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ABSTRACT. This paperdiscussedata reductionfor an echelle spectrographwe have developedfor an
automatictelescopeat Tennesse&tateUniversity and are usingto monitor radial velocitiesandline pro les of
cool giant and supergianstars.Although our approachto datareductionis ratherconventionalwe discuss at-

elding andextractionof velocitiesin waysthat shouldbe of generalinterest,establisha transformatiorto the
IAU radialvelocity system( 0.35 0.09km s '), anddeteminethe externalprecisionfor measuredelocities
(0.10-0.11 km s 1). Also, we presentresultsof the rst 2-3 yearsof monitoring radial velocitiesin about120
cool giantsandcomparehoseresultswith thelevelof variability foundwith photomety. Thesenewdatacon rm
the widely held understandinghat K andM giantsare all radial velocity variablesat the level of 0.1 km s *.

1. INTRODUCTION

At the Centerof Excellencein Information Systemsat Ten-
nesseeStateUniversity, we have beenoperatingrobotic tele-
scopedor the past18 years,mostly moderatelysized onesfor
aperturephotomety (Henry 1995; Eatonet al. 2003).As part
of our commitmentto building and maintaininga completely
automaticobsewatory with which we canstudyastronomical
phenomenasimultaneouslywith imaging, spectroscopyand
photomety, we haveaddeda 2 m telescopdor high-dispersion
spectroscopyAll theseinstrumentoperateautonomouslyun-
dercomputercontrolat Fairbon Obsewratory, a private site in
southen Arizona.

This papergives detailsof the datahandlingandreduction
for spectrdrom our 2 m telescopeFor informationabouthow
we control and managethis telescopeyou may referto Eaton
& Williamson (2004a,2004b).We discussthe reductionof the
spectrdn § 2, calibrationof thespectran 8§ 3, andmeasurement
of radial velocitiesfor cool starsin § 4, including expected
extenal precisionand systematicrrors.Section5 givessome
resultsfrom measuringvelocitiesof cool giantandsupergiant
stars.

The 2 m Automatic SpectroscopidelescopgAST; Fig. 1)
is designedspeci cally for automationof its primary task,ob-
tainingspectralt isaclassicalCassegraiwith anf/1.5 primary
mirror andanaluminumseconday, giving anoverallf/8 optical
system.Thefocal planeis in front of the primary mirror, which
reduceghesize andweightof theseconday, makingit cheaper
andeasierto supportand,incidentally reduceghe pressureo
lard otherinstrumentsonto the telescopeWe supportthe sec-
onday with a quadrupodstructure,which reducesphysical
interferencebetweenthe telescopgube andthe enclosure As
aresult,we areableto housethetelescopen arelativelysmall
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building with aroll-off uppersection.The AST acquiresstars
with a small acquisition/guidingcamera,looking at the tele-
scopefocusthrougha 45 pick-off mirror andtransferoptics,
and sendslight to the spectrograptthrougha 200 m ber-
optic cableprojectingthrougha hole in this mirror. The tele-
scopeguideson light spilling over the edgeof the ber (Lib-
brecht& Peri 1995). For wavelengthcalibration/ at- elding,
we focuslight at f/8 onto the ber feedingthe spectrograph,
which we bring into the guiding headfrom bench-mounted
sourceghrougha 600 m ber.

The spectrograplitself (Fig. 2) is a cross-dispersedchelle
of ratherconventionawhite-pupil design(Dekkeret al. 1992;
Pilachowskiet al. 1995)basedon commerciallyavailablegrat-
ings. The camerais a customdesignby H. Epps, similar to
the camerahe designedor the Hobby-Eberly TelescopgEpps
1998), but with someof the glasseschangedo extendtrans-
mission into the nearultraviolet. This spectrographas two
wavelengthsettings chosenby rotating the cross-dispersion
grating, a red position with wavelengths5000-7100 A (cov-
eringH , Nai D, Li i 6708,andvariousTiO bands)anda
blue onefor 3706-5700A (coveringCaii H andK, thehigher
Balmerlines, and a few lines of singly ionizedmetalsin the

Aur binaries).We normally operateit in a standardmode
with a resolutionof R 30,000,basedon feedingthe spec-
trographwith a bare200 m ber. Thereis a secondmode
with somewhathigher resolution,basedon feedingthe spec-
trographwith a75 m dlit in front of asecondber. Werecord
the spectrawith a large-formatCCD. The initial programfor
the AST consistrimarily of measurementsf radialvelocities
of long-periodspectroscopitinariesandmonitoringof H in
cool stars.

For the mostpart, the AST is a very consevative design.
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Fig. 1.—TSU 2 m AST at Fairbon Obseratory. The telescopds housedin a bam-like enclosurewith a top sectionthat rolls off to the north. The echelle

spectrograplis in an insulatedshippingcontainerto the south.

Possiblyinnovativefeaturesare (1) the quadrupodnountfor

the seconday mirror, which L. J. Boyd had previouslyused
in photometrictelescopes(2) havingthefocal planebetween
the two mirrors to make the seconday mirror smallerand
the telescopdubelighter, and(3) the useof anenclosureoo

smallto shutunlessthetelescopés properlystowed We think

this is the ®rst completelyautomatictelescopeto be imple-
mentedwith an altitude-azimuthmount. The only signi®cant
technicalrisk was our schemefor guiding on light slopping
over the edgeof the ®ber, but Libbrecht& Peri had shown
this techniquecanwork, andwe hadamazinglylittle trouble
implementingit.

2. DATA REDUCTION

We usea datareductionprogrambasedon the one written
at Lowell Obsewatory by J. Hall for the SolaetStellar Spec-
trograph(Hall et al. 1994; Hall & Lockwood 1995). It takes
theusualstepsn this process(1) biassubtraction(2) mapping
the orders, (3) subtractingthe backgroundof scatteredight,
(4) "at-®elding, (5) collapsingthe imageinto a two-dimen-
sionalarray (6) wavelengthcalibration,and(7) archiving. Hall
originally wrote this programin IDL (Interactive Data Lan-
guagefrom ResearctBystems]nc.), but we rewroteit in C to
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rid our obsewratory of proprietay softwarewith its licensing
problems.

At boththe beginningandendof eachnight, we take8 bias
frames(readoutof CCD withoutexposure)16 “at-®eldframes
(exposedo a continuoussourceasdescribedelow),andone
wavelengthcalibration frame (thorium-argonhollow cathode
lamp). Thesearethenreducedo anaveragediasframefor the
night (averageof 16 images)ndaverageatsfor thebeginning
andendof the night (4 imagesaveraging8 frameseach).Such
averagingdets the reductionprogram®Iter out cosmic-rayhits
and allow for bad pixels.

Figures3 and4 showsomepropertieof the at-®eldspectra.
Figure 3 is a cut throughthe ordersin two averagedat-®eld
framesfor Modi®ed JulianDate53,925to showthe separation
of the orders.The curve with the very broadordersis the one
actuallyusedfor “at-®elding.Superimposeds atraditional at
®eld usedto de®nethe locationof the orders.The top panel
of Figure 4 gives the run of intensity versuspositionin the
“at-®eld spectrumfor severalordersto showthe complicated
variation of intensity with wavelength, the echelle blaze
function.

In the ®rst step, the reductionprogramsubtractshe average
bias frame, pixel by pixel, from the average ats, the wave-
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Fig. 2.—Echellespectrograptor the TSU 2 m automatictelescopeassembledn the lab at TSU.

length calibration frames,and the individual framesfor the
stars.After this debiasingscatteredight is removedirom each
star’s spectrumby subtractingthe value of a pixel in between
the orders.De®ning the scatteredight in this spectrograplis
made much easierby the relatively large separationof the
orders(Fig. 3). We useanoffsetof 13 pixelsin thedirection

Fig. 3.—Pro®leof the echellespectrumacrossthe dispersion.The broad
pro®lesare for the imageof an incandescensourcewith the cameraout of
focus, a “at-®eld image.The sharppro®les are for a focusedimage of this
source which we usefor locatingthe ordersand calibratingthe echelleblaze
function.

perpendiculato the echelleorders which alsohelpsto remove
the camera’speriodicreadoutnoise.

For the at-®elding,we taketwo typesof imageseachnight,
as illustrated in Figure 3. For the ®rst kind, light from an
incandescenulb is passedhroughthe spectrographwith the
camerafocusednomally. Theseimagesareusedto locatethe
echelleordersandto nomalizethe extractedspectraTheorig-
inal version of the programalso usedthem as at ®elds for
correctingpixel-to-pixel sensitivityvariations Howeverin that
original version,this correctionwas appliedonly after the or-
dershadbeencollapsedto a single value by summingacross
eachorder perpendicularto the echelledispersionaxis. The
averagedat ®eld was collapsedin this way, anda piecewise
continuoussplinefunctionwas®t to eachorderto estimatean
actual intensity curve. From this, a correctioncould be cal-
culatedand appliedto the extractedspectraof the stars. That
methoddependedn therebeing no drift in positionbetween
the “at-®eld spectraand the stars’ spectraduring the night,
althoughthatis not usuallythe case Also, we havesincefound
thatthese at ®eldscontainperiodicnoiseat thelevelof about
1%, with a periodof 1 cycle & *.

In the currentversionof the program,we usea secondype
of "at®eld, takenby puttingthe cameraout of focus.We chose
our out-of-focusposition to illuminate all the pixels usedto
measurethe stellar spectrasuf®ciently well to de®nethe in-
dividual pixel sensitivityreliably for them.Forthese®elds,the
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Fig. 4.DEffect of the echelleblaze function on the spectrum.In the top
panel,we seethe spectrumof the incandescentat-®eld lamp (orders54+51)
showingthe variationin responsewvith wavelength.In the lower panels,we
havean obsewation of the interactingbinary AX Mon. The middle panelis
the star'sspectrunclearedof scatteredight, while the lower panelshowsthat
spectrumdivided by the reduced at to removemostof the variationof sen-
sitivity with wavelength.

actualintensity receivedby a pixel is estimatedby taking the
averageof the medianthird of the adjacentl00 pixelsin the
samecolumn. The CCD is rotateddlightly in the cameraso
thatthe echelleordersare nearlyparallelto the CCD columns,
soacolumnof 100 pixelshassomewhauniform illumination.
Pixel sensitivity correctionsarecalculatedhis way for 16 out-
of-focus "ats, and the medianof theseis takenand usedto
correctall of the starspectrafor the night. Gradualchangesn
pixel sensitivity causedpartly by material condensingand
evaporatingrom the suifaceof the CCD, occurrapidly enough
that we musttake new at ®elds every night.
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Oncetheintensityin the spectras correctedoy at-®elding,
the programcollapsesachimageinto aone-dimensionarray
consistingof wavelength-calibratedpectraof the variousor-
ders.The middle panelin Figure4 gives anexampleof these.
The ®nal stepin the basicreductionis to correctfor therather
ugly variationsof sensitivity along the ordersby normalizing
to the averagefocused at-®eld imagefor the whole night,
reducedn the sameway asthe stellar spectraAn exampleof
suchanimageis shownin the top panelof Figure 4, andthe
resultof the nomalizationin the bottom panel.

Forwavelengticalibration,we usel0to 15relativelybright
andunblendedThAr linesfor eachechelleorder The program
deteminesthe pixel centerof eachThAr line in the direction
of dispersionwith a Gaussiam®t. It then®ts the knownwave-
lengthsof theselines, takenfrom a ThAr atlas,with a fourth-
orderpolynomial. This is normally donefor two ThAr spectra
eachnight, oneatthebeginningandoneattheendof thenight.

We do all of the aforementionedtepsin the reductionau-
tomaticallyattheendof thenight atthe obsewatory, thencopy
two forms of reducedspectrabackto TSU for archiving and
analysis.Theseare (1) the wavelength-calibratedpectraun-
nomalizedfor intensityvariationalong the ordersand(2) the
®nal wavelength-calibratedommalizedspectraWe storethese
as FITS ®les consistingof two arrays,intensity versuspixel
andwavelengthversuspixel. We havepurposelyavoidedmap-
ping the spectrunontoagrid of uniformly spacedvavelengths
at this stagebecausehe wavelengthcalibrationof any order
is not linear and becausehe spacingis roughly proportional
to wavelength Also, directly recordingthe wavelengthslim-
inatesquestionsaboutthe wavelengthscalein the future.

Oncewe copythereducedspectraandcertainquality-control
datato TSU over the Internet,we run programsthat look for
deteriorationof the system,suchasan increasingemperature
of the CCD or a calibrationlampthathasburnedout, andknit
the nomalized reducedspectratogetheronto a single wave-
length scalethat averageverlappingpartsof the ordersand
cuts out the unreliabledataat the endsof the orders. These
knitted spectraare the primary productwe usein analysesf
AST data.

3. INTENSITY AND WAVELENGTH CALIBRATION

We usetwo types of calibration spectra,an incandescent
lamp for intensity calibration ("at-®elding)and a ThAr lamp
for wavelengthcalibration. To illuminate the spectrograplas
consistentlyas possible,we carty the calibrationlight up to
theguiding headin the spectrographvith a separat@®beroptic
cableand projectit into the ®ber feedingthe spectrograplat
f/8, thefocal ratio of thetelescopeThis schemeseemghebest
one cando to ®rst order but therewill be obviousdifference
betweerthe distribution of calibrationlight andstarlight,even
with this sort of illumination (Grif®n & Grif®n 1973).

Flat-®elding in spectroscopys quite unsatisfyingconcep-
tually, as canbeseenby contrastingt with “imaging.” Intaking
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normalimagesof the sky with a CCD, one simply gathersa
bunchof "at ®eldsfor a particularwavelengthat thebeginning
of an obsewing run and usesthemto correctfor small-scale
variationsin sensitivitythat showup asnoisein animage.Of
coursethereare problemssuchasgettingtherightillumination
of theCCD andtheeffect of internalre ectionsn thetelescope,
but thesecan be calibratedby cleverly using multiple obser
vations of star clusters(Boyle et a. 2003). Flat-®elding in
spectroscopys muchmoredif®cult for two reasonsFirst, the
wavelengthis continuallychangingoverthe CCD. Secondpne
cannotsimply ood the CCD uniformly asin “imaging,” but
mustin practiceilluminate the CCD throughthe spectrograph.
This impresseshe sameunevenexposureacrosshe spectrum
as one getsfor a star and makesit impossibleto calibrate
variationsin sensitivity directly asin imaging.Instead reduc-
tion programsfor spectroscopyhave complicatedroutinesto
take out the effect of cross-ordetillumination, which neces-
sarily introducenoisewith respectto uniform illumination.

One might get aroundthis problem of cross-ordeiillumi-
nation by illuminating the CCD uniformly with a separate
sourcein the spectrographif the small-scalevariationsin sen-
sitivity wereindependenbf wavelength Unfortunately com-
monknowledgehasit thatthesevariationsareratherdependent
on wavelength.To testthis notion, we "oodedour CCD with
light from four typesof light-emitting diodes(LEDs), diffused
off a screenin front of the cross-dispersiomgrating,andcom-
paredtheimagesThefour colorsall showedmostof thesame
features but with variationsat the level of a few percent.So,
althoughthis approachwould probablywork well for a wave-
length rangeof a few hundredA, the variationin sensitivity
wasclearly too greatfor us to useit to reduceechellespectra.

Anotherapproacho the conceptuaproblemof cross-order
illumination is to broadenthe calibrationspectrumeither with
a cylindrical lens or by putting the cameraout of focus. We
havechosento apply that approachby throwing the spectrum
out of focusas explainedabove.This leavessomethingto be
desired,in that we are obviously not getting a uniform illu-
mination perpendicularto the dispersion,as shownin Fig-
ure 3, but it doesgive plenty of light of the right wavelength
atevely positionin the spectrumyvhile it requiresno newparts
for the spectrographFor thesereasonswe have decidedto
useit in our datareduction.

4. MEASURING RADIAL VELOCITIES

The velocity scalefor the spectrarestson two kinds of
obsewations: (1) ThAr calibrationlines measuredat the be-
ginning and end of the night, and (2) the telluric O, lines
availablein eachindividual spectrumThewavelengthshence
velocities,aredependenbn ThAr linesto establishthe wave-
lengthsof variousechelleorderswith respectto one another
and telluric lines to correctfor drifts during the night from
suchsourcesasthermalchangesn the CCD. In practice,we
use273 calibrationlinesfor 20 ordersof the echellespectrum

in the red and 329 lines for 32 ordersin the blue. Thereare
almostcertainly systematicchangesn the velocity zeropoint
amongthe orders.However if theselines are appliedconsis-
tently, they would de®nea stable wavelengthscalefor which
we candetemine a meaningfulabsolutezero-pointcorrection.

To measurghe actualvelocitiesof stars,we usea group of
74 strong metallic lines in the spectrumof the Sun, mostly
Fei, which we representisdeltafunctionsat the wavelengths
given by Moore et a. (1966), and cross-correlatehem with
the obsewed spectrumeas a functionof velocity shift. We then
®t the resultingcross-correlatiorfunction (CCF) with a Gaus-
sianto get a velocity. For telluric O,, we use32 linesin the
range6870:6924 k&, againcalculatinga CCFand®tting it with
a Gaussiarto geta velocity shift. Using this setof stronglines
de®nesan averageline pro®le for the star, eliminatesnoise
from weaklines,andmeanswve canapplyacommontechnique
for a wide rangeof spectraltype.

Using telluric linesto de®nethe velocity scaleseemgo be
a naturalthing to do, and indeedseveralauthors(Hatzes&
Cochran1993;Kamper& Femie 1998,for example)haveac-
tually doneso, asdiscussedy Gray & Brown (2006).Grif®n
& Grif®en (1973) comprehensivelydiscussedthis approach
earlyon, ®nding thatthewindsin Earth'satmosphereangive
systematiceffectsof up to 0.03km s *. Obsewationsof the
Suncon®m that expectationBalthasaret al. 1982; Kobanov
1985;Demingetal. 1987).Thisdependenciimits theprecision
attainedwithout actuallymeasuringhe atmospheriavind pro-
®le, butthe externalprecisionof thevelocitieswe havederived
without suchcorrectionsis still severaltimes as good aswe
could getfrom the ThAr calibrationalone. Furthermoreit has
the operational/maintenancadvantageof obviating the need
to take many calibrationspectraduring the night.

4.1. Transformation to the IAU Velocity Scale

The real challengeof calibratingthe radial velocity system
is de®ning an absolutezero point for heliocentricvelocities
thatcanbe usedto compareone'sown velocitieswith others'.
Heliocentricradial velocity is an absolutequantity, unlike the
magnitudef the UBV photometricsystem(Johnson& Mor-
gan 1953). Complicatingthe de®nition of a zero point is the
problem that knowledgeabout standardizatiorgenerally ap-
pearsthroughlAU meetings Neverthelessthereis a de facto
IAU velocity systembasedon a group of standardstars,some-
whatlike UBV standardswhich onecanuseto transfom radial
velocitiesfor a particularinstrumento a standardscale. These
starsare givenby Pearcg1957)andBouigue(1973),andthere
are extantreportsof the unsuitability of variousonesasstan-
dardsbecausef “excess’variability (e.g.,Battenet al. 1983).
Scafe et al. (1990) give a rather intelligent comprehensive
discussionof thesestandardsas a group, comparingthe ca-
nonicalvelocitieswith newmeasurementsom DominionAs-
trophysicalObsewatory (DAO). Stefaneket al. (1999) have
published similar obsewations from Harvard. The existing
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TABLE 1
Observations of Velocity OStandardsO
RV, st AST |AU AST DAO

HD Name Spectrum N (kms (kms (kms

(1) (2 (3) 4 (5) (6) (7)
4128......... Cet KO 111 22 12.87 0.09 0.23 0.29
12929 ....... Ari K2 1l 54 14.84 0.18 0.54 0.33
18884 ....... Cet M151lla 119 26.52 0.27 0.72 1.22
29139 ....... Tau K5 I 115 54.14 0.22 0.04 0.11
62509 ....... Gem KO Illb 141 3.07 0.11 0.23 0.16
81797 ....... Hya K3 11l 135 454 0.18 0.14 0.29
84441 ....... Leo G1ll 127 4.04 0.15 0.76 0.36
102870...... Vir F8 VvV 65 3.83 0.11 1.17 0.55
124897...... Boo K1 I 153 555 0.21 0.25 0.25
146051...... Oph MO.5 11l 128 19.80 0.24 0.00 0.66
161096...... Oph K2 1l 17 12.59 0.09 0.59 0.41
186791...... Adgl K3 Il 119 3.03 047 0.93 1.06
204867...... Aqr GO lb 121 598 0.23 0.72 0.73
222368...... Psc F7V 58 500 0.18 0.30 0.60
22484 ....... 10 Tau Fo Vv 63 2752 0.10 0.38 0.43
26162 ....... 43 Tau K2 11 30 24.34 0.38 0.44 0.45
66141 ....... HR 3145 K2 111 53 71.40 0.15 0.50 0.05
103095...... HR 4550 G8 Vp 14 98.81 0.23 0.29 0.23
107328...... 16 Vir K1 11 49 36.18 0.23 0.48 0.30
115521...... Vir M2 llla 122 27.58 0.60 0.78 0.30
136202...... 5 Ser F8 I1£lV 50 5387 0.15 0.37 0.58
187691...... o Aql F8V 75 0.53 0.13 0.63 0.48
212943...... 35 Peg KO 1 54 5400 0.14 0.30 0.26

# Raw velocity; not on IAU system.

astandard¥elocitiesfor thesestarshavenot yet beenplaced
on an absolutescaleby tying themin to precise dynamically
detemined velocities of objectsin the solar system,for ex-
ample, (cf. Scafe 1985) so they cannotbe any betterin an
absolutesensdhanwell-determinedrelocitiesfrom othercare-
fully calibratedspectrographssuchasthe DAO spectrograph
or our own. However asa group, they do de®nea systemwith
acommon,if unknown,zeropoint. Many of thelAU standards
are variable at the level of a few tenthsof km s *, andthe
discussiorof Scafe et al. makesclearthattheremustbe ran-
domerrorsin the zeropoint within the group at this level. So,
obsewationsof oneor a few individual IAU standardswvould
not be suf®cientfor establishinghe zero point for a spectro-
graphor, for thatmatter for an individualobsewing run. How-
ever averagingobserationsof many of them shouldgive a
transfomation to this IAU 2system®valid at the level of
roughly 0.1 km s *.

We haveobseredthe 23 IAU standarddistedin Tablel in

TABLE 2
Average Deviations from Standards
AST IAU AST DAO
(kms?Y (kms Y
Weighted .............. 0.35 0.42 0.36 0.13
Unweighted ........... 0.28 0.48 0.44 0.28
Starsin common...... 23 23

Note.N Quoteduncertaintiesre the standarddeviationof
a single star from the average.
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variousprogramsover the ®rst 2 yearsof collectingdatawith
the telescopeprimarily as part of our synopticprogramand
as comparisonstarsfor spectroscopidinaries we were ob-
sewing for F. C. Fekel. This is essentiallya repriseof Scafe

et al. (1990). The valuesin column(5) areall average®f the
N obsewations, measuredvith the cross-correlatioranalysis
describedthree paragraphsago; quoteduncertaintiesare the
standarddeviation of a single measurementrom the mean.
(We did this analysissometime before our analysisof vari-

ability in Table3, andwith differentcriteriafor includingdata;
hence,the smaller numberof starsincludedhere.) We have
also listed differencesbetweenour valuesand the canonical
IAU velocitiesin column (6) andwith respecto Scafe et al.

in column(7). We may usethe average®f thesetwo columns
in Table 2 to estimatethe zero-pointcorrectionto the IAU

systemand get someideaof its reliability. The ®rst valuefor
thesedifferencesis weightedas 2, where is the valuefor

a single measuremento re ectthe likely intrinsic variability

of thestar. Theuncertaintiegjuotedfor theseaveragesreagain
standardieviationsfor a singlestar. Theaveragevaluesshould
be about5 times as precise.We may note that the DAO ve-
locities are likely much betterthanthe IAU values,but both
groupsgive aboutthe sametransformatiorto the IAU system.
We concludethat the AST gives velocities0.35  0.09 km

s * morenegativethanthe canonical AU values,sowe would
add 0.35km s * to our measuredvaluesto bring themonto
the IAU system This measuredlifferenceis closeto the de-
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viation that Scafe (1985)found betweerthe IAU systemand
someestimateof absolutevelocities, 0.35 0.18kms ™.

4.2. External Errors of Velocities

We haveestimatedhe externalrandomerrorsof our veloc-
ities as measuredy the systemof solarphotospheridinesand
telluric O, linesin two ways. First, we looked at the standard
deviationsabouttheir meansfor the starsin our samplewith
the most constantvelocities. Such starshave standarddevia-
tions near0.1 km s *. Examplesfrom Table 3, which gives
resultsof our primary monitoringprogram,are  Ari (K2 lllab;

0.11), Gem (KO III; 0.11), Psc(KO III;
0.13),HD 6833(G9lll; 0.14), Aur (G8IIl; 0.14),
Hya (G9 I lll; 0.14), Leo (G1ll; 0.14), Boo
(KO I, 0.14), Boo (G8 I, 0.14),and Cnc

(KO 11; 0.15). Othersfrom Table1, typically with fewer
obsewations,are Cet (KO llI; 0.09), Vir (F8V;
0.11), Oph (K2 IlI; 0.09),10 Tau (F9 V; 0.10),
ando Aql (F8V; 0.13).Evenamongthe quietesbf these,
Ari and Gemareknownto vary at the 0.05km s * level
(Walker et al. 1989),and at leastsomeof the variationin all
of thesenearly constantstarsmustbe intrinsic. We cangeta
furtherideaaboutthe externalerrorsby measuringdeviations
of velocities of spectroscopichinaries from ®tted velocity
curves. Two examplesof this are our datafor 52 Per (G5
Ib A2; 0.117)and Peg(G2 Il F; 0.141).In
addition, we have analyzed169 measurementef spectrawe
took for F. C. Fekel(seeFekeletal. 2007for anof®cial orbit)
for HD 14214(G0.51V), for whichthestandarddeviationfrom
thesolutionis 0.095km s *. Figure5 showsthedeviations
of that ®t asa function of time. Thereis little, if any, phase
dependencelheremay be a seasonakffectin the secondull
yearof data,but it is atthe 0.05 km s * level. Suchsmall 's
arefoundonly for sharp-linedstars.This could be becaus@ur
techniguedoesnot work as well for broad-linedstars(super
giants, moderatelyrapid rotators),or it could be that these
broadetlined starsareactuallyvariableat the0.2km s * level.
We maydiscriminatebetweerthesawo possibilitiesby looking
for wammer broad-linedsupergiantanot expectedto have ir-
regularpulsationssuchasCepheidvariables As ouronegood
example,Polaris (F7 IbxIl) gives velocitiesfor datadivided
into 8 setsof 55 measurementeach,for which deviations
from a ®tted sine curve give in the range0.083t0.165 km
s !, with amedianof 0.111km s *. The averagevelocitiesfor
thesesine curves follow the motion in a well-known long-
period orbit (Kamper 1996) to 0.15 km s *. Well-obsered
spectroscopidinariesgive somefurther casesOneis 5 Cet,
a binary with vsini 22 km s *, for which the datascatter
by roughly 0.10km s * (see§ 5.1 and Eaton 2007). The
threeclassical Aur binaries, Aur, 31 Cyg,and32Cyg,show
systematiadeviationsfrom their orbital motion of 0.5km
s ', with a scatterof 0.1 km s * aboutthe trend of those
deviations(J. A. Eatonet al. 2007,in preparation).

The evidencediscussedabove arguesthat ., is tending
asymptoticallytoward 0.10 km s * with decreasingntrinsic
stellar velocity variation. On this basis,we concludethat the
extemnal error of an obsewed velocity is consevatively 0.10+
0.11km s * for thosestarsfor which the solarmaskspectrum
is appropriate,namely thosewith moderatelysharplines of
spectraltype F to middle M.

5. VARIABILITY OF COOL GIANTS

We haveobsered a groupof about120 cool giant starsover
the ®rst 2+3 yearsof telescopeoperationto study their orbits,
to detecttheir intrinsic variability, andto monitortheirH lines
for outburstsn winds.ThesearemostlyK giantsandsupergiants,
althoughthe groupincludesa numberof G andM starsaswell.
Of thesestars,15 may be constantat the 0.1 km s * level. See
alist of thesein § 4.2 two paragraphsigo.However amostall
the K and early M supergiantsve have obsered seemto be
variableat the level of 0.1+0.3 km s *, as might be expected
from previoussurveysof suchstars

Table 3 gives someresultsfor this group; Table 4, further
resultsfor severalbinaries.The radial velocity in column (6)
of Table3 is anaveragewith the standarddeviationof asingle
measuremenguotedasthe uncertainty For spectroscopidi-
naries,the standarddeviationis with respectto the ®tted ve-
locity curve, so the averagevelocity would be the -velocity
from Table4. Thelater M starsand carbonstarshavespectra
dominatedoy moleculadines,sowe have®guredtheirstandard
deviationsby correlatingthe spectraof eachstarwith the ®rst
obsewed spectrumof the staritself.

Cool giantstarsseemto be universallyvariable presumably
from low-amplitudepulsationor asymmetriesn convective
motions(e.g.,Gray & Toner1985,1986a,1986b).Othersare
demonstrablyariablefrom starspots(e.g.,Hall 1976;Queloz
etal. 2001).Henwy et al. (2000)investigatecthe photometric
variability of alargesampleof GxK+M giantsandsupergiants
with highly precisedifferential photomety, ®nding that 43%
of theirsamplewerevariable(  0.0020mag)andthatall the
starsto the cool side of the LinskytHaisch coronaldividing
line are pulsatingvariables.Percyet al. (2001) measuregho-
tometric variability of M-giant variables which seemedo be
pulsatingpreponderantlyin one or more radial modes.

The photometricvariationsareaccompaniethy velocity var
iations,andthesearewell knownfor cool supergiantsWalker
etal. (1989),for instance discussedhe velocity variationsof
®ve K giantsandsupergiantsandSmithetal. (1989)followed
velocity variationsof threeM supergiantsVelocity surveysof
K andM starsby Larsonet al. (1999) and Cummingset al.
(1999), with extemnal errorsof 0.01 and 0.05 km s *, re-
spectively showthat the normal K giantsare all likely to be
variable at the 0.03 km s * level. This evidence,along with
ourown obsewations,contradictarecentoptimisticprediction
(Bizyaev & Smith 2007) that 12%+20% of K giants should
havestableradial velocities.
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TABLE 3
Measured Velocities for Cool Giants
RV;’-\STa
HD Name \ SpectralType N (kms 1) Notes
1) (2 3) 4) (5) (6) (7)
352 ... 5 Cet 6.22 K2 111 126 0.39 SB1
1522.......... Cet 3.56 K1.5 1l 96 18.80 0.16
4502.......... And 4.06 K1 lle 115 0.42 SB1
4656.......... Psc 4.43 K5 111 103 32.86 0.22
6833.......... 6.77 G9 Il 15 243.40 0.14
6860.......... And 2.06 MO llla 107 0.05 0.23
8890.......... UMi 2.02 F7 lbll 402 Var. 0.11 Cepheid
9352.......... 5.70 KOIb B9V 27 12.21 0.39
9927.......... 51 And 3.57 K3 I 63 16.28 0.20
12533 ........ * And 2.26 K3 llb 78 11.38 0.20
12642 ........ 5.62 K5 I: 108 2498 0.28
12929 ........ Ari 2.00 K2 lllab 152 1450 0.11
16115 ........ 8.15 C2,3 39 ... 051 Self;P 100days
17709 ........ 17 Per 453 K7 11 81 13.54 0.21
18884 ........ Cet 2.53 M1.5 llla 124 26.17 0.25
19058 ........ Per 3.39 M4 11 71 28.01 0.90
19476 ........ Per 3.80 Ko 1l 57 2763 052 SB?(P 450days)
21552 ........ Per 4.36 K3 111 52 14.38 0.19
22649 ........ BD Cam 512 3 65 0.37 SB1; symbiotic
25408 ........ UV Cam 7.62 C5,3 16 0.56 Self
25604 ........ 37 Tau 4.36 KO Il 108 958 0.18
26630 ........ Per 4.14 GOlb 48 0.24 SB1
26673 ........ 52 Per 471 G51b A2V 68 0.11 SB1
29139 ........ Tau 0.85 K5 111 121 54.48 0.22
31398 ........ Aur 2.69 K3 Il 89 17.20 0.27 P 700days?
32068 ........ Aur 3.75 K411 B8V 242 0.24 SB1
36167 ........ 31 Ori 471 K5 111 123 6.90 0.17
36389 ........ 19 Tau 4.38 M2 labxlb 128 2236 1.31 Multi-P
39801 ........ Ori 0.50 M1+2 latlab 153 2155 1.87
39816 ........ U Ori 6.70 M6.5 llle 99 1.96 Mira; self
41116 ........ 1 Gem 4.16 G711 359 24.36 2.43 P 150days
42995 ........ Gem 3.28 M3 1l 118 14.27 5.66 Long-P?;SB?
43039 ........ Aur 4.35 G8.51lIb 92 20.73 0.14
44478 ........ Gem 2.88 M3 lllab 133 53.70 041 Irr
44537 ........ tAur 491 K5+MO | 69 151 1.82 Long-P?
48329 ........ Gem 2.98 G81b 110 7.80 0.33
52973 ........ Gem 3.79 F7+G3 Ib 130 5,52 8.83 Cepheid
54716 ........ 63 Aur 4.90 K4 lllzllla 75 27.73 0.20
55751 ........ 5.35 K2 11 143 36.86 0.44
59643 ........ NQ Gem 8.01 R9 44 1.49 Symbiotic;self
60522 ........ Gem 4.06 MO Il £llIb 117 21.62 0.19
62044 ........ Gem 4.28 K1 11 311 0.44 SB1;RSCVn
62345 ........ Gem 3.57 G8 llla 153 20.35 0.33 Long-P?
62509 ........ Gem 1.14 KO Illb 150 339 0.11
69267 ........ Cnc 3.52 K4 111 192 2270 0.21
74442 ........ Cnc 3.94 KO Il £lIb 124 16.93 0.15
76294 ........ Hya 3.11 GO Il 139 22.78 0.14
78712 ........ RS Cnc 5.95 M6 lllase 100 0.81 SR;self
80493 ........ Lyn 3.13 K7 lllab 139 37.63 0.21
81797 ........ Hya 1.98 K3 11l 149 421 0.19
84441 ........ Leo 2.98 G111l 141 442 0.14
89758 ........ UMa 3.05 MO 1l 118 0.38 SB1
93813 ........ Hya 3.11 K2 111 144 0.47 0.15 Long-P?
96833 ........ UMa 3.01 K1 1l 97 3.86 0.15
102212....... Vir 4.03 M1 lllab 143 50.39 0.30 Long-P?
112300....... Vir 3.38 M3 il 139 18.95 0.40
112769....... 36 Com 478 M1 llib 132 1.65 0.29
113226....... Vir 2.83 G8 lllab 146 14.38 0.13
115521....... Vir 4.80 M2 llla 135 27.15 0.63 P 500days
122563....... 6.20 F8 IV 30 26.61 0.42
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TABLE 3 (Continued

RVASTa

HD Name \% SpectralType N (kms %) Notes

(1) (2 (3) 4 (5) (6) (7
124897....... Boo 0.04 K1 1l 168 520 0.21 P 230days
127665....... Boo 3.58 K3 I 111 13.73 0.20
129989....... Boo 2.70 KO 11l 132 16.39 0.14
133208....... Boo 3.50 G8 llla 132 16.39 0.14
145931....... 5.87 K41l F6x8V 59 21.72 0.21
146051....... Oph 2.74 MO.5 I 142 19.46 0.24 Long-P?
148783....... 30 g Her 5.04 M6 111 57 023 1.30
148856....... Her 2.77 G7 llla 127 Ya 0.18 SB1
156014....... t Her 3.48 M5 Ibll 136 3495 1.71
156283....... Her 3.16 K3 llab 83 25,59 0.23
157999....... Oph 4.34 K2 1l 142 2739 0.24
159181....... Dra 2.79 G2 Ibtlla 30 20.90 0.28
163770....... Her 3.86 K1 lla 66 28.13 0.24
164058....... Dra 2.23 K5 IlI 59 27.65 0.17
165195....... V2564 Oph 7.34 K3p 27 0.34 0.56 Long-P?;SB1
168723....... Ser 3.26 K2 lllab 142 9.40 0.21
173764....... Sct 4.22 G411 B9.5 118 Ya 0.23 SB1
175865....... 13 Lyr 4.13 M5 11 14 29.00 1.11 Long-P?
180809....... Lyr 4.36 KO Il 38 31.48 0.16
182040....... 7.00 C1,2 33 Ya 0.79 Self
183439....... Vul 4.44 MO Il 97 85.53 0.37
183912....... ' Cyg 3.08 K3 Il BO.5V 110 2499 0.22
186791....... Aql 2.72 K31l 128 2.68 0.45 Long-P?
187076....... Sge 3.82 M2 1l A0V 117 Ya 057 SB1
189319....... Sge 3.47 MO Il 105 33.73 0.26
192577....... 31 Cyg 3.79 K21l B3V 191 Ya 0.26 SB1
192713....... 22 Vul 5.15 G3 Ibtll 102 Va. 0.27 SB1
192876....... * Cap 4.24 G31b 128 26.63 0.22
192909....... 32 Cyg 3.98 K31b B3V 292 Ya 0.29 SB1
194317....... 39 Cyg 4.43 K3 1 65 17.19 0.34 Long-P?
196093....... 47 Cyg 4.61 K21b B3V 68 Ya 0.28 SB1
196321....... 70 Aql 4.89 K511 116 9.34 0.39
197989....... Cyg 2.46 KO I 73 12.87 0.17 Long-P?
200905....... Cyg 3.72 K415 Ibll 66 17.48 0.38 Long-P?
201251....... 63 Cyg 4,55 K4 1btlla 41 26.55 0.19
201626....... 8.13 R5+CH 16 150.82 0.73 CH star
202109....... Cyg 3.20 G8 lll llla 74 1955 0.25
204724....... 2 Peg 457 M1 1 92 19.02 0.34
204867....... Agr 291 GOlb 128 6.33 0.23
206778....... Peg 2.39 K2 Ib 122 3.85 0.67 Long-P?;SB?
206859....... 9 Peg 4.34 G51b 98 2297 0.22
209750....... Aqr 2.96 G21b 128 6.86 0.24
210745....... Cep 3.35 K1.51b 34 18.05 0.34
211388....... 1Lac 413 K3 11l 66 8.50 0.22
213310....... 5Lac 4.36 MO Il B8V 54 11.73 0.38 Long-P?
215182....... Peg 2.94 G2l F Is) Ya 0.14 SB1
216131....... Peg 3.48 Gslll 85 13.77 0.12
216489....... IM Peg 5.64 K21 111 322 Ya 0.34 SB1
216946....... V424 Lac 4.95 K5 Ib 65 9.45 0.47 Long-P?;SB?
217906....... Peg 2.42 M2.5 [1£1H1 95 8.39 0.95 SB?
219615....... Psc 3.69 KO I 104 14.34 0.13
221170....... 7.71 G2 IV 19 121.63 0.16
222107....... And 3.82 G8 1l 140 Ya 0.26 RSCVn
223075....... TX Psc 5.04 C 1Y 54 Ya 2.16 Self
224014....... Cas 4.54 G2 0e 52 62.85 5.55 Long-P?
224935....... 30 Psc 4.41 M3 111 103 12.05 0.43
225212....... 3 Cet 4.94 K3 lbv 97 41.95 0.37

Notes.N SB1  single-linedspectroscopitinary; SB?
of thedaritself; RSCVn RS CVn binary; Long-P?

# Velocity on IAU system.

suspectedpectroscopibinary; Self

velocity with respecto a spectrum

starswith long-tem variationsgreaterthantheir short-tem "uctuationspthers
shouldbe obvious.For the binarieslisted in Table 4, col. (6) givesthe standarddeviationwith respectto the orbital solution.
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TABLE 5
Levels of Variability
Constant Variable? Variable
SpectralType ( 0.1at0.12) ( 0.13t0.14) ( 0.14)
GO+G2 .......... Ya 2 7
G3+G5.......... 1 Ya 3
G6xG9 .......... 1 5 5
KO, K1 ......... 1 2 10
K2 ... 1 Ya 10
K3 ..o Ya Ya 14
K4 ... Ya Ya 6
K5+K7 .......... Ya Ya 10
MOtM1 ......... Ya Ya 11
M2+tM3 ......... Ya Ya 9
M4+M5 ......... Ya Ya 3
M5,C, S ...... Ya Ya 10
All o 4 9 98

how muchmorethan ., the standarddeviationper obseva-
tion, .. Mustbe for the starto be consideredsariable.This
o 1S itself a measuredguantity which should becomein-

Fig. 5.BbDeviationdrom a®ttedvelocity curve for HD 14214.Thestandard
deviationfor thesedatais 0.10 km s *.

Almost all theevolvedG, K, andM starswe haveobsewed creasinglyaccuratewith more obsewations,so it oughtto be
show velocity variationsat our level of precision.To assess knownto 1/ N, or 0.1/ 104 0.011 km s* for a
just how ubiquitousthis variability is, we mustde®necriteria typical starin Table 3. We thus proposeto classify the vari-
for judging whethera star might be constant.Obviously we ability by the following criteria: (1) starsthat are effectively
are not going to detectany variability less than our likely constant, oxt 0.10+£0.12 km s *; (2) starsthat
extenal error of measurement ., 0.11 km s %); starswith may be variable and deseve further consideration, oxt
this level of variationare effectively constantLet us establish 3 ,0r0.13t0.14km s % and(3) starsthatareclearlyvariable,
a criterion for judging whethera star's obsered variationis o 3 0.14 km s *. Applying thesecriteria to our
intrinsic or may be instrumental This meansdetemining just dataset, we get the distribution in Table 5. This mimics the

TABLE 4
New Orbits for Spectroscopic Binaries
Period T K b e
HD Name N (days) HJD 2,400,000 (kms Y (kms Y e (deg) (kms ') Refs.
352 .......... 5Cet 126 (96.41) 52,950.969 0.029 2394 0.05 073 0.04 0.0328 0.002 883 0.12 0.39 1
4502......... And 114 (17.7692) 53,600.028 0.098 2595 0.08 2453 0.04 Yy Yy 0.43
22649 ....... BD Can 65 (596.21) 52,967.73 0.78 848 0.10 2339 005 0.099 0008 347.0 46 0.38
26630 ....... Per 48 (283.272) 53,192.31 0.13 1962 007 854 0.04 0.055 0.003 2786 2.6 0.25
26673 ....... 52 Per 68 (1576.44) 52,742.00 057 (18.10) 505 0.03 0364 0.004 714 0.2 0.12
32068 ....... Aur 242 (972.162) 53,039.578 0.11 23.10 0.03 10.77 0.02 0.3982 0.0009 328.9 0.14 0.24 2
62044 ....... Gem 311 (19.60447) 47,232.052 0.003 3458 0.04 4291 0.02 Ya Ya 0.44
89758 ....... UMa 118 (230.089) 53,180.27 0.30 7.69 0.06 21.48 0.04 Yy Yy 0.40
148856...... Her 127 (410.575) 53,31558 0.12 1311 0.03 26.13 0.02 0561 0.001 230 03 0.18
173764...... Sct 118  (834) 53,310.49 028 14.76 0.04 22.06 0.03 0326 0.002 350 05 0.24
187076...... Sge 117 (3700.00) (51,705.0) (8.02) 0.53 0.05 (0.44) (257.7) 0.57 3
192577...... 31Cyg 191 (3784.34) (52,325.7) (13.98) 7.65 0.04 (0.228) (201.4) 0.27 2
192713...... 22Vul 99 (249.131) 53,229.26 0.05 27.38 0.04 2050 0.02 Ya Ya 0.27 4
192909...... 32Cyg 292 (1147.80) 33,139.48 0.26 16.77 003  7.35 0.02 0.3169 0.0014 2236 0.3 0.29 2
196093...... 47Cyg 68  (1117) 53,659.4 4.2 (2.00) 450 0.01 Ya Ya 0.30 5
215182...... Peg 75 (818.0) 52,86523 025 1439 002 385 0.04 0.171 0.002 3554 0.6 0.14
216489...... IM Peg 322 (24.64877) 52,241.970 0.004 3493 004 1415 0.03 00317 0.001 106.4 2.2 0.38 6
222107...... And 140 (20.5212) 53,601.010 0.015 658 003 644 002 0.063 0005 3212 4.2 0.26 7

Notes.N Valuesin parentheseare assumedraluestakenfrom the literature. Periodsare generallyfrom Battenet al. (1989) or Strassmeieet al. (1993).

References.N (1) Lineset al. 1984;(2) J. A. Eatonet al. 2007,in preparation(3) Eatonet al. 1995; (4) Eaton& Shaw2007;(5) Grif®n 1992; (6) Marsden
et al. 2005; (7) Walker 1944.

# Periastron(or ascendingnodefor circular orbit).

® Velocity on IAU system.

¢ Standarddeviationof single datumfrom ®t.
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photometricresultof Henry et al. (2000, Table6) but is more
extreme.Only 4% of the starsin Table 5 are constantat our

level of precision,while roughly half the starsanalyzedpho-

tometricallyby Henty et a. could be constanty their criteria.

Furthemore, two of the 2constant&tars, Ari and Gem,
are known to be variable at a low level. At this point, we

cannotsay whetherthe G andK giants haveorganizedradial

pulsationsdetectedn their variablevelocities,becausehe pe-

riods expectedaretoo shortto havebeeneffectively detected
in our data. The medianperiodfor the radial fundamentafor

G7+K4 giants given by Henry et a. (2000, Table 7), for ex-

ample,is near4 days.A furthercheckon the short-termvar

iability is to look at the time variation and decidewhetherit

looks random.Most of thesestarsshow apparentlycoherent
velocity variationsof the order of a cycle or two long. Ac-

cordingto G. W. Henry (2007, private communication)the

plotted velocitieslook very muchlike the photometricvaria-

tions of semiregulawariables(Percyet al. 2001).

The coolergiantsoften haveseconday periodsmuchlonger
than their radial fundamentalperiods, which cannotbe ex-
plained adequatelyby any known mechanism(Wood et al.
2004; Derekaset al. 2006). Suchperiodswere seenconvinc-
ingly in alargefraction( 25%) of starssampledn largesur
veysof redvariables suchasWood et al. (1999).Our datado
not cover a long enoughtime span( 1000 days)to seejust
how prevalentlong-termvariationsarein the K stars,but we
have identi®ed 19 starsin Table 3 with long-tem velocity
variation at leastas large as their short-term uctuations.A
few of thesemay be spectroscopidinaries,aswe havesug-
gestedn thenotesto thetable,butmuchmoreobsering would
be necessar to prove that.

5.1. SpectroscopicBinaries

The sampleincludeda numberof spectroscopidinaries,
many with ratherlong periods,andwe have®t orbits to their
velocity curvesto getthe elementsin Table 4. In doing this,
we assumedorbital periodsfrom the literature, becauseour
datadid not coverenoughtime to de®nethe periods.In prin-
ciple, we could have combinedour new datawith published
data,generallyof muchlower statisticalweight, to obtainim-
proved periods,but that approachwould haveintroducedar
bitrary zero-pointcorrectionsand increasedhe uncertainties
of the other orbital elementsderived.

Most of the eccentricitiesare probablyreal, buttwo of them
are likely spurious.The single-linedtidally distortedbinary
5Cet( HD 352)hasadecidedlynonsinusoidaelocitycurve
that repeatsover severalcycles. Our attemptsto ®t it with a
circular orbit gave 0.69 km s *. We could not even®t it
to within the expectederrors with an elliptical orbit (
0.39. Much of the elevatederror in both theseattemptsis
causedby a wavein the residualswith the right phasedepen-
denceandamplitudefor the signatureof tidal distortion(Stemne
1941); scatterabout this wave is close to the 0.10 km s *

extenal error of the spectrograpl{seeEaton2007). The ec-

centricityin IM Peg,on the other hand,is morelikely caused
by distortionsof its linesby starspotsaneffectfor whichthere
canbe no theoy.

6. SUMMARY

We havediscussedat-®eldingandwavelengthcalibration
for spectroscopyn the contextof datareductionfor the Ten-
nesseeState automatictelescope suggestingthat obtaining
“at-®eldimageswith the spectrograplout of focusis a good
way of more uniformly illuminating the CCD and getting a
betterdeterminedmeasurementdf pixel-to-pixel variationin
sensitivity

We havediscussedhe IAU velocity systemasan analogy
to the UBV photometricsystem,arguedfor applyingit in an
intellectuallyhonestvay to establistzeropointsfor particular
spectrographsand would argue further that this approachis
necessar to knowingtherelativeshifts of variousobsewers'
velocitieswell enoughto piecethemtogetherreliably into a
single velocity curve. We havepresenteda consistentauto-
matedtechniquefor measuringadial velocitiesfor cool stars
earlier than middle M spectraltype. The transformationof
thesevelocitiesto the IAU radial velocity systemis 0.35

0.09km s .

We haveestablishedhe externalerrorfor the TSU spectro-
graphby usingmany datafor the mostconstantcool starswe
have obsered, ®nding a standarddeviation per obseration
thattendsasymptoticallyto 0.10km s * with decreasingtel-
lar variability. We are formally quoting a value of
0.10+0.11 km s * for the spectrographThis value seemsto
apply for both sharp-and broad-linedstars,with the greater
variability of velocitiesof the broad-linedstarscauseddy in-
trinsic variation of thosestars.

We havepresentedesultsof monitoringabout120coolstars
over the ®rst 2+3 yearsof a so-calledsynopticprogram.Var-
iation of our extensiveradial velocitiesagreeswith the notion
thatall the cool giants(G+M) are variable. The G6+K 2 giants,
which seento bein aregionof minimal photometriosariability
in the HR diagram, are 90% variable or possiblyvariablein
our radial velocities, for example.Such starsseemvariable
from a variety of mechanismsmostly understoodpoorly at
best(e.g.,Wood et al. 2004; Brown 2007),andwe expectthat
variability will continuebeingan exciting topic of researchn
the future.

We havealso given improvedelementsfor 18 long-period
spectroscopidinaries.

We would like to thank Jeff Hall for the work he did in
adaptinghis datareductionprogramto our application,and
Harland Eppsfor graciously helping us ®nish the TSU spec-
trograph.We alsothank Colin Scafe for helpfully discussing
thelAU velocity systemwith us,andF. C. Fekelfor providing
some useful referenceso work on standardization.This re-
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