Polarized radiakive
transfer

Light + makbter + magnetic field
Nileolal Piskunov
Uppsai.& Umi;versi&v



What happen to absorption
in magnetic field?

o Projection of elecktron orbital momentum on
magnetic field is gquantised M=-30,+3

o Calssical amatagjz electron oscillates alowng
field direction (M=0) or circles around ik
(M:'"li""j')‘

o Allowed transitions can change M by © or 1,

o Photon can carry angular momentum in
form of circular polarization



»qu&%&m«s cyf
radiative Eransfer

@ Now we are going to treat separo&etv pho&oms
that carry angular momentum (circularly
polarised Light) and that do not (Linearly
potarised Light)

o For each of these we can write a separate
KT equation:
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Stokes parameters
and RT equation

The previous equation was written for one particular
corrdinate system with x pointing to the propagation of
Light and y,z selected arbitrarily in the perpendicular plane

It tuns out that we can reduce this uncertainty by adding
and subtracting the equations for circular polarization and
for Linear polarisation I=1++1 ” 4 IO

In this case we will only need two angles in y,z-plane
Addition gives us total intenstty

Subtraction will give us circular (O _ JO =/ )
and two Linear (JII — 71 = Q) and U Y polarisations



Canonical
F?c;} Llarized RTE

o The form of RT equaﬁon for Stokes

Par&ma&evs Llooks Lilkke this:

I
ok ey

dx
o Where: T={I.Q,U,V} are the Stolkes
Parama&ms

nr Uls, Nnu nv
[ e N1 PV e alt
nu —pv nr ye
nv PU —PQ ni



Fural Fouches

o We can malke a sim[vte Ericke ab the
diagonal of the “absorption makbrix”:

K
K== =4

nr
o The new mwabkrix has zeros o main

diagonal

o The source function in unstructured
medium is defined as: S =J/n;



Final-final touches

o Now the next final form of the RT

equation;

dI . L

s = —mK-I —nrl +ns
L

o We can also introduce a modified
source function: & = 5 —KI'

o ... and qget the final form of RTE:
dit g

s R
nrdr  dt ”
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Under the hood

Opamﬁv nakrix Cmmpamemﬁs
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FQ{’:L%:? F’\“Oﬂfﬁiﬁs

o Adding all sigma and all pi compomem&
profiles:

¢b — Zb AbH(CL, U3 A)\b/A)\Dop)
P = Zp A H(a,v =&,/ AXpog)
Op =0 A Hgiv = Aly ) ANEEE
@Db — 2 Zb AbF(CL, i AAb/A)\Dop)
Uy W Zp A Fla,u— AX,/ AXpoy)
v =0 2) A TR S N
o The Voigt and Faradey-Voiqt functions:
Haw) = & [*2 oy
+oo (v—y)e Y
F(a7 ”U) 3 % f—oo ((v—;j))Q—l—az dy



Numerical solvers
for polarised RTE

Runge-Kutta, high-order, precision control o

every step but slow

Feautrier: 2nd order finite difference scheme,
helps when mean intensity is needed, fast but need
to cover the whole domain (long characteristics)

Attenuation operator: fastest, 2nd order, short
characteristics (one step at a time), overshooting
can be handled by Bezier spline fit for the source
function



Measuring Stokes
parame%@.rs

o Polarizing bQQMmsF?Li%%er

Limeartvmpamriz.aci
| Light is s[z:'i.ii i bwo
beams

o Circular polarisation needs ko be
converted to Linear first

A qu&rﬁerwwavetevxgﬁk
retarder Pto&e Adoes
the Ericle




NMpumepbl cnekTpononsapuMeTpuvecKkux HabnroageHnm B 4-x

napameTtpax Ctokca /,V,Q,U n ux aHanuza.
(HabnopgeHnsa npoBoaaTca Ana Habopa da3 BpaweHus 3Be3abl)

Jonnep-3eeMaHOBCKOE KapTUpoBaHMe MarHUTHOIO MNMOMA U
coaepXXaHnAa XMMNUYECKUX 3NIeMeHTOB Ha NOBEePXHOCTU 3Be3Abl
no HabnwaeHnam B 4-x napameTpax Ctokca.

MarHutHaa xmmun4yecku-nekynsipHas asesga HD 24712

(Rusomarov et al. 2015, A&A 573, A123)



RVAAY4
VIV
A [Nl

royiNg
BTk
N N

AT
NSNS

=

v
\
Xf
\
VIVIVY

N
BY g
FINS
FINS
AT
N
i
N
AVAR
N
s

B e T

\\f

+ |8
1=

VM%M%MWV

a
—+ |3
o

— e

vvvvvvvvvv

fvvvvv

wvvvv

wwwhﬂva

11 x 2
RIRR,

jeettecacceereee

e

==

=

PP oA

PRAPPIEDIIIB I

S eSS

i aeaa il

aaaaaaaaaaaaaaaa

nce maps (Fig. 7

the lower right of each

for the final magnetic field and abunda
ve been expanded by factor 2 for clarity. The bars at

ic (lines) Stokes [ profiles calculated
sion. The profiles ha

d synthet

of the observed (dors) an
lines (Table 1) used n the MDI inver

nd &) for all

Fig. 8. Comparison

panel of the figure.

1 phases are indicated in the leftmost

ical (10%) and horizontal (0.1 A) scale. Rotationa

panel show the vert



_|_

_|_

_|_

_|.

_|_

_|_

S S

_|_

LAY

_|_

Wavelength, A

Stokes V/Ic x 3

- ’ﬂ'-,.f

_|_

N

N

— A

A

0.330,

Fig. 11. Same as Fig. 8 for the Stokes V profiles. The bars at the lower right of each panel show the vertical (5%) and horizontal (0.1 A) scale.

Profiles have been rescaled by factor 3 for clarity.



Stokes QT x 0
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Fig. 9. Same as Fig. 8 for the Stokes  profiles. The bars at the lower right of each panel show the vertical (5%) and horizontal (0.1 A) scale.
Profiles have been rescaled by factor 9 for clanty.



Stokes U/Tc x 9
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Fig. 10. Same as Fig. 8 for the Stokes U profiles. The bars at the lower right of each panel show the vertical (5%) and horizontal (0.1 A) scale.
Profiles have been rescaled by factor 9 for clarity.



Fig. 6. Distribution of the magnetic field on the surface of HD 24712 derived from simultaneous MDI analysis of Fe, Ndm, and Na. The plots
show the distribution of magnetic field modulus (first row), horizontal field (second row), radial field (third row), and field orientation (fourth row)
on the surface of HD 24712. The bars on the far right represent field strength measured in kG. The contours show 1 kG changes of the according
quantity. The arrow length is proportional to the field strength. The star is shown at five rotational phases, indicated above the spherical plots.



Fig. 7. Abundance distribution of Nd m, Fe, and Na on the surface of HD 24712. The first row shows the surface map of the Nd m, the second and
third rows illustrate the surface abundance maps of Fe and Na respectively. These maps were derived from the simultaneous mapping of the three
elements. The bars on the far right next to each panel denote the abundance in log(Ny /Ni.) units of element X. The contours for Nd m and Na are

plotted with a step of (.4 dex, and 0.2 dex for Fe. The vertical bar on each projection indicates the rotation axis.



