Solar-cyclevariations in p-modefr equencies
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1 Intr oduction

We reporthereon the variability of the individual-n p-modefrequenciesvith solar
actvity, andalsoon the variationsof the even-ordera coefcients of the frequeny
splittings. We madeuseof six yearsof obsenationscollectedby the helioseismic
Instrument_OWL, locatedat Maunaloa SolarObsenatory (Hawali) andoperatedy
HAO/NCAR.

2 Data

The obsenrationsusedherebeagin March 1, 1994andendOctoberl2, 1999, spanning
thedecliningphaseandthe minimum of solarcycle 22 andtherising phaseof solarcy-
cle 23. They weredividedinto 19 time seriesof 108days,following the 36-dayGONG
monthreference. For eachmode(n; ), all the multiplets (n; ; m) were t together
usinga polynomialexpansionbasedn the Ritzwoller & Lavely coefcients.

3 Individual-m frequencyshifts

Thefrequeny shifts, ..., wereobtainedby subtractingrom eachindividual-m fre-
gueng the correspondingneanover all of the obsenations, and normalizedby the
modeinertia.

As pointedout by Howe et al.(2002), the frequeng shifts within an (n; ) multiplet
vary acrossherangeof m=", andareexpectedto be proportionalto the projectionof
thesurfacemagneticux onthecorrespondin@ssociated.egendrefunctions.

Figurel shavsthemeantemporablariationsof LOWL frequeng shiftsatselectedn="
values averagedver 20 70in thefrequeng range2800 3200 Hz.

theequatorshaw clearlydifferenttemporalvariationsthanthefrequencie®f thezonal
(jm] = 0) andtesseraimodes,which are sensitve to a wider rangeof latitudes. The
amountof changealsovarieswith them="values.Moreover, thesevariationsarewell
representedy thecorrespondingprojectionof thesurfacemagneticux. Theseresults
agreewell with theobsernationsmadewith GONGandMDI data(Howe etal.2002).

4 Even-order acoef cients

Thefrequeng splittingsaredescribedy the so-calleda coefcients. The signatureof
the solarrotationis presentn the odd-ordercoefcients, while the even-ordercoef-
clentsdescribeary asphericityin the solarstructure.Moreover, the even-a coefcients
have beenobseredto shav temporalvariationswith solaractwvity, which werefound
to be stronglycorrelatedwith the latitudedistribution of the surfacemagneticactwvity
(Howe etal. 1999;Antia etal.2001).

Figure 2 shavs the temporalvariationsof the meaneven-splittingcoefcients, hajl,
hayl, hagl, andhagl found from LOWL data. They werenormalizedby the modein-
ertlaandthenwereaveragedover20 =~ 70in the frequengy range2400

3200 Hz.

The variationsandtheir correlationswith the correspondingcomponent®f the Leg-
endredecompositiorof the surfacemagnetic eld obtainedwith LOWL dataarein
agreememvith GONGandMDI obserations(Howe etal. 1999;Antia etal.2001).
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Fig. 1.—Tempoal variationsof the LOWL frequencyshifts, ,..n,, atselectedn="val-
ues. Thesolid lines showthe best ts to the correspondingprojection of the surface:
magnetic ux. Thecorrelationcoefcients, R, are alsogiven.
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Fig. 2.— Tempoal variationsof the LOWL even-oder coefcients hajl, hayl, hagl, and
hagl. Thesolid linesshowto the best ts to the correspondingcomponent®f the Leg-
endre decompositiorof the surfacemagnetic ux. Thecorrelation coefcients, R, are

alsogiven.
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5 Conclusion

The distribution of the surfacemagnetic eld clearly affectsthe individual-m p-modefrequencies, ,--m, obsered by the LOWL instrument. The frequeny shifts of the sectoral
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modes(m=" = 1), sensitve only to the regions nearthe equatoy shav differencesan amplitudeandin phasecomparedo the otherm=" values,which samplea wider rangeof
latitudes.Thetemporalvariationsin theeven-ordera coefcients of thefrequeng splittingsshav alsostrongcorrelationswith thelatitudinal variationsof the surfacemagneticeld.

Carryingout 2-D inversionsfor the soundspeed Antia et al. (2001)concludedhatthe obseredvariationsin the even-a coefcients arisefrom changesn the surfacelayerswithout
any signi cant variationin theasphericityof thesoundspeedvertheperiodstudied.Structuranversionswith the LOWL obserationswill bethenext stepof thisanalysis.However,
thetemporalvariationsfound herearein agreememvith obsenationsmadewith GONGandMDI (Howe etal.1999;Antia etal. 2001;Howe etal. 2002).
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