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«  In	the	literature,	there	are	several	proposed	empirical	models	specific	
to	sunspot	umbrae.		

«  These	models	have	difficul?es	to	properly	reproduce	the	solar	
chromosphere.	
«  Example:	Iwai	et	al.	(2016)	report	that	observed	sunspot	umbral	

temperature	brightness	at	8.8	mm	range	is	much	less	than	
predicted	by	current	empirical	models.			

	

Introduc?on	
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«  Recent	GREGOR	observa?ons	of	the	Si	I	1082	nm	can	help	improve	
current	atmospheric	models	

«  In	our	case,	we	use	GREGOR	data	taken	on	27	June	2014	with	GRIS.	
«  Data	were	subjected	to	standard	preprocessing.		
«  The	spectral	stray-light	(about	8%)	was	removed.	
«  	Then,	we	de-convolved	the	data	from	the	GREGOR	PSF:	

«  Assuming	40%	stray-light	calculated	with	the	mercury	transit.	
«  Taken	the	GAOS	informa?on	for	construc?ng	the	core	of	the	PSF.	

«  The	deconvolu?on	is	done	using	the	PCA	method.	
	

Observa?ons	and	data	analysis	



David Orozco SuárezSlide 4

«  Results	
	

Results	
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«  Most	interes?ng	part	is	in	the	observed	Stokes	profiles	
«  They	are	in	emission	at	the	sunspot	umbra.	
«  Stokes	V	shows	a	reversal	at	the	zero	crossing	point.	

	

Results	
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«  This	results	are	more	or	less	
independent	on	the	seeing	
condi?ons,	i.e.,	the	stray-light	
(sca[ered	light)	is	about	
constant	and	it	is	the	main	
contributor	to	the	PSF.	

«  This	figure	shows	how	the	
emission	disappears	when	the	
stray	light	is	above	20%	

«  Con?nuum	values	of	about	20%	
for	the	umbra	are	within	current	
model	predic?ons	(e.g.,	Kiess,	
Christoph	et	al.	2014)	

Results	



David Orozco SuárezSlide 7

«  We	inves?gated	
whether	it	is	an	ar?fact	
of	the	deconvolu?on	
technique.	

«  But,	different	
deconvolu?on	methods	
provide	the	same	
results	(e.g.,	maximum	
entropy	method).	

«  Degraded	observa?ons	
to	VTT	with	10%	of	
sca[ered	light	and	
same	seeing	condi?ons.	

«  It	should	have	been	
seen	before	at	the	VTT	
but	no	one	has	
reported	this	before.	

	

Results	
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«  The	Si	I	line	is	in	non-local	thermodynamic	equilibrium	
«  Use	the	model	of	Bard	&	Carlsson	(2008)	and	NICOLE	code	(Socas-

Navarro	et	al.	2015)	to	synthesize	the	line.	

Si	1082.7	nm	in	NLTE	

Example	for	FALC	model	
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«  Take	umbra	models,	
synthesize	the	Si	I	line,	
and	compare	with	the	
observa?ons.	

«  Similar	con?nuum	values	
«  The	line	core	of	the	

synthe?c	profiles	is	NOT	
in	emission	

«  They	show	the	Zeeman	
spligng	due	to	a	strong	
ver?cal	field.	

«  No	Stokes	V	reversal	at	
the	zero-crossing	point.	

«  Where	does	the	emission	
come	from?	

NLTE	synthesis	
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«  In	this	very	moment	we	are	performing	inversions	of	the	profiles	with	
NICOLE.	

«  Results	will	come	soon	

NLTE	inversions	



David Orozco SuárezSlide 11

«  The	silicon	Line	is	in	emission	in	sunspot	umbrae	
«  Only	visible	at	high	resolu?on	and	aier	removing	sca[ered	light	from	

the	data.	
«  May	contribute	to	a	be[er	modeling	of	current	umbra	models	at	

chromospheric	heights.	
«  S?ll	inversion	results	to	come	but	first	results	show	that	the	

temperature	minimum	region	is	located	at	lower	height	in	sunspot	
umbrae.	

«  This	may	provide	natural	explana?on	for	the	observa?ons	in	the	mm	
range.	

Conclusions	


