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GRIS Data Fel @ 1.56 um

Scan of quiet sun region (2015-Sep-17)
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GRIS Data  Comparison to Hinode SOT/SP

Comparison: GRIS vs. SOT/SP: LP/CP Coverage
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GRIS Data  Comparison to Hinode SOT/SP

Stokes signal levels

Comparison GRIS «» Hinode SOT/SP

o- | GRIS[%] LP LP |SOT/SP[%] LP LP
level and or and or
LP CP CP CP |LP CP CP CP
30 |39.7 73.0 33.1 79.7/98 493 7.7 514
40 |18.4 570 139 615/42 371 3.1 38.2
50 | 9.2 442 6.2 47221 285 15 291




Analysis Methods
Extracting information from the Stokes spectra

Stokes profile diagnostics 1D-Inversions

=g S ElL () Martinez Gonzalez et al. (2016)
magnetic line ratio, LP/CP ME-type, SIR, SPINOR
@ based directly on Stokes profiles ’ ’

@ no complex analysis involved

@ obtain B-strength directly
(avoid FF problems)

@ only coarse B determination
@ very limited inclination information

@ accurate B, v, ¢

@ height-information

@ provides PDFs

@ Zeeman-bias B +— B,

@ FF / straylight factor required




Magnetic Line Ratios (MLRs)  The principle

Simple diagnostic techniques: MLR - field strength

Magnetic Line Ratio (Solanki et al., 1992)

_ geff(1 5652) Vmax(1 5648)

MLR 9(15648) Vmax(15652)

Requirements:
@ spectral lines identical except for Landé factor
@ 2 distinct components:
(1) magnetized, (2) field-free
@ small gradients in log 7

Line Ratio: 1.53 Viax(15648)/(3Vinax (15652))

— not fulfilled for Fe 1 1.56 line pair

— BUT: similar formation height, narrow S P e D

. . e 200 400 600 800 1000
formation height range, similar thermal TR AE S Y (]
properties



Magnetic Line Ratios (MLRs) MLRs for Fe 1 15648 / Fe | 15652

Different MLR regions - Where? M-Ps
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Magnetic Line Ratios (MLRs) MLRs for Fe 1 15648 / Fe | 15652

Different MLR regions - Where? M-Ps
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Magnetic Line Ratios (MLRs) MLRs for Fe 1 15648 / Fe | 15652

Different MLR regions - Where? M-Ps
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MHD-Simulation Comparison Small scale dynamo run & IMaX run

Test using MHD Quiet Sun simulations (SSD+IMaX run)
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MHD simulations: SSD+IMaX run

@ Rempel (2014): O16bM
@ Riethmiiller et al. (2016)



MHD-Simulation Comparison Small scale dynamo run & IMaX run

Test using MHD Quiet Sun simulations (SSD+IMaX run)
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spatial degrading

spectral degrading

@ GREGOR-PSF + 0.25” Gaussian + _
Lorentzian wings @ 12% straylight

— match contrast, resolution, /; histogram @ 150mA Gauss
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Inversions of GRIS Data  1-D Inversions

Martinez Gonzalez et al. (2016)
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Inversions of GRIS Data  1-D Inversions

Martinez Gonzalez et al. (2016)
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Inversions of GRIS Data  1-D Inversions

Martinez Gonzalez et al. (2016)
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Inversions of GRIS Data 1-D Inversions

Martinez Gonzalez et al. (2016) - unresolved magnetic fine structure

Multi-lobed profiles

k

Stokes | / <1 >

2 05 2
A, Ry
v 00 V
> >
3 05 §
2 g
2 2
n 1.0 (2]
1.5

-0.4 L L L L L L L iy

1564.8 1565.0 1565.2 1565.4 1564.8 1565.0 1565.2 1565.4
2 Inml A [nml 10/19




Inversions of GRIS Data  1-D Inversions /\
Martinez Gonzalez et al. (2016) - unresolved magnetic fine structure MES

Multi-lobed profiles

1C-model + unpolarized
straylight
— unable to reproduce
observation
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Inversions of GRIS Data 1-D Inversions

Martinez Gonzélez et al. (2016) - unresolved magnetic fine structure

Multi-lobed profiles

1C-model + unpolarized
straylight
— unable to reproduce
observation

2 magn. comp. + unpolarized
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Inversions of GRIS Data 1-D Inversions

Martinez Gonzélez et al. (2016) - unresolved magnetic fine structure

Multi-lobed profiles

1C-model + unpolarized
straylight
— unable to reproduce
observation

2 magn. comp. + unpolarized
straylight
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@ Simpler model possible?
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Inversions of GRIS Data PSF influence

PSF influence - magnetic pixel in QS - no PSF

o T Trero) . e T a2 e e T T T T T Eraal T T T T T B T T e
ol 4 of 4 o 4 of 4 = 4 of 4 o J
ol 4 4 o 4 «f 4 L 4 4 d
02} 4 2} 4 o} 4 o2} 4 - 4 2} 4 o} d
03 03| 03 03] e 03

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
156475 16480 15685 16400 19995 IS615 IS0 IS5 IS6M0 15605 156915 IS0 1505 15600 1695 IS5 1560 15685 15690 156495 15615 ISHRO 1SS IS6D0 15605 156475 156D IS5 1690 15615 15695 IS0 15683 15600 1504

o T ™ T T ™Y T T ™ T T T T T Lah= ! ~aaad T T T T L
oaf 4 e} 4 o} B Y 4 s B Y 4 oF d
ol 4 o} 4 o 4 of 4 - 4 of 4 o 1
ol 4 -« 4 o 4 < 4 o 4 < 4 d
TH 4 2} 4 o} 4 2} 4 o} 4 2} 4 o} &)

4 -k 4 -k 4 ok

! ! ! ! 1 ! ! ! ! Furnndl ! ! 1 ! 1 1 ! ! ! ! !
156175 16450 156085 156490 159495 IS65 13680 IS0/ 15650 15695 156115 IS6K0 15685 156190 156935 1675 15680 156I55 1090 156495 13615 IS0 15683 1560 15693 156475 156180 156183 1600 15615 15675 15680 1683 156490 1504

0T T Trern) P T T U | el B T e 0T T el feann) T T B - T T T
o2} 4 o} 4 o} 4 o2} 4 o} 4 o} d
ol 4 o} 4 o 4 ol 4 o} 4 o 4
ol e T—e ) 4 -} 4 o B
02| 4 2} 4 o} 4 4 2} 4 o} 1
o 4 -k 4 -k -3l 4 ok n T R | S . —

R f
16475 1SS0 15685 16400 19905 IS65 56RO IS5 IS6M0 15605 156915 IS0 15085 15600 156935 1S675 156D 15685 15090 156405 15605 ISHRO0 1SS IS6D0 IS5 156475 150D IS5 1090 15615 15675 1SS0 15683 15600 1504

o T Tec] e T 2 Epaa T T T T R | T T Laana= BT ~anad T e B (ST T e
o2 iR A8 J B I 4 B Y 4 o} 4
ol 4 of 4 o 4 of 4 4 of 4 o )
ol 4 4 < 4 < 4 < 4 <} B B
02} 4 w2} | H 4 oF 4 2} 4 )
o 4 =k 4 ok 4 b ' Led b a Ld ol d
156475 16480 156985 156490 159495 IS6415 13680 IS0 1560 15695 156815 ISGE0 1685 15610 15695 16475 15680 156455 1090 156495 IS6I5 IS680 1563 1360 15693 156475 15680 1563 156890 TS50 156483 5o
0T T e s e T T W CrrrT T el ferna T o) Ereal T T T T TEy) WG T T s
o2 J 2 4 o} 4 o} 4 5 4 o} 4 o} 4
ol 4 o} 4 o 4 of - o 4 o} 4 o B
S 4 «f 4 of 4 of 4 of 4 of 4 of E
02| 4 2} 4 o} 4 2} 4 o} 4 2} 4 oF B
-3l peeed ok 0 reeed ok n reeed ban n e N o reeed skl i reeed ok . 4

156475 150 15085 1600 150405 ISG5 ISGRO IS5 ISOM0 15605 156115 IS0 15085 15610 156035 1S0475 108D 15685 1990 16405 15605 ISHRO ISGMS IS0 IS0 156475 10D 1565 1600 15615 15673 1SS0 10885 156400 150



Inversions of GRIS Data PSF influence

PSF influence - magnetic pixel in QS - with PSF
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Inversions of GRIS Data PSF influence

PSF influence - magnetic pixel in weak B environment - no PSF
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Inversions of GRIS Data PSF influence

PSF influence - magnetic pixel in weak B environment - with PSF
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Inversions of GRIS Data PSF influence

2D (spatially coupled) inversions
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Inversions of GRIS Data ~ PSF@GREGOR /\

PSF@GREGOR WPS

@ unknown & highly variable (seeing) ]

@ current best estimate: E
o match resolution (0.4") L. -
a4 e match intensity contrast (compare with MHD simulations) $]
i e take into account theoretical PSF (GREGOR aperture + central \f_
s obscuration) g
7 e take into account known straylight (Mercury transit) ¥
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Inversions of GRIS Data ~ SPINOR 2D

Stokes profile - kG patch logr = —0.8: B=1320G, = 27°

PSF halo around kG Patch
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Inversions of GRIS Data ~ SPINOR 2D

Stokes profile - PSF halo around kG patch (1) logr = —0.8: B=30G, (v — 64°)
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps MRS
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Inversions of GRIS Data ~ SPINOR 2D
Comparison: 1-D, 2-D, MLR maps M'P'S
MLR-technique )
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Inversions of GRIS Data ~ SPINOR 2D

Comparison: 1-D, 2-D, MLR maps
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Inversions of GRIS Data ~ SPINOR 2D
Comparison: 1-D, 2-D, MLR maps
2-D SPINOR )

magnetic field strength, Comp: 1 LTAU=-0.80
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Inversions of GRIS Data ~ SPINOR 2D
Comparison: 1-D, 2-D, MLR maps
2-D SPINOR )

magnetic field strength, Comp: 1 LTAU=-0.80
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps M'P'S
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps M'Ps
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps M'Ps
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Inversions of GRIS Data ~ SPINOR 2D

Comparison: 1-D, 2-D, MLR maps

2-DSPINOR |

magnetic field strength, Comp: 1 LTAU=-0.80

Arcsec

Arcsec

17/19



Inversions of GRIS Data ~ SPINOR 2D

Comparison: 1-D, 2-D, MLR maps
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Inversions of GRIS Data ~ SPINOR 2D
Comparison: 1-D, 2-D, MLR maps WMIPS
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps M'P'S
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Inversions of GRIS Data SPINOR 2D
Comparison: 1-D, 2-D, MLR maps
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Summary

Summary

2-D inversions with GRIS data

@ reproduces complex Stokes profiles with rather
simple model atmosphere

@ promising behavior on kG patches

@ details of PSF matter for correct height stratification

@ uncertainties in complex cases (i.e., penumbra, light
bridges)

— exact PSF knowledge is mandatory (and its spatial
and temporal variation)




Summary
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