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Atmospheric	physical	parameters:	
	
-	Effec=ve	temperature	(Teff)	
-	Surface	gravity	(log	g)	
-	Metallicity	([Fe/H]:	log	of	iron	
content	in	the	star	rela=ve	to	the	Sun)	



Effec3ve	temperature	
Solar	flux	fd	at	distance	d	
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fd = FR . R2/d2 Area = 4 π d2 

FR = fd. d2/R2 



Sun’s	flux	fd	at	1	A.U.	(spectral	irradiance)	
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fd	=	1367	W/m2	



Effec3ve	temperature	(Teff):	temperature	
corresponding	to	a	black	body	with	the	same	
total	flux	F	(at	stellar	surface)	
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F =σTeff 4

Teff	=	5777	K	



L = 4πR2 σTeff
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L = 4πR2 F = 4πd2f 
θ 

How	to	get	Teff?	

R: stellar radius 
r: distance Earth - star 
θ: stellar angular diameter 
f : flux measured at Earth 
F: Flux at radius R 
σ = 5.67×10-5 erg s-1 cm-2 K -4 

F = (R/d)-2 f 
R/d = (θ/2) 
F = (θ/2)-2 f 
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F = (θ/2)-2 f 
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σTeff
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σTeff
4 = (θ/2)-2 f 
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Angular diameter 

Sun 
θ  = 1919”.3 
Flux received: 1.371 × 106 erg cm-2 s-1 (solar 
constant)  
⇒ Teff = 5777 K 

σTeff
4 = (θ/2)-2 f 

α Lyrae 
θ  = 3 × 10-3 ” 



Bolometric	flux	(fbol)	ideally	integrate	total	flux	
from	measurements	in	several	bands,	otherwise	
measure	at	least	in	1	band	&	use	Bol.	Correc=on	BC	

	mbol	=	V	+	BCV	

From	mbol	à	fbol	
and	then	
es=mate	Teff	
(assuming	you	
know	angular	
diameter)	



Synthe=c	(computed)	
infrared	flux	(e.g.,	K	
band)	at	stellar	surface	
(at	radius	R)	

Measured	
infrared	flux	
(e.g.	K	band)	
on	Earth	

Bolometric	flux	at	
Earth	(total	flux	
from	different	
bands,	or	using	at	
least	1	band	+	BC)	

Blackwell	&	Shallis	(1977),	
Saxner	&	Hammarback	(1985),	
Alonso	et	al.	(1996,	99)	

Don’t	know	angular	diameter?	
Infrared	Flux	Method:	IRFM	
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σTeff
4 = (θ/2)-2 fbol 

θ/2 = R/d = (f / F)1/2 

(θ/2)-2  = F / f   = Fλ / fλ 

σTeff
4 = (Fλ / fλ) fbol 

σTeff
4 = (FIR/fIR) fbol 



In	short,	to	apply	the	IRFM	we	required	observa=ons:	
-  Infrared	photometry	(e.g.	2MASS	J,	H,	KS)	
-  Bolometric	flux	(integrated	flux	using	different	bands)	

Casagrande	et	al.	2010	

U	 B	 V RC	 IC	 J	 H	 KS	



Another	way	
to	get	Teff:	
color	
calibra3ons	
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Broadband	op=cal	photometric	systems	

Bessell	
2005,	
ARA&A	



Bessell 
2005, 
ARA&A	

The	
terrestrial	

atmospheric	
transmission	
of	a	model	is	

shown	

Op=cal	Tycho	and	Infrared	2MASS	systems	
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B-V	

Improved	calibra3ons:	zero-point	using	solar	twins	
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B-V	 V-J	 V-H	 V-K	

CaRaMBA	



Effec=ve	temperature	of	M	dwarfs	
T e

ff	

B-V	
V-Rc	 V-Ic	

V-J	 V-H	 V-K	



(b-y): temperature 
c1 = (u-v) - (v-b): Balmer discont. 

m1 = (v-b) - (b-y): metallicity 

band											u						v							b							y							Hβn					Hβw		
λ	peak	(Å)		3500		4110		4670			5470				4859			4890		
½Δλ	(Å)					300			190					180					230						30				145		

uvby-Hβ			
Strömgren	
&	Crawford	
1956		

Intermediate	band	photometric	systems	



(b-y):  
Temperature 

 
m1 = (v-b) - (b-y):  

metallicity 

Önehag	et	al.	2009	A&A	498,	527	



Rela=onship	
between	spectral	

type	and	b-y	

© Fig. 3.1.9, Kitchin 
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Rela=onship	
between	Teff	and	b-y	



Hyades	

H. Bond (1970, ApJS 22, 117): [Fe/H] = 0.16 - 13.6 Δm1	

1966, Ap. Norveiga 9, 333 

Determining	[Fe/H]		
using		
Δm1	



[Fe/H]uvby:	Schuster	&	Nissen	1984	
Schuster	&	Nissen	1984	(A&A	221,	65):	

116	stars,	-2.6	<	[Fe/H]	<	+0.4		

0.37	<	(b-y)	<	0.59,	0.03	<	m1	<	0.57,	0.10	<	c1	<	0.47	

[Fe/H]	=	-2.0965	+	22.45	m1	-	53.8	m1
2	-	62.04	m1(b-y)	+	

145.5	m1
2(b-y)	+	[	85.1	m1	-	13.8	c1	-	137.2m1

2	]	c1	(s	=	0.16	dex)	

[Fe/H]uvby:	Ramírez	&	Meléndez	2005a	



Casagrande	et	al.	(2011).	New	calibra=ons	applied	to	GCS	

b-y	



Casagrande	et	al.	(2011):	calibra=ng	also	[α/Fe]!	

(v-y)	–	(b-u)	

[α
/F
e]
	

[Fe/H]	

[α
/F
e]
	



Interstellar	reddening	and	
ex3nc3on	



Interstellar	ex=nc=on	AX	

AX	≡	mX	-	mX0		⇒	mX0	=	mX	–	AX	
	

Ø AX:	ex=nc=on	

Ø mX:	observed	magnitude	

Ø mX0:	intrinsic	magnitude	(what	would	be	
observed	without	interstelar	dust)	



Color	excess	E(X-Y)		
E(X-Y)	≡	(mX	-	mY	)	-		(mX0	-	mY0)	

Ø mX-	mY:	observed	color	

Ø mX0	-	mX0	:	intrinsic	color	

E(X-Y)	≡	(mX	-	mX0)	–	(mY		-	mY0)	

E(X-Y)	≡	AX	–	A	Y	



Surface	gravity	

MSc	disserta=on	(USP),	Jhon	Yana	Galarza	

Trigonometric	surface	gravity	



Trigonometric	surface	gravity	

Parallax	(π)	



Determining	Stellar	
Parameters	by	

Spectroscopic	Equilibrium	



Energy	levels	of	the	H	atom	

Energy levels of hydrogen in eV:	

F. LeBlanc, Stellar Astrophysics	

Absorption	 Emission	

Ionisation	
13,6	



Energy	
level	
diagram		
(term	or	Grotrian	
diagram)	

for	Na	I	

http://128.104.164.100/data/
e_sodium.gif	

What	is	the	chance	
of	popula=ng	a	
given	level?	



Popula=on	of	level	n	(Boltzmann	Equa=on)	

Boltzmann	popula=on	of	a	level	n:	

kT

m

n

m

n e
g
g

N
N /χΔ−=

u(T) is the partition function	



The excitation potential χn in eV	
θ  = 5040/ T	

5040 =  (log e) / k ; k = 8.61733 x 10-5 eV K-1	

Nn

N
=

gn
u(T )

10−θ χn

Popula=on	of	level	n	(Boltzmann	Equa=on)	



Ionisa=on:	Nota=on	
Neutral	hydrogen:	H, H0	or	H I		
Ionized	hydrogen:	H+	or	H II	

	

Neutral	iron:	Fe, Fe0	or	Fe I	
Ionized	iron:	Fe+	or	Fe II	

Iron	three	=mes	ionized:	Fe3+, Fe IV	
	
	Popula3ons:	

• Nn:	n	level	
• NI:	neutral;	NII:	ionized,	NIII:	2	=mes	ionized	
• Nn

II:	excited	level	n	in	ionized	atom	



Ioniza=on	energies	

D. Gray, Stellar Photospheres, 3rd Ed.	



Ioniza=on	stages		
The	Saha	equa3on	

NII/NI :	ra=o	of	ions	to	neutrals	
Pe	:	electron	pressure	
I :	ioniza=on	poten=al	

T :	temperature	
u1/u0	:	ra=o	of	ionic	to	neutral	par==on	func=ons	

k :	Boltzmann	constant,	h:	Planck	constant,	me	=	mass	e-		
	

The	amount	of	ioniza=on	depends	inversely	on	Pe	

NII

NI

Pe =
(2πme )

2/3(kT )5/2

h3
2u1(T )
u0 (T )

e−I /kT



Spectroscopic	Parameters	

Meléndez	et	al.	2001	
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Spectroscopic	Parameters	

Slide: Jhon Yana Galarza	



Log	g	from	strong	lines:	Na	I	D	



Other	strong	lines:	Ca	I	6162	

Gray (2005)	



Slide: Jhon Yana Galarza	

Chemical	abundance	
Abundance	ra=o	
rela=ve	to	the	Sun	
Abundance	ra=o	
rela=ve	to	iron	
Equivalent	width	

Reduced	equivalent	width	



Spectrum synthesis: 5577 A [OI] line 

Melendez & Asplund (2008). 

Blend by C2 easily constrained by red side 
of the feature. O and C abundances 

determined at the same time ! 



Spectrum	Synthesis	of	
lithium	in	the	Sun	

Marília	Carlos	et	al.	(in	prep.)	





!

Solar 
Abundances 

from 
Asplund et 
al. (2009)	
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