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Polarimetry

Zeeman splitting
Assume weak magnetic field (LS or Russel-Saunders coupling)
Quantum numbers: L orbital angular momentum of the electrons, S

spin angular momentum, Jtotal angular momentum, and M,
magnetic quantum number

Landé factor
J(I+1)+S(S+1)-L(L+1)
2J(J +1)

Displacement of the line in the presence of a magnetic field

Adg=A—-1,= 47rim g°A’B with g*=gM —g'M’

e
0 Normal Zeeman effect or Lorentz triplet: S= S =0

AM,=-1,0, +1 = g& = -1, 0, +1
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Solar spectral lines are broadened by micro- and macro-turbulence
and by pressure = the components of a Zeeman multiplet are
normally not resolved

The triplet consists of two shifted c=components and an unshifted 7
component

Longitudinal Zeeman effect: line-of-sight (LOS) || B
= ¢-components with circular polarization of opposite sense

Transverse Zeeman effect: LOS | B = r~component (linearly
polarized | B) and c=components (linearly polarized || B)

Mg £ & A= A
Polarized light (propagating in the zdirection)
E,=&.cosg and E, =& cos(g+¢)

Stokes vector |2

2, g2
I=8, &,
U=25¢, cose
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Fig. 2. Spatial variation of the miensity (left), circular polanzation (middle) and linear polanzation (right) profiles of the Fet 1564.% nm line
in AR 8704 along the symmetry line connecting the disk center and the sunspot center. The horizontal and vertical axes represent the spectral
and spatial directions, respectively. The center-side penumbra is at the top. The Stokes V and L profi ach row have been normalized to
their maximum absolute values for better visibility. Note that the maximum Doppler shifts occur near the spatial positions where Stokes V and
Stokes L show discontinuities.
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TIP on 1999 September 20 a1 15:25 UT. The li

also represents the posilive y-axis of the local reference frame v e inner 3 ot P boundaries are 0.75 and 0,90

of the quiet sun continuum intensity. The continwum map shows an azimuthal path at a normalized radial distance of 0.7, The crosses mark the

position of the Stokes profiles displayed in Fig. 3.

September 27, 200 Center for Solar-Terrestrial Research

\

a3



Superposition of a large number of independent waves
1=(&£+&) Q=(&-&)
U=2(£¢,cose) V=2(£&sine)

Degree of polarization

Stokes profiles I(A), Q(A), U), and V(A)
Longitudinal Zeeman triplet

| = |C(1_T)_ Icr(77++77’)/2
n =n(A£A4) with 7(2)=x (1)/x
V() =—ler(n" )12
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Unno's Equations

—zl -znl with

U

|
_|Q
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v
1
2

nsin v+£11(17*+17’)(1+0052)/)
( )]—— n +77 jsin27c052¢
1 PR,
El}—— n' +17 sin® ysin 2¢
N :%(1]*717’)003}/
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Transfer of Polarized Light
0081931_:(1+7])(| -B,)
O Longitudinal magnetic field

y=0 =n,=0,n,=0, 7 :;(;7*+17), and 7, :;(,f_r])

0O Radiative transfer equations

dl d
/1E=(l+77, )(1-B,)+n,V ,u?_

dv du
#E:(l+m WV +m, (1-B,) ,u;
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0O Transverse magnetic field
y=90" and ¢=0 = n,=n,=0and U=0
1 1, .,
n =Ez7+z(z7 +7 )
1

Mo = 277—31(17* +17’)

0O Radiative transfer equations

dl
,ud—rz(lﬂyl )(I — BA)+17QQ

,u?j?_=(1+77,)Q+77Q(I —BA)

dv
,uaz(1+77, %
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