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The study

Why Magnetlc fields play a key role in stellar evolution

<% Affects the star — slows down rotation => Sun used to

rotate more rapidly => stronger magnetie activity
" (Vidotto et al. 2014, Marsden et al. 2014)

<>Affects surroundlng obJects planets
| Goal: Learn mere_about the yo;ung selar magnetie f_ield

HOW Focus on young solar analogues, all from Sun 1n
- Time” sample (Guidel 2007) £

< Ages of 100-600 Myr, all W1th a mass and temperature :
- similar to the Sun .

< Use spectropolarlmetrlc Stokes IV data

{- Derive maps of surface magnetlc field using the same ZDI :
“code for all observations |

b Evaluate poss1ble collective trends and 1nd1v1dual results



Gbservatlonal data

< SlX stars observed for 16 epoehs in total

< Archlval data from Polarbase (Petit et al 2014)
i NARVAL Resolution ~65000 ; :
S Flve stars: EK Dra: 20()7 1,2012.1

| HN Peg 2007.6, 2008. 6 2009 5, 2010.5,
2011.5 e |

! Uma: 2007.1 | e
© x!Ori: 2007.1, 20081, 20108 2011 9 S
k! Cet: 2012.8 i e

<> Observation program Actlve Suns (Hackman et al "

9015) ~ |
<> HARPSpol Resolutlon ol 10 000 -
<> Three stars: HN Peg: 2013.7
BE Cet: 2013 7
Kl Cet: 2013.7



The sample

< All Stafé are selected from the ”Sun in Time” sample

Star s g s Mass P Age Membership
g U O ) |
EKDra | = 5845 (e B B s Bl T Pleiades
HNPeg ‘| - 5974 .| 1103 | a6 ] .236 Hercules-
; ' 5 ARALS '- T2 . ' P ¥ : Lyra
" n! Uma - B8T3 - 150007 49 270 ~ | Ursa Major
X! Ori . 5882 1,028 ] =508 & vk 800 ‘Ursa Major
BECet .| ~s837: | 1eez ") 765 - 500 | Hydadss
k! Cet v LR R el G )

" ' Valenti & Fischer 2005, Takeda et al. 2007, Strassm'ele'r'& ‘Rice 1997, Montes et al. 2001a ,b,
‘Boro Saikia et al. 2015, Elsenbelss et al. 2013, Klng et al. 2003 Messma & Guinan 2003,
Giidel 2007, Gonzalez et aI 2010 ~




Polarlsatlon proflle anaIyS|s

v N 0 polarlsatlon 81gnatures 11 1nd1v1dual hnes :
< Apply least- square_s deconvolutlon to 1ncrease T

< ZDI usmg the smgle line approx1mat10n of LSD
profﬂes (weak fleld and no linear polansatlon)

<> Only one target EK Dra showed any dlstortlon n_ o
- Stokes 1 B e
< Brlghtness mapplng together with magnetlc fleld mapplng & |



I\/Iean Iongltudlnal magnetlc fleld
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< Complex magnetic fie,l__ds'
< Decreasing with age?
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- Significant
decrease of <B>
and <B_> from
100-200 Myr
Similar variation
between different
epochs of the
same star as

- between different
stars '

<B, > is weakest
1n 15/16 epochs
<B_>1s strongest .
1n 13/16 epochs
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POSS|bIe trends and other results

<> B, decreasmg with age . ~
<> <B> decrease from 160- 200 Myr but then =~ s1m11ar

< Decrease 1n B, due to Change n topology rather than
field strength" i : ~
$ <B,> field is strongest in 13/ 16 epochs SR
% Free of cross talk" S

< <B > field is Weakest in 15/16 epochs
% Underestimated with Sto_kes_V only
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~ Global magnetic field topology

¢ 89-97%in1=1-3 .~
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| | |
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~ Global magnetic field topology

¢ 89-97%in1=1-3 .~

< K, decrease as 1 s iceanare 12345678910
increase 1n -12/13 o
epochs -



Global magnetlc fiela topology
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< Dominantly toroidal in 8/16 epochs < Domlnantly axisymmetric 1n 14/ 16 ;
+3 where E,,~E G S epochs S :

tor




 Global magnetic field topology

Q‘ﬁm

O EK Dra
O HN Peg
o 7' UMa
A ' Ori
Y5 BE Cet
O k' Cet

80

< Follows the relation E . >E, . (See et al. 2015)
<> No trend with age, youngest and oldest star have 81m11ar topology
< BE Cet lowest E and E

axis tor



POSS|bIe trends and other results

<> B, decreasmg with age . ~
<> <B> decrease from 160- 200 Myr but then =~ s1m11ar

< Decrease 1n B, due to Change n topology rather than
field strength" i : ~
$ <B,> field is strongest in 13/ 16 epochs s
- % Free of cross talk" i Cahn
< <B > field is Weakest in 15/16 epochs
% Underestimated with Stokes V only -

< Two oldest stars have twice as large octupole 5
compared to quadrupole component

< Magnetic field 1s dommantly tor01dal for half the e
- epochs (+ 3 close to 50%) e
% Notrend with age



I\/Iagnetlc cycles’>

g EK Dra HN Peg, %! Ori and Kl Cet observed at
' multlple epochs v 7

< EK Dra and HN Peg show the same radlal polamty for
all epochs ~ . - -
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< Radial field
. changes
‘polarity
- twice

% Meridional
field also
changes

< Magnetic
~cyele of
either 2 or

8 years
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POSS|bIe trends and other results

<> B, deoreasmg with age - = ‘
4 <B> decrease. from 100-200 Myr but then ~ s1m11ar

% Decrease in B, due to change in topology rather than
field strength‘7 ' ¥ S

< <B_> field 1s strongest in 13/ 16 epochs ;
< Free of cross talk? .

<> <B_ > field is Weakest in 15/16 epoohs S
<% Underestimated with Stokes V only. ‘

$- Two oldest stars have twice as large octupole
compared to quadrupole component

< Magnetic field is dommantly toroidal for half the
epochs (+ 3 close to 50%) |
<~ No trend with age

"+ < Possible m_agnetiooyole for Xl Ori1-
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