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Solar SLODAR Technique for Measuring Height Profiles of Atmospheric Turbulence
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The slope detection and raging (SLODAR) technique is modified for measuring height profiles of
atmospheric turbulence in day time. The modified technique uses solar structures instead of binary stars
as sensing targets and introduces cross-correlation operations for slope detections. Results of deriving
height profiles are shown from observational data in the Hida Observatory.

Key words: atmospheric turbulence, height profile, solar observation, adaptive optics

1. (& U & IZ

HEE 2R (AO) FREIES EIC & 2 H OFLNZE E
IRF[HCHIE T 2 > A7 L & LT, M k2 S OREBINICE
WTRHADEM E o TWwB M L Lads, ek
D AO TIEHIEYE RN 2 D3 7o 0, JRGIE ¢ DR
W E FEBT 2o DLIEHE A0 PHLEE A0 & &
DOWZERFE K I fTbNTw 3, mHEICHEEL T, L
24 & HIRIE OF% © EMAED M 2 M 2 ICRET B 70D b
T 774y 7Ly y v (TWES) i s & 7
%, bivbid KB O TWFS OBF 27> Tw 3
MY, ZOTHEMGLE, L2%ES i ToREE
FA=F = LCHEZRITUER S 2w, BURTIX, Bk
Z I FSFICEE L T 72 il 2 SRS SR D T 525,
FERICH W2 ERI2IE, FRo EBOE I 21 6 DIk TEE
ML THESREDRD S,

HH T KRGS DM S izl cE 2 55 E L
T, shadowband ranger (SHABAR) »3% %%, Z#x, #
Bolmt vy —z2@lY 2R CiEL, 20505 D(F
FOMMEZEHET 25D TH 5. SHABAR I 13BN 2
R O SRR E W) RERTEDPD 20, HE
m & D EWEES EREOFHINIZREETH 5. b, bitbi

E-mail: miuranr@mail.kitami-it.ac.jp

262 (34)

13 scintillation detection and ranging (SCIDAR) (230 /5
EREELTYR ™ 2, ESEIC BT 5 i
OGN Y —v (v FL—vav) oOfEZHV2H D
ThHh, MERLEF—oL 2EEF 2 HO8E, 5~
10 km BEDOH S £ TORHAARETH S, LaeL, 20
FE GBI RS 2 T 2 08235 D, S50, Bl
SR LA RIMEIC SCIDAR AR 2 BRIE L L3R o
F, FEEEOEH R IZIE & 7 B AR D B

ZzZTbhbttbnlk, “HEHEMICREIN T 3 slope
detection and ranging (SLODAR) #:fti? %2 b &1z, Kb
SLODAR £24ii % 4 [l 7 L 7z. SLODAR (¥, TWFS TH]
Wiy ey 7 b b BRI v — 2R LTS
FEOESMWEEZIT) 2 EBTE LD, HIHDEYSR
2B 2 MBI E V) REBHNEDD 5. B IC
1%, £ SLODAR ZE{fE XS TEOEI 2RO TE
E, ZN% AO BIfERHC R I A= —E L TCANT S LW
IFEZEZEZ TV,

A Tl, KNP SLODAR £ifficowTHE T2 L &
big, R XETHBll SN T —Z I L iRz

AN



Binary

o % Star %P
Light wave
{ . from star 3
Turbulent
i~ layer
h
; @ Aperture
l | T \\A/Subaperture
i [ ookl (67,9) >
He |t FR TSk ek
ttlalalhe 7 Shack-
(IJ)/ FH| e [Feke Hartmann
- |[¥%| 1" | sensor

Fig. 1 Principal of the SLODAR technique.
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Fig. 2 Illustration of the case that discrepancy occurs
between the height of a turbulent layer, %, and that of measure-
ment, /.
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Fig. 3 Illustration of single-layer spread functions. Profiles
show correlation values observed on the aperture plane when
only a single turbulent layer exists at the height of (a) 3 km, (b)
0 km or (¢) 1 km.
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Fig. 4 Image observed with the wavefront sensor. The
same labels indicate the pairs of sub-apertures used for
DIMM calculations.
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Fig. 5 Magnified sub-aperture images observed on
September 10th (a) and 9th (b), 2016. The labels o, 3, and y
indicate sunspots used in SLODAR analyses.
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Fig. 6 Results of solar SLODAR in observations on Septem-
ber 9th, 2016. The observation was done at 10:17, which was
under the worst state of atmospheric turbulence in the day.
The graph (a) plot cross-correlation values C(8i, &;), and
(b) shows cumulative values of them from the ground.

AU: Arbitrary unit.
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Fig. 7 Results of solar SLODAR. The observation was done at
10:59 on September 9th, 2016. The state of atmospheric turbu-
lence was best in the day. The configuration of the figure is
same as in Fig. 6.
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Fig. 8 Convergence values of cumulative cross-correlations
versus autocorrelations A (0, 0).
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Fig. 9 Plots of Fried’s parameters versus autocorrelations
A(0,0).
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Fig. 10 Heightwise distributions of cross-correlations at
every observational time on September 10th. The values were
derived using the sunspot pair of o:- in Fig. 5(a).
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Fig. 11 Heightwise distributions of cross-correlations on
September 9th.
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