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Light bridges (LBs), the elongated structures 
dividing sunspot umbra, are known to produce repeated 
explosions and jet ejections, and thus have been a target 
of observational studies [1]. One importance of the LBs 
is that they separate the existing spots and eventually 
lead to their collapse [2]. Although the LBs are known 
to appear also in developing active regions (ARs), there 
were few such observational studies.

In this study, aiming at the cause of activity in the 
developing sunspot LBs, we analyzed observation data of 
NOAA AR 11974 (Fig. 1: top).

From the photospheric vector magnetogram taken 
by Hinode/SOT, it was revealed that the elongated LB 
harbors weak, horizontal magnetic fields inside and 
is sandwiched between strong, vertical fields of the 
surrounding pores (pre-mature sunspots). Observational 
data of the IRIS satellite, which simultaneously targeted 
the same region, show that smaller-scale explosions 
and jet ejections occur repeatedly in the chromosphere 
above the LB. Especially, the UV spectra indicate that the 
repeated explosions are caused by magnetic reconnection, 
the plasma process that releases magnetic energy. From 
these results, we obtained a physical picture that the 
explosions and jets in the LBs are caused by repeated 
reconnection between the horizontal fields of LBs and 
vertical fields of ambient pores.

However, there remained outstanding questions such 
as why LBs appear in the developing ARs, what the 3D 
magnetic and velocity structures of the LBs are, and why 
reconnection occurs repeatedly above the LBs. In order to 
answer to those questions, we then carried out a radiative 
magnetohydrodynamic (MHD) simulation including 
convection that reproduces the spot formation [4], and 
analyzed the simulation result (Fig. 1: bottom).

We found that, in the subsurface layer, when the 
vertical fields of two pores approach each other to create 
a single sunspot, they trap a plasma that contains weak, 
horizontal magnetic fields. Since there exists a thermal 
convection inside the trapped plasma, the horizontal 
fields are transported upward repeatedly with a certain 
time scale and create a LB in the surface layer. Therefore, 
we can conclude that the observed explosions and jets in 
the chromosphere above the LB are caused by repeated 
reconnection between the magnetic flux transported from 
the interior and the flux of surrounding pores [5].

The above results indicate that the repetitive 
reconnection observed in the Sun may be driven by 
magneto-convective evolution in the interior. Similar 
explosions and jets are reported in sunspot umbrae and 
penumbrae, which suggests that these features may be a 

common phenomena of convection in strong background 
fields.
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(Top) Hinode observation of  NOAA AR 11974. 
(Bottom) MHD simulation of sunspot formation.
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