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1 Intr oduction
We report hereon the variability of the individual-m p-modefrequencieswith solar
activity, and also on the variationsof the even-ordera coef�cients of the frequency
splittings. We madeuseof � six yearsof observationscollectedby the helioseismic
instrumentLOWL, locatedat MaunaLoa SolarObservatory(Hawaii) andoperatedby
HAO/NCAR.

2 Data
Theobservationsusedherebegin March1, 1994andendOctober12, 1999,spanning
thedecliningphaseandtheminimumof solarcycle22andtherisingphaseof solarcy-
cle23. They weredividedinto 19 timeseriesof 108days,following the36-dayGONG
monthreference.For eachmode(n; `), all the multiplets (n; `; m) were �t together,
usingapolynomialexpansionbasedon theRitzwoller & Lavely coef�cients.

Setof commonmodesbetweentheanalyzed108-dayindependentLOWL time series.
The missingmodesfrom ` � 60 correspondto the modesfor which leaksandside-
lobesblendwith the targetmodes.They wereremoved in orderto avoid any possible
systematicerrors.

3 Indi vidual-m fr equencyshifts
Thefrequency shifts,� � n;`;m , wereobtainedby subtractingfrom eachindividual-m fre-
quency the correspondingmeanover all of the observations,and normalizedby the
modeinertia.

As pointedout by Howe et al.(2002), the frequency shifts within an (n; `) multiplet
vary acrossthe rangeof m=`, andareexpectedto beproportionalto theprojectionof
thesurfacemagnetic�ux on thecorrespondingassociatedLegendrefunctions.

Figure1 showsthemeantemporalvariationsof LOWL frequency shiftsatselectedm=`
values,averagedover20� ` � 70in thefrequency range2800� � � 3200� Hz.

The frequenciesof the sectoralmodes(jmj = `), which senseonly the regionsnear
theequator, show clearlydifferenttemporalvariationsthanthefrequenciesof thezonal
(jmj = 0) andtesseralmodes,which aresensitive to a wider rangeof latitudes. The
amountof changealsovarieswith them=` values.Moreover, thesevariationsarewell
representedby thecorrespondingprojectionof thesurfacemagnetic�ux. Theseresults
agreewell with theobservationsmadewith GONGandMDI data(Howeetal.2002).

Fig. 1.–Temporal variationsof theLOWLfrequencyshifts,� � n;`;m , at selectedm=` val-
ues. Thesolid lines showthe best�ts to the correspondingprojectionof the surface
magnetic�ux. Thecorrelationcoef�cients, R,arealsogiven.

4 Even-order a coef�cients
Thefrequency splittingsaredescribedby theso-calleda coef�cients. Thesignatureof
the solarrotationis presentin the odd-ordercoef�cients, while the even-ordercoef�-
cientsdescribeany asphericityin thesolarstructure.Moreover, theeven-a coef�cients
have beenobservedto show temporalvariationswith solaractivity, which werefound
to bestronglycorrelatedwith the latitudedistribution of thesurfacemagneticactivity
(Howeetal.1999;Antia etal.2001).

Figure 2 shows the temporalvariationsof the meaneven-splittingcoef�cients, ha2i ,
ha4i , ha6i , andha8i found from LOWL data. They werenormalizedby the modein-
ertia andthenwereaveragedover 20 � ` � 70 in the frequency range2400� � �
3200� Hz.

The variationsandtheir correlationswith the correspondingcomponentsof the Leg-
endredecompositionof the surfacemagnetic�eld obtainedwith LOWL dataare in
agreementwith GONGandMDI observations(Howeetal.1999;Antia etal.2001).

Fig. 2.– Temporal variationsof theLOWL even-order coef�cients ha2i , ha4i , ha6i , and
ha8i . Thesolid linesshowto thebest�ts to thecorrespondingcomponentsof theLeg-
endre decompositionof thesurfacemagnetic�ux. Thecorrelationcoef�cients, R, are
alsogiven.

5 Conclusion
The distribution of the surfacemagnetic�eld clearly affectsthe individual-m p-modefrequencies,� n;`;m , observed by the LOWL instrument.The frequency shifts of the sectoral
modes(m=` = 1), sensitive only to the regionsnearthe equator, show differencesin amplitudeandin phasecomparedto the otherm=` values,which samplea wider rangeof
latitudes.Thetemporalvariationsin theeven-ordera coef�cients of thefrequency splittingsshow alsostrongcorrelationswith thelatitudinalvariationsof thesurfacemagnetic�eld.
Carryingout 2-D inversionsfor thesoundspeed,Antia et al.(2001)concludedthattheobservedvariationsin theeven-a coef�cients arisefrom changesin thesurfacelayerswithout
any signi�cant variationin theasphericityof thesoundspeedover theperiodstudied.Structureinversionswith theLOWL observationswill bethenext stepof thisanalysis.However,
thetemporalvariationsfoundherearein agreementwith observationsmadewith GONGandMDI (Howeetal.1999;Antia etal.2001;Howeetal.2002).
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