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● Skalnaté Pleso observatory est. 1943 (1786 m a.s.l.)

Astronomical Institute of SASAstronomical Institute of SAS



  

● 1.3m, f/8.36 Nasmyth-Cassegrain
● MUSICOS design spectrograph
● R=38000 echelle, 4250-7375Å

Astronomical Institute of SASAstronomical Institute of SAS



  

● Skalnaté Pleso observatory est. 1943 (1786 m a.s.l.)
● Lomnický peak observatory est. 1962 (2632 m a.s.l.)

Astronomical Institute of SASAstronomical Institute of SAS



  

● Twin solar coronagraph
● Coronal Multi-channel Polarimeter
● Solar Chromospheric Detector

Astronomical Institute of SASAstronomical Institute of SAS



  

● Skalnaté Pleso observatory est. 1943 (1786 m a.s.l.)
● Lomnický peak observatory est. 1962 (2632 m a.s.l.)
● Stará Lesná HQ and observatories est. 1987 (785 m a.s.l)

Astronomical Institute of SASAstronomical Institute of SAS



  

● 0.6m, f/12.5 Zeiss Cassegrain
● R=11000 echelle, 4150-7600Å

Astronomical Institute of SASAstronomical Institute of SAS



  

● 0.6m, f/12.5 Zeiss Cassegrain (other)
● Johnson-Cousins U B V RC IC Bessel filters
● 2048x2048, 15 μm back illuminated

Astronomical Institute of SASAstronomical Institute of SAS



• Tau-Aur members

• classified as WTTS

• V < 11 mag

• dubious/unknown P
rot

 in 
literature

• contradicting physical 
parameters (e.g. Sp. type)

Hartmann+ 2005

Sample selectionSample selection



• Tau-Aur members

• classified as WTTS

• V < 11 mag

• dubious/unknown P
rot

 in 
literature

• contradicting physical 
parameters (e.g. Sp. type)

20 stars
crossref data from NSVS and SWASP

+ 168 spectra taken (so far)

Sample selectionSample selection

Hartmann+ 2005



  

● Part of original sample of supposed WTTS

● Hα emission                        OR absorption? 

● Proper motion – member of Tau-Aur SFR

● Photometric Pphot ~ 55 d

● Spectroscopic Pspec = 68.8 d

V501 Aur (HD 282600)V501 Aur (HD 282600)

(Wichmann+, 1996) (Martín & Magazzú, 1999)

(Frink+, 1997)

(Grankin+, 2008)



  

● we found log g = 2.0 – 3.0 by modelling with iSpec

● high v sin i = 24.7 km/s + Prot → Rmin > 26.3 RSun

● Gaia parallax distance = 

● MESA solution: log age = 8.25, L ~ 300 Lsun, log g = 2.19

V501 Aur (HD 282600)V501 Aur (HD 282600) NOT T Tau!NOT T Tau!

More in:
Vaňko+ 2017 MNRAS, 467, 4902



NSVS+SuperWASP dataNSVS+SuperWASP data
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NSVS+SuperWASP dataNSVS+SuperWASP data



• ubvyβ photometry                      + TempLogG TNG
• PISA stellar models

• Solar metallicity [Fe/H]=-0.01 ± 0.05

• Distances from Gaia DR2

• Reddening from literature

• BC for PMS stars

(Paunzen, 2015)

(Tognelli+, 2011)

Meištas & Straišys, 1981 Chavarría-K+, 2000

Grankin, 2013 Herczeg & Hillenbrand, 2014

Pecaut & Mamajek, 2014

(Kaiser, 2006)

(D’Orazi+, 2010)

Evolutionary statusEvolutionary status
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PISA Stellar models

Post T Tau?
10-100 Myr

● Strong H
α
 

emission

● High surface 
Li abundance

● Irregular 
variability

Evolutionary statusEvolutionary status
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• Kepler K2 data (70 and 80 days, 30 min cadence)

• C4 and C13 fields in 2015, 2017 (● = clusters  / + = our sample)

• Weighted Wavelet Z-transform by VSTAR

Additional Additional KeplerKepler data data



• Groundbased and Kepler C4, C13

• Season-wise and total

• NSVS data shifted to SuperWASP

DC DFT: VSTAR & PERIOD04

f = 0.1-2 c/d

Δf = 0.00001 c/d

• Period pre-whitening

• Errors by MCMC

Period estimationPeriod estimation
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P
literature

= ??? d
P

SWASP
 = 0.8704(1106)? d

P
KEPLER

 = 2.0181(4) d

HD 283782HD 283782



P
literature

= ??? d
P

SWASP
 = 0.7913(15)? d

P
KEPLER

 = 0.6771(1) / 0.7999(1) d

HD 31281HD 31281



P
literature

= 2.39 d
P

SWASP
 = 2.4125(164) / 1.7001(81)? d

P
KEPLER

 = 2.3562(11) / 1.7027(6)? / 1.1813(3)? d

HD 286178HD 286178



• Multiple spots (no overlapping)

• Spot activation/deactivation (visibility change)

Model parameters:
λ

S
 – spot longitude [deg] P

rot
 – rotation period [d]

Φ
S
 – spot latitude [deg] Δt – timestep [d]

r
S
 – spot radius [deg] W – window of observation [d]

T
S
 – spot temperature [K] T

*
 – surface temperature [K]

u – linear limb darkening coefficient [] i – inclination of rotation axis [deg]

Simple spot modelSimple spot model



• small edge effect in 
semi-amplitude

Test scenario #1 – single spotTest scenario #1 – single spot



• small edge effect in 
semi-amplitude

• ½ of true period

Test scenario #2 – two opposite spotsTest scenario #2 – two opposite spots



• sharp change of 
amplitude is not 
reflected in WWZ

• period in WWZ 
reacts smoothly 
when close spots

Scenario #1 – new close spotScenario #1 – new close spot



• sharp change of 
amplitude is  
reflected in WWZ

• period in WWZ 
reacts dramatically 
when opposite spots

Scenario #2 – new opposite spotScenario #2 – new opposite spot



P
literature

= 2.71 d
P

SWASP
 = 2.6880(195) d

P
KEPLER

 = 2.7738(8) / 2.6525(6)? d

Case study HD 284496Case study HD 284496
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TakeawayTakeaway

● Appearing/disappearing spotted 
regions can explain visible changes 
of observed photometric period

● Period with more power 
(periodogram) is not always the one 
with longer duration (WWZ) in 
dataset

● Sudden change of period WWZ is 
caused by almost opposite spots

● Downside: CPU heavy, no inversion



  

V410 Tau V410 Tau (HD 283518)(HD 283518)



  

V410 Tau V410 Tau (HD 283518)(HD 283518)

Model with additional harmonic frequency

1999/2000

2006/2007

2004

2009/2010

2010/2011 2011/2012



  

1999/2000

2006/2007

2004

2009/2010

2010/2011 2011/2012

Stelzer+, 2008

Grankin & Artemenko, 2009

V410 Tau V410 Tau (HD 283518)(HD 283518)



  

Rydgren & Vrba, 1983
Vrba, Herbst & Booth, 1988
Bouvier, Bertout & Bouchet, 1988
Herbst, 1989
Grankin, 1999
Grankin+, 2008

Grankin & Artemenko, 2009

V410 Tau V410 Tau (HD 283518)(HD 283518)

This work, NSVS

This work, SuperWASP

Longterm photometric light curve



  

V410 Tau (HD 283518)V410 Tau (HD 283518)

Amplitude of light curve



  

● Determined L, Teff, M, age based on photometry and 
stellar evolution models

● Period search on 20 WTTS from ground-based data
● WWZ on 10 WTTS from Kepler K2 data
● Previously unknown/updated periods
● Possible Post T Tauri stars?
● Magnetic dynamo cycle length in V410 Tau?
● Continuation of dedicated spectral observation and 

analysis

ConclusionsConclusions



  

Thank you!Thank you!

More info:More info:
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