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Outline

Studying magnetic fields of M dwarfs
m Fully-convective vs solar dynamo
m What magpnetic fields may help us to understand ?
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Fully-convective vs solar dynamo
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Fully-convective vs solar dynamo
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What magnetic fields may help us

to understand 7

B Rotation

e Winds on MS
e Why mid-late M dwarfs

brake less ?
* Reiners & Mohanty o
(2011) 7

B Activity

Actvity Lifatme (Y1)

e FC dynamo => activity ?
e Radio — X-ray correlation

*
down to ~M7 o ‘E e

%if

* -

MD M1 Mz W3 Md M5 ME M7

e Radio emission of VLMS

Spectial Type

and BDs West et al. (2008)

B Planets

e SPI
e Habitability
e Prevents detection ?
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What magnetic fields may help us to understand 7

B Rotation
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Outline

Direct methods for magnetic field measurements
m Disk-integrated stellar measurements
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Disk-integrated

stellar measurements

B Unpolarised spectrum

e Total magnetic flux*

e But almost no information on

field geometry
Dynamo energetics

B Polarized spectrum

e | arge-scale component

e Contains info on B
ZDI = topology
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Disk-integrated stellar measurements

B Unpolarised spectrum

e Total magnetic flux*
e But almost no information on

field geometry

= Dynamo energetics
B Polarized spectrum

e | arge-scale component

e Contains info on B

= ZDI = topology
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Disk-integrated stellar measurements

Radial Field
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Outline

The first spectropolarimetric survey of M dwarfs
m The survey
m Results: the mass-period diagram
m Rotation—magnetic field relations
m Weak vs strong field dynamo bistability ?
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The survey

B Multi-line + New generation instruments ESPaDOnS and NARVAL
= Systematic study of H-R diagram including M dwarfs

B Measurements

e Stokes V time-series
e B: pol,, tor., axi.

B Explore dynamo response to e Differential rotation
e Long-term evolution

e Mass
e Depth of convective zone
¢ Rotation period B M dwarfs
e 23 stars

e 0.08 < M, <0.75 Mg
e 0.33< P <186d
e Active
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Examples of ZDI reconstructions

DT Vir (0.59 M)

Partly convective

Complex B,

(B) = 150 G
Bunax = 500 G

|

|

B Azimuthal ring
|

|

B J4Q > dQg

EQ Peg B (0.25 Mg)

B Fully convective
B Strong B, polar spot

B Axisymmetric

e (B) =450 G

® Bmax = 1200 G
B no hint of DR
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Mass—period diagram
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Mass—period diagram
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Mass—period diagram

08
o7 10 7.36405
06
Stellar parameters
05

08 ‘ 242406 m Mass

B Rotation period

I Magnetic topologies

B Magnetic energy

B B Poloidal/toroidal

Mass (M)
Axisymmetry [shape] / Poloidal [color]

o B Axisymmetry

00| x {308+03

Proy (d)

Julien Morin Observations of magnetism in M dwarfs Bcool IRAP 2011 11 /22



Mass—period diagram
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Mass-period diagram: M, > 0.5 M,
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Mass-period diagram: 0.2 < M, < 0.5 M,
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Mass-period diagram: 0.2 < M, < 0.5 Mg
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Mass-period diagram: M, < 0.2 M
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Two distinct groups of stars
Similar stellar parameters

B Field similar to stars
0.2 < M, <05 Mg

B ~ strong dipole

B Weak field

B Non-axisymmetric

Morin et al.(2010)
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Mass-period diagram: M, < 0.2 Mg
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Large-scale magnetic flux
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Weak vs strong field dynamo

bistability 7

Morin, Dormy, Schrinner & Donati (2011)
The idea

B Simultenous 2 and B

{By) (G}

B Reduced inhibition of convection

B SF & Magnetostrophic regime

Application to VLMS B

B Strong field branch

e Coriolis—Lorentz force balance
e Bs~2—50kG

B Gap between branches

. g_;; = Ro~12 ~ 10
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Outline

What's next for M dwarfs magnetism ?
m What is missing in the present data ?
m A multi-technique approach
m Effect of binarity on magnetism
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What is missing in the present data ?

B Disentangling Mass—P,

e Extend to weakly-active stars
B Very low mass regime
B |ong-tem evolution = cycles ?
B Relation w/ other mesurements

e Total magnetic field Bf
e Activity indices

B Effect of binarity ?

Julien Morin Observations of magnetism in M dwarfs
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Bf measurements from unpolarised spectroscopy

B Spectroscopy + spectropolarimetry

¢ Ratio of large-scale to total field
¢ Increase at FC boundary

B | ow number of objects

B Non-simultaenous measurements

¢ Rotational modulation ?
e Long-term variations ?

B Very low mass domain

]
t
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[S}]
T

I

o
]
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magnetic Flux Bf [G
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Reiners, Basri & Browning (2009)
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Bf measurements from unpolarised spectroscopy
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B Non-simultaenous measurements

¢ Rotational modulation ?
e Long-term variations ?

B Very low mass domain
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Bf measurements from unpolarised spectroscopy
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Radio observations brown and red dwarfs
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Radio observations brown

and red dwarfs

B Polarized pulses

w ECMI emission

= Similar giant planets, AKR

B Also observed on M dwarfs

Julien Morin

Observations of magnetism in M dwarfs
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Effect of binarity on magnetism

B Close eclipsing binaries

= Related to SPI

B Stellar models: Mass-Radius

relationship

e Large discrepancy for EBs

[ o,&
e Strong tidal interaction 07}
w Effect on dynamo 7

6, <3%

VB18TauB
oL g
RU0Z0.1-10108 g

e Accurate for inactive objects
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Results and prospects on M dwarfs magnetism

B 1st spectropol. survey of M dwarfs

e Topology change ~ FCL
e Bistability among VLMS

Disentangle Mass—P;qt,
Long-term evolution

Mutli-technique approach

Close binaries

Link w/ B of TTS

Detection of extrasolar planets

Julien Morin
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