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er's'r ndmg the magnetic Sun & }
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e . Larmor 1912 / Cowling er 1955
- £ dynamo : interplay of convection & rotation >“magnetic field
rotation shear @ base of convective zone (CZ) > Toroudal field

dynamo action strengthens w/ rotation rate
o

explor‘ing magnetic stars 9

. theory Tqiloﬁgd on one siri‘gfe s1‘ar": ‘gow general?
Xplore low- "&E?“ i'ra‘r-di Eu‘n (w/ outer convection)
udy wiir ace distributed dyna‘mos separately

ti)‘ origin of fields & impact on physncs & evolution
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gnetiCiproxies,: activity

- ®'eg "emission in optical & UV spectral lines > é\‘r"o osp coronae
3 - eg : regular photometric var'iabi.lﬁ’ > cool ce spots
' detected in all low-mass stars (ie‘ve/ outer CZ)
correlates w/ rotation rate > attributed to d)’namo fields

|
magnetic fields ’
( : using jthe Zeeman effect in spectral lines
Robinson 1980 E&fi
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olar-type 'mag etic WUn w/Jdynamo fields
,magngfgﬁl estincreasing w/ ‘rotation rates
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W derecting stellar fields
e

b
ctrosco

;3{; spectropolarimetry R

broadening of 'specfr'qf‘ lines > ield flux

: - € .. 0., . .
no information on topology > limited use for dyn heories
generic high-res spectrograph avaullable @ all telescopes

polarization of spectral lines > topologies of Iarge-gcale HE S
toroidal & poloidal fields but no information on small-scale fields
dedicated instruments, eg ESPaDOnS@CFHT & Nz,hVAL@TBL
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ESPaDOnS@CFHT

NARVAL@TBL
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‘ec’rroscopy\rs spectropolarimetry

w br'oademng of spectr'al Imes > ield flux

» generic high-res spectrograph available @ all

‘ elescopes
polarization of spectral lines > topologies of large-scale fields
toroidal & poloidal fields but no information on small scale fields
dedicated instruments, eg ESPaDOnS@CFHT & N‘/;RVAL@TBL
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circular polarisationgn line pr'o’L S P .j

Sitive 10 line- Sig Iongi’rudina) B component

ol Zeeman si

eman sugnafur'es fr'achonal size 1%-0.01%
Wsmg mul'hlme tools (eg LSD) to improve S/N
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Mean LSD profiles of 7 Boo, 2006 June 13
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ol

rotational modulation of iZe ignatures

apply tomographic imaging & use spherical-harmonics expansions

> poloidal & toroidal components of large-scale field

sensitive to location of magnetic spots & orientation of field lines
dlfferen‘rlal rotation & activity cycles from long !'rerm evolution




vector magnetic field

‘ I !

Doppler effect

F animations available @
ttp://www.ast.obs-mip.fr/article.php3?
id article=457
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http://www.ast.obs-mip.fr/article.php3?id_article=457
http://www.ast.obs-mip.fr/article.php3?id_article=457
http://www.ast.obs-mip.fr/article.php3?id_article=457
http://www.ast.obs-mip.fr/article.php3?id_article=457
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..To reconstruct the large-scale topology...

apply tomographic imaging & use spherical-harmonics expansions

> poloidal & toroidal components of large-scale field

sensitive to location of magnetic spots & orientation of field lines

L differential rotation & activity cycles from Iong !'rer'm evolution

? "_assume po+en ial field topology

> get 3D image of stellar magnetosphere
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.‘ ’ Spec‘l’l"a| T % V - LA.’ o MO
Prot~ 1.3 d (le 20x solar) - Ro ~ 0.1 - vsini ~37 km/s
S ¥ i~60°
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one example
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sun HD 171488

L Spectral \TY‘P GOV= 1 Mo

Pt~ 1.3 d (ie 20x solar) - Ro ~ Ot- v sini ~ 37 km/s

- e ; i~60°

-~ ‘ complex Zeeman signatures & rapid tempor;?modulaﬁon

modes up to 1~30
onZaxis mme'rr"ic?oloidal field

v
> works w/ slog rotators as well

(though some loss }n spatial resolution)
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‘fﬂ.’(be Many faces of dynamo
el ' "‘&.;‘. , T_«qv

g |
* VS Pro+ diagram
i

detect Zeeman' sngnaTur'es & cale field
-~ Mx : from 0.1 10 1.5 Mo - °

> (i) magnetic energy, (ii) fractional ener'gy xolmdal ‘component &
(iii) degree of axisymmetry of polondal‘componem‘

magnetic energy of Iarge-scale field gymbol size
.4

t = symbol color

actional energmpo 30! componen
W Shixed - toroidal
A

.d)?isy‘rbnmet‘r'y‘of poloidal compdné.nt = symbol shape
(@ axisymmetric - % non-axisymmetric)
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__poloidal fields
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\geometry
‘of CZ?

\
\ Ro=0.1
\
\
bi-stability? \
\

J 3622 ' . .
& mixed regime

Rotation period (d)
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u other faces of dynamo

'face dlff}r'en'hal rotation

estimate rotation shear df2 between‘succesm e lc“""images

4 + Sun-like shears (sign & s'rr'eng'rh) in,solar- K) stars
- supersolar shears (x5) in F stars w/ Qr'y shallow convection

subsolar shears (+5) in fully- convectlve M stars

|

magnetic cycles from long-term evolution

tau Boo (F7) : first magnetic cycle detected in'star # Sun
t _ poloidal & toroidal fields flipping s ’gn every 1.1yr
' shallow CZ28strong differe atior iant-planet?

activity cycles

] IroTa'hon? close -in
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W other faces of dynamo

‘rface dlffc'a‘r'enhal rotation

estimate rotation shear df between‘successuve ic images

: : + Sun-like shears (sign & strength) in solar 2 TypeX6K) stars
» supersolar shears (x5) in F stars w/ Qr:y shallow convection

subsolar shears (+5) in fully- —convective M stars
l

activity cycles { | ,
magnetic cycles from long-term evolution

' tau Boo (F7) : first magnetic cycle detected in‘sfar z Sun
t poloidal & toroidal flelds fllppmg sn_gn every 1.1yr
shallow ICZ2a strong differe ial rotation?. close‘?glam planet?

. ~ local dynamos of RGB stars
Id 'detecfed on Betelgeuse (Aurler'e et al 2010)
’ dynamos of young protostars

accretion discs dynamos & planet formation
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prospects

A
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Y e
ordinated observations & simulations :

| o o 4
g \” worldwide program w/ ESPaDOnS@CFIﬂ' VAL@TBL

2l coordinated multi-wavelength campaignsg'ay, SnIR, radio)
’ > explore HR diagram & the many faces of dynamo

\
theoretical predictions from numerical simulations
toroidal/poloidal, axymmetry, large/small scales, differential rotation

SPIRoU @ CEHI2 A | 2, g’i :J
q? oemc spe.c%agmeter velocumeter‘ (1-2.4 ym)

magne 1;|c Toﬁ&%ues of .liow-m\ass dwar'fs & young Suns
- ‘;‘5 r“ "> habitable exo-Earths ‘around M dwarfs




