Solar cycle variation in the properties of photospheric magnetic concentrations
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Abstract

We investigate the statistics of characteristic physical parameters of magnetic concentrations(MCs) during a whole solar cycle
by analyzing magnetograms from 2010 to 2023 observed by the Helioseismic and Magnetic Imager (HMI) on board the Solar
Dynamics Observatory (SDO). We discover that MCs could be distinguished by two groups according to different power-law

distributions of their physical parameters. The critical value for parameters are: ®. = 5.5x1018 Mx, scale L. = 3.4Mm, and

magnetic energy E. = 2x1021 J. We also notice that the active longitude(AL) revolve around the sun and persists over a long
period. Our results suggest that small- and large-scale MCs could be generated by different physical mechanisms.

1. Data: MCs during 2010-2023
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3. Power index .vs. Solar cycle
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4. Temporal and spatial distribution of MCs

40

Latitude(”®)
M)
o o

|
N
o

Distribution of Large-scale MCs(|¢|>5.5e18Mx)

2012-01-01 2014-01-01 2016-01-01 2018-01-01 2020-01-01 2022-01-01

—40 _
2100 2120 2140 2160 2180 2200 2220 2240 2260
Carrington rotation number
Large-scale MCs H sller di i latitude 35.0°
Ty T — s _ ovnj\o err_iagram in la i\u e 35. . = - oo
T 720 M. REEWR e TR oS>
= i T T T
g —-\:{I‘ = : o e '_j _:';- I'&\:_E_
5 g S : T 3
9 360 P AT =T ~ = Ca
R Sen A =5
s b | < - A T
O _SE=Rens - L% ] % | | Sl — SN T aa
2100 2120 2140 2160 2180 2200 2220 2240 2260
Rotation number
Small-scale MCs ¥ sller di i\ latitude 35.0°
1080- S __ov_m_o .er lagram in la 1u e : !
L 72017
v — - - - -
o5 = ;
B &
= ;
- il =
S 3601 = g =
0 - - gl % = st . = '_I B | - _‘I - E | - == = 5 .I -
2100 2120 2140 2160 2180 2200 2220 2240 2260

AL(large-scale MCs) has a global drift

Velocity(°/day)

Rotation number

>30

20 ~ 30

-1l0~ 20

Number Density

<10

>30

20 ~ 30

10~ 20

Number Density

<10

0.00;

|
<
N
U

I
&
U
o

I I | I
= = = O
i N O N
o wu o u

+

L —

Var-Viat=0°

—o— Vpp-Vigt=0"

—

0 20

Latitude(®)

Stable Active Longitude

—40 =)

40

Conclusions Main References

1. Small and large-scale MCs relate differently to the solar cycle
2. Active Longitude revolve around the sun for a long period

1.50ng, A., Zhang, Q., Wang, Y., et al. 2024, A&A, 682, A87

2.Parnell, C. E., D

eForest, C. E., Hagenaar, H. J., et al. 2009, ApJ, 698, 75



