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7 Speial Astrophysial Observatory of RAS, Nizhnii Arkhyz, Russiadkudr�sao.ruÏîñòóïèëà â ðåäàêöèþ 11 íîÿáðÿ 2013 ã.Abstrat. High-resolution spetra obtained with the 6-m BTA telesope, Russia, and with HARPSand VLT/UVES telesopes at ESO, Chile, were used for Doppler Imaging analysis of two roAp stars,HD 12098 and HD 60435, showing strong and variable Li resonane line in their spetra. We found thatLi has highly inhomogeneous distribution on the surfaes of these stars. We ompared our results withpreviously obtained Doppler Imaging mapping of two CP2 stars, HD 83368 and HD 3980, and disussorrelation between the position of high Li-abundane spots and magneti �eld.Key words: stars: abundanes � stars: hemially peuliar � stars: magneti �eld � stars: individual:HD 3980, HD 12098, HD60435, HD833681 The star HD 12098Spetral observations of a number of hemially peuliar stars with the ehelle�spetrometer NES andthe 6-m BTA telesope of SAO RAS allowed us to disover several Ap stars with abnormally high lithiumabundane. Among these stars the star HD 12098 � the �rst rapidly osillating (roAp) star found inthe northern hemisphere (Girish et al., 2001) deserves speial interest. The rotational period of this star,P = 5.460 ± 0.001 d, was obtained by Ryabhikova et al. (2005) by determining the mean longitudinalmagneti �eld (<BZ>). We deteted strong and variable Li I 6708 �A�line in spetra of this star. Despitesome gaps in the phase overage limiting the preision of the Doppler Imaging (DI) method, the existeneof lithium spots on its surfae an be seen, similar to other roAp stars HD83368, HD 60435 and HD 3980.
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Figure 1. Spetra of HD 12098 in the 6705.5�6708.5 �A�spetral region obtained at the phases 0.018, 0.082, 0.113,0.152, 0.505, 0.573, 0.607, 0.817, and 0.001 and modeled with ROTATE ode

Figure 2. Measurement of the e�etive magneti �eld (Ryabhikova et al., 2005) and entral dipole model valuesBe (top panel) and Bs (bottom panel) for i = 55◦



Surfae lithium abundane distribution... 1091.1 Modeling of the HD 12098 magneti �eld and Li spotted stellar surfaeThe modeling of magneti �eld was based on measurements of longitudinal �eld made by Ryabhikova etal. (2005). We adopted the model of spatially distributed magneti harges (Gerth, Glagolevskij, 2000).An assumed entral dipole model for surfae magneti �eld allows us to �t su�iently well the modelvalues of longitudinal magneti �eld Be to measured ones for i = 55◦ and the inlination angle of dipoleaxis to rotational axis β = 65◦. The values of magneti �eld at the poles ±4050 G and the mean surfaemagneti �eld 2720 G were obtained (Shavrina et al., 2008). The loation of poles of the magneti dipoleon the stellar surfae was spei�ed: 353◦ of longitude and 25◦ of latitude for one pole, 173◦ of longitudeand -25◦ of latitude for another pole. The loation of lithium spots on the surfae of HD12098 andlithium abundane in these spots were previously found using Tsymbal's ode ROTATE (Tsymbal, 1996)whih allows us to alulate syntheti spetra taking into aount the spotted surfae struture of a star(Shavrina et al., 2009).1.2 Lithium Doppler Imaging: HD 12098The DI mapping of HD 12098 was performed with the odeINVERS12 (Piskunov, Kohukhov, 2002) based on observationswith the ehelle spetrometer NES at the 6-m telesope of SAO,RAS.HD 12098
Teff = 7800 K, log g = 4.3,v sini = 10 ± 2 km/s, Prot= 5.460d± 0.001,
Bp = 6.5 KG, i ∼= 55◦, β = 65◦.We derived the following positions of �lithium spots�:Spot 1: l1= 30◦, ϕ = -20◦, R1 = 40◦, logε1 (Li) = 5.0.Spot 2: l2 = 180◦, ϕ = 25◦, R2 = 70◦, logε2 (Li) = 4.2.Spot 3: l3= 290◦, ϕ = -20◦, R3 = 40◦, logε3 (Li) = 4.4.These atmosphere parameters and spot loations were obtainedin the paper of Shavrina et al. (2001). Spot parameters, as forHD12098, have been determined using Tsymbal's ode �RO-TATE� (Tsymbal, 1996), whih assumes round spots of uniformLi abundane.
Figure 3. Surfae distribution of Li and Pr in HD 12098. Blaksigns �+� and �◦� and blak irles show loation of magneti polesand magneti equator, respetively. The abundane sales are in
log N(el)/N(H)(Fig. 3, left panel). Observed and omputed pro�lesof the blend at 6708 �A�with the Li I resonane doublet and the Pr IIline vs. rotation phase (Fig. 3, right panel)



110 N. Polosukhina et al.2 Variability spetra (dispersograms)In order to present more learly the variability of the spetrum, we alulated the spetrum of �variability�Polosukhina et al. (1992) as a value of the dispersion of intensity in eah wavelength Ii from the meanintensity value Imean,
σobs =

1
Imean

√

∑

(Ii−Imean)2

(n−1) (1)where Ii � intensity of the spetrum in the seleted wavelengths (i),Imean � mean value of the intensity in the orresponding wavelengths,n � the number of observed spetra.

Figure 4. Dispersograms for the stars HD 60435 (Fig. 4, left panel), HD 83368 (Fig. 4, right panel) and HD12098 (Fig. 4, bottom panel) in the Li I 6708 �A�regionHighly important was a disovery of synhronous variations of the Li I 6708 �A line position, magneti�eld strength Heff , and stellar luminosity whih was explained in terms of the oblique rotator model(Polosukhina et al., 1999). Good orrelation between Li regions, magneti �eld variations and osillationsindiates the onnetion between magneti �eld on�guration and Li loal struture of star′s atmosphere.



Surfae lithium abundane distribution... 1113 Lithium Doppler mapping of HD 83368 and HD 3980HD 83368
Teff = 7650 ±150 K, log g = 4.20 ± 0.20,v sini = 33.0 ± 0.5 km/s,Prot = 2.851976d ± 0.00003d,i = 68.2◦ ± 6.2◦, β = 86.8◦ ± 6.2◦,
Bp = 2.49 ± 0.26 kG (Kohukhov et al., 2004).These atmosphere and spot parameters wereobtained in the paper of Shavrina et al. (2009).Figure 5. Lithium Doppler mapping of the surfae of HD 83368. Li is strongly onentrated at the magnetipoles, with Rspot = 15◦�20◦ and very high abundane of log ε(Li) ∼7.0HD 3980
Teff = 8300◦ ± 250◦ K,log g = 4.0 ± 0.2,v sini = 22.5 ± 2 km/s,Prot = 3.9516d ± 0.0003d,i ∼= 60◦, β ∼= 88◦,logε(Li)spot ∼ 6.0, Bp = 6.9 kG(Nesvail et al., 2012).Figure 6. Lithium Doppler mapping of the surfae of HD 3980. Two Li maps orrespond (from top to bottom)to the ases of simultaneous mapping of the Li I and Pr III blend at 6707 �A, and additional implementation ofthe Pr III line at 7781.983 �A5 ConlusionMagneti roAp-stars have osillation periods of 5 � 15 min, highly non-uniform atmospheri hemistryand strong magneti �elds. They are the most interesting objets for applying Doppler Imaging (DI)tehnique whih allows the abundane maps of the stellar surfae to be derived. Surfae distribution oflithium was investigated earlier applying the multi-element abundane Doppler imaging ode INVERS12(Piskunov, Kohukhov, 2002) to the roAp stars HD 83368 and HD 3980 (Kohukhov et al., 2004; Nesvailet al., 2012). We found that Li is strongly onentrated at the regions of strong magneti �elds (magnetipoles) pointing to the strong orrelation with the magneti �eld struture. Reently we have performedthe DI mapping of the surfae Li abundane for two other roAp stars, HD 12098 and HD 60435, basedon high-resolution spetra. We found that on the surfae of HD 12098 there are three �Li spots� with R= 40◦�70◦ and Li abundane from 4.2 to 5.0 (in logε(Li) = log(Li/H) + 12.0 sale). For HD 60435 usingHIPPARCOS data we derived i = 133. Under these ondition, our analysis of pro�les of magnetiallysensitive FeII lines (6147 �A�and 6149 �A) leads to the surfae �eld value Hs = 3 kG. From the line pro�levariations we derived the positions of the lithium spots whih are not loated stritly at opposite sitesof the stellar surfae. We suppose that magneti poles may oinide approximately with lithium spots,however, its harateristis were derived with lower auray. Highly inhomogeneous distribution of Liover the surfaes of roAp stars may be explained by a modi�ation of radiative di�usion proesses bymagneti �elds (Babel, Mihaud, 1991). The vertial magneti �eld promotes di�usion proess, and it isstrengthened at poles. It also explains the enhaned abundanes of some elements (ions) in polar regions.The ambipolar di�usion has the greatest e�et on light elements, and espeially on lithium. However, thelak of up-to-date theoretial models doesn't permit a diret omparison of observed lithium abundanedistribution on the surfaes of analyzed roAp stars and preditions of di�usion in CP stars. Lithium



112 N. Polosukhina et al.4 Lithium Doppler Imaging: HD 60435We used spetra obtained by P. North (1998) with the ESOCoude Auxiliary Telesope and also HARPS and UVES spetraobtained from the ESO Siene Arhive Faility.
Teff = 8250 K, log g = 4.5, v sini = 11 ± 2 km/s,Prot = 7.6793d ± 0.0006d,Hs = 3 ± 1 kG (Shavrina et al., 2001).HD 60435: i = 47◦ (133◦), ve = 15 km/sWe derived the following positions of �lithium spots�:Spot 1: l1 = 11◦ ± 6◦, ϕ1 = −15◦ ± 6◦, R1 = 44◦ ± 3◦,logε(Li)1 = 3.8± 0.2.Spot 2: l2 = 205◦ ± 10◦, ϕ2= 15◦ ± 6◦, R2 = 40◦ ± 7◦,logε(Li)2 = 2.7± 0.2.
Figure 7. Lithium Doppler mapping of the surfae of HD 60435.Observed and omputed pro�les of the blend 6708 �A�with the reso-nane doublet Li I 6708 �A�and Pr vs. rotation phase (Fig. 7, rightpanel) (Figures are taken from Polosukhina et al., 2013)might be a key element to improve our understanding of the proess of hemial di�usion in the preseneof strong magneti �eld.ReferenesBabel J., Mihaud G. // Astron. Astrophys. 1991. V. 248. P. 155.Gerth E., Glagolevskij Yu.V. // Magneti felds of hemially peuliar and related stars. Pro. Intern.Conf. Nizhnij Arkhyz. 2000.Girish V., Seetha S., Martinez P., et al. // Astron. Astrophys. 2001. V. 380. P. 142.Kohukhov O., Drake N.A., Piskunov N., de la Reza R. // Astron. Astrophys. 2004. V. 424. P. 935.Nesvail N., Luftinger T., Shulyak D., et al. // Astron. Astrophys. 2012. V. 537. A151.North P., Polosukhina N., Malanushenko V. and Hak M. // Astron. Astrophys. 1998. V. 333. P. 644.Piskunov N.E., Kohukhov O. // Astron. Astrophys. 2002. V. 381. P. 736.Polosukhina N., Kurtz D., Hak M., et al. // Astron. Astrophys. 1999. V. 351. P. 283.Polosukhina et al. // Astron. Astrophys. 1992. V. 259. P. 567.Polosukhina N., Shulyak D., Shavrina A., Lyashko D., Drake N.A., Glagolevski Yu., Kudryavtsev D.,Smirnova M. // roAp stars: surfae lithium abundane distribution anf magneti �eld on�guration.Pro. IAU Symposium. 2013. N. 302 (in press).Ryabhikova T., Wade G.A., Auriere M., et al. // Astron. Astrophys. 2005. V. 429. P. 55.Shavrina A.V., Glagolevskij Yu.V., Drake N.A., et al. // Odessa Astron. Publ. 2008. V. 21. P. 111.
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