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 Zaire et al. (2021a) : Magnetic field and activity of the K2 dwarf V471 Tau

 Zaire et al. (2021b) : Magnetic field evolution of the K2 dwarf V471 Tau
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V471 Tau
• Eclipsing binary system


- White dwarf + K2 dwarf main sequence star;


- K2 dwarf: partly convective star with 0.93 M ;


- Tidally locked rotating with a rotation period of 0.521183398 day;


- Pre-cataclysmic variable: White dwarf will accrete mass from the K2 dwarf;


• Single star analog AB Dor (Hussain et al., 1997, 2002; Donati et al., 1997,1999, 2003;Jeffers et al., 2007)


- Impact of a binary companion on the dynamo process;
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K2 dwarf
White dwarf



MIAPbP —  October 18, 2023

V471 Tau
• Eclipse timing variations


• Eclipse timing variations:


- Circumbinary body  Brown dwarf – Dismissed by Hardy et al. (2015)


- Could a cyclic magnetic field in the K2 dwarf create the ETVs of V471 Tau?

+40 yr of data
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ESPaDOnS observations
2004.9 2005.9 2014.9/2015.1

Stokes I: 230 profiles

Stokes V: 56  profiles

Stokes I: 400 profiles

Stokes V: 98  profiles

Stokes I: 236 profiles

Stokes V: 59  profiles

 km s-1v sin i = 89.3 ± 0.1  Zaire et al. (2021a,b)
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Brightness and magnetic maps

- 2004.9

- 2005.9

- 2014.9/2015.1
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Differential rotation
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V471 Tau
≠0, i.e. orbital angular velocity

2002.9 (Hussain et al. 2006)
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AB Dor

Extract the DR information (if it exists) from cool spots & mag. structures

Solar-like shear assumed:  Ω(θ) = ΩEQ − dΩ (sin θ)2
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Angular momentum conservation 

in the convective zone

Cylindrical profile

Differential rotation profile 

in the convective zone Conical profile Cylindrical profile

Conical profile 
(Solar case)

Ω(r, θ)
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Eclipse timing variations (ETVs)
• Applegate effect: a periodic magnetic field in the K2 dwarf creates ETVs (Applegate 1992)

K2 dwarf
White dwarf
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Change oblateness 


Changes the gravity field in the orbital plane
Dynamo Quadrupole moment ETVs

Cyclic magnetic field Redistribute 

Angular momentum
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Eclipse timing variations (ETVs)
• Applegate effect: a periodic magnetic field in the K2 dwarf creates ETVs (Applegate 1992)

- We detect  that can only lead to ETVs of amplitude ,  
while V471 Tau displays  ;


- But larger shears (yet to be detected) are predicted in the Applegate framework.

dΩ/Ωeq < 1.1 % dP/Porb ≲ 10−7

dP/Porb ≈ 8.5 × 10−7
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• The prominence  should be centrifugally ejected without any additional force.


- However, it is stable for 20 cycles in 2004.9 and 44 cycles in 2014.9/2015.1;

Prominence 
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2004.9
 2005.9
 2014.9/2015.1


• Slingshot mechanism (Jardine et al. 2020): 


- Potential mechanism confining 
prominences in active stars.

Prominence 

K2 dwarf Prominence
White dwarf

L3 L1
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• We obtained for the first time the large scale magnetic field of the K2 dwarf in the V471 Tau 
system;


• We found evidence for shear fluctuations similar to the single star analog AB Dor;


• We provided important data to evaluate whether the ETVs in V471 Tau are driven by the K2 
dwarf’s magnetic field. 


• Secure new spectropolarimetric observations of V471 Tau:


- Short term: ESPaDOnS 2021B (PI: B. Zaire)  


- Long term: minimum O-C (around 2025B)

Conclusions & Perspectives 
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