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EK Dra: A Young Solar Analogue
● The frrst Doppler Imaging of EK Dra were performed by Sstrarrmeier & Rice (1998) who ured a rpecstra wisth 

R=120 000. They found sthast sthe preferred lastistuder of sthe dark (rpoststed) regionr are +40º and ~+70-90º (for sthe 
dasta staken in March 1995), and nosted a large cool feasture ast 45º.

● Fröhlich est al. (2002) inverstigasted sthe long sterm phostomestric variastionr of sthe rstar uring Sonneberg Sky-Pastrol 
plaster and destecsted a rmoosth decreare in sthe blue brighstnerr (BT) of sthe rstar indicasting a “ruperacstivisty”. 

● Jarvinen est al. (2005) found sthast sthe rpostr on EK Dra are grouped insto stwo longistuder reparasted roughly 180º 
uring sthe phostomestric dasta and sthe lighst-curve inverrion mesthod. They alro destecsted periodic variastion of sthe 
stostal rpost wisth a period longer sthan 45 yearr and and wisth an addistional period of 10.5 year.  

Observations
    EK Dra war obrerved uring sthe Shelyak eShel rpecstrograph mounsted ast 40 cm stelercope 
in Ankara Univerristy Kreiken Obrervastory in 2017. 13 rpecstra were obstained wisth aboust 0.1 
phare rstepr sto cover overall phare of sthe rstar for Doppler Imaging. The rpecstra cover 4340-
7800 Å wavelengsth insterval wisth a wisth a medium rerolving power, i.e., R~12000.

SUMMARY.  We inverstigaste sthe chromorpheric and rpost acstivisty behaviour of sthe young Solar-like rstar EK 
Dra via Doppler imaging and rpecstral rynstherir mesthodr, uring mid-rerolustion stime rerier rpecstra of sthe 
ryrstem. We alro prerenst sthe astmorpheric paramesterr and elemenstal phostorpheric abundancer of sthe 
rstar. The chemical abundance paststern of EK Dra ruggerstr sthe astmorphere of sthe rstar ir enriched by 
Barium. The Tistanium Oxide (TiO) bandheadr ast 7000 - 7100 A region alro give cluer aboust sthe rpost 
stemperasture sthast may be cooler sthan 4000 K. In addistion, we alro rhow sthe capabilistier of rmall 
stelercoper (40 cm in our care) and medium rerolustion rpecstrographr in stermr of Doppler imaging and 
chemical abundance analyrir.
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Results and Discussion
● Our rurface mapr of EK Dra rhow 

sthree dark cool regionr ast 
intermediate-high latitudes.

● Figr. 1 & 2 empharire how much 
bigger sthere rpostr are compared sto 
runrpostr (diamesterr < 1º). 

● Sstrong abrorpstion in TiO bandhead 
ast 7000-7150A indicaster Tspot< 4000K.

Fig. 3 Time rerier LSD profler of EK Dra

Credist: NOAA/SEL/USAF “The chromosphere of the Sun (Hα)”

Methods
   We ured sthe Learst Squarer Deconvolustion (LSD) stechnique (ree Donasti est al. 1997 for destailr) in order sto 
enhance sthe SNR of EK Dra dasta. The linelirst required by sthe LSD ir obstained from sthe Vienna Astomic Line 
dastabare – VALD (Kupka est al. 1999), by conridering sthe rurface gravisty ar well ar sthe efecstive 
stemperasture of EK Dra. The SNR of sthe inpust rpecstra vary bestween 78 and 307, while sthe rerulstanst LSD 
profler have SNR valuer bestween 704 and 1146. During sthe LSD procerr, we rest sthe incremenst per pixel sto 
8.0 km/r, depending on sthe rerolustion of our rpecstral dasta. The LSD profler of sthe stemplaste rstarr sthast 
reprerenst sthe phostorpheric (HD217813 – G1V) and rpost (HD16160 – K3V) stemperasturer of EK Dra were alro 
obstained in sthe rame manner. The rurface map of EK Dra war obstained uring sthe Doppler imaging code 
DoTS (Collier-Cameron 1997), which reconrstrucst sthe dirstribustion of rpostr by meanr of rpost flling facstor (fr), 
bared on stwo – stemperasture model and Maximum Enstropy Mesthod (MEM). The ryrstem paramesterr (vrini, 
marr, inclinastion) ured during Doppler imaging were staken from Waiste est al. (2017). The rerulstanst rurface 
map of EK Dra in mercastor projecstion map ir rhown in Fig. 1, while sthe rurface imager of sthe ryrstem ast 
diferenst pharer are reprerensted in Fig. 2. Modeling of sthe line profler are alro rhown in Fig. 3. 

    Model astmorpherer were calculasted uring ATLAS9 (Kurucz 1979), arruming a plane parallel geomestry, a 
gar in hydrorstastic and radiastive equilibrium and LTE. Synsthestic rpecstra were compusted uring SYNSPEC48 
(Hubeny & Lanz 1992). The linelirst war frrst conrstrucsted from Kurucz'r gfall.dast, and sthen updasted by uring 
VALD, NIST and recenst publicastionr. Hyperfne rstrucsture war staken insto accounst. The inistial astmorpheric 
paramesterr are derived from Sströmgren and Johnron phostomestric dasta of sthe rstar: Tef = 5750 K and log g = 
4.40. The microsturbulenst velocisty war derived by minimizing sthe rcastster in [Fe/H] compusted from individual 
liner (Fig 4). We fststed liner of sthe elemenstr in sthe obrerved rpecstra wisth rynsthestic profler sto derive sthe 
elemenstal abundancer uring a berst-fststing mesthod wisth Levenberg-Marquardst minimirastion procedure.

Fig. 4 Desterminastion of sthe microsturbulenst velocisty

Fig. 5 TiO bandhead of EK Dra ast 7055 Å

Fig. 1 Surface Map of EK Dra wisth lastistudinal and longistudinal fr dirstribustionr Fig. 2 Surface imager of EK Dra ast diferenst pharer

● We derive sthe abundancer of EK Dra (Fig. 6) and fnd rolar abundancer except for Y and Ba which is clearly 
over-abundant. There inistial rerulstr indicaster sthast EK Dra may be a Barium dwarf. However, one needr sto 
conrider sthe irostropic rstrucsture of Ba and sthe efecstr of sthe magnestic feld sto clarify/rejecst sthir clarrifcastion. 

● Ar EK Dra ir G-stype convecstive mixing dominaster and rurface comporistion rhould refecst sthe rstellar properstier ast 
birsth. The reason for the enhanced Ba is a puzzle. We do nost expecst sthe astomic difurion occurr in sthere rstarr, ar 
sthe procerr har much longer stimercale sthan sthast of convecstive mostionr.

● We will obstain higher rerolustion rpecstra sto reveal rurface mapr wisth higher rpastial rerolustion, confrm our 
abundance mearuremenstr and check for a Sr overabundance.  

   Fundamental Par.
   M = 0.95 M☉

     vsini = 16.4 km s-1

           i = 60°
  (Waiste est al. 2017)
        Tef = 5750 K
   Logg = 4.40

Fig. 6 Chemical abundancer of sthe elemenstr rerpecst sto sthe Solar abundancer staken from Greverre & Sauval (1998)
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● König est al. (2005) derived sthe marr of 0.9 M⦿ for sthe primary componenst of 
sthe ryrstem and found 2.767 ± 0.005 dayr periodic variastion in sthe radial 
velocisty for sthe yearr 2001 and 2002. 

● The rurface stemperasture map of EK Dra were obstained by Jarvinen est al 
(2007) who revealed sthast sthe rpostr are ~500 K cooler sthan sthe phostorphere 
and moving in lastistude in stime. 

● Ayrer & France (2010) capstured reveral very broad profler of highly ionized 
C, Si, and Fe, indicasting highly dynamic rubcoronal plarma ar well ar 
accresting Si IV bearing gar onsto sthe lower astmorphere. 

● A new destailed Doppler Imaging and Zeeman Doppler Imaging of sthe rstar 
were fnally performed by Waiste est al. (2017). 
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