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T Tauri stars

• Young (Li λ6707 Å absorption)

• 0.5-2.5 M⊙

• usually binaries
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T Tauri stars

Classical

EW Hα > 10 Å

NIR excess – accretion 
disk

jets and outflows

mag. disk interaction

Weak-lined

EW Hα < 10 Å

almost no NIR excess - 
dissipated disk

no jets or outflows

solar-type mag. activity

Lee Hartmann, 2000 4



T Tauri stars

André, 2002

 

Greene, 20025



Taurus-Auriga

• Nearest SFR

• Distance: 140 pc

• Diameter: 30 pc

• Mass: 35000 M⊙

Mamajek, 2009 6



Our sample

• 20 WTTS stars

• dubious or no rotation 
period in literature

• NSVS+SWASP data from 
1998-08-06 to 2012-01-30 
(4560 days) in 8 
continuous seasons

• Period analysis (DC DFT) on 
whole dataset and season-
wise

Hartmann+ 2005
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Spots and the period 
estimation
Caveats:

• Double/single period light curve

• Periods close to window size
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Spots and the period 
estimation
• From 2008 (Silva-Valio, Dittmann+)

• Transiting exoplanets and spotted stars

• Obliquity: planetary inclination vs rotation axis

Sanchis-Ojeda+, 2012
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Wavelet analysis

•  
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Time series

• Kepler K2 data (around 80 days, 30 min cadence)

• C4 and C13 fields
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HD 284496

●

●
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HD 283782

 

13



HD 31281

•

•
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HD 286178

●

●
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Spot models

Research on existing spot models

Purpose

LC domain

Multiple spots

New spots

Spot migration
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Spot models

Research on existing spot models

WD & deriv. Exoplanets Spotted stars

Purpose

LC domain

Multiple spots

New spots

Spot migration
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Spot models

Research on existing spot models

WD & deriv. Exoplanets Spotted stars

Purpose Binaries Transit align. Single stars

LC domain Phase Time Phase

Multiple spots Yes Some Yes

New spots No No No

Spot migration No No No
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Spot models

Research on existing spot models

WD & deriv. Exoplanets Spotted stars

Purpose Binaries Transit align. Single stars

LC domain Phase Time Phase

Multiple spots Yes Some Yes

New spots No No No

Spot migration No No No

Had to write one :(
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Simple spot model

• Rectangular grid
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Simple spot model

•  
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Simple spot model

• Multiple spots (no overlapping)

• Spot activation/deactivation (visibility change)
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Simple spot model

•  

No spot overlapping so far
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Simple spot model

•  

  other  values from
Balona + Abedigamba, 2016
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Model parameters

Modelling workflow

Model calculation

Wavelet analysis

Period analysis

Comparison to data

 10 min

 20 min

 2 min
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Test scenario #1

Spot 1 Spot 2


S
 [deg] 340 N/A

φ
S
 [deg] 0 N/A

 r
S
 [deg] 30 N/A

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• small edge effect 
in semi-amplitude

26



Test scenario #2

Spot 1 Spot 2


S
 [deg] 340 160

φ
S
 [deg] 0 0

 r
S
 [deg] 30 30

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• small edge effect 
in semi-amplitude

• ½ of true period

27



Test scenario #3

Spot 1 Spot 2


S
 [deg] 340 N/A

φ
S
 [deg] 40 N/A

 r
S
 [deg] 30 N/A

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

μ
S
 [deg/P] 5

k [] 0.126

• semi-amplitude 
change with spot 
migration

• change of period 
due to differential 
rotation

• peak power  
duration of given 
period
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Scenario #1

Spot 1 Spot 2


S
 [deg] 340 270

φ
S
 [deg] 0 0

 r
S
 [deg] 30 30

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• sharp change of 
amplitude is not 
reflected in WWZ

• period in WWZ 
reacts smoothly 
when close spots
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Scenario #2

Spot 1 Spot 2


S
 [deg] 340 160

φ
S
 [deg] 0 0

 r
S
 [deg] 30 30

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• sharp change of 
amplitude is  
reflected in WWZ

• period in WWZ 
reacts dramatically 
when opposite 
spots
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Scenario #3

Spot 1 Spot 2


S
 [deg] 340 270

φ
S
 [deg] 0 0

 r
S
 [deg] 30 30

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• smooth change of 
amplitude and 
period when close 
spots
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Scenario #4

Spot 1 Spot 2


S
 [deg] 340 160

φ
S
 [deg] 0 0

 r
S
 [deg] 30 30

Parameter Value

P
rot

 [d] 2.4

Δt [d] 0.01

t [d] 40

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0

• sharp change of 
amplitude is  edge 
effect

• period in WWZ 
reacts dramatically 
when opposite 
spots

32



Test case HD 284496

Spot 1 Spot 2


S
 [deg] 340 270

φ
S
 [deg] 0 0

 r
S
 [deg] 20 30

Parameter Value

P
rot

 [d] 2.71

Δt [d] 0.01

t [d] 80

T
*
 [K] 4500

T
S
 [K] 4000

u [] 0.7

i [deg] 0
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Takeaway
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Thank you!

13.6.2018

Ľ. Hambálek

WIP


