREMENEK,1 M. MILOSAVLJEVIC,6 AND J. Namant7
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ABSTRACT
We report new precision measurements of the properties of our Galaxy’s supermassive black hole. Based on

astrometric (1995—-2007) and radial velocity (RV; 2000—-2007) measurements from the W. M. Keck 10 m telescopes, a
fully unconstrained Keplerian orbit for the short-period star SO-2 provides values for the distance (Ry) of 8.0 £ 0.6 kpc,
the enclosed mass (M) of 4.1 £ 0.6 x 10 M., and the black hole’s RV, which is consistent with zero with 30 km s~!
uncertainty. If the black hole is assumed to be at rest with respect to the Galaxy (e.g., has no massive companion to
induce motion), we can further constrain the fit, obtaining Ry = 8.4 £+ 0.4 kpc and My, = 4.5 + 0.4 x 10° M. More
complex models constrain the extended dark mass distribution to be less than 3—4 x 10°> M, within 0.01 pc, ~100 times
higher than predictions from stellar and stellar remnant models. For all models, we identify transient astrometric shifts
from source confusion (up to 5 times the astrometric error) and the assumptions regarding the black hole’s radial motion
as previously unrecognized limitations on orbital accuracy and the usefulness of fainter stars. Future astrometric and RV
observations will remedy these effects. Our estimates of R, and the Galaxy’s local rotation speed, which it is derived
from combining R, with the apparent proper motion of Sgr A*, (6 = 229 + 18 km s~!), are compatible with mea-
surements made using other methods. The increased black hole mass found in this study, compared to that determined
using projected mass estimators, implies a longer period for the innermost stable orbit, longer resonant relaxation
timescales for stars in the vicinity of the black hole and a better agreement with the Myy-o relation.

Subject headings: black hole physics — Galaxy: center — Galaxy: kinematics and dynamics — infrared: stars —
techniques: high angular resolution
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MEASUREMENT OF THE SOLAR ELECTRON NEUTRINO FLUX WITH THE HOMESTAKE
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ABSTRACT

The Homestake Solar Neutrino Detector, based on the inverse beta-decay reaction v, + 37Cl — 37Ar
+ e”, has been measuring the flux of solar neutrinos since 1970. The experiment has operated in a stable
manner throughout this time period. All aspects of this detector are reviewed, with particular emphasis
on the determination of the extraction and counting efficiencies, the key experimental parameters that
are necessary to convert the measured 37Ar count rate to the solar neutrino production rate. A thorough
consideration is also given to the systematics of the detector, including the measurement of the extrac-
tion and counting efficiencies and the nonsolar production of *’Ar. The combined result of 108 extrac-
tions is a solar neutrino-induced *’Ar production rate of 2.56 + 0.16 (statistical) + 0.16 (systematic) SNU.

Subject headings: elementary particles — Sun: interior — Sun: particle emission
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