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Abst ract. We presentl4.3 yeass of previously unpublshed phobmetic obsevationsof UX Ari. The obsevationswere ob-
tained betwveen19879 and 20022 using the T3 0.4-metre Automaic Photoelectic Telescopeat Fairbom Obsewatory and
consgt of 1228 B bandand 1213V band measurementslhe comparisonstarwas 62 Ari. We have analyzedthe new data
togeher with previousl published phobmetic obsevations. The V magntude shavs variations with dominant periods of
about12 and25 years, where thelongestpeliod seemdo comrespondto anacivity cycle. The previously reported anticorrela-
tion betweenthe B - V colourandV magntudevariatonsis confirmed.
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1. Intr oduction

UX Ari (HD 21242)belongsto the group of RS CVn stars,

which are synchronouly rotating spectoscopic binarieswhere
thecoolerprimary components a subgiantor giant exhibiting

spotandchromogpheric acivity (Hall 1976. Carlos& Popper
(1971 determinedthe spectal typesof the componerd to be
KO IV and G5 V.

Theoldeg phobmetic observationsof UX Ari to befound
in theliteraturearethose presentedby Hall etal. (1975. They
repored a light curve that they sugpeckd to be rotationaly
modukbted, although they had too short a basline of data
to say this conclusively. Their light curve had an ampitude
AV =~ 0.1 mag and a period of 6.43791d (determined spec-
troxcopicaly by Carlos& Popperl977). Sincethen,phobomet
ric observations have beenpreentedby several authors(Hall
1977 Lands et al. 1978 Weiler et a. 1978 Guinanet a.
1981 Zeilik et al. 1982 Sarma& Prakas Rao 1983 1984
Poe & Eabn 1985 Busso et al. 1986 Wacker & Guinan
1987 Mohin & Raveendranl989 Strasmeier et al. 1989
Nelson & Zeilik 1990 Rodord & Cutispoto 1992 Elias et al.
1995 Raveendrar& Mohin 1995 Ak et al. 1996 Padmaka&
Pandey 1996 1999 ESA 1997 Fabricius & Makaros 2000.
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It is well edablishedthatthe UX Ari light curve is rotation-
ally modubtedanddisplayswave-like behaviour, i.e.thetime
of minimum light occursat differert orbital phasein different
observing sea®ns It is aso generallyacceptedhat the rota-
tionaly modukted brightnes variatons seenin UX Ari and
the other RS CVn stars arecaugd by extended cool spots on
the surfaceof the cool primary component

Applying the Doppler imaging techngjueto spectoscopic
obenationsprovidesa detailed analysis of spotevolution and
structure. Doppler imagesof UX Ari exist for the observ-
ing sea®n 1981987 (threemaps Vogt & Hatzes1991]) and
the observing sea®ns 19951996 and 1991997 (two maps
Aarumet a. 1999. The mapsare few and far apartin time,
andthey give a bagline of only 10 yearsfor the study of spot
evolution and any magneic cycles The phoometic obsrva-
tionsof UX Ari startedin 1972February(Hall et a. 1975 and
thusprovide a basline of 30 years Photometic obsrvations
arehenceimportantwhenstudying possible magnetc cyclesin
UX Ari and otherchromophercally acive stars.

In this papermwe present new B andV phobmetic observa-
tionsof UX Ari takenduring 1987.87—2002.2 We searchfor
periodic behaviour in the long-erm brightnes variaionsand
analyzethe B — V colour variaionsaswell asthe spot proper
tiesof UX Ari.

2. New photometric obser vations

Thenew phobmetic observationspresnied in this paperwere
acqured between1987 Novemberand 2002 March with the
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T3 0.4m APT at Fairborn Observatory in southernArizona.
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Table 1. A summaryof the new B andV phobmetic obsevations

The 0.4 m APT uses a temperatre-dabilized EMI 9924B obtained during the yeais 1987—-2002.The third andfourth columns
photomultipliertubeto acquiredatasuccesively throughthe —givethe numberof individual B andV obsewations.

John®n B andV filters. EachUX Ari observation consists of
measiremens in the following sequence termeda group ob-
servaton:K,S,C,V,C,V,C,V,C, S, K, in which K is the check
star (HD 20618= HR 995= 59 Ari, V = 5.91,B -V = 0.86),
C is the comparson star (HD 20825= HR 1012 = 62 Ari,
V =555,B-V =110),VisUX Ari (HD 21242,V = 6.47,
B -V = 0.88),and S is a sky reading.ThreeV — C andtwo
K — C differentialmagnitudesare formedfrom eachsequence
andaveragedtogetherto creategroupmeansGroupmeandif-
ferental magnitudeswith internal standarddeviationsgreaer
than 0.01 mag were rejectedto filter the observations taken
undernon-photometriconditions Thesurviving groupmeans
were correctedfor differertial extinction with nightly extinc-
tion coefficients and treatedas single obsnationsthereafter
The externalprecision of our differental magnitudes defined
as the standard deviation of a single differential magnitude
from the sea®nalmeanof the differertial magnitudes, is typi-
caly around0.004magfor this telescope,as determinedfrom
obsernvationsof pairs of congant stars Prior to JD 2449117
(1993.35),the precsion was somewhat worse (~0.007 mag)
before the advent of our new precision phobmeer. The in-
creagdscatter alongwith slight systematicoftsets, canbeseen
in the K — C differental magniudesbut is notlarge enoughto
affectthe V — C magntudessignificanty. We have analyzed
the K — C differentialmagnitudesor eachobserving sea®n
andfind thatthe comparson star 62 Ari is congant from night
to night at the limit of our precsion while its sea®nal mean
brighthes varies no more than ~0.002 mag Therefore,any
possible intrindc variationsin the comparson star will have
no significanteffecton our anaysis of UX Ari. Furtherinfor-
maion on the operaton of the APT canbe found in Henry
(19954ab).

Table 1 summarizeghereaulting 1228new Band1213new
V observationsof UX Ari. Table 22 lists the individualV — C
andK - C differentialmagnitudes

3. Photometric analysis

The new V band measuemerts are plottedin Fig. 1 together
with the previously published V observations In this and sub-
sequentfigures differentialV magnitudemeasirementsand
differential B — V colour measirementshave beencorverted
to apparenmagntudesand ab®lute coloursusingV = 5.55
andB -V = 1.10for 62 Ari (ESA 1997. Table 3° lists the
previoudy publishedindividualV — C obsrvations

3.1. Period analysis

In the top pane$ of Fig. 2 we have plotted the long-erm
variations of the meanV magntude and the peak-b-peakV

1 Furtherinformaion about Fairbom Obsewatory canbe found at
http://www.fairobs.org/

2 Table 2 isonly available in electonic form at the CDS.

3 Table 3isonly available in electonic form at the CDS.

HJD 2400000+ Equinox B \Y
4711296-4723262 198787-198819 33 35
4741590-4760461 198869-198%21 140 133
4778982-4796961 198972-199021 131 125
4818284-4832163 199079-199118 49 45
4869761-4870161 199220-19922 3 2
4887495-4906660 199269-19931 78 79
4923500-4942761 199368-199420 103 101
4963887-4980462 199478-199524 68 67
4998297-5016962 199572-199&24 107 108
5039192-5053362 199684-199723 72 78
5071486-5089663 199773-199823 97 97
5108587-5126262 199874-199923 129 128
5142996-5162663 199969-200022 111 111
5181295-5198066 200074-200119 65 64
5217699-5235863 200173-200223 42 40
4711296-5235863 198787-20023 1228 1213
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Fig. 1. All the available phobmetic V obsevationsof UX Ari start-
ing in 1972 February. The measuemens presengd in this paperare
plotted as opencircles.

amplitudeagang time (HJD). The 199%/19920observing sea-
son contains too few individual V observationsto provide a
useful light curve. For eachof the otherobsrvingseasnswe
havefrom 17 to 141individualV obsrvations themedanbe-
ing 83, spreadoverall the orbital phases.This implies that we
can,within the observationalerrors recover the minimumand
the maximumof eachindividual light curve exceptin the sea-
son menionedabove.

The variations of meanV magntude shows a clear min-
imum aroundthe years1980-1982and a maximum around
1993-1995.The mean magntude varies over a range of
~0.15 mag, and the peak-b-peakV amplitude varies from
0.05 mag to 0.31 mag from sea®n to sea®n. The overall
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Fig. 2. The meanV magntude andthe peakto-peakV ampitude of
UX Ari at different obseving seasongtop) togeter with the corre-
spondig periodogamsby the method of Horne & Baliunas(1986
(middle) and by PDM (Stellingwerf 1978 bottom). The horizontal
dashedlinesin the middle plots maik the power level of 90% sig-
nificance(Horne & Baliunas1986).

faintest observation occuredin the 19831982 ob<erving sea-
son (Sarma & Prakas Rao 1984 and isV = 6.72 mag.
This should be comparedo the overall brightes observation,
V = 6.36 mag,which occuredin the 198819890ob<rving sea-
son (Raveendrar& Mohin 1995. All the® variatonsindicake
a highly variable spot distribution on the surfaceof the KO 1V
primary component

The temporal behaiour of the V magniude suggess
quas-periodic proceses in the spot evolution. Therefore,us
ing a periodogramanaysis desribed by Horne & Baliunas
(1986 andthe PERIOD pha® disperson minimizaion (PDM,
Stellingwerf1978 agorithm providedby the Starlink project
(http://www.starlink.rl.ac.uk/), we performeda pe-
riod analyss of the meanV magntude andthe peak-b-peak
V amplitude Thereaulting periodogramsre shown in themid-
dle and bottom panek, regecively, of Fig. 2. Table 4 summa-
rizesall theperiodsthat werefound.

Thesignificancdevels thatcanbecalculatedy themethod
of Horne & Baiunas(1986 is based on an emprical expres
sion for the numbern of independenfrequencés. The power
level of 90%significancehasbeenindicaedin Fig. 2. Theem-
pirical expression for n hasturnedout to be quesionabk in
someca®s(Schwarzenbeg-Czerry 1997. Thereforewe have
basd our significancediscussionsin the following on the sig-
nificancecalculationamadeby the PERIOD softwarepackage,
which in turn are basd on the discussionsby Linnel Nemec
& Nemec(1985.
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Table 4. The periods found from the peliod anaysis of the mean
V magntude and the peakto-peakV ampitude variaons betveen
different obseving seasonsThe periods on the left are thosefound
by the method of Horne & Baliunas(1986), andon theright are the
periodsfoundby PDM (Stellingwerf1978).
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Fig.3. The B — V colour of the new dai@ plotted against the
V magntude

Two dominantperiod typeswerefoundin the period anal
ysis. Thelong-erm variation with a period of about25 years
was seenin both the meanmagntude and the ampitudeand
was morethan99% significantin both caes This period cor-
regpondsto the total minimum-b-maximumvariaton from the
early 1980sto the mid 1990sandseemsto indicake thechange
in total spottedneson thestellar surface.

The short-term variation around 12 yearswas seenin the
ampitudeonly andwas morethan99%significant This period
seemdo berelatedto therearrangementf the spotdistribution
asindicatd by the periods of large and small amplitudesin
the V light curves (see Fig. 7 and Sect 3.4) and thusto the
differental rotation of the spotted primary componentOn the
otherhand,the 12-yearperiod is roughly half thelongperiod,
so we could be looking ata harmont effect.

3.2. B -V colour

To determine the nature of the spots on UX Ari, we have plot-

tedthe B — V colour of the new data agang theV magntude.
The plot is shown in Fig. 3. The plot shows that the system
becomeshluer asit becomedainter One would expectthat
the effectof dark, cold spots would be to make the star redder
andfainter (seee.g.Korhonenet a. 2001), not bluer. This so-

calledanticorrelation betweenthe V lightcurve and the B - V

colour index curve hasbeenobsrned by severalinvestigators
(Padmaka& Pandey 1999 and referencesherein). Thecaug
of the anticorrelation is underdebae. Two effectsthat have
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Fig.4. Left: The V light curve and the B — V colour curve for the
19881989 obseving season(Raveendan & Mohin 1995 and this
work) plotted against orbital phaseThis seasorcontinsthe brightest
V measuremeramongthe tatulateddata,hencebeingthe closestto
the unspoted UX Ari primaty componenturface.Right: The V light
curve andthe B — V colour curve for the 19811982 obseving season
(Sama & PrakasaRao 1984 plotted against orbital phase.This sea-
soncontainsthe faintestV measuremeramongtheavailable seasons.
The plotting symbols are the sameasin Fig. 1 for both seasms, and
the solid curvesrepreset cubic spline fits to the observations.

beenbroughtto the table are (1) flares and/or facularareas
(Rodomd & Cutispoto 1992, and (2) the fractional contribu-
tion of the hotter secondarycomponento the composte flux
in the blue region (Mohin & Raveendran1989 Raveendran
& Mohin 1995. We addres this quesion in a separae paper
(AarumUIvas& Engwld 2003.

The 198819890bserving sea®n of Raveendran& Mohin
(1995 contains the brighted single measirementof UX Ari
(V = 6.36 mag).The primary componenmusg thereforehave
beenleas spoted at thatpoint. We have plotted in theleft pan-
els of Fig. 4 the V light curve and the B — V colour curwve,
together with cubic spline fits to the observetions, against or-
bital pha® ¢ for this sea®n. The plot shows both the dat of
Raveendran& Mohin (1995 and our new data. The orbital
phags were calculated using the ephemers of Duemmer &
Aarum (2007,

To = HID 245064200204+ (6.4372703+ 0.0000069k,

whereTy is thetime of maximum radal velocity of the primary
componenandcorrepondsto ¢ = 0.

AlthoughUX Ari islea$ spotted in the 198819890bserv-
ing sea®n, it is not straightforwardto deducethe temperaure
of the ungotted surfaceof the primary componentrom the
B — V colour curve. UX Ari is a spectoscopic triple system
(Duemmer& Aarum2001, andreferencetheren), so thepho-
tometricmeasirementscontaincontributions from threestars
with quite differenttemperaturedVithout moreaccurateénfor-
mation on the B andV magntudesof the two ungoted stars,
itisimpossible to deducethe ungotted surfacetemperatire of
the primary componenfrom the colour curve of the brighteg
seadn.
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The V obsrvations in the 19811982 observing sea-
son preented by Sarma & Prakas Rao (1984 contains
the faintes measirementsamongthe available obsrvations
(V = 6.72mag).TheV lightcurve andthe B — V colourcurwe,
together with cubic spline fits to the observations, are plotted
agang orbital phafor thissea®nin therightpanesof Fig. 4.

TheV amplitude of the cubic spline fit is 0.18 magin the
brighter sea®n and 0.16 mag in the fainter sea®n. The dif-
ferencein the meanV magntudebetveenthe two sea®nsis
0.09mag.Apartfrom this, the V light curveslook rea®naby
similar in the two sea®ns The colour curves on the other
hand,look different The colour curve of the brighter sea®n
shows a distinct maximum nearpha® 0.4, at the samephag
wheretheV light curve shows a minimum. This illu strateghe
relation betweenB—V colourandV magntudeshowninFig. 3.
The colour curve of the fainter seasm seens virtually flat com-
paredto the brighter sea®n, andit also contains more scater.
The differencebetweerthe colour curvescanbe explainedby
the quality of the two data setsbeing different. The brighter
sea®n conkins a large numberof high precision APT mea-
surementswhereashefaintersea®n congsts of relatively few
andolder measirements

3.3. Spot evolution

TheV bandphobmetic obsrvationswereusedto investigate
the spotevolution on UX Ari in the context of therandom-pot
model(RSM) introducedoy Eabn et a. (1996. TheRSM uses
10-40moderatelysizeddarkspotsplacedrandomlyonthesur-
faceof adifferentally rotating star to reproducehelightcurves
of chromogherically acive stars. Thedifferertial rotation con-
tinualy redistributes the spots over the stellar surfaceand by
doing so canaccounfor muchof the changng shapeand am-
plitudeof thelightcurvesonrotationaltimesales Thereman-
ing shapeandamplitudechangesaswell asthelong-ermlight
variatonsobserved in mog chromopherically acive stars, are
reproducedf the spotsalso appearanddecayat randomwith
typical lifetimes of several years No magneticcycleis neces
sary to producethelong-erm brighines changes

Althoughthe UX Ari V light curvesare clearly rotation-
ally modulatedand show shapeand amplitude changesbe-
tweensea®ns the light curves are quite stable within each
sea®n, asFig. 5 shows. A few exceptonsarerepregnted by
the 19901991,19921993,19941995and199§1997sea®ns
In the 19921993and 19961997 sea®ns thelight curve am-
plitudeincreagsdightly. In the 19941995sea®n, the ampli-
tudedecreass In neitherof thes threesea®nsdoesthemean
brightnes change.This canbe explainedby a congant level
of spottednes that is redistributed (broughtcloser togeherin
19921993and19961997 anddrifting apartin 19941995)by
the differentialrotation.

The mean magnitudeseemsto decreas dightly during
the 19901991 sea®n, while the amplitude remainscondant.
Such behaiour can be explained by the emegenceof spots
in circumpohbr regions The orbital inclination of UX Ari
isi = 59 (Duemmkr & Aarum 200]). If the rotatonal
and orbital axes are aligned, all latitudes above 59° are
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Fig. 5. The phoometic V obsevationspresengd in this paper

circumpohr. An aternaive explanaton could be for spots to
appearin non-crcumpohr regions but in orderto keepthe
ampitudecongant, the spots would have to appearevenly dis-
tributedin longitude.

UX Ari aso displays long-erm variatons in its mean
brightnes, suggesing cyclic behaiour. The RSM canrepro-
ducesuch behaviour via the randomappearancanddecayof
individualstarspots withoutthe needfor a driving mechansm,
asshown by the sample light curvesgeneratd by the RSM in
Eabn et a. (1996 and Fekel et a. (2002).

In Fig. 6, the maximum, minimum and meanV magntudes
in variousobserving sea®nsare plotted against the V anpli-
tude.The plot of maximumV magnitudeagang V ampitude
shows thatwhenthe ampitudeis small, the brighteg areasof
the star becomedarler (or less bright), and whenthe ampli-
tudeis large, the brightestareasbecamne brighter. Similarly, the
plot of minimumV magntudeagang V ampitudeshows that
when the amplitude is small, the darkestareasof the star be-
comebrighter (or less dark), and whenthe amplitudeis large,
thedarkest areadhecomedarker. This canbeexplainedby con-
cenrtrating the dark spots to a limited area at timeswhen the
anplitude is large, and distributing the spots acrcss a larger
portion of the stellar surface at times when the amplitude is
small. As canbe seenin Fig. 6, thereis no systenetic trerd
in the meanV magnitude with the V ampitude.This suggess
thatthe UX Ari light curve amplitude variations are cawsedto
alargerextentby a coninualrearrangemerdcros the stellar
surfaceof amoreor less congant amountof darkspots, andto
alesser extentby theoverall level of spottednes.

We also have spectroscopic observationsof UX Ari taken
in the observing sea®ns 19951996, 199§1997,19981999
and 19992000. Thes obsrvations have beenused to study
the radial velocitiesof UX Ari (Duemmler& Aarum2007).
They will also be used for Doppler imaging (Aarum Ulvas
etal., in prep.)usng the phobmety preened in the present
paperas an additional condraint on the surface maps The
plot of V ampitudein Fig. 2 shows a strong ampitude in
19951996 and 199§1997,and a wealer (but not the weak-
eg ever observed) ampitudein 19981999and19992000.We
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Fig. 6. The maximum (top), mean(middle) and minimum (bottom)
UX Ari V magntudeatdifferentobsewving seasonglotted againstthe
V amplitude.

should thereforeexpectour surfacemapsto show concentated
spots in 19951996 and 19961997, whereasthe spots in the
19981999 and 19992000 mapsshould be more widely dis-
tributedover thesurface.
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to the data.

3.4. V light curves from 1971/1972 to 2001/2002

In Fig. 7, we have plotted theV magnitude$rom eachindivid-
ualsea®nagand orbital phag, togeherwith a cubic splinefit
to the data.

The 19741975 sea®n marksthe beginning of aboutfive
yearsof virtually flat V light curves Flat light curves sug-
gest that the spots are rather evenly distributed overthe stellar
suface,yielding very little brightnesscontrastasthe star ro-
tates.The fact that the meanlight level over thesefive years
is considerably fainter than the maximum light level in sea-
sons of high brightnes contag suggess that the star is not
ungottedeven thoughthe brightnes varies little with orbital
pha®. In the 19811982 sea®n the brighines contrag starts
to increag. Maximum contras is reachedin 19831984 and
19841985,after whichit startsto decreas. Althoughthe con-
trad decreasssteadily, thelight curveis notflat until six years
later, in 19901991.Two yearsafter this, the contad is high
again,andthistime it lads for five to six years Thelad three
observing sea®ns (19992000, 200¢2001 and 200%2002)

display low brightnes contrad, suggesing that the spots are
onceagain evenly distributed. The contragd variaionsseemto
ageequite well with the 12-yearperiod of the variationsin the
peak-to-peak/ ampitude(seeFig. 2 and Table 4).

A very strong UV flare occuredon UX Ari on 1995
November 19 (Dupree& Brickhoug 1996. Henry & Hall
(2997 repored that this flare was detectble in the B and
V magntudelight curves using dat from the 199519960b-
serving sea®n preentedin this paper Henry & Hall also re-
ported thatUX Ari underwent rather suddenspot redistribu-
tion during this sea®n, causng the spreadin the V magntude
lightcurve aroundy = 0.4.

3.5. Phase of Vpin

From the cubic spline fits to the V light curvesin Fig. 7 we
have deermined the orbital pha® of minimum light of those
sea®nswherethe V ampitudewas large enoughto allow an
accuratedetermination We have also determinedthe differ-
encein orbital pha® of minimum light betveenone sea®n
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Fig. 7. coninued.

andthepreviousone(i.e.theorbital phag of minimumlightof
this sea®n minusthe orbital pha® of minimum light of the
previous sea®n). The phag differencewas corverted into
phag drift in units of pha® yr~! by dividing by the difference
in meanequnoxbetweenonesea®nandthepreviousone.The
reallts are preented in Table 5. Figure 8 shows the orbital
pha® of minimumlightasfunction of equinox.

Secion 3.1 gives evidenceof a period ~25 yearsin the

meanV magntude, which suggess that UX Ari displays a
25-yearactivity cycle. Given the 25-yearactvity cycle, we
have definedanactivity cycle pha® ¢, given in Table 5 along
with the meanequinox of eachobserving seasa. Fitting a
sine curve with period 24.5years(see Table 4) to the plot of
meanV magntudeagandg equinox (Fig. 2) yields the follow-
ing ephemers:
To = 199342+ 24.5E, Q)
whereTy marksthetime (equinox) of maximumVmeanandcor-
repondsto ¢, = 0. Sincemaximum Vpean cOrrepondsto spot
minimum, ¢, = 0 canbe said to markthe beginning of a new
spotcycle.

We cansee no clearcorrelationbetweertheorbital phag of
minimum lightandtime (Fig. 8). Theonly excepionisin the
period 1982-1990wherethe orbital pha® of Vnyin seemsto

orbital phase

. 0.
orbital phase

decreasdinearly with time. The phase migration rate of min-
imum V magntude in Table 5 varies from —0.1157 yr!
(19891989)to +0.2605yr~* (19951996) but it is mogly neg-
ative. We al= find no clear correlationbetweenthe phag mi-
gration rate of Vp,jn andtime. The migration of phoometic
minimumin orbital phagisvery likely caugd by a mixture of
effects Surfacedifferertial rotation continually causesspots at
differert stellar latitudes to clump together for atime and also
dissolvesexistent spot concentations The emegenceof new
spots and the decayof old spotsalso affect the orbital phase
of phobbmetic minimum. In this scenaro, the rotation period
derived from the pha migraion rate may not correpondto
the true rotation period at any stellar latitude. To obtain more
information on UX Ari stellardifferental rotation and spot mi-
graion,we needto apply theDopplerimaging techngueto our
spectroscopic observations(AarumUlvaset al., in prep.).

4., Conclusions

We have in this papempresnted new phobmetic observations
of UX Ari and analzedthem togeher with previoudy pub-
lishedobservations Our main reallts are:

— 2441 nev phobmetic measiremens of UX Ari (1228
in the B band and 1213 in the V band) taken in the
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o1 ] — ThemeanV magntudeandthe peak-b-peakV ampitude

I 1 exhibit a long period of about25 yearsand a shorter pe-

08l .. _ riod of about12 years The 25-yearperiod indicaes an
[ ] .. .

[ 1 actiity cycle, andthe 12-yearperiod seemsto be related
KIS .o o . ‘oo ] to the rearrangemerndf spots and thusthe differentialrota-
5 061 t L. . 7 tion of UX Ari.

8 L 1 — Thetotalflux of theUX Ari syssembecomedluerasit be-
- sl ., 7 comesfainter The cau® of this effectremainsunreslved
£ 1 but will beaddresed in a separae publicaion.

i ] — V lightcurvesfor 7 previoudy unpublshedobserving sea-

02 . sonshave beenpreenied.
0.0 L coeoe o b e e e e b e e ey ]
1970 1975 1980 1985 1990 1995 2000 2005
equinox

Fig. 8. The orbital phaseof minimumlightasfuncion of equinox.

period 1987.87—2002.2Bave beenpreentd. All the new
measirementsireavailable electronicallytogethemwith all

the previoudy publishedV measirementghat have been

analyzed
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Table 5. The orbital phaseof minimum light for thoseseasonf the
availade datawhere the V ampitude was large enoughto allow an
accuratedeterminationT hefirstcolumngivesthemeanequinoxof all
theobsenationsin eachseasonThe secondcolumngives the activity
cycle phasederived from theephemerisn Eq. (1). Thefourth column
givestheorbital phasedrift of minimumlightfrom thepreviousseason
(this seasorminuspreviousseason)n units of phaseyr.

Mean Activity Phase Phase
equnox phasep, Of Vi,  drift (yr?)
197219 0.134 - -
197279 0.158 07335 -
197495 0.246 - -
197599 0.289 - -
197686 0.324 - -
197994 0.450 - -
198199 0534 06414 -
198300 0575 06111 -0.0300
198410 0.620 0.6388 +0.0252
198495 0.654 05534 -0.1005
198585 0.691 0.6001 +0.0519
198711 0.743 05892 -0.0087
198800 0.779 05456 -0.0490
198894 0.817 04368 -0.1157
198994 0.858 0.4036 -0.0332
199101 0.902 - -
199294 0981 07694 -
199396 0.022 0.6606 -0.1067
199501 0.065 05511 -0.1043
199593 0.103 0.7908 +0.2605
199703 0.148 0.7808 -0.0091
199795 0.185 06912 -0.0974
199895 0.226 0.6513 -0.0399
199993 0.266 0.6603 +0.0092
200095 0.308 - -
200190 0.346 - -
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