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SUNSPOT LIGHT BRIDGES — Upper Atmospheric Activity &
Transients

Rohan Eugene Louis
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SURGES IN LBs

* Filamentary/Hair-like structures best seen in chromospheric lir

« Surges occur in regions associated with flux change

* Related to emergence of magnetic field

-2 -18

Roy 1973
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SURGES IN LBs

* Recurrent and intermittent surges, proj. speeds of 50 km/s
» Coincide with TRACE 171 A brightenings

5 \ ' | Asaietal. 2001
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DYNAMICS OF SURGES

« Off-band chromospheric images show surges being launched to o
* Appear to move bodily from one end to other
» Rise and fall back to LB as they evolve
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arcsec

DYNAMICS OF SURGES

Surges driven ballistically decelerate
due to solar gravity

Base of surges show impulsive
brightenings

AlA images show jet fronts to be
brighter

Heated to Transition Region temp.
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DYNAMICS OF SURGES
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FILAMENT ERUPTION

106:22 UT

WY
. B

'
o . 08:18 UT

.h_.‘

B
- .. '. o ‘; .
'—x\'i ; ;h'g\

.t .

07:35 UT .08:04 UT

08:25 UT = woe 10:08 UT

% %
9

-~

b R
'.:_ ; /“”‘Nﬁ' ':\ \ 4
.

08:26 UT v 10:08 UT

ISSS L'aquila — Sunspot Light-Bridges

* Eruption of
filament triggered by
recurrent surge activity
over LB

LB canopy possibly
assoc. with global
magnetic topology of
AR

Guo et al. (2010)




BRIGHTNESS ENHANCEMENTS
& FLARE RIBBON OVER LB

‘cx » -.‘". . . 1

heated, possibly by reconnection,
as photosp. heat flux insuff. to

sustain upper atm. irradiance
10 20 30 40 50
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BRIGHT CHROMOSPHEIRC
THREADS

? = Arc-like brightenings extendlng
" - .~ from outside sunspot to LB as well
S as into adj. umbra
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Louis et al. (2008)
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SMALL-SCALE JETS...More eg.

Louis, Beck, Ichimoto (2014)
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SMALL-SCALE JETS

Call H

Ca HPF

12 e Jets cluttergd iri Zache?: paatch close to
1 area of enhanced NCP

o &° Offset from photo. chromo.height diff.
W “ with viewing angle

_j_1 e Images do not reveal real pic., need fa
0 X . - N o 1 -2 gpectro-polarimetry in B-; chromaos.

Location [orcsec] with high spatial-&temporalres.
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No. of jets




EXPL. PHOTOS. - CHROM. RELATIOR

« High-res SST/CRISP obs. +o SRR
« Narrow band images in Fe | 630 nm, :

Call 854 nm :
e Sunspotin AR 11024 308

e 2009 July 5,0= 33°

arcsec

e 1k x 1k images, 0.059"/pixel
31 wavelength points Fe lines _
e Sampling 4.8 pm 108
e 17 wavelength points Ca line \
e Sampling 10.0 pm
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SMALL-SCALE EMERGENCE
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EVOLUTION OF BLUE-SHIFTS ﬁﬁ
Vios B Ty
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SPECTRAL SIGNATURES

* Brightening in LB over the two patches due to asym
emission in line wing of Ca, Stokes V remains unchang
* Fe lines Doppler shifted and Stokes V highly asymmetric with
reversal in sign
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ATMOSPHERIC CONDITIONS

e Enhancement in T : 750 K  cooop—eeriti iy o220 EL g e D00 0000
e Blueshifts of 2.5 kml/s, ™\ Aol o
initially redshifted “’"
* No motions beyond -5.5 | | |
e Inclination changes only ... bt Vb
in photosphere BOOD—S _|5 —I4 —I3 _|2 _|1 EIJ —_5 _|5 —I4 —Ii —I2 _|1 fIJ -6 —I5 —I4 —IJ —IE —Il {?
7000 F f _ _ _
6000 F S
so0l
4000 F
3000—5 S5 4 -3 -2 -1 0 5 =5 -4 -3 2 =1 0 0_5 SIS
logr logT log

 Emergence of a flat Q-loop bi-polar geometry, develops a siphon flow
as it rises

e Line wing emission due to interaction with overlying-sunspot field
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FORMATION OF ATYPICAL LB

Mar 12 23:0G:00 Mar 12° 230060 7= 50 Mar 12 23:06:00

* LB results from emergence of magnetic flux, with pore appears about 17 hrs earlier
* Pore opp. Polarity, red-shifted, recedes from parent sunspot 0.4 km/s
* Nearly horizontal structure, B~ 1.2 kG, long-lived photospheric blueshi 0.85 kml/s
* Surgesseen in Chromo. & TR 13 min later
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* LB stands out in chromosphere

* Enhanced intensity than any other
region in sunspot

arcsec
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LB MORPHOLOGY - HIGH RES.

0k L g

* Bright Grains at southern end of LB
* Northern end is S-shaped

* No dark lanes perpendicular to axis

[ lying 854 nm
0 20 40 60 80

arcsec
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TEMP. STRATIFICATION - CAISAR
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 LTE SPECTRAL ARCHIVE Beck et al. (2015)

* Complex Temp. distribution

1347 km

1160 km
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786 km

_ 599 km

S 112 km
225 km

 Parts of LB disconnected from Photosphere
* Boundary enclosing LB changes spatially and temporally
* T,g ~1100K and 650 K hotter T, southern to northern end =

* Temp. enhancement lower (higher) southern (northern)
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HEATING BY STRONG ELECTRIC
CURRENTS
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HEATING BY STRONG ELECTRIC
CURRENTS
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SPLITTING OF SUNSPOT
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* S19 E28 on 2012 July 1

« Semi-complex By

 Leading sunspot of
positive polarity

 Produced several
flares

Louis et al. (2014)
Louis et al. (2015)
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LS PRIOR TO SPLITTING

-
By [kG] Vigs [km/s]
120k (@)
100F -1.0 -0.5 0.0 0.5 1.0-15 -—-0.75 0.0 0.75 S
g 80 S 01:12 UT 17:00 UT
§ L f s \ N
[+ 60 . - e . )
wf - o,( ™ T G
R ASRE RS, -
20 By .
0 " L ' s L L
0 50 100 150 200
2.0
1.5
o
1.0=
'
0.5
0.0

» Splitting of LS major driver for
eruptive flare

80K "%

100

* Flux emergence, flux cancellation aid

in destabilization of coronal magnetic {
field 20fa

ol

arcsec

40

13/04/2022 ISSS L'aquila — Sunspot Light-Bridges 23




13/04/2022

HOMOLOGOUS FLARING ACTIVITY

00:-:00:07 .
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Flaring activity over
smallLB in LS

Collimated jets

B6.4 flare at 01:30 UT

Louis & Thalmann (2021)
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CORONAL MAGNETIC FIELD
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« Low-lying flux rope connecting LB to opp.
polarity magnetic patch in sunspot moat

* Reconnection with sunspot field driven by
rapid proper motion

* Flaring renders loss oftwis
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SUMMARY

* Wide variety of dynamic phenomena in chromo. TR & corona abov Ls
 LBs ideal sites for flux emergence, small- and large spatial scale

« Surges, jets, brightness enhancements, flares

* Lower chromospheric heating

* Flux emergence key factor for transporting energy to higher layers
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