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Refer to Parker, E. N. 1955; Frisch et al., 1975, Pouquet, 1976;

Kleeorin, et al. 2003 ... .

Vector field, both magnetic and velocity field, are new type measurements in the
studies of solar observation, but convenient tools for computing helicity.



Systematic Observational Characteristic of Heli
city in Active Regions

Hemispheric Helicity Sign Rule (HSR): In the northern (southern) solar
hemisphere, the helicity mainly possesses left (right) handedness
(Seehafer 1990; Pevtsov et al. 1995; Abramenko, et al., 1996; Wang et
al. 1996; Bao and Zhang 1998; Hagino and Sakurai 2004, 2005; Zhang et
al. 2010; Hao and Zhang 2012, Liu, Hoeksema, Sun 2014);

Observed helicity may indicate different sources of generation because
the HSR shows a big scatter.(Bao and Zhang 2000; Kuzanyan et al.

%ﬁﬁ)ﬁnay change during some phase of solar cycle (e.g.,Bao and Zhang,
2000; Hagino and Sakurai 2005; Zhang et al. 2010);

HSR 1n different region of field strength exhibits opposite sign-preference
(Zhang 2006; Hao and Zhang 2012; Otsuji, Sakurai, and Kuzanyan, 20135;
Seligman, Petrie, and Komm 2014).

Turbulence of the flow in the solar convection zone may play
important role for such diversely observational property.



Theoretical Analyses Combined with Systematic
Observation Over Solar Cycles

Current helicity and magnetic field anisotropy in solar active regions (Xu, H. et
al. 2015);

The origin of the helicity hemispheric sign rule reversals in the mean-field
solar-type dynamo (Pipin, V. V. et al. 2013);

Current Helicity of Active Regions as a Tracer of Large-scale Solar Magnetic
Helicity (Zhang, H. et al. 2012);

Current Helicity and Twist as Two Indicators of the Mirror Asymmetry of
Solar Magnetic Fields (Sokoloff, D. et al. 2008);

Magnetic helicity evolution during the solar activity cycle: Observations and
dynamo theory (Kleeorin, N. et al., 2003).

Aims of my following parts are:

1) Exhibit some properties of current helicity obtained with vector magnetic field;

2) Check the connection between current and subsurface kinetic helicity;

3) Exhibit some properties of subsurface vorticity and divergence obtained with vector
velocity Field.



Definition of Main Parameters

Vertical electric current, current helicity and average force
free field factor (Seehafer 1990; Pevtsov et al. 1995;
Abramenko, et al., 1996; Wang et al. 1996; Bao and Zhang
1998; Hagino and Sakurai 2004, 2005):
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The other processing was kept consistent with Bao and Zhang
(1998).



Evolution of Spatial Distribution of Current
Helicity over Two Cycles

Q: How about helicity distribution
over two adjacent solar cycles?

Average helicity values over
7 degree and overlapping
two year period;

95% confidence interval is

given by taking each measured
point as a freedom degree;

The HSR percentage is about
66% (63%) in the 22nd cycle and 58%

(57%) in the 23rd cycle.

Zhang, Sakurai, Pevtsov, Gao, Xu,
Sokoloff & Kuzanyan 2010,

é\gﬁﬁé’tsion of field is dependent
with wavelength, but for application
to helicity one is often interested in
spatial variation.
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Analysis of Faraday Rotation

Scanning range O

-150 mA — 150 mA

Step 0 10 mA

2003-04-04 0 NOAA AR 10325
Location: (11.7°, 17.6°);
2003-06-09 o0 NOAA AR 10377
Location : (5.4°, -9.9°);
2003-10-23 0 NOAA AR 10484
Location : (4.0°, -12.5°) O

Su and Zhang (2004a, b)



A key assumption
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Azimuth Rotation 1n three Data Samples

B. (G) op+a
10,325 10,484 10,377

200-300 —2.7° 4+ 8.5° 3.4° 4+ 8.8° 4° 4+ 19°
300400 0.9° + 7.4° 3.4° 4+ 7.8° 3° 4 14°
400-500 3.9° 4+ 54° 4.0° + 6.8° 4° 4+ 10°
500-600 5.0° 4+ 54° 5.7° + 6.5° 6° 4+ 12°
600-700 6.2° + 6.1° 7.1° 4+ 7.4° 7° 4 13°
700-800 5.9° 4+ 9.3° 8.6° + 8.3° 13° 4+ 13°




Azimuthal Rotations Caused by Faraday Effects
with Field Strength and Inclination

Aog Lo (%)
B(G)

200300 300400 400-500 300600 600-700 700800 200900
yr
()

(per cent) (per cent) | per cent) (per cent) (per cent) | per cent) [ per cent)
12-75 24 £4.1(2.7T)
60-72 33 £4.2(1.7) 4.1 £3.7(34)
6669 34 £5.9(1.4) 4.0+£3.7(3.2) 5.7 £3.004.9)
63-66 4.1 £5.0124) 32 +£3.6(3.7) 6.0 £ 3.3(3.7)
60-63 5.5 £4.7(1.7) 4.8 £3.8(3.5) 6.4+ 3.7(6.1) 6.9 +3.9(1.6)
57-60 3.0+4.2(2.4) 3.3 £4.94.7) 1.5 £35.5(3.3)
54-57 6.0 £5.0(1.2) 4.3 £6.5(3.9) 7.8 £7.0(4.9)
51-54 7.5+ 84(2.2) 8.6 £ 6.9(4.5) 8.5 £ 6.6(3.4)
48-51 7.3+ 6.7(2.8) 0.9 + 6.3(5.6) 10.8 + 4.5(1.3)
4548 0.3 £ 6.5(3.3) 10.3 £ 5.7(3.0)
42-45 7.9 = 10.5(1.8) 0.5+ 7.3(2.1)

Gao, Y., Su, J. T., Xu, H. Q., and Zhang, H. Q., 2008



Electric Current in Strong Field Region
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Latitudinal Distribution of Mean Current Hel
1Clty Of ARSs 1n 22nd and 23rd Solar Cycles
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In this study (Gao et al. 2008), 984 active regions (6205 magnetograms

in all) have been selected from 1988 to 2005, in which 431 active
re giOl’lS are iIl the 22nd solar cycle and 553 active regions are in the 23rd solar cycle.
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Bins of Statistically Significant in Butterfly

Diagram
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Butterfly Diagram of Net Current

<J;> in Region of B, > 0 (10™ A)
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¥-Ray Flux (Wm™)

3 3§
IIIII|T|'| T T 111

3
IIIII|'|T|

10°

AR 11158

(a)

Q: If ;Yes, is there short time-scale
variatjion?

-

—
=z
111 1

(d)

i
: ulpj-HWl o f Whh "‘F'.“ Iy LT i

was detected.

A decreasing trend

14 15 16 17
Time (Feb 2011)

2011.02.14 00:00:00UT

2011.02.14 06:00:00UT

2011.02.14 12:00:00UT

2011.02.14 18:00:00UT

2011.02.15 00:00:00UT

2011.02.15 06:00:00UT

2011.02.15 12:00:00UT

2011.02.15 18:00:00UT




(e)

oouT
oouT
O0UT

o
o
o
o

00:06UT
06
oo
00

o
s
o
o
o
o

2011.09.07 18

2011.09:07 12

S o
S S
~ ~
= =
@ o
= =
o : o
S 5

00
00UT
00UT

o
o
o
o

00:00UT

00
00
00:

o
s
o
o
o
o
N

2011.09.06 00
201 I.OQTOG 06
2011.09.06 12
2011.09.06 18

____________u T T T _ T T T T T _ug
1 = \ |
RPE S A R ———
] _— ]
..|| H.I - =
] = ]
H —= — ”
] " “ 1
I b I
== <
] = = | =
& J ] -
2 ] - -_— ] &
< < |o§
1 —— 1 _—
o ] ]
g . | 2
] ] =
W

4 = 4
-+ H4 =
E ———— E

* i 1 |IHH|

[TTR AR TIT A IR A v T b by b by b b b b b e T oy oy TR N

Tt t %t B ® e B o2 0@ ® 2 8 8 83 2 @ E B g

- — — — - - _... = ] ...ﬂn._ = [=1 o =] k= L= =] (=] (=] =
() onj g Reg-n M H o i - i 01 <> Ty

2
1
W16



Mean Magnetic Field Quantities

Q: What else can we see from vector magnetic field if they are related with
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Si1gn Preference of Three Components of Vector
Magnetic Field with Solar Cycle
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Sign preferences of vector magnetic field with time and hemisphere are found.

Gao, Y., 2011



In form of Butterfly Diagrams
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Pre-SDO/HMI Comparison between Two Kinds of Heli

City

The one-to-one statistical comparison between the current and
subsurface kinetic helicity of sampling active regions has been

performed (Zhao and Kosovichev 2003; Zhao 2004.; Gao, Zhang and
Zhao, 2008; Maurya, Ambastha and Reddy 2011).
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Flow Chart tor the HMI Time—Distance He
lioseismology Data-Analysis Pipeline

level 1 select area; do apply filtering
Dopplergram =»| tracking and |- in Fourier
remapping domain

¥

compute cross=
covariances

¥ N

ray-path fit for travel fit for travel Born
approximation times: Gabor times: GB approximation
kernels wavelet algonthm kernels
invert for invert for
subsurface wave- subsurface wave-
speed & flow maps speed & flow maps

Zhao et al. 2011 Solar Physics.



Observation

SDO/HMI:
Time-series data ;
Vector magnetogram (Schou et al. 2012; Borrero, et al.
2011; Hoeksema et al. 2014; Leka et al. 2009);
Subsurface velocity field of flow (Zhao, 2012) .
NOAA AR11158:

Observed from 10-Feb. 2011 to 16-Feb. 2011.
NOAA AR11283:

Observed from 5-Sep. 2011 to 9-Sep. 2011.



Evolution of Magnetic and Velocity Field

NOAA 11158
2011.02,12_00:00;00_TAl

2011.2.10_10hr &

ST

2011-02-15 19:00:00 UT: 2011-02-15_14hr:
FOV: 5.463 ' x5.043 FOV: 3.04'x2 ';
Resolution: 0.504 " '; Resolution: 1.008 ' ’;
Cadence: 12 min Temporal Interval: 4 hr;
Max. By, 53566, Max. Vg, 4418 m™

Max. IV 1;

Max. IB//l: 2570 G /NN: 285 ms



Snapshots of Current and Kinetic Helicity

Uncorrelated patterns of
between vertical current and
kinetic helicities, but the
temporal variation of two ol 2011.02.15 18:00:00UT
kinds of helicity showed a
relatively clear correlation
(shown in next slide);

: 20110215 18:00:00UT 2011.02.15 19:00:000UT
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Flare and Subsurface Kinetic Helicity
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Systematic Variation or on Occasional Pixels?
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Statistical Study with Subsurface Velo
city Field over 24 >olar Cycle

Time period: 2010-04-30 04:00 - 2016-12-27 12:00
Time interval between adjacent group: 8 hrs

Total numbers of vector velocity maps: 36215
Latitude of center: -48°, -24°, 0°, 24°, 48°
Longitude of center: 0°

Field of view: about 5.3'x5.3", (30 %30 heliographic degree in
center of solar disk.)



Match LOS Magnetogram to Velocity Map
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Coordinate systems for solar image data referred to Thompson 2006.

I am grateful to Chou, Dean-Yi; Zhao, Hui ;Yang, Ming-Hsu for the code to align the LOS

magnetogram that matches the FOV of velocity map.



Latitude-Time Diagram of Vorticity in
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Hemispheric Sign Preference of Vorticity

Northern Hemisphere Southern Hemisphere
(36010) (36048)
w,>0 %, <0
IB, =50 6 IB <16 IB, 1250 G IB<16
90.5% 67.7% 91.3% 65.9%

1. Vorticity in active region shows stronger
hemispheric sign preference than the current helicity
obtained 1n previous studies.

2. Vorticity shows stronger hemispheric sign preference
in region of strong field strength IB_ <, 6 iun that of weak field

strength IBzI<1 G.



Latitude-Time Diagram of Divergence

in 2 4th Solar Cycle
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Non-hemispheric but Field-denpendent Sign
Preference of Divergence

IB, 250 G IB,i<16
(36010) (36048)
<Div>, <0 <Div> >0
Northern Southern Hemisphere Northern Southern Hemisphere
Hemisphere Hemisphere
99.5% 99.5% 95.5% 97.7%

Divergence shows no hemispheric sign preference but the sign is different in the
region between IB, .5 G yua <1 6.
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Yearly Variation -
Vorticly .
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2. The latitudinal 7 i |
profiles of divergence -
show clear N-S
asymmetry in the
same year.
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Vorticity (x 10%s™)

Variation of Latitudinal Profile of Vorticity
with Depth (1-3, 3-5, 5-7,7-9, 9-11 Mm)
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[ TSR

Variation of Latitudinal Profile of Divergence
with Depth (1-3, 3-5, 5-7, 7-9, 9-11 Mm)
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Summary of Main Results

1) Butterfly diagram of current helicity shows mirror asymmetry expected
by the mean-field dynamo theory.

2) Connection between the current helicity and subsurface kinetic helicity
can be dectected.

3) Subsurface vorticity shows mirror asymmetry too. Meanwhile, the
sign of divergence is dependent with the field strength.

4) Yearly variation of vorticity and divergence imply that the
buoyancy of flow from the interior of the sun is a way of the energy

transportation, furthermore, they behave as prominent North-South
asymmetry.

5) Compared with outside ones, latitudinal profile of vorticity and
divergence inside the active region keep the shape and sign even in
deeper layer. It may imply the dynamical property in active region is
more related to the flow in deep layer than its quiet neighborhoods.
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