Differential rotation in very-low-mass stars:
a clue to dynamo bistability?

Julien Morin
Institut fiir Astrophysik Géttingen

J. F. Donati, P. Petit IRAP — CNRS / Université de Toulouse
X. Delfosse, T. Forveille IPAG — CNRS / Université de Grenoble
M. Jardine University of St Andrews

E. Dormy, M. Schrinner MAG — ENS Paris / IPGP

A. Reiners, D. Shulyak, S. Wende IfA Géttingen

U. Christensen, L. Duarte, T. Gastine, J. Wicht MPS

Differential Rotation and Magnetism across the HR Diagram
Nordita, Stockholm
8" April 2013

Unterstitzt von / Supported by =
INsTITUT FUR ?
( ASTROPHYSIK
GOTTINGEN Alexander von Humboldt

Stiftung/Foundation



Outline

Studying magnetic fields of M dwarfs
Magnetic fields of very-low-mass stars

Dynamo bistability

Julien Morin DR and dynamo bistability in very-low-mass stars

08/04/2013

2/17



Outline

Studying magnetic fields of M dwarfs
m Fully-convective vs solar dynamo
m Dynamos of stars and planets
m Magnetic field measurements in unpolarized light
m Magnetic field measurements with spectropolarimetry

Julien Morin DR and dynamo bistability in very-low-mass stars 08/04/2013

3/17



Fully-convective vs solar dynamo
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Fully-convective vs solar dynamo
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Fully-convective vs solar dynamo
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Dynamos of stars and planets
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Dynamos of stars and planets
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Magnetic fields measurements in unpolarized light

B Zeeman effect

B Measure “magnetic flux’

Atomic lines
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Magnetic fields measurements in unpolarized light

B Zeeman effect
B Measure “magnetic flux”
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B measurements with spectropolarimetry

B Zeeman effect
B Field orientation + polarity
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B measurements with spectropolarimetry

B Zeeman effect
B Field orientation + polarity
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B measurements with spectropolarimetry

Radial Field
s B Zeeman effect
B Field orientation + polarity
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry

B Zeeman effect
B Field orientation + polarity
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry
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B measurements with spectropolarimetry

B Zeeman effect
B Field orientation + polarity

B [arge-scale field only

w Zeeman-Doppler Imaging
Semel (1989)

B Efficient instruments
B Multi-line techniques

w M dwarfs within reach!

Donati et al. (2006)
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B measurements with spectropolarimetry
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B of VLMS from spectropolarimetry
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B of VLMS from spectropolarimetry
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B of VLMS from spectropolarimetry
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Scenarios for the magnetism of VLMS
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Outline

Dynamo bistability
m Weak and strong field dynamos
m Low Roy transition in DNS
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Weak and strong field dynamos

Large-scale dynamo bistability
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Low Ro, transition in DNS

B Christensen & Aubert (2006)
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Low Ro, transition in DNS

B Christensen & Aubert (2006)
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Low Ro, transition in DNS

Christensen & Aubert (2006)
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Low Ro, transition in DNS

B Christensen & Aubert (2006)

Boussinesq simulations
Inertia-Coriolis balance:

ROg = RO%”
Low Ro = dipolar , n=02
W Schrinner et al. (2012) B 2 OG5

Stress-free boundary conditions
e Simitev & Busse (2009)
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9

Rosshy ¢

Gastine et al. (2012)
Similar results in anelastic
For moderate stratification

B Duarte et al. (2013)
Extend to higher stratification
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Anelastic simulations vs observations (1/2)

B Compare simulations w/
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Anelastic simulations vs observations (1/2)
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Anelastic simulations vs observations (2/2)
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Anelastic simulations vs observations (2/2)
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Anelastic simulations vs observations (2/2)

Strong dipole %

Weak shear

0.1

Dipolarity

o

2 o
Weak dipole
0.01 ;a@ Strong shear 1

0.1 03
Ediff rot

Multipolar branch

B DR plays a key role in dynamo on the multipolar branch
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Observations of DR in VLMS

B CO band at 2.3 ym

Landé factors ~ 0
Several 10s deep lines
Low spot-to-photosphere contrast
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Observations of DR in VLMS

B CO band at 2.3 ym

Landé factors ~ 0
Several 10s deep lines
Low spot-to-photosphere contrast

B CRIRES observations
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Deconvolve rotation profile
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* Reiners & Schmitt (2002+)
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Summary and conclusions
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More to come |
CFHT 2013 observations
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