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al Observatory of RAS, Nizhnii Arkhyz, Russiadkudr�sao.ruÏîñòóïèëà â ðåäàêöèþ 11 íîÿáðÿ 2013 ã.Abstra
t. High-resolution spe
tra obtained with the 6-m BTA teles
ope, Russia, and with HARPSand VLT/UVES teles
opes at ESO, Chile, were used for Doppler Imaging analysis of two roAp stars,HD 12098 and HD 60435, showing strong and variable Li resonan
e line in their spe
tra. We found thatLi has highly inhomogeneous distribution on the surfa
es of these stars. We 
ompared our results withpreviously obtained Doppler Imaging mapping of two CP2 stars, HD 83368 and HD 3980, and dis
uss
orrelation between the position of high Li-abundan
e spots and magneti
 �eld.Key words: stars: abundan
es � stars: 
hemi
ally pe
uliar � stars: magneti
 �eld � stars: individual:HD 3980, HD 12098, HD60435, HD833681 The star HD 12098Spe
tral observations of a number of 
hemi
ally pe
uliar stars with the e
helle�spe
trometer NES andthe 6-m BTA teles
ope of SAO RAS allowed us to dis
over several Ap stars with abnormally high lithiumabundan
e. Among these stars the star HD 12098 � the �rst rapidly os
illating (roAp) star found inthe northern hemisphere (Girish et al., 2001) deserves spe
ial interest. The rotational period of this star,P = 5.460 ± 0.001 d, was obtained by Ryab
hikova et al. (2005) by determining the mean longitudinalmagneti
 �eld (<BZ>). We dete
ted strong and variable Li I 6708 �A�line in spe
tra of this star. Despitesome gaps in the phase 
overage limiting the pre
ision of the Doppler Imaging (DI) method, the existen
eof lithium spots on its surfa
e 
an be seen, similar to other roAp stars HD83368, HD 60435 and HD 3980.
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Figure 1. Spe
tra of HD 12098 in the 6705.5�6708.5 �A�spe
tral 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�e
tive magneti
 �eld (Ryab
hikova et al., 2005) and 
entral dipole model valuesBe (top panel) and Bs (bottom panel) for i = 55◦
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e distribution... 1091.1 Modeling of the HD 12098 magneti
 �eld and Li spotted stellar surfa
eThe modeling of magneti
 �eld was based on measurements of longitudinal �eld made by Ryab
hikova etal. (2005). We adopted the model of spatially distributed magneti
 
harges (Gerth, Glagolevskij, 2000).An assumed 
entral dipole model for surfa
e magneti
 �eld allows us to �t su�
iently well the modelvalues of longitudinal magneti
 �eld Be to measured ones for i = 55◦ and the in
lination angle of dipoleaxis to rotational axis β = 65◦. The values of magneti
 �eld at the poles ±4050 G and the mean surfa
emagneti
 �eld 2720 G were obtained (Shavrina et al., 2008). The lo
ation of poles of the magneti
 dipoleon the stellar surfa
e was spe
i�ed: 353◦ of longitude and 25◦ of latitude for one pole, 173◦ of longitudeand -25◦ of latitude for another pole. The lo
ation of lithium spots on the surfa
e of HD12098 andlithium abundan
e in these spots were previously found using Tsymbal's 
ode ROTATE (Tsymbal, 1996)whi
h allows us to 
al
ulate syntheti
 spe
tra taking into a

ount the spotted surfa
e stru
ture 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, Ko
hukhov, 2002) based on observationswith the e
helle spe
trometer NES at the 6-m teles
ope 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 lo
ations were obtainedin the paper of Shavrina et al. (2001). Spot parameters, as forHD12098, have been determined using Tsymbal's 
ode �RO-TATE� (Tsymbal, 1996), whi
h assumes round spots of uniformLi abundan
e.
Figure 3. Surfa
e distribution of Li and Pr in HD 12098. Bla
ksigns �+� and �◦� and bla
k 
ir
les show lo
ation of magneti
 polesand magneti
 equator, respe
tively. The abundan
e s
ales 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 resonan
e doublet and the Pr IIline vs. rotation phase (Fig. 3, right panel)
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tra (dispersograms)In order to present more 
learly the variability of the spe
trum, we 
al
ulated the spe
trum of �variability�Polosukhina et al. (1992) as a value of the dispersion of intensity in ea
h wavelength Ii from the meanintensity value Imean,
σobs =

1
Imean

√

∑

(Ii−Imean)2

(n−1) (1)where Ii � intensity of the spe
trum in the sele
ted wavelengths (i),Imean � mean value of the intensity in the 
orresponding wavelengths,n � the number of observed spe
tra.

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 dis
overy of syn
hronous variations of the Li I 6708 �A line position, magneti
�eld strength Heff , and stellar luminosity whi
h was explained in terms of the oblique rotator model(Polosukhina et al., 1999). Good 
orrelation between Li regions, magneti
 �eld variations and os
illationsindi
ates the 
onne
tion between magneti
 �eld 
on�guration and Li lo
al stru
ture of star′s atmosphere.
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e lithium abundan
e 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 (Ko
hukhov et al., 2004).These atmosphere and spot parameters wereobtained in the paper of Shavrina et al. (2009).Figure 5. Lithium Doppler mapping of the surfa
e of HD 83368. Li is strongly 
on
entrated at the magneti
poles, with Rspot = 15◦�20◦ and very high abundan
e 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(Nesva
il et al., 2012).Figure 6. Lithium Doppler mapping of the surfa
e 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 Con
lusionMagneti
 roAp-stars have os
illation periods of 5 � 15 min, highly non-uniform atmospheri
 
hemistryand strong magneti
 �elds. They are the most interesting obje
ts for applying Doppler Imaging (DI)te
hnique whi
h allows the abundan
e maps of the stellar surfa
e to be derived. Surfa
e distribution oflithium was investigated earlier applying the multi-element abundan
e Doppler imaging 
ode INVERS12(Piskunov, Ko
hukhov, 2002) to the roAp stars HD 83368 and HD 3980 (Ko
hukhov et al., 2004; Nesva
ilet al., 2012). We found that Li is strongly 
on
entrated at the regions of strong magneti
 �elds (magneti
poles) pointing to the strong 
orrelation with the magneti
 �eld stru
ture. Re
ently we have performedthe DI mapping of the surfa
e Li abundan
e for two other roAp stars, HD 12098 and HD 60435, basedon high-resolution spe
tra. We found that on the surfa
e of HD 12098 there are three �Li spots� with R= 40◦�70◦ and Li abundan
e from 4.2 to 5.0 (in logε(Li) = log(Li/H) + 12.0 s
ale). For HD 60435 usingHIPPARCOS data we derived i = 133. Under these 
ondition, our analysis of pro�les of magneti
allysensitive FeII lines (6147 �A�and 6149 �A) leads to the surfa
e �eld value Hs = 3 kG. From the line pro�levariations we derived the positions of the lithium spots whi
h are not lo
ated stri
tly at opposite sitesof the stellar surfa
e. We suppose that magneti
 poles may 
oin
ide approximately with lithium spots,however, its 
hara
teristi
s were derived with lower a

ura
y. Highly inhomogeneous distribution of Liover the surfa
es of roAp stars may be explained by a modi�
ation of radiative di�usion pro
esses bymagneti
 �elds (Babel, Mi
haud, 1991). The verti
al magneti
 �eld promotes di�usion pro
ess, and it isstrengthened at poles. It also explains the enhan
ed abundan
es of some elements (ions) in polar regions.The ambipolar di�usion has the greatest e�e
t on light elements, and espe
ially on lithium. However, thela
k of up-to-date theoreti
al models doesn't permit a dire
t 
omparison of observed lithium abundan
edistribution on the surfa
es of analyzed roAp stars and predi
tions of di�usion in CP stars. Lithium



112 N. Polosukhina et al.4 Lithium Doppler Imaging: HD 60435We used spe
tra obtained by P. North (1998) with the ESOCoude Auxiliary Teles
ope and also HARPS and UVES spe
traobtained from the ESO S
ien
e Ar
hive Fa
ility.
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 surfa
e of HD 60435.Observed and 
omputed pro�les of the blend 6708 �A�with the reso-nan
e 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 pro
ess of 
hemi
al di�usion in the presen
eof strong magneti
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