A new classification scheme
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Close binaries: morphology & LCs
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Light curve deformation: the O’Connell Effect

normalized flux

oconnall [flux]

1,15—-
'1,10—‘
1,05;
1,00—-
0,95-
0}90—-
0.85—-
0,80—-

0,75 A

]
A
I

O'Connell

effect

01

009 -
008 -

0.o7
0.06
0.05
0.04
0.03
0.0z
0.01

T
56372,6

T T
55372,8 55373,0

BJD [days]

KIC 6223646

1000

1500 2000 2500 3000

apoch

3500

4000

oconnall [flux]

oconnell [flux]

QCOnNen T

0.006

0.004

0.002

-0.002

-0.004

0.005
0.004
0.003
0.002
0.001

-0.001

-0.002
-0.003

0.006

0004 ~

0.002

-0.002

-0.004

W e Wi st “"*""ﬂ"""‘""_

KIC 4071600

1 1 1 1 1 1
i} 100 200 300 400 500 GO0 T00
apoch
T T T T T T
L KIC 6447430 _
B 1 1 1 1 1 1 ]
i} 200 400 GO0 8200 1000 1200 1400
epoch

KIC 11295347

200

epoch

1000

1200

1400

1600



flux

flux

~

N4

0.15
0.1
0.05

-0.05
-0.1
-0.15
-0.2

1.15

1.1

1.05

0.95

09

0.85

038

B I ' O‘Coﬁnell eﬁectvafue + i
I -
1 1 | |
0 200 400 epoch 600 800 1000
I I ] |3' T
L KIC 6118779 epoch —
B 1 1 I | ]
0 0.2 1

oconnell [flux]

oconnell [flux]

oconnell [flux]

Evolution of the
O’Connell Effect

02

015

0.1
0.05

-0.05

-01

-0.2

0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04

0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

T T T T T T
| KIC 3342425 ) . |
Wi "Ww\l L\"N\ Wi
C ] 1 | 1 1 1 i
0 500 1000 1500 2000 2500 3000 3500
epoch
- I I I I I -
- KIC 5478466 -
i t é' R i
L 'u“miwumll diiim“ EW& "il‘ “l!‘y .
1 il 1 1 L
0 500 1000 1500 2000 2500 3000
epoch
B T T T T T T 1 T i
- KIC 5563814 -
 §

1

0 500

1000

1500

2000 2500

apoch

3000

3500

4000

4500



02
0.15
0.1
0.05

flux

-0.05
-0.1
-0.15
-0.2

1.15

1.1

1.05

flux

0.95

09

0.85

08

B I ' O‘Coﬁnell eﬁectvafue + i

m + . —

- _' i

B \f\/\/\ > |
1 1 | |

0 200 400 epoch 600 800 1000
' ' ' 560'

L KIC 6118779 epoch 26 —

0.020730
i | | | | ]
0 0.2 08 1

oconnell [flux]

oconnell [flux]

oconnell [flux]

Evolution of the
O’Connell Effect

02

0.15

0.1
0.05

-0.05

-01

-0.15

-0.2

0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03
-0.04

0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

T T T T T T
| KIC 3342425 ) . |
Wi "W\N L\:\N\ Wik
C ] 1 | 1 1 1 i
0 500 1000 1500 2000 2500 3000 3500
epoch
- I I I I I -
- KIC 5478466 -
i t é} R i
""WHWU'JUWW diiigm! EW& "il‘ “l!‘y .
1 1 1 1 L
0 500 1000 1500 2000 2500 3000
epoch
B T T 1 T T T 1 T i
- KIC 5563814 . "
 §
_ | | 1 1 1 1 | | i

0 500

1000

1500

2000

e

2500

poch

3000

3500

4000

4500



02
0.15
0.1
0.05

flux

-005

-0.1
-0.15
-0.2

1.15

1.1

1.05

flux

0.95

09

0.85

08

O‘Coﬁnell eﬁectvafue +

+
" \ S~ ]
- |
1 1 | |
0 200 400 epoch 600 800 1000
' ' ' 698" =0 o—
| KIC 6118779 epoch -
i ' -o 040704
B 1 1 | 1 ]
0 0.2 04 phase 06 08 1

oconnell [flux]

oconnell [flux]

oconnell [flux]

Evolution of the
O’Connell Effect

02

0.15

0.1
0.05

-0.05

-01

-0.15

-0.2

0.04
0.03

0.02

0.01

-0.01
-0.02 [~
-0.03
-0.04

0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

3500

T T T T T T
| KIC 3342425 ) . |
_\N\,JVW"WWI L\,\N\ Wik
C ] 1 | 1 1 1 i
0 500 1000 1500 2000 2500 3000
epoch
- I I I I I -
- KIC 5478466 -
i t l ai!‘ ! I é} R i
1 1 1 1 L
0 500 1000 1500 2000 2500
epoch
B T T 1 T T T 1 T i
- KIC 5563814 -
_ | | 1 1 1 1 | | i
0 500 1000 1500 2000 2500 3000 3500 4000

apoch

4500



Phenomenological classification
of the O’Connell Effect
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Separation of the brightness maxima
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Separation of the brightness maxima
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Separation of the brightness maxima

Simulated evolution of the maxima separation
under the migration of a different kinds of star spots
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KIC 6118779 — contact binary with a migrating polar spot
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Measurement of the parameters variation magnitude
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Measurement of the variation magnitude
- the big picture

O "Connell Effect 1QR [flux]
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The hidden variability

 Maxima separation evolution can serve as a signature of an activity
not visible in the O’Connell Effect, such as:

. Stationary, non-migrating, evolving polar spot (Candidates found, e.g. KIC 5535061)
* No O Connell Effect
* Small changes in the maxima separation
* Simultaneous changes in the maxima height

. (Thermal) pulsations of the binary neck (Candidates found, e.g. KIC 5376552)
* No O Connell Effect
* Considerable changes in the maxima separation
* Large variation of the primary minimum depth

. Global temperature changes of one of the binary components
* Changes in the maxima separation
* Changes in the minima depth
* No changes in the O'Connell Effect



Activity signatures: starspot migration

Maxima height relation
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Activity signatures: starspot migration

Maxima separation vs minima depth difference
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Activity signatures: neck pulsations

(neck in the contact binaries)

Primary maximum height [normalized flux]
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Activity signatures: polar spot evolution

(stationary spot)

Primary maximum height [normalized flux]
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Activity sighatures:

spot migtration

Primary maximum height [normalized flux]

Maxima height relation
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Classification

Obtain signatures:

- Median variations: mediang connei, mediangseparation
- Regression coefficients: ap conneitr Asepar—minima
- Correlation coefficients : 7o conneir Tsepar—minima

Classification of a general
star spot activity

IQRO‘Connell
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star spot activity
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n
4 \\\
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Classification of a type of
the star spot evolution:
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Typical timescale of the activity
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Typical timescale of the activity

variability timescale [log{days)]
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Typical timescale of the activity

variability timescale [log{days)]
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Summary

* The O’Connell Effect serves as a basic signature of a star spot presence, e.g.:
e  Stationary, non-migrating spots

*  Various cases of migrating spots

* Maxima separation can be used for detecting the activity "hidden’ from the O’Connell Effect, such as:

« Stationary (evolving) polar spots
* Pulsations of the binary neck

* Global temperature changes
*  Activity can be classified by a fast analysis of the light curve. The leading indicators of a various types of
the activity are:

* the evolution of the O’Connell Effect (O’Connell IQR, O’Connell median)
* the evolution of the maxima separation (maxima separation IQR, maxima separation median)

* relation between maxima separation and the difference between minima depths

contact: bartek@oa.uj.edu.pl



