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Spectral	Synthesis	
	

					We	synthesized	the	blue	con(nuum	and	red	con(nuum	for	the	Rome-
PSPT	observa(ons	at	several	disk	posi(ons	by	using	the	1D	semi-empirical	
atmosphere	models	by	Avre^,	Fontenla	&	Loeser	1994	and	Fontenla	et	al.	
1999,	2006,	2009,	2011.	The	solar	spectra	were	first	synthe(zed	using	the	
RH	 code	 (Uitenbroek	 2002)	 and	 then	 convolved	with	 the	 corresponding	
Rome-PSPT	 transmission	 filter	 profiles.	 	 For	 each	 disk	 feature	 and	 disk	
posi(on,	 the	 feature	 contrast	 was	 defined	 as	 the	 ra(o	 between	 the	
intensi(es	computed	for	models	corresponding	to	magne(c	features	and	
those	 computed	 for	models	of	 the	quiet	 Sun	 (either	model	A	or	B	or	C,	
depending	on	the	1D	model	set).		
	 	 	 	 We	 also	 synthe(zed	 the	 above	 spectra	 by	 using	 results	 from	 3D	
magneto	 hydrodynamic	 (MHD)	 simula(ons	 obtained	 with	 the	 Stagger	
code.	 In	 par(cular,	 we	 considered	 40	 snapshots	 with	 average	 induced	
magne(c	 field	 strengths	 of	 0G,	 50G,	 100G,	 and	 200G.	 Contrast	 values	
were	computed	for	each	wavelength	band	by	calcula(ng	ra(os	between	
various	 combina(ons	 of	 a	 result	 from	 a	 lower	 average	 magne(c	 field	
strength	 simula(on	 and	 a	 result	 from	 a	 higher	 average	 magne(c	 field	
strength.		
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Discussion	and	Conclusions	
	

Ø In	 the	 Red,	 the	 results	 from	 1D	 computa(ons	 reproduce	 observa(ons	 fairly	 well,	 with	
different	degrees	of	accuracy	depending	on	the	set.		

Ø In	the	Blue,	the	agreement	between	results	from	1D		computa(ons	and	measurements	is	
worse,	due	to	the	nature	of	semi-empirical	models	(Uitenbroek	&	Criscuoli	2011).	

Ø 1D	models	reproduce	the	contrasts	of	various	features	with	different	degrees	of	accuracy	
depending	 on	 the	 set	 and	 disk	 feature,	making	 it	 impossible	 to	 iden(fy	 a	 single	 set	 of	
models	 that	 best	 reproduce	 observa(ons.	 Overall,	 Plage	 and	 Bright	 Plage	 contrast	
measurements	are	best	 reproduced	by	1D-2006,	while	Network	and	Enhanced	Network	
by	1D-1999	models.	

Ø Results	from	3D	MHD	computa(ons	show	a	contrast	that	decreases	with	the	increase	of	
the	 average	 magne(c	 flux	 in	 simula(ons.	 If	 we	 assume	 that	 Plage	 and	 Bright	 Plage	
features	 are	 associated	with	 larger	magne(c	flux,	 then	 the	 results	 from	3D	MHD	agree	
with	 synthesis	 from	 1D-2011	 and	 1D-1994,	 but	 not	 with	 observa(ons.	 Comparison	
between	 results	 from	 measurements	 and	 3D	 MHD	 simula(ons	 require	 more	
inves(ga(ons,	extending	also	to	different	disk	posi(ons,	because	structures	are	iden(fied	
in	the	observa(ons	according	to	their	Ca	II	K	emission	and	not	on	their	magne(c	flux.		

Figure	1.	Leh:	sample	Blue	Con(nuum	PSPT	image.	Right:	corresponding	mask	of	features	iden(fied	with	SRPM.		Orange:	quiet	sun;	dark	green:	network;	light	green:	enhanced	
network;	light	blue:	plage;	dark	blue:	bright	plage/faculae;	black:	sunspot	penumbra;	dark	red:	sunspot	umbra.	

Comparison	Between	Observa/ons	and	1D	Models		
at	Different	Lines-of-Sight	

Ø  For	 all	 disk	 features,	 1D	 results	 agree	 be^er	 with	 contrast	
measurements	in	the	Red	than	in	the	Blue.	

Ø  In	both	bands,	Plage	and	Bright	Plage	measured	contrasts	are	best	
reproduced	by	1D-2006	results,	and	by	1D-2011	computa(ons	in	the	
Red.	

Ø  In	the	Red,	Network	and	Enhanced	network	contrast	measurements	
are	 best	 reproduced	 by	 1D-1999	 and	 1D-2009	 results,	 and	 by	
1D-2011	computa(ons	at	posi(ons	away	from	disk	center.	

Ø  In	the	Blue,	Network	and	Enhanced	network	measurements	are	best	
reproduced	by	1D-1999	and	1D-1994	results,	respec(vely.	

Comparisons	Between	Observa/ons,	1D	Semi-Empirical	
Models,	and	3D	MHD	Computa/ons	at	Disk	Center	

	

Ø  Measurements	 show	 a	 null	 or	 slightly	 posi(ve	 contrast	 in	 both	
bands	for	all	features.	

Ø  Results	 from	 3D	 MHD	 computa(ons	 with	 average	 induced	
magne(c	 field	 strengths	 ≤	 100G	 best	 reproduce	 contrast	 values	
measured	for	all	features	in	both	bands,	and	agree	the	most	with	
1D-1994	results.		

Ø  Results	 from	 1D	 and	 3D	 computa(ons	 reproduce	 Network	 and	
Enhanced	 Network	 contrast	 measurements	 in	 both	 bands	 fairly	
well,	 when	 considering	 uncertain(es	 in	 both	 the	 synthesis	 and	
measurements.	The	best	agreement	 is	 found	 for	1D-1999	and	3D	
MHD	[50G,	100G]/HD.		

Ø  The	best	agreement	for	Plage	and	Bright	Plage	measured	contrasts	
is	found	with	results	from	1D-2005	and	3D	MHD	[50G,	100G]/HD.	

Observa/ons	&	Image	Analysis	
	

	 	 	 	 	We	analyzed	sets	of	nearly	simultaneous	high	quality	full-disk	images	
acquired	 with	 the	 Rome	 Precision	 Solar	 Photometric	 Telescope	 (Rome-
PSPT,	 Ermolli	 et	 al.	 2007)	 in	 the	 blue	 con(nuum	 (409.4	 nm,	 FWHM	0.3	
nm),	the	red	con(nuum		(607.1	nm,	FWHM	0.5	nm),	and	the	Ca	II	K	(393.3	
nm,	0.25	nm).	The	data	set	consists	of	images	at	the	various	bands	taken	
on	 110	 observing	 days	 from	May	 2010	 to	 November	 2012	 under	 good	
seeing	condi(ons.		
	 	 	 	 In	 order	 to	 restore	observa(ons	 for	 stray-light	 effects,	 images	were	
processed	through	the	algorithm	described	in	Criscuoli	&	Ermolli	2008.	In	
summary,	in	each	observa(on	the	 	quiet	sun	intensity	CLV	is	modelled	as	
the	convolu(on	of	a	fihh	order	polynomial	(whose	coefficients	are	taken	
from	 Pierce	 &	 Slaughter	 1977)	 with	 a	 Point	 Spread	 Func(on	 (PSF).	 The	
free	parameters	that	describe	the	PSF	are	es(mated	through	a	best	fit	to	
the	observed	intensity	CLV,	and	the	image	is	finally	corrected	through	the	
applica(on	of	a	Wiener	filter.	
	 	 	 	On	 the	 restored	 images,	we	 employed	 the	 Solar	 Irradiance	 Physical	
Modeling	 (SRPM)	 iden(fica(on	method	of	Fontenla	et	al.	2011,	2015	 to	
iden(fy	various	magne(c	features.	The	method	categorizes	disk	features	
in	 Ca	 II	 K	 images	 as	 network,	 enhanced	 network,	 plage,	 bright	 plage,	
penumbra,	 umbra,	 and	 quiet	 sun	 (either	 faint	 or	 average	 supergranular	
cell	interior),	based	on	intensity	thresholding	criteria	(see	Fig.	1).		
	 	 	Our	study	focused	on	bright	features	only	and	on	measurements	of	the	
contrast	of	these	features	in	the	blue	and	red	con(nua.	At	each	posi(on	
over	the	solar-disk,	the	contrast	of	the	various	features	was	defined	as	the	
ra(o	between	the	average	intensity	value	of	the	feature	and	the	average	
quiet	sun. 

	 	 	 	 	 	 Many	 solar	 irradiance	 reconstruc(on	
techniques	make	 use	 of	 one-dimensional	 (1D)	
sta(c	 atmosphere	 models	 to	 reproduce	 the	
radia(ve	 output	 of	 magne(c	 and	 quiet	
features	observed	over	the	solar	photosphere.	
In	 the	past	 years,	 several	 sets	of	models	have	
been	 presented	 in	 the	 literature,	 each	
reproducing	spectral	 irradiance	varia(ons	with	
different	 degrees	 of	 accuracy.	However,	 three	
dimensional	 (3D)	 magnetohydrodynamic	
(MHD)	 simula(ons	 of	 the	 solar	 photosphere	
are	known	to	be^er	reproduce		
	
	

the	 fine	 spa(al	 and	 temporal	 structure	 of	 the	
solar	 photosphere,	 rendering	 them	 promising	
tools	 for	 improving	 our	 understanding	 of	 and	
capability	to	reproduce	irradiance	varia(ons.	In	
this	 work	 we	 compute	 photometric	 intensity	
contrasts	 in	 the	 blue	 con(nuum	 (409.4	 nm,	
FWHM	0.3	nm)	and	 the	 red	con(nuum	(607.1	
nm,	 FWHM	 0.5	 nm)	 using	 several	 1D	 semi-
empirical	 atmosphere	 models,	 and	 3D	 MHD	
simula(ons.	 We	 compare	 these	 values	 with	
full-disk	observa(ons	obtained	with	 the	Rome	
Precision	Solar	Photometric	Telescope	(PSPT).		


