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Solar magnetic fields

Coronal field extrapolation

o observation of coronal magnetic field hardly possible
= approximation techniques:

o current-free (potential) field approx.

o non-/linear force-free field approx.

o magneto-hydrostatic stratification
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AB Dor

Potential field source surface (PFSS) approximation of coronal field structure (Jardine et al. 2002)
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Joint magnetospheres of close star systems

Project overview

o targets:

e.g.: RS CVn-/BY Dra-systems
o star-exoplanet systems

o circumbinary exoplanets
Qo
Q

©

hot binary stars

o objectives:

structure of joint magnetosphere
open/closed/inter-connecting
magnetic flux

magnetic interactions
atmospheric structure
observational signatures

© ©

© © 0 ©

Uchida & Sakurai 1985
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Theoretical approach
PFSS approximation

o Assumption: current-free magnetic field
VxB=0 - B=-VV¥ W: scalar flux function
o Solenoidal field:
V-B=0 - AV =0

— Laplace equation
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Theoretical approach
PFSS approximation

o Assumption: current-free magnetic field
VxB=0 - B=-VV¥ V: scalar flux function
o Solenoidal field:
V-B=0 - AV =0
— Laplace equation

o General solution:
\IJ(r) = Z allem(r) + blm’lm(r)
I,m
am, bim expansion coefficients; Y, spherical harmonics
Rin(r) = r'Yim(6, ¢) regular solid spherical harmonics

1

Im(r) = e Yim(6, $) irregular solid spherical harmonics
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Application to binary systems

Superposition of flux functions

W(r) = WO(ro) + W) (ry) + WO)(ry)

Qo \ll“)(n) =c.
o v@(r)=Cc®.
Q \II(O)(rO) =Cc0O.

I(ry) ’sources’ inside
I(r,) ’sources’ inside
R(ro) ’'mirror sources’ outside source surface
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Application to binary systems

Boundary conditions

o Boundary conditions:
o Source surface: Stellar winds drag magnetic field in radial direction

V| =vOl (1) + WO (1) + VB (1) = const.
So So So So
° and : observed radial magnetic field maps
d
B =~ (WO(r0) + W () + W)
f1 31
0
B = —= (WO (ro) + w(ry) + WA (r,))
or Sp
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Application to binary systems

Boundary conditions

o Boundary conditions:
o Source surface: Stellar winds drag magnetic field in radial direction

V| =vOl (1) + WO (1) + VB (1) = const.
So So So So
° and : observed radial magnetic field maps
d
B =~ (WO(r0) + W () + W)
f1 31
0
B = —= (WO (ro) + w(ry) + WA (r,))
or Sp

o Problem: Express W(P) in reference frame of sphere g

o Solution: Multipole translation theorems
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Multipole translation theorems

Irregular-irregular expansion: |x — X4| > X1 — Xol

I (X = Xo) = >~ ()" (X1 = Xo) iy (X = X1)

rm

()™ (%1 = x0) = (—1)"+™ =E-mRm-m" (x; — x)

Irregular-regular expansion: X — Xa| < X2 — X4|

Iim (X - X1) = Z (I|R);;nm, (X2 - X1) Ry (X - Xg)

Irm

' m’ ! —m! !
(R (x2 = x1) = (=1)""™ 1™ (xp — 1)

Rim (X = %) = > (RIR)" (Xs = X2) Rrar (X = Xs)

r.m

(RIR) (x3 = X2) = R™™ (x5 - xp)
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Application to binary systems

Example: Primary magnetic field

B = —c) .7, = (111 I, - R3! - (RIR)®) - R, |
—C@(R)EV Ry — (1D T4 - Re! - (RIR)V - R, |

a1_
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Application to binary systems

Example: Primary magnetic field

B) = G- [, (1)1 7o, R (AR,
—C@(R)EV Ry — (1D T4 - Re! - (RIR)V - R, |
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Application to binary systems

Example: Primary magnetic field

B = - [1; — (") 14 - R - (RIR)V - R, |
—C@(R)EV Ry — (1D T4 - Re! - (RIR)V - R, |
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Application to binary systems

Example: Primary magnetic field

B = M. [15, - (1)) - T4 - RZ' - (RIR)® - R, |
—C@(R)EV Ry = (1) T4 - Re! - (RIR)V - R, |
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Application to binary systems

Example: Primary magnetic field

BO) = ¢ [15, - (1" I - RS (RIR)®V - R, |
_ C(g) . [(”R)(21) . R::ﬁ _ (/“)(20) . Iao X R—1 . (R|R)(01) .R’a1]

do
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Application to binary systems

Example: Primary magnetic field

B() — _c(M). [I’ N9 . 1, - Ran (RIR)(m)W;]
- €@ [(R)EV - Ry — (1B - Iy - RS - (RIR) V- R, |
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Application to binary systems

Linear system of equations

o binary system:
B(") (1) p(12) c(
( B( ):( 1) (22) )( c® )

o magnetic maps B('/2) known — solve for coefficients C(1/2)
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Application to binary systems

Linear system of equations

o binary system:
B() o 2\ [ et
( B(2) ):( D) p2) )( c@) )
o magnetic maps B('/2) known — solve for coefficients C(1/2)

o post scriptum: technique easily expandable to N objects

B(" o0 . o) - plN) c®
B |=| ot oW ot || cv
BV | |om ot ptw | | em
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Example: YY Gem
Magnetic surface maps (onatiet al. 2011)

YY Gem, primary, radial magnetic field
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YY Gem, secondary, radial magnetic field
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Example: YY Gem
Magnetic surface maps (onatiet al. 2011)

YY Gem, primary, radial magnetic field
YY Gem, primary, magn. SH coefficient vector
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Example: YY Gem

Linear system of equations (R, = 4R;)

YY Gem, system matrix, RO= 4Rsun

row index

column index

modulus matrix element

>
1E-18 1E-16 1E-14  1E-12 1E-10 1E-08 1E-06  1E-04 1E-02 1E+00

= & = E DA
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Example: YY Gem

Linear system of equations (Ry — )

110

o II\T‘

row index

Volkmar Holzwarth (KIS)

YY Gem, system matrix, no wind

<
1E-18

1E-16

column index

modulus matrix element

1E-14  1E-12 1E-10 1E-08

Binary field extrapolation

1E-06

>
1E-04  1E-02 1E+00

Vienna, 19 Feb 2016
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Example: YY Gem

Joint magnetosphere — source surface radius Ry >> dyygem
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