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A B S T R A C T . We present resul ts of near ly s imul taneous Polar imetr ie and Ca Π ( Η + Κ ) 

emission observat ions t aken over a full ro t a t ion per iod for a sample of six solar- type s tars . 

Significant var ia t ions are seen for two s tars in polar iza t ion and four s ta rs in C a emission, 

which we in terpre t as due t o ro ta t iona l modu la t ion of magne t i c areas on t h e stellar surface. 

T h e i r regular i ty of t he variat ions suggest changes of t h e area size a n d / o r d is t r ibut ion in 

t ime scales of t h e ro ta t ion per iod. Pre l iminary models ( including rough surface m a p s of 

two s ta rs ) a n d future prospects are discussed. 

1. I n t r o d u c t i o n a n d O b s e r v a t i o n s 

Magnet ic act ivi ty in la te - type s tars gives rise t o a mu l t i t ude of effects in thei r a tmospheres , 

modifying t h e observed rad ia t ion th roughout t he spec t rum. At t h e photospher ic level, the 

Zeeman effect m a y b roaden the profiles of t he magnet ical ly sensitive absorp t ion lines, and 

recently, several techniques have been developed to analyze th is phenomenon using the un-

polar ized stellar spec t ra (e.g., Robinson, 1980; Saar , 1988; M a t h y s a n d Solanki, 1989). The 

t e m p e r a t u r e in magne t ic region may b e greater or smaller t h a n in t h e sur rounding photo-

sphere , causing b o t h pho tomet r i c and line profile var iat ions as t h e region cross t he stellar 

disk. Recently, inversion m e t h o d s ("Doppler" or "surface" imaging) have been developed to 

solve t h e t e m p e r a t u r e d is t r ibut ion of t he stellar surface from a t ime series of spectroscopic 

observat ions (Vogt et al, 1987; P iskunov et al., 1989). 

At chromospheric level, t he ul traviolet emission Unes, C a I I H a n d Κ, He D 3 (5876Â), 

Η α , a n d t h e C a IR tr iplet are indicators of activity. Emiss ion in C a I I (Bal iunas et al., 

1983) a n d M g I I (Neff et al., 1989) show convincing evidence of ro ta t iona l modula t ion , 

indica t ing chromospheric active areas which live longer t h a n one per iod of ro ta t ion . 

Chromospherical ly active la te- type s tars have also shown indicat ions of variability in 

b r o a d b a n d l inear polar izat ion (Huovelin et al. 1985, 1988, 1989). T h e variat ions are likely 

due t o ei ther t h e effect of variable magnet ic field on s a t u r a t e d photospher ic absorpt ion lines 

(i.e. desa tu ra t ion of perpendicular ly polarized Zeeman componen t s ) , or t o Rayleigh scat-

te r ing in t h e optically th in layers of the a tmosphere , wi th t he former being more probable in 

solar- l ike dwarfs (Huovelin et al., 1988). Moni tor ing several act ivi ty indicators simultane-
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ously over a ro ta t iona l per iod is an effective way to ob ta in information of t he stellar surface 

inhomogenei t ies . Fi rs t a t t e m p t s combining s imultaneous polar imetry , magne t ic field, and 

Ca-emission observations are r epor ted by Saar et al. (1988) and Huovelin et al. (1988). 

In October 1987, we m a d e new observat ions t h a t include s imul taneous polarimetry, 

C a I I H and Κ, and magne t ic field observations for several active solar type dwarfs. The 

Polar imetr ie observations were m a d e a t t h e Cr imean Astrophysical Observatory between 

Oc tober 2 a n d 14, 1987. T h e ins t rument was a five channel (UBVRI) version of t he pho-

topolar imeter of t he Universi ty of Helsinki (Pi i rola 1973, 1975) connected t o t he 1.25 meter 

AZT-11 telescope of t h e Cr imean Observatory. T h e C a I I Η and Κ line emission observa-

t ions were ob ta ined contemporaneously wi th t h e four-channel photoelectr ic spectrometer 

a t t h e Cassegrain focus of t he M t Wilson 1.5 me te r telescope, a n d reduced as described by 

Vaughan , P r e s ton and Wilson (1978). T h e S-index values were converted t o chromospheric 

surface fluxes F'HK using the formulae in Huovelin et al. (1988). T h e h igh resolution 

spectroscopic observat ions (617 n m region) for t h e magne t i c field a n d filling factor deter-

mina t ions were m a d e wi th t he Nat iona l Solar Observatory M c M a t h eche l le /CCD system. 

We summar ize some pre l iminary results of t he analysis of t he Polar imetr ie and Ca I I ob-

servations in this pape r . 

3. R e s u l t s a n d D i s c u s s i o n 

F o r several s ta rs , t he overall variat ions dur ing the observing per iod were small and fairly 

i r regular . We, therefore, first s tudied whe ther s ta t is t ica l f luctuat ions could be the cause 

of these changes. As t he m e t h o d we applied a s t a n d a r d χ 2 test (see e.g. Huovelin et α/., 

1989). T h e resul ts of th is tes t are shown in Table 1. 

Table 1: P r o g r a m m e s tars and s tat is t ical resul ts . P r o t values are from Noyes et al. (1984). 

H D no . N a m e Sp. type B-V Prot significance of variat ions (%) 
(days) P ( U ) P ( B ) P ( V ) Ca-em. 

1835 9 Cet G2V 0.66 7.7 >99.99 96.3 88.8 92.3 
17925 K0V 0.87 6.6 85.5 92.8 76.8 >99.99 
20630 κ Cet G5V 0.68 9.4 99.6 89.4 71.2 >99.99 

22049 e Er i K2V 0.88 11.3 99.4 99.98 96.0 >99.99 
39587 X1 Ori GOV 0.59 5.2 84.9 97.9 92.9 >99.99 

206860 H N Peg GOV 0.59 4.7 52.1 68.4 99.1 87.4 

W e no te t h a t polar iza t ion in t h e ul traviolet m a y no t always b e the bes t indicator of varia-

t ions , for a l though the polar izat ion ampl i tude is generally t h e largest in U , t he observational 

uncer ta in t ies are larger as well, reducing the s ta t is t ica l significance of t he detect ion. 

We are developing a procedure to mode l act ivi ty var ia t ions , which includes simultaneous 

calculat ion of Ca-emission, pho tomet r i c br ightness , l inear polar iza t ion, a n d the magnet ic 
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field as a function of ro ta t iona l phase . T h e surface can b e covered wi th a rb i t r a ry number 

of circular spots of a rb i t ra ry size a n d surface br ightness . At present , t he Ca-emission 

is assumed to be confined t o t he magne t ic a reas , wi th a uniform intrinsic intensity, and 

the surface outs ide the magne t i c regions is assumed to p roduce n o emission. For limb 

darkening we use a linear law (1 - e + βμ) wi th € = 0.5 (Schrijver et α/., 1989). T h e current 

model for t h e Ca-emission does no t yield absolute sizes of the active areas , since t he ac tua l 

levels of emission in the quiet and active areas is unknown (due t o unknown and variable 

contr ibut ions from network, spots e tc . ) . 

Ca emission: HD 22049 r , Ca emission: HO 39587 
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F i g u r e 1 . Ca l l (H- fK) flux var iat ions (erg c m " 2 s " 1 ) vs . ro t a t ion phase and corresponding 

models (thick l ines), which are sketched in longi tude m a p s below. Er ror bars are 1 σ . 

Modeling the C a I I d a t a , we ob ta in rough es t imates for t he plage longitudes and an 

uppe r limit for their relative sizes. I n F i g . l we present the pre l iminary in te rpre ta t ion of 

t he Ca-emission variations in e E r idan i wi th three and χ 1 Orionis wi th two equatorial 

active regions. T h e plage sizes are exaggerated for visibility. F u t u r e work includes the 

in t e rp re ta t ion of s imultaneous po la r imet ry and magne t i c field measu remen t s together with 

Ca-emission, using more detai led models described below. 

T h e Polar imetr ie mode l is based on differential sa tu ra t ion of magnet ical ly sensitive 

absorp t ion lines (i.e. magnet ic intensification). T h e basic scheme is an improved version of 

t h e Landi Degl ' Innocent i (1982) mode l , employing explicit disk-integrat ion and improved 
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t r e a t m e n t of l imb darkening (Saar and Huovelin, 1989 in p repa ra t ion ) . For comparison, we 

can also p roduce models of t he polar izat ion variat ions assuming Rayleigh scat ter ing as the 

cause of t h e polar izat ion. T h e magnet ic field mode l is t h e extension of t he analysis me thod 

of Saar (1988) t o inhomogeneous s ta r s , adding t h e filling factors from the active regions 

wi th background fields t o form disk-integrated line profiles. 

By fit t ing t h e combined theoret ical mode l (Ca-emission, l inear polar izat ion and mag-

ne t ic field) t o t h e observat ions wi th a sui table inversion m e t h o d (e.g., Piskunov et al., 

1989), we can ob ta in es t imates for t h e coordinates , sizes and magne t i c fields of t he active 

a reas , a n d also for t h e stellar incl ination. F rom the polar imetry , i t is, in principle, also 

possible t o derive t h e or ienta t ion of t he stellar ro t a t ion axis in t he sky. W i t h t h e present 

d a t a , however, t he surface brightnesses of t he active areas r emain ambiguous due to lack of 

s imul taneous pho tomet ry . Since t he current combinat ion of observat ions should b e fairly 

insensit ive t o areas considerably cooler t h a n the sur rounding pho tosphere , a reasonable first 

approx imat ion migh t be t o assume t h a t t he active areas a n d the sur rounding photosphere 

are equally br igh t . T h e models can be refined using future s imultaneous observations with 

p h o t o m e t r y included. 
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