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RESULTS
The flux densityof Sgr A* at 2.0and 1.3cm show significant variability . The reducedχ2 of a fit of the data

to a constantflux density is 1.9 for U Band and 1.7 for K Band. We observe variations in the flux density of
~30% which is consistentwith the typical amplitude observed by Zhao et al. (1998). Due to larger errors in
Q Band, wearesensitiveonly to flaresof morethan ~50%. Although flaresof up to 100% areobserved in the
archival data, we have not observed any of theselargeflaresto date indicating that Sgr A* is relatively quiet
at this time.
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Figure 2: (a) PSD of VLA archive
datafrom Zhaoetal. (2001)showing
a periodicity at shortwavelengthsof

~1.1x10-7 Hz (or ~100 days). (b)
Pulseprofile for 3.6,2.0,and1.3 cm
showing thattheprofile is quitewide
and best detected at 1.3 cm.Figure 1: High resolution(0”.1) imageof thecen-

tral 0.6 pc of the Galaxy at 1.3 cm (Zhao & Goss
1998). SgrA* is thebright point-sourcein thecen-
ter of theimage. SurroundingHII emissionshows a
spiral structure.
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The “systematicdaily offset” (SDO) for each
day is taken asthe weightedmeanof the 2 cali-
brator offsets for that day. The SDOs are
divided out of the data and errors are propa-
gated thr ough resulting in data that show the
intrinsic variability of the 2 calibrators (left)
and Sgr A* (above right).

Note: An additional fractional error is addedto
the data in addition to the errors reported by
AIPS so that the resulting fit of the SDOs to

both calibrators has a reducedχ2 of 1.0.

The Intrinsic Variability
of Sgr A*

Figure 5 shows the intrinsic vari-
ability of Sgr A* fr om June 2000to
the presentat 2.0 cm (U Band), 1.3
cm (K Band), and 0.7cm. (Q Band).

The data cover more than 500days
with samplings about once a week
making them an excellent tool for
studying the nature of the variabil-
ity of Sgr A*.

MULTI -WAVELENGTH STUDIES:

Baganoffet al (2001)observeda strongflareof Sgr A* in the x-ray on 27October 2000(day 129). Follow-
ing the x-ray flare, the radio flux density rises in all 3 bandsand peaksabout 1 week later on 05 November
2000. The correlation betweenthe x-ray flare observed by Baganoff et al. (2001)and the following rise that
we observed indicates the interesting resultsthat can be obtained by observing Sgr A* simultaneouslyat a
variety of wavelengths. Weplan to observeSgr A* in the spring of 2002with the VLA coincidentwith newx-
ray observations by Baganoff et al.

In addition, the Harvard-Smithsonian Sub-millimeter Array (SMA) is curr ently in testing phaseand we
havemadepreliminary observationsof Sgr A* at 230GHz (see poster 103.09). Coincident observationsat the
SMA and VLA will allow us to track the variability in a wider range of wavelengthsand determine whether
the spectrum of Sgr A* changes during flares.

THE SGR A* FLUX DENSITY MONIT ORING PROJECT AT THE VLA

Data and Calibrations
Beginning in June 2000,we have observed Sgr A* at 2.0, 1.3 and 0.7 cm roughly

oncea weekwith the Very Lar geArray (VLA) in NewMexico. Weobserveat the short-
estwavelengthspossibleat the VLA in order to observe the greatestamplitude variabil-
ity. The data are sensitive to periods fr om ~20 to 500 days. In addition to Sgr A*, we
observe the flux calibrator, 3C286,and two phasecalibrators, 1741-312and 1817-254.
Any intrinsic variations in the phasecalibrators will be uncorrelated while systematic
offsets will be correlated. These correlated offsets are removed fr om the data as
described below:

Figure 3 shows the flux density of the two
phase calibrators after the initial AIPS cali-
brations. The offsetsfr om day to day are due
to errors in the absoluteflux calibration, long
term drifts in flux, and the intrinsic variability
of the calibrators.

A constant slope is fit to each calibrator to
estimatethe long-term drift in flux. After the
slopeis removed,weare left with the daily off-
setsfor each calibrator. The two phasecali-
brators track each other indicating that the
offsets are due to systematic errors.

BACKGROUND
Accuratemeasurementsof thepropermotionsof starswithin 1 parsecof theGalacticCenterindicatethata 2.6x106 Msun

blackholeis locatedat thedynamicalcenterof theMilk y Way (Eckart& Genzel(1997)andGhezetal. (1998)). In theradio,the
position of the black hole is marked by a strong (~1Jy) point source called Sgr A* (see Figure 1).

SgrA* haslongbeenobservedto bevariablein its flux densityat radioandmillimeterwavelengths.Analysisof 20yearsof
VLA archival databy Zhao,Bower, & Goss(1998)shows that theflux densityof SgrA* appearsto vary with a periodof about

106days(ν=1.1x10-7 Hz, seeFigure2). Thepulseprofile is verybroadandit is likely thatSgrA* is aquasi-periodicsource(see
Figure3). As observedin Figure2, theamplitudeof variability tendsto increasetowardsshorterwavelengths.Thisobservationis
consistentwith theideathattheemissioncomesfrom theregion justoutsidetheblackhole. Shorterwavelengthswill tracehotter
gas which is closer to the black hole and therefore expected to show stronger variations.

Theirregularsamplingof theVLA archivedatamadeit difficult to testfor periodsshorterthan50daysandanew monitoring
programwasbegunto regularly sampletheflux densityof SgrA*. Thesedatawill allow usto determinetheexactnature(peri-
odic,quasi-periodicor stochastic)of thevariability of SgrA*. A descriptionof our monitoringanddatareductiontechniquesas
well as our results to date are presented below.

We have recentlybegunto search our data for periodicities
similar to the 106 day periodicity found in the archival data.
The power spectral density is computed with a Lomb peri-
odogram, which can identify periodicities in irr egularly-
spaceddata. The significanceof the PSDis estimatedthr ough
Monte Carlo simulations. Each iteration of the simulations
randomly reorders the flux densitiesover the samesampling
function. The PSDat a given fr equencyis considered signifi-

cant if it exceedsthe 99th percentile of simulated results at

that fr equency. Frequencieshigher than ~1x10-6 Hz and

lower than ~4x10-8 Hz are not properly sampledby this data
set.

In Figure 6, we presenta preliminary PSD for our 2 cm
data. There is a significant peak in the PSD of Sgr A* at

8.90x10-8 Hz (133days). This peak well-exceedsthe 99th per-
centileof the Monte Carlo simulations. In Table1, wepresent
our preliminary PSDresultsfor all thr eebands. Our bestesti-
mateof the 3σ errors are~7daysfor periodsand ~30daysfor
lags. Note that the lagsare in order of wavelength indicating
that short wavelengths tend to peak first.

Figure 3: Flux density of the phasecalibrators at
1.3 cm after AIPS calibrationonly.

Figure 4: Flux density of the phasecalibrators at
1.3 cm after correction for SDOs. This is the
intrinsic variability of the tw o phase calibrators.

Figure5: Intrinsic variability of Sgr A* fr om 21June2000to 31Dec
2001.

ABSTRACT
We have observed Sgr A* at 2.0,1.3and 0.7cm with the Very Lar geArray (VLA) in order to con-

strain the variability in the flux density of Sgr A* and search for periodicities. The data consistof 70
epochsspreadover ~550days. Variabilities in the flux density of ~30% are observed at both 2.0and 1.3
cm and areconsistentwith the typical variability observedby Zhao et al. (2001). Following a flare in the
x-ray emissionfr om Sgr A* on 27 October 2000,we observe an increasein the flux density of Sgr A*
peaking on 05 November 2000. Preliminary analysisof the data shows periodicities at all thr eewave-
lengths of 100-150days with wide profiles. This is consistent with the periodicity of 106+/-6 days
reported by Zhao et al. (2001).
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Figure6: Lomb Periodogram of 2.0
cm Sgr A* data.

Table 1:  Preliminary Results of PSD
Analysis of Sgr A* Flux Density Data

Observing Band
Peak

Frequency
(Hz)

Associated
Period
(days)

Lag (days)

U BAND (2.0 cm) 8.90x10-8 133 +/- 3 31 +/- 10

K BAND (1.3 cm) 8.75x10-8 135 +/-  3 24 +/- 10

Q BAND (0.7 cm) 9.78x10-8 121 +/- 3 14 +/- 10

SEARCHING FOR PERIODICITIES :


