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Abstract

We spectroscopically observed a solar active region NOAA12709 on the Domeless Solar Telescope at Hida
Observatory of Kyoto University. We could detect several spicules in our data which show jet-like dynamic features.
Using the acquired spectral data, physical quantities such as the time change of Doppler velocities and optical
thicknesses at the tips of the spicules were derived from the cloud model. As a result, a positive correlation was
found among the maximum length, height and the maximum speed. This could be obtained by a jet-like model that
the spicules were generated by a rapid increase in pressure at low altitude. The lifetime of the spicules near the
active region was shorter than that of the quiet region, and the spiclues developed or declined while changing the
inclination angle. Clear interpretation of the optical thickness increase will require further analysis to detect internal
structure of flow field of spicules which are grown along the curve.
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Fig. 1. Two Ha center images with the Solar Magnetic Activity Research Telescope ( SMART ) in Hida Observatory of Kyoto University on 2018 May
10. The right image is an enlargement of the region indicated by the red box on the left image. The analyzed area is shown by red line on the right Ho

center image. The red thick arrow is scan direction.

Table 1. Observation summary

Target near NOAA12709
Date (JST) 2018, May-11 7:45 - 8:10
Camera AVT Prosilica GE1650
Pixel number 1600 x 1200
Spatial sampling about 0.37 Arcsec / pixel
Wavelength sampling about 0.01 A / pixel
Exposure time 0.02 sec
Slit 0.1 x 50 mm (0”.64 x 216” on the Sun)
Scan width 140~
Scan interval about 0.44”
time scan cadence about 12 sec

Spectral images in one scan | about 320 images
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Table 2. Notation and physical quantities to be used afterwards.

Notation | Physical quantities

H Notation ‘ Physical quantities

H Height [ km ] L Length [ km ]
up, Horizontal velocity [ km s™! ] Uy Vertical velocity [ km s ]
ap Horizontal acceleration [ km s—2 ] Ay Vertical acceleration [ km s—2 ]
pT Pixel Resolution of X axis pY Pixel Resolution of Y axis
[Arcsec pix~!] [Arcsec pix~!]
T Optical thickness A Wavelength [A]
AN Doppler shift [A] c Light velocity [ km s ]
0 Inclination [ degree ]
'] . O T T T T T T T T
0.8
> 06—
= - \
- -
Be
E B
0.4
0.2
0.a _. | s s | s s | . . . |
6560 6562 6564 6566

Wavelength [A]
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Fig. 2. Spectral profile. X axis indicates wavelength ( A ). Y axis indicates intensity. Blue line of left and right indicate average intensity from
Ha —1.25A to Ha — 0.5A, average intensity from Ha + 0.5A to Ha + 1.25A, respectively. Each black vertical line indicate the wavelengths
Ha —1.25A, Ha — 0.5A, Ha +0.5A, Hae + 1.254, respectively.
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Fig. 3. Left: Add image. Right : Ho center image. Horizontal and vertical axis in unit of arcsec.
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Fig. 4. One example of spicule we identified ( 7:59 - 8:03JST ). Horizontal and vertical axis indicate arcsec. Red asterisks indicate both ends of spicule.
(0) to (12) are extending. (12) to (19) are shrinking. The lifetime of this spicule is 252 seconds.
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Fig. 6. Time evolution of optical thickesses at the tips of all spicules. The dotted lines are the best-fitting lines.
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Table 3. Summary of physical quantities of six spicules studied. Bottom two rows show the average value and standard deviation for each quantity.

Estimating Physical Quantities of Spicules over Active Region

Horizontal direction Vertical direction

Linaz Uh max ap, Hpax Vv maz Ty lifetime

(km ) (kms™') (kms™?) | (km) (kms™') (kms™2) | (%)
spl | 5250 146 —0.25 1633 29 —0.11 371
sp2 | 4909 89 —-1.25 2354 22 —0.01 252
sp3 | 3702 89 —-1.76 477 33 —0.42 199
sp4 | 3975 104 —1.77 1595 41 —0.38 146
spS | 4874 74 —-0.91 4530 44 —0.07 371
sp6 | 2913 35 —1.42 339 14 —0.09 146
Avg. | 4271 90 —1.23 1821 30.5 —0.18 248
SD. | 839 36.4 0.58 1530 11.4 0.17 103
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Fig. 7. Scatter plot of spicule’s maximum horizontal length vs. maximum horizontal velocity (Left). Scatter plot of spicule’s maximum vertical height
vs. maximum vertical velocity (Right). White diamonds indicates the observed spicules in this work. The dotted lines are the best-fitting lines.

SO T T

60

=
)
*

Inclination (deg)

207 M

[
*

| %*
x X

* *

*x
¥

*

%
* %
OFeX®e | TX T

0

50

100 150 200

250

Absclute volue of horizontal velocity (km s77)

Inclination (deg)

80\\HII\\\II\\\\II\\\\\\\II\\\II\\\\IHHII\\\
*
¥ ¥
60 1
*
% ¥
E3
¥y X
| Mo x*
| %5 3 % * 4
+0 7% %
Lo X ®
*
X X % ¢
e, X *
X M
P 3 b3
20 x * BK;K* b
* * *
!:ge*** *
H *
B3 * ** *
[ % ¥ X
6] *ﬁa‘:?%&..m‘..wuHH..*\H..Hu.luu..m
8] 10 20 30 40 50

Absolute value of vertical velocity (km s7")

Fig. 8. Scatter plot of spicule’s inclination vs. absolute value of horizontal velocity (Left). Scatter plot of spicule’s inclination vs. absolution value of
vertical velocity (Right). Asterisks indicate observed values at all time of all spicules in this work. Horizontal lines indicate inclination equals 30 degrees.
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