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strategystrategygygy
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MotivationMotivation

Why Hinode?
spectra are easier to inter
CRISP (continuous WL co
straylight effects well stud
understood)

Why Quiet Sun?
weak signals: ME appropg pp p
interesting effects, especi
straylighty g

rpret than, e.g. 
overage)
died (and 

priate approachp pp
ially concerning 
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Hinode inversionsHinode inversions

diffraction limited observations
angular resolution 0 32´´ (limiteangular resolution 0.32 (limite
free from seeing effects

light entering the telescope co
region than for ground based t
results in significantly larger po
effect of noise is minimized
l t h i tless atmospheric components 
resolution element
facilitates the interpretation offacilitates the interpretation of 
allows for simpler atmospheric
Milne-Eddington appropriateMilne Eddington appropriate

CHECK using MHD!

s
ed by pixel size of 0 16´´)ed by pixel size of 0.16 )

mes from a much smaller 
telescopes
olarization signals

i d t th imixed together in one 

datadata
c models
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ME approach to complex stratifiME approach to complex stratifi
Magnetohydrodynamic simulations ofMagnetohydrodynamic simulations of
the quiet-Sun provides “realistic” mod
atmospheres: <B>=10, 50, 140 G
F I 630 15 d 630 25 t lFe I 630.15 and 630.25 nm spectral 
lines with no noise and not affected b
the measurement process
Wavelength sampling 2.15 nm

MHD simulations        <B>=10G

sl
er

20
05

er
&

 S
ch

üs
V

ög
le

S ti l l ti 0 0285″ 20 kSpatial resolution 0.0285″ = 20 km

icationication Orozco Suarez et al., 2009Orozco Suarez et al., 2009

ff 
del I/Ic Q/Ic

by 
U/Ic V/Ic

B γ

φ vLOS
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How to compare MHD and ME?How to compare MHD and ME?

Atmospheric quantities vary wi
ME inversions provide single q
as averages of the real stratificas averages of the real stratific
1998)
Analytically, it is possible to dey y p
of a ME measurements” (Sánc
In practice this concept is of litt
th t h t kthe atmosphere are not known

The formation height is deeperg
granule centers
ME inferences cannot be assig
depth layerdepth layer
The height at which the ME pa
depending on the physical parp g p y p

??

ith height
quantities that can be interpreted 
cations (Westendorp Plaza et alcations (Westendorp Plaza et al. 

etermine the “height of formation g
chez Almeida et al. 1996) 
tle use since the conditions of 

n

r in intergranular lanes than in g

gned to a constant optical 

arameters refer  to change 
rameter
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Hinode measurements Hinode measurements –– spatiaspatia

Hinode: 0.5 m telescope with spatial
(~190km)

1 Degradation by telescope d

A 0

1. Degradation by telescope d

Aperture 0.5 m

Working 
wavelength 630 nm

Spatial 
resolution

~ 0.26" 
~ 190 km

Celtral 34 4%obscuration 34.4%

CCD pixel 
size 0.16" × 0.16"

l degradationl degradation

l resolution ~0.26" @ 630 nm

diffraction ~0 26"diffraction 0.26
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Study using MHD simulationsStudy using MHD simulations

MHD (SOT/SP res ) degradeMHD (SOT/SP res.) degrade

b t ti l l fsubstantial loss of 
contrast (15% 7.5%)

Thi d i t d tThis decrease is not due to canc
fields, but a true result of the tele

It is important to include the sIt is important to include the s
surrounding pixels  (contaminati

e to SOT/SPe to SOT/SP

80% f bl d fil h80% of blurred profiles show 
TCP lower than original

ll ti f it l itcellation of opposite polarity 
escope diffraction.
stray/scattered light of the
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Hinode measurements Hinode measurements –– spatiaspatia

Hinode: 0.5 m telescope with spatial
(~190km)

1 Degradation by telescope d1. Degradation by telescope d
2. Degradation by CCD pixel 
3. Reduction of rms contrast f

contrast of real Hinode/SP 

<B>=10G

l degradationl degradation

l resolution ~0.26" @ 630 nm

diffraction ~0 26"diffraction 0.26
size ~0.32”
from 13.7% to 8.5% (the rms(
observations is ~7.5%)
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Telescope diffraction Telescope diffraction –– effect oneffect on

Telescope diffraction modifies th

Black = before

n spectran spectra

he shape of the Stokes profiles

e ;   red = after
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Quantitative analysis of ME perfQuantitative analysis of ME perf

I f d fi ld t thInferred field strength
og

 τ
= 

-1
 

lo

Inferred field inclinati

= 
-1

 

Inferred field inclinati

lo
g 
τ

=

Blue = mean   ;   red = rms

formanceformance

Quantitative comparison with 
the real atmosphericthe real atmospheric 
parameters at log τ = -1
The scatter is a combination 
of the use of a ME model 
atmosphere to fit asymmetric 
Stokes profiles and the pixel-on p p
to-pixel variations of the 
“height of formation” 
The deviation of the

on

The deviation of the 
magnetic field strength from 
one-to-one correspondence 
is due to the variation of theis due to the variation of the 
height of formation in the 
magnetic field with the field 
strength
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ME inferences of solar magneticME inferences of solar magnetic

Conclusion: ME inversion
f th h i l titiof the physical quantities 

Field Inclination A
strength

30 G 6º

Caution: This differences 
individual pixels even whe

do not trust individual p
The differences associate
dominate against those d
observations

(Orozco Suárez et al., in prep)

c fieldsc fields

ns provide good estimates 
t t l 1present at log τ = -1

Azimuth LOS velocityy

20º 500 m/s

may be rather large for 
en the fit is good
pixels too much!
ed to the ME approximation 
due to photon noise of the 
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How to include straylight?How to include straylight?

Global straylight:Global straylight:
when telescope has wide 
PSF (pixel contains (
information also from 
regions far away)

i / AO i d d idseeing / AO induced wide 
PSF
average quiet Sun profileaverage quiet Sun profile 
as straylight component

Local straylight:
narrow PSF (Hinode)
average over I profile of 
neighboring pixels

Should the local straylight beShould the local straylight be 
polarized or unpolarized?
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Inversion strategy: modeling theInversion strategy: modeling the

Invert the Stokes profiles assup
atmosphere occupying the who
contamination of “stray light”
Th id i t t f th diThe idea is to correct for the di
due to diffraction
The “stray light” profile is evaluThe stray light  profile is evalu
by averaging the Stokes I profi
centered on the pixel
10 free parameters are determ
vLOS, α)

This strategy represents a significThis strategy represents a signific
conventional treatments in which 
considered

e straye stray--light profilelight profile

Orozco Suarez et al.Orozco Suarez et al.

ming a homogeneous magnetic g g g
ole resolution elements and a 

l ti f th l i ti i llution of the polarization signals 

uated individually for each pixeluated individually for each pixel 
les within a 1"-wide box 

mined (S0, S1, η0, ΔλD, a, B,  γ, χ, 

cant improvement overcant improvement over 
a global stray-light profile is 
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Local straylight correctionLocal straylight correction

average straylight profile calcu
a 1´´ wide box centered on the
HeLIx+: adjustable size of thisHeLIx : adjustable size of this
add this average profile to the
a straylight factor α = (1-f), f …y g ( )

magnetic component 
(ME)

straylight is interpreted as con
polarization signal due to diffr
it might also represent magneit might also represent magne
one
(more on that in the next minu

Orozco Suarez et al. (2007)Orozco Suarez et al. (2007)

ulated from Stokes I profiles in 
e pixel

s boxs box
e Milne-Eddington profile using 
… filling factor:g

non-magnetic 
componentp
(straylight)

ntamination (degradation of 
action).

etic filling factors smaller thanetic filling factors smaller than 

utes…)
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MHD Inversion results (I): qualitMHD Inversion results (I): qualit

Field strength Inclination

tative analysistative analysis Orozco Suarez (2009)Orozco Suarez (2009)

R l d l

Azimuth

Real model 
stratification 
at log τ = -2g

Results 
without using 

stray-light 
contaminationcontamination

Results using  
l l tlocal stray-

light 
contamination
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Inversion results (II): qualitative Inversion results (II): qualitative 

Mean and rms values of the erro
between the inferred and the rea
depth log τ=-2.

Fi l

depth log τ 2.

Field strength Fiel
und
conay

 li
gh

t Field strength

RMS

The
straN

O
 s

tra

MEAN

F

ra
y 

lig
ht

RMS

F

W
IT

H
st MEAN

analysisanalysis Orozco Suarez (2009)Orozco Suarez (2009)

ors defined as the difference 
al parameters at optical 

d t thd strengths are 
derestimated if NO stray-light 
tamination is considered

e inversion considering local 
ay-light contamination gives

Field strength error < 80 G 

Field inclination error < 6º
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Inversion results (III): stray light Inversion results (III): stray light 

d h d Hi t f t lidashed: Histogram of stray-li
the inversion
solid: ratio of TCP in the degrg
respect to that in the original 

factorsfactors Orozco Suarez  (2009)Orozco Suarez  (2009)

i ht f t d i d fight factors derived from 

raded image with 

The histogram has a clear peak 
t 55%

g
image

at 55%
There is a strong resemblance 
between the two distributions 
indicating that: the stray-light 
factors derived from the 
inversion actually model theinversion actually model the 
effects of telescope diffraction 
and CCD pixel size
Th i f d ’ t thThe inferred α’s represent the 
degradation of the instrument 
and NOT a real filling factor
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Hinode Inversions: internetworkHinode Inversions: internetwork

Normal map:Normal map: 
Exposure time of 4.6s pe

k fieldsk fields Lites et al., 2008Lites et al., 2008

10 March 200710 March, 2007  
er slit (noise level of 10-3 Ic ) 
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Hinode Inversions: internetworkHinode Inversions: internetwork

High S/N map: 27 February, 2007  
Exposure time of ~ 60s per slit 

noise level of 3×10-4 Ic

k fieldsk fields Lites et al., 2008Lites et al., 2008
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Hinode Inversions: QS polarizatHinode Inversions: QS polarizattion mapstion maps Lites et al., 2008Lites et al., 2008
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Hinode Inversions: QS polarizatHinode Inversions: QS polarizattion mapstion maps Lites et al., 2008Lites et al., 2008
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Inversion Results: MapsInversion Results: Maps
The supergranular
cells are clearlycells are clearly 
outlined by the network 
fields
Network fields are 
characterized by 
strong field g
concentrations while 
the internetwork shows 
weaker fieldsweaker fields
The fields are more 
vertical in the network 
and more horizontal inand more horizontal in 
the internetwork
The stray-light factors 
are of the order of 
values of ~ 60-80% for 
the network and 70-
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Inversion Results: MapsInversion Results: Maps
The supergranular
cells are clearlycells are clearly 
outlined by the network 
fields
Network fields are 
characterized by 
strong field g
concentrations while 
the internetwork shows 
weaker fieldsweaker fields
The fields are more 
vertical in the network 
and more horizontal inand more horizontal in 
the internetwork
The stray-light factors 
are of the order of 
values of ~ 60-80% for 
the network and 70-
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Results: PDFs for B and INCResults: PDFs for B and INC
IN field strength distribution ININ field strength distribution IN

Field strength (G)

The IN basically consists of hG flux conce
The IN fields tend to be horizontally orient
The distribution of field strengths has a pe
These results are in agreement with the fin
(1994) ( )
They are in agreement with the results de
Lin & Rimmele 1999, Khomenko et al. 200
visible and infrared lines (Martínez Gonzá(
Notice that some fields tend also to be ver

N field inclination distributionN field inclination distribution

Field inclination (º)

entrations
ed

eak at 90 G and the inclination peaks at 90º
ndings of Lites et al. (1996), Keller et al. 

rived from infrared observations (Lin 1995, 
03) and with the simultaneous inversion of 
lez et al. 2008)
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Results: Granular and intergranResults: Granular and intergran
IN field strength distribution ININ field strength distribution IN

Field strength (G)

24% of the surface covered b
contains magnetic flux detectcontains magnetic flux detect
intergranules 28%)
Strong fields are less abunda
Th i l f ti fThere is a large fraction of ve
granules although vertical fie
granules

ular fieldsular fields
N field inclination distributionN field inclination distribution

Field inclination (º)

by granules in the IN 
table above the noise (intable above the noise (in 

ant in granules
i li d fi ld iery inclined fields in 

lds do also exist in 
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Results: Stray light factor contribResults: Stray light factor contrib

Stray-light fa

The distribution of stray-light fac
The stray-light factor is a combinThe stray light factor is a combin

1. Reduction of the polarization
would produce dilution facto
R l filli f t d t i2. Real filling factor due to insu

The real magnetic filling factor is
This corresponds to an averageThis corresponds to an average 
considerable larger than typical f
ground-based observations at 1”

butionbution

ctor [%]

ctors peak at about ~ 80%
nation of:nation of: 
n signals due to diffraction which 
rs of about 55%
ffi i t l l tiufficient angular resolution

s   f = (1-α) / 0.45
filling factor f ~45%,
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Results: average fields and flux Results: average fields and flux 

Using the true magnetic filling fa
data one can calculate the mean

magnetic flux density
average field strength 

The flux density is of the same o
previous estimates at lower spat
Th fl i b l i i t tThe flux imbalance is consistent
(Steiner 2008)

The average field strength is clo
from Hanle measurements
(Trujillo Bueno Shchukina, & Asensio Ramos 2004)

valuesvalues

actors and the high  S/N 
n: 

order of magnitude of 
tial resolutions
t ith i l tit with simulations

ose to that obtained 
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Conclusions: QS Hinode IN fieldConclusions: QS Hinode IN field

The internetwork mostly consist
The average magnetic field s
Hi d th ll d “HHinode sees the so-called “H
The reason is that inversions
strength and its filling factor rstrength and its filling factor r
(Orozco Suárez et al. (2009) to be 

There is still a discrepancy on th
i t t ti f th fi ld i li tinterpretation of the field inclinat

We need better spatial resolu
structures OR to perform imastructures OR to perform ima
SST/CRISP data, Sunrise IM

Exercise: invertin
data with He

dsds

ts in weak field concentrations.
strength is 125 Mx/cm2

idd QS ti ”idden QS magnetism”
are able to determine the field 

reliablyreliably 
submitted)

he flux values and on the 
ti di t ib titions distribution 

ution to fully resolve the magnetic 
age deconvolutionage deconvolution
aX

ng Hinode 

A. A. LaggLagg -- AbiskoAbisko Winter School   Winter School   2828

g
eLIx+



Continuum normalization: IMAGContinuum normalization: IMAG

requiresrequiresq
SZERO

q
SZERO

GEGE
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Continuum normalization: LOCAContinuum normalization: LOCA

NONO
SZEROSZERO

ALAL
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Exercise III:Exercise III:e c see c se
Potential problems with invPotential problems with inv

read Hinode data
parameter crosstalk
SGRAD / ETA0SGRAD / ETA0
straylight: local/global
selection of atmospheric 
model
ambiguities

intrinsic (180° ambiguity)intrinsic (180 ambiguity)
Flux ↔ B cos(γ) FF

test convergence
llsmall map

convolution (SST data?)

R i dRequired:
Experience!

versionsversions

LTE assumption
LS Coupling
ME i tiME approximation
…

Required:
Theoreticians
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