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SOT 4 DNERAI/NR

NFI BFI SP CT
pixel scale (arcsec/pix) 0.08 0.054 0.16 0.22
maximum FOV (arcsecz) 328x164 | 218x109 | 328 (scan range) 11x11

(EWXNS) X164 (slit
length)

wavelength resolution (A) ~0.1 3~10 0.02
number of wavelength in 1~4 1 244
a data set
time resolution (typical) 10~30s 1~10s ~1hr 580Hz
photometric accuracy (%) | 0.1 ~0.5 0.5 <0.1 ~0.5

NFI: Narrowband Filtergraph Instrument

BFI: Broadband Filtergraph Instrument

SP: Spectro-Polarimeter
CT: Correlation Tracker



SOT performance

Time res. # of wavelength in lines

SOT/NFI
full image / Ground SP (Typ.)
Spatial res. 0.1” 1000” Fov
Ground FG (Typ.)
SOT/SP
full scan
Random noise Time span

(detection limit)



SOT HLHlE &

Ion A, A Purpose 8eff | BFI | NFI | SP [CT
CN1 3883.0 |Magnetic Network Imaging - v
Call H | 3968.5 |Chromospheric Heating 1.33 | v
CHI 4305.0 |Magnetic Elements - v
4504.5 |Blue Continuum v
Mglb | 5172.7 |Chromospheric Dopp./ Mag. 1.75 4
Fel 5247.1 |Photospheric Magnetograms 2.00 v
Fel 5250.2 |Photospheric Magnetograms 3.00 v
Fel 5250.6 |Photospheric Magnetograms 1.50 v
5550.5 |Green Continuum v
Fel 5576.1 [Photospheric Dopplergrams 0.00 v
Nal 5895.9 |Chromospheric Dopp/Mag. 1.33 v
Fe I 6301.5 |Photospheric Magnetograms 1.67 v | v
Fel 6302.5 |Photospheric Magnetograms 2.50 v | v
Til 6303.8 |Umbral Magnetograms 0.92 v
6320.0 |Broadband WL for CT - v
HI 6562.8 |Chromospheric Structure 1.33 v
6684.0 |Red Continuum v
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BFI

BFI 430.20nm
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Continuum @ contribution function

contrib

Cantribution functicn at A=4504 5, 58505, BGE4.0 A continuum, HéM model
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CH3883, CN4305 (G-band) Dz E &
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Fig. 9. On the left, temperature stratification of three atmospheric models by Kurmcz (1993) with Ty = 5750 + 250 K representing the solar
photosphere with temperature fluctuations. On the right, the corresponding number densities of 4 molecules relevant for these temperatures.
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Fig.10. On the left, temperature stratification of three models with Iy = 4000 £ 250 K representing a sunspot o a cool stellar photosphere
with temperature fluctuations. On the right, the comresponding molecular number densities. The curves representing Ti0 and CH are plotted
thick in order to distinguish them from the curves representing MgH and CN.
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589.60 Na D1
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SOTORIEFF)IL—3ay

Heliostat O
J

PIEHCETS

window

(LQ.UV)

<« Sheet polarizer

FPP

+U
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2005.6 @=J&

S/IC +X

View from the top of SOT

SIOLE

+V




FPP/N i HH TLA(IQUV)EASTIED(IQUV)ZEERT 1T
X))y A&,

(1) (Xoo X0  X20 Xsovm

Q Xor X112 Xo1 X3 | Q
U Xoo X2 Xop Xz [|U

V' Jproduet \ X0z X13 X3 X33 \V i cigent

¥ D 0.001% OFETYAORM—IMNRZEEE

— 0.3333 0.3333 0.2500
0.0010 0.0500 0.0067 0.0050
0.0010 0.0067 0.0500 0.0050
0.0010 0.0067 0.0067 0.0500



SP . .
X matrices at scan center; CCD Image

each element is scaled to median + tolerance, X,, (=1) is replaced by I-image
H0311, Scan= (0: Left HO311, Scon=  0: Right

T

Median Mueller matrix

Left Right

1.0000 0.2205 0.0187 -0.0047 1.0000 -0.2112 -0.0170 -0.0051
0.0012 0.4813 0.0652 -0.0014 -0.0025 -0.4875 -0.0560 0.0022
0.0001 0.0513-0.4803 -0.0057 -0.0001 -0.0426 0.4907 0.0060
-0.0025 0.0032 -0.0046 0.5256 0.0027 -0.0008 0.0042 -0.5301

The x matrix can be regarded as constant in the CCD.



X-matrix elements against the scan position

Each point is the median in the CCD, scale = average + 0.01,

dotted horizontal lines show tolerances for each element Asterisk: Left CCD
Diamond: right CCD

—100C-500 C© 500 1000

SCan pos - - .
The x matrix can be regarded as constant over the scan position



FG/NFI 45|

X matrix over the CCD, 5172

FGSIQUY QS0E13: HO404,

114
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5172

left: theta= -1.571deg.

1.0000 -0.2994
0.0009 -0.4544
—0. 0009  0.0287
—-0.0085 0.0318

-0. 0336
0. 0208
0.4478

-0.0134

80x1024

FoSIaUY Q50813 HO404, 5172

-0. 0435
0. 0045
0. 0068
0.5774

1. 0000
-0. 0003
—0. 0007
—0. 0077

right: theta= -4.441deg.

-0.2871 -0.0305 -0.0434
-0.4473 0.0653 0.0038
0.0738 0.4435 0.0061
0.0310 -0.0150 0.5718



BRERICBTARAEED AL—3VDKES

PMU rotardance vs. wavelength

7r T T T T T
PMUDEIEE :
4:
=00 550 B0 G50 F00
wavelength [nm)
Wavelength Designed Theoretical Measured sensitivity
(nm) Retardation | Modulation amplitude | (Diagonal element of x-matrix)
(wave) QU V QU V Q-1
517.2 6.650 0.79 0.81 0.452 0.577 0.297
525.0 6.558 0.97 0.36 0.609 0.266 0.049
589.6 5.816 0.30 0.91 0.297 0.633 0.531
630.2 5.350 0.79 0.81 0.503 0.526 0.218
656.3 5.050 0.03 0.31 0.073 0.402 0.882




NFI 530 i35 D #% H R 57

1) Diagonal elements of x-matrix give the polarization sensitivity of SOT

Qp ~ X1, Q,, V, are Zeeman signal in spectral line

Vi ~ X33V, Qp V, are SOT response

2) Detection limit of Q,, V,, are given by the photometric accuracy in spectral line
I

1 C

£ £1s photometric accuracy in continuum
lline ~0.001

3) Week Zeeman singnal (Q,, V,) can crudely be given by the assumption of that the
Zeeman effect is a simple separation of I-profile

2|d 21" .
Q- (o9 78, f |3 I'=1(1) ®T(2)
max Line profile convoluted with the tunable filter
dl’ profile
V ~ ages A°Byl—
Jetf 4 Dy al

4) Thus detection limit for magnetic fields are given

AB, - L 1, 1 i

> 1 / I 1
AB.) X11 Ilize (ageff;tz)z‘dzl'/dxlz‘

max



Detection limit of NFI for weak magnetic fields, ¢=0.001

Wavelength Oefs Pol. Sensitivity Detection limit for B

(nm) (diagonal element of (Gauss)
X)
V QU B, B,

517.2 1.75 0.577 0.452 86 656
525.0 3.00 0.266 0.609 18 106
557.6 0.00 - - - -
589.6 1.33 0.633 0.297 40 (670)
630.2 2.50 0.526 0.503 12 122
656.3 1.33 0.402 0.073 119 >2000
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Stokes profile synthesis

*Model atmospheres (LTE)

Standard: Holweger&Muller (1974)

Spot :T=T-1000K

Turbulent region: Vt = Vt X 2.
*Line: Fel 5250.2A, g = 3.0, Ep=0.12 eV
» Uniform velocity (symmetric profile only)

v=-2.3~ +2.3 km/s (line shift -40 ~+40 mA)

*B=0 - 3000G
-y = 10, 45, 80° (angle between B and LOS)
x=0° (azimuth angle of B)

NFI observable synthesis

* Filter width = 90 mA
# of sampling points = 1, 2, 4




‘Stokes inversion’ with the NFI observable, (I, Q;, U;, V))

N= # of wavelength taken by NFI, i stands for the wavelength position.

/" N=1, A\ =—80 mA N

Vindex = Vi/l4 > B

Qindex = Qa/l1 e By

Sindex = N0 Doppler information Regressmn polynomlal
N=2, AA =—80. 480 mA fI’Om the FnOdel ;

...... , e

Vigex = V1= Vo) / (Il +15) [ o

andex (Ql + QZ) / (Il + |2) t AW ..... :'E -------- # Bt

Singex = (1= 1)/ (I +15) :. ,» y
N=4, AL =—120, —40,+40, +120 mA (uniform spacing) |

Vlndex (S+ S_)/Z :
St =ctan Mt -l ¥+ L, E— L)/ (IF = LE =1t + 1,E) }, IE =LV, o

Qindex = {leue(ﬂ — A )/([ [2) + Qr d(ﬂ — A )/([ [)} / 2
leue - { (Q]2+ Q2) /2 }1/2 Qred :{(Q32+ Qz) /2}1/2

Sindex =ctan™ {(I - I + |4_ |2) /(Il_ |2_ |3+ |4) }

N=4, A\ =-110,-70,+70, +110 mA (non-uniform spacmq\

K Basically the same (cos fitting), but a little more sophisticated algorlthm J
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BTS2 FEA

Time res. \ # of wavelength
reliabilit
Tsec '\ f ( ’

T—3L—k
(4k*2k*100/2s ~ 1GB/sec)

SOT limit

P

Spatial res.

1000” - FOV

Random noise Time span
(detection limit)



Flux tube dynamics:
Time res. local physical process # of wavelength
energy flow into corona (reliability)

3D dynamics

P

Spatial res.

1000" - FOV

1week

Random noise Time span
(detection limit)



AR energetics:
Time res. global energy storage # of wavelength

(reliability)
Spatial res. 0.1” 1000” FOV
SOT/SP
full scan
Tweek
Random noise Time span

(detection limit)



Origin of mag.field:
Time res. emerging flux/ internetwork # of wavelength
flux disappearance (reliability)

Omin 4
e o 2
------------ 1
) . |*.‘ ‘‘‘‘‘‘‘‘‘‘‘‘ 1day | : . | .
< T T H T |” B 1 | T iy >
Spatial res. 0117’ 02” :D.4u 1” 10 -“‘- 100 1000 FOV
1% 1min
thr %
0.1% 1‘2':{‘ay
....................................................... 1week
0.01% e O
Random noise Time span

(detection limit)



