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Line	profile	is	convoluFon	of	
Gaussian	&	Lorentzian:	Voigt	profile	

•  Instrumental	profile	is	~	Gaussian	



Equivalent	Width	(EW)	
measurements:	not	trivial	
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Equivalent	Width	(EW)	
measurements:	not	trivial	
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“Caffau 
et al. like” 

“Asplund 
et al. like” 

73	mÅ	

82	mÅ	

61	mÅ	
48	mÅ	

69	mÅ	
54	mÅ	

Oxygen 
triplet in 
the Sun 
 
EW 
using 
Voigt 
profiles 
for both 
Asplund 
& Caffau 



CN blends for O I triplet (Meléndez,	IAU	Symp)	

CN	blends	
must	be	taken	
into	account,	
otherwise	the	
EW	may	be	
over	or	
underesDmated	

Other blend 
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Voigt	profile	requires	both	
Lorentzian	&	Gaussian	broadening	

V (Δν,ΔνD,γ ) =
γ 4π 2

(Δν −Δν1)
2 + (γ 4π )2

*
0

∞

∫ 1
π 1 2ΔνD

e
−

Δν
ΔνD

%

&
'

(

)
*
2

dν1

D.	Gray	



Oxygen	triplet	in	the	Sun	and	solar	twin	18	Sco	

Sun	
18	Sco	

Jorge	Melendez,	from	UVES	spectra	

Gaussian	profiles	are	preferred:	more	precise	
differenFal	measurements	

R	=	110	000	



The	most	important	(and	
demanding)	part	in	the	differenFal	
work	are	the	EW	measurements		

•  Even	if	you’re	using	sophisFcated	model	
atmospheres	or	line	formaFon,	your	results	
will	be	wrong	if	the	measurements	are	wrong	

•  DifferenFal	measurements:	make	the	same	
(sensible)	choices	for	your	star	&	standard	

•  All	starts	with	a	careful	line	selecFon	



Case study: carbon 
l Higher	absolute	abundances!	
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l C	I	lines	at	7111,4	&	7113,2	Å	
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Equivalent	Widths	for	Precision	
Spectroscopy	

Hand	(manual	measurements).	
	

For	automaFc	EW:	DAOSPEC,	iSpec,	ARES	….	



DifferenFal	abundances	AX	(element	X)	
log (W/λ) = cte + AX + log (g f ) + log λ - θ χexc - log kcont,λ  

Bedell, Meléndez, Bean et al. 2014 

1.  Precise	differenFal	EW	
measurements	are	key	
for	Precise	Abundances	

	
2.	Line-by-line	differenFal	
method	works	beker	for	
twin	stars	



Some	Fps	
•  Try	to	do	consistent	observaFons	using	the	
same	instrument/configuraFon.	

•  Verify	your	relaFve	conFnuum	normalizaFon	



Measuring	lines	
•  Whenever	possible	choose	the	cleanest	lines	
•  If	the	lines	are	not	perfectly	clean,	try	to	
choose	a	line	close	to	a	conFnuum	region	

Bedell	et	al.	2014,	ApJ,	795,	23	



Measuring	lines	

Bedell	et	al.	2014,	ApJ,	795,	23	



NH	in	the	ultraviolet,	to	obtain	
nitrogen	abundances	
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Solar	twin	spectra	

•  HIP79672.fits	(18	Sco,	3	Gyr)	
•  Juno.fits	(Sun,	4.6	Gyr)	
•  HIP102152.fits	(old	solar	twin,	7	Gyr)	

Line	list	(sun2015_05_18.moog)	
Lambda	ion	exc.pot	log_gf	C6			0.0	EW	comment	
	4788.757	26.0		3.237		-1.763	0.175E-31		0.0		67.7		FeI		I	

	



-	Plot	star	and	standard	to	choose	
best	conFnuum	region	
	

-	Use	a	window	of	~	5	-	6	Å,	meaning	
±3	Å	from	line	center	(in	some	cases	a	
larger	window	may	be	needed)	
	

Ex.:	FeI	4950.1	Å	(using	UVES	spectra):	
splot	HIP102152	xmin=4947.1	xmax=4953.1	



ConFnuum	region	too	small	(±1Å)	



Verifying	conFnuum	with	solar	atlas	

Wallace	et	al.	2011	



Beker,	±2,5Å	or	±3	Å	



FiHng	a	Voigt	profile:	uncertain	wings	



Deblending	using	gaussians:	
careful	about	uncertainFes	in	(exaggerated)	

contribuFon	of	components!	



Using	a	single	gaussian:	careful	about	using	
the	whole	wings	(blends	contribute)	



Using	a	single	gaussian:	careful	about	using	
the	whole	wings	(blends	contribute)	

Recommended	
for	precision	
differenFal	
abundances	



Overploqng	(“o”	“g”	…	)	Sun’s	spectrum	

Good	
conFnuum	
points	

HIP	102152	

Limits	to	fit	the	
line	profile	(“k”	
“k”	with	splot)	



Measuring	FeI	line	in	HIP102152	
“k”	in	splot	(at	the	chosen	conFnuum	and	

let	limit	for	profile	fiqng)		



Measuring	FeI	line	in	HIP102152	
“k”	in	splot	(at	the	chosen	conFnuum	and	

right	limit	for	profile	fiqng)		

EW	=	79,0	mÅ	



Measuring	FeI	line	in	the	Sun	
“k”	at	chosen	conFnuum	and	let/right	limits	

EW	=	78,5	mÅ	

k	k	



FeI	4994,1	Å	
HIP	102152	 Sun	

Good	
conFnuum	
points	

Limits	to	fit	the	
line	profile	(“k”	
“k”	with	splot)	



EW	=	108,9	mÅ	in	HIP	102152	



EW	=	107,4	mÅ	in	Sun	



EW	=	107,8	mÅ	in	HIP79672	(18	Sco)	



HIP	102152	 Sun	

Good	
conFnuum	

point	



Deblending	3	lines	in	HIP102152	



Deblending	3	lines	in	HIP102152	



Deblending	3	lines	in	HIP102152	



Deblending	3	lines	in	HIP102152	



FeI	line	at	5577	Å	



FeI	line	at	5577	Å	

Good	
conFnuum	
point	



HIP102152:	12,3	mÅ,	Sun	(Juno):	11,8	mÅ	
18	Sco	(HIP79672):	12,9	mA		



NaI	at	6160.8Å:	inclined	conFnuum	

Bedell	et	al.	2014,	ApJ,	795,	23	



ConFnuum	has	slope	due	to	
(Lorentzian)	wing	of	strong	nearby	line	

Na	I	



gaussian	
gaussian	

Voigt	



Perhaps	try	a	single	gaussian	with	local	
conFnuum.	Borderline	case:	either	flat	or	

some	slope	should	be	OK	



Final	Fp:	
try	to	
have	a	
good	

sample	of	
lines	

(different	
exc.pot	
and	line	
strengths)	


