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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSMagnetism of ool stars
αΩ Dynamo
� Di�erential rotation
� Cyloni onvetion

➔ Taholine: ruial role ?Partly onvetive
� Rotation-ativity, yles
� Internal struture

➥ Solar-type dynamoM⋆ < 0.35 M⊙

� Taholine ➔ no solar dynamo
� Ativity / magneti �eld
� Simple topology Shou et al. (1998) ; from SOHO�MDI data
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSDynamo proesses in fully onvetive stars
� Small-sale dynamo

◮ Durney et al. (1993)
� Mean-�eld α2 and α2Ω models

◮ Chabrier & Küker (2006)
� Global 3D DNS

◮ Dobler et al. (2006) Browning (2008)Link with geodynamo
� In�uene of aspet ratio

◮ Goudard & Dormy (2008)
� Saling law B(Eonv)

◮ Christensen, Holzwarth & Reiners (2009) Dobler et al.(2006)
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSMeasuring magneti �elds: tehniquesZeeman e�et
� Line splitting/broadening

◮ ∆λB = 4.67× 10−12 λ20ge�B
� PolarizationUnpolarised spetrosopy
� Total �eld Bf
� GeometrySpetropolarimetry
� Field orientation + polarity
� Large-sale omponent only

Spatialdiretionx
Spatialdiretionx Spetral dispersion λJulien Morin Dynamo bistability in VLMS 23/06/2011 4 / 10
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSMeasuring magneti �elds: M dwarfs results (1/2)Fully onvetive transition
� Partly onvetive stars

◮ Toroidal, non-axisymmetri
◮ Variable

� Fully onvetive stars
◮ Almost dipolar, stronger
◮ SteadyMorin et al.(2008a,b) Donati et al.(2008)Phan-Bao et al.(2009)VLMS

� Similar stellar parameters
� Two distint magnetisms

◮ strong dipole
◮ weak non-axisymmetriJulien Morin Dynamo bistability in VLMS 23/06/2011 5 / 10
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSMeasuring magneti �elds: M dwarfs results (2/2)Bimodal domain
� "Saturated" dynamo
� M⋆ < 0.15 M⊙

� Prot < 1.5 d
◮ Not well de�ned
◮ Larger sample neededUnpolarised spetrosopy

� Bf ∼ 1− 4 kG
◮ Dominated by small-sale

� No orrelation w/spetropolarimetryJulien Morin Dynamo bistability in VLMS 23/06/2011 6 / 10
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSWeak and strong �eld dynamosLinear stability analysis
� Ω or B inhibit onvetion

◮ Higher Ra , smaller spatial sales
� Ω + B ➔ ounteration

◮ Most e�ient if Coriolis ∼ Lorentz
◮ Magnetostrophi regimeDynamo-generated B w/ rotation

� Roberts' onjeture
◮ Runaway growth of B
◮ Bistable domain

� Theoretial supportChildress & Soward (1978)
� Numerial simulationsV. Morin & Dormy, in prep.Julien Morin Dynamo bistability in VLMS 23/06/2011 7 / 10
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Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSWeak and strong �eld dynamos: fully-onvetive starsLarge-sale dynamo bistability
� Similar FC boundary
� Small fration of BfField strength
� Strong �eld branh

◮ Coriolis�Lorentz fore balane
◮ Λ =

B2
ρµηΩ

= O(1)Bsf ∼ 6 ( M⋆M⊙

)1/2 ( R⋆R⊙

)−1 ( L⋆L⊙)1/6
(

η⊙1011 m2 s−1 )1/2 (Prot1 d )−1/2 kG
� Bsf ∼ 2− 50 kGJulien Morin Dynamo bistability in VLMS 23/06/2011 8 / 10



Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSWeak and strong �eld dynamos: fully-onvetive starsGap between branhes
� Lorentz-inertia ➔ Lorentz-Coriolisbalane

◮
BsfBwf = Ro−1/2 ∼ 10Dependene on rotation

� Bsf ∝ Ω1/2
◮ No evidene in our limited sample
◮ LX/Bbol weakly a�eted
◮ no relation with super-saturationJulien Morin Dynamo bistability in VLMS 23/06/2011 9 / 10



Low mass stars magnetism B measurements in VLMS WF/SF dynamos Appliation to FCSSummary and Conlusions
� 2 groups of stars

◮ Same stellar parameters
◮ Di�erent magneti topologies

� No distintion in Bf measurements
➔ Several hypothesis
➔ WF/SF dynamo bistability
� Field strength: Λ = O(1)
� Gap between branhes: Ro−1/2
� Hystereti behaviour
� Present B depend on history
➔ Impat on stellar formation/evolutionMorin, Dormy, Shrinner & DonatiarXiv:1106.4263Julien Morin Dynamo bistability in VLMS 23/06/2011 10 / 10
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