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Introduction to 
Astronomical 
Photometry 
using CCDs 



Astronomical	Photometry	
	

First,	chat	with	the	students	about:	
-  Difference	between	photometry	&	spectroscopy	
-  What	is	spectrophotometry?	
-  DifferenGal	&	absolute	photometry:	advantages	
-  Magnitude	&	Flux	
-  Absolute	Magnitude	
-  Vega	
-  What	is	a	photometric	system?	
-  Broad	band	vs	narrow	band	
-  ApplicaGons?	
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Photometry:	flux	(or	intensity)	in	a	broad	(or	intermediate)	
band	

	

Spectroscopy:	measurements	of	the	relaGve	flux	at	low,	
medium	or	high	spectral	resoluGon	

Wavelength	



Spectrophotometry:	Flux	distribuGon	(or	intensity)	at	
very	low	spectral	resoluGon	
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ObservaGons	
Model	atmospheres	

Spectrophotometry	of	star	56	Ari	
Observations by Adelman in the optical and 
spectrum IUE in the ultraviolet 



DifferenGal	Photometry	
•  Example:	measure	the	brightness	of	star	A	
relaGve	to	star	P	(without	knowing	necessarily	
the	real	magnitude	of	star	P)	
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A 

P 



DifferenGal	photometry	
•  RotaGon	period	of	an	asteroid	
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Absolute	photometry	
•  Measurement	of	brightness	in	an	standard	system	
•  Is	possible	to	compare	with	other	observers	
•  We	can	transform	magnitudes	to	absolute	fluxes	
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Historically	…	
Hipparchus	(190-125	BC)	

•  Based	on	apparent	brightness	at	naked	eye	
•  Brightest:	class	1	
•  Faintest:	class	6	



Magnitudes 
brightest	stars	at	naked	eye:	m	~	-1	to	0	

faintest	stars:	m	~	5	to	6	

Logarithmic scale 

Betelgeuse	
V	=	0,4	

Saiph	
V	=	2,1	



Pogson	(1856):	
logaritmic	
scale	
m1	–	m2	=	-2.5	log(f1/f2)	
	

m:	apparent	magnitude	

f:	brightness	(flux)	

f1/f2	=	10-0.4(m1	–	m2)	



f1/f2	=	10-0.4(m1	–	m2)	
	
As	discussed	in	class,	the	exposure	Gme	is	
inversely	proporGonal	to	the	flux	(fainter	
objects	requires	longer	exposure	Gme)	à	

t2/t1	=	10-0.4(m1	-	m2)	=10+0.4(m2	–	m1)	
t2/t1	=	2.512(m2	–m1)	

Example:	exposure	Gme	



Example:	exposure	Gme	
If	a	star	of	magnitude	m	=	x	needs	an	exposure	of	100	s,	
what	Gme	would	be	needed	for	a	star	with	m	=	x	+	1?		

t1=	10s				m1	=	x					m2	=	x	+	1			à			m2	–	m1	=	1	

t2/t1	=	2.5121.0	=	2.512	

t2/t1	=	2.512(m2	–	m1)	

t2	=	2.512	x	100s	=	251	s	



m	-	M	=	5	log	d		-	5		
	

M	=	m	+	5	log	p	+	5	

Absolute	Magnitude:	M	

The	apparent	magnitude	m	does	not	tell	us	about	
the	intrinsic	brightness	of	the	star	

Absolute	Magnitude	M:	apparent	magnitude	

that	an	object	would	have	at	a	distance	of	10pc	

d	:	parsecs	
p	:	”	(arcsec)	



Example:	Absolute	Magnitude		
of	solar	twin	18	Sco	
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hBp://simbad.u-strasbg.fr/simbad/sim-fid	
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Magnitude	mV	

m.a.s.	=	10-3	”	

p = 71,94 x 10-3 � 
mV = 5,5 



M	=	m	+	5	–	5	log	d				[d:	parsecs]			
M	=	m	+	5	+	5	log	p	[p:	parallax	in	”]	

Absolute	Magnitude	of	18	Sco	
Absolute	Magnitude	M:	the	apparent	magnitude	that	

an	object	would	have	at	a	distance	of	10	pc	

For comparison, the 
Sun has MV = 4.83 

mV	=	5,5;	p	=	71,94	x	10-3	”	
MV	=	5,5	+	5	+	5	log	(71,94	x	10-3)	
					=	10,5	+	5	x	(-1.14)		
					=	4,8	



Stars	shine	in	
different	colors	
Betelgeuse: Teff ~ 3400 K 

Wien law:  
λmaxT = 0.29 cm K 

Our	eye	sees	only	part	of	
the	SED	
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Rigel: 
Teff ~ 10100 K 



Photometric	Systems	and	their	applicaRons	

Girardi et al. 2002 A&A 391, 195 



Our	eye	defined	the	first	
photometric	system	

Na retina há 2 
tipos de células 
responsáveis pelo 
sentido da visão 

CONE 

B
A
S
T
O
N
E
T
E Absorption curves 

for pigments 
associated to cone 
vision 

Absorption 
curve of 
rodopsina 
(rod cell) 



Instrumental	system	

•  f(λ):	flux	of	the	object	outside	Earth’s	atmosphere	
•  s(λ):	transmission	curve	(sensibility	curve	[filter	
transmission];	detector;	Earth’s	atmosphere;	…)	

Observed flux F: 
Sensibility s(λ) 
of rod cell 



Mike Bessell. Autoridade mundial 
em sistemas fotométricos 

•  Born	in	1942	in	Tasmania	
•  Found	CD-380245	
•  Recognised	for	his	work	on	photometry	
•  His	filter	systems	have	become	standard	at	
most	observatories	throughout	the	world	

•  hmp://nla.gov.au/nla.oh-vn3566297	

Hundreds	of	
photometric	systems	…	



Broad	band	photometric	
systems:	UBV	

Apparent magnitude 

U     B    V  

  UBV - Johnson & Morgan 1953  
 band          U       B       V       
  λ 0 (Å)   3580  4390  5450   
 ½Δλ (Å)   550    990    850 

UV blue visual 



(1994, MNRAS 
268, 771) 

Solar	spectrum	&	UBV	system	



Color	index	(or	“color”)	

Diference	between	magnitudes	in	two	
bands.	In	the	UBV	system,	the	
magnitudes	mv	,	mB	,	mV	are	wrimen	
U,	B,	V	
	

The	color	indexes	are:	
B-V	index:	B	–	V	
U-B	index:	U	-	B	



Color	index	
B-V: Temperature 
U-B: chemical composition 
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Nancy	Roman,	1954,	AJ,	59,	307	

Stars	with	UV	excess	

U-B	

B-V	



Wallerstein	&		
Carlson	1960		
ApJ	132,	276	

UV	excess	
vs.		metal	
deficiency	

Sol 

1/10	
Sol	

1/100	
Sol	

[M/H]	



FormaGon	of	our	galaxy	
ELS,	1962,	ApJ,	
136,	748	

CorrelaRon	

between	UV	excess	

and	eccentricity	



Color-
magnitude	
diagram	

  B0   B5  A0  A5   F0  F5  G0 G5 K0       K5          M1  
M5 
-0.32 -0.16 0.0  0.15 0.30 0.44 0.6 0.7 0.8        1.18         
1.48   1.69 

UBV	
Johnson	&	Morgan	

1953,	ApJ	117,	313	



CMD	observaRonal	&	theoreRcal	

ObservaGonal	 TheoreGcal	



hmp://outreach.atnf.csiro.au/educaGon/senior/astrophysics/stellarevoluGon_hrintro.html	



Zero	point	of	UBVRI	system	:	Vega	

Vega's	magnitude	in	U-band:	U	=	0.0		
Vega's	magnitude	in	B-band:	B	=	0.0		
Vega's	magnitude	in	V-band:	R	=	0.0		
Vega's	magnitude	in	R-band:	V	=	0.0		
Vega's	magnitude	in	I-band:	I	=	0.0		

Actually	other	A0	stars	are	used	but	Vega	

is	always	very	close	to	0.00	



Photometric	systems	are	defined	in	such	a	way	that	
m	=	0	for	Vega	(or	close	to	0)	



Absolute	fluxes	(meaning	fluxes	in	physical	units;	so	

there	are	not	related	to	absolute	magnitudes!).	Below	the	

fluxes	for	m	=	0	in	several,	systems	



Absolute	fluxes	
m1	–	m2	=	-2,5	log(f1/f2)	
	

For	m2	=	0	use	fluxes	fλ	from	last	table:	

f1	=	fλ 10m1/(-2,5)	

f	=	fλ 10-0,4m	

Example,	for	Vega	V	=	0	à	the	flux	
received	on	Earth:	
fV =	363,1	x	10-11	erg	cm-2	s-1	Å-1		



Star	

Disk	



Globular	cluster	ages	

VandenBerg (2000) 

M92	



Other	photometric	systems	

Bessell 
2005, 
ARA&A 



Bessell 
2005, 
ARA&A 

The 
terrestrial 
atmospheric 
transmission
of a model 
is shown 

Other	photometric	systems	



Temperature	

calibraRons	 T e
ff 



T e
ff 

B-V V-J V-H V-K 

F,	G,	K	dwarf	stars	



EffecGve	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 disc. 
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		

Photometric	systems	of	intermediate	bands	



(b-y):  
Temperature 

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

metallicity 



Hyades	

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

1966, Ap. Norveiga 9, 333 

DeterminaGon	of	
[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	



Important	observaGonal	constraint	for	
chemical	evoluGon	models	of	the	Galaxy	

165	citaGons	(29/3/2018)	



RelaGonship	
between	spectral	

type	and	b-y	

© Fig. 3.1.9, Kitchin 

T e
ff	

b	-	y	

RelaGonship	
between	Teff	and	b-y	



Discovering	planets	with	photometry	

Only half a transit 



Finding	exoplanets:	Transits	

The Astrophysical Journal, 529:L45-L48, 2000 January 20 
  
Detection of Planetary Transits Across a Sun-like Star  
David Charbonneau ,1,2 Timothy M. Brown ,2 David W. Latham ,1 and Michel Mayor 3 

HD	209458	



Finding	exoplanets:	Transits	
HD 209458	



Transits	at	OPD/LNA	
DetecGng	known	exoplanets	

WASP19 WASP104 

Light curves by Léo dos Santos 
(IAG/USP), 60cm (IAG) telescope 



Kepler	
continuously and 
simultaneously monitored 
the brightness of more than 
100,000 stars for about 3 
years [still operating in other 
fields] 



Narrow	band	filters	
Restricted	to	a	very	narrow	spectral	range	(someGmes	just	1	line),	
but	also	the	nearby	conGnuum	is	measured	

Spectrum of Orion Nebula 
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Example	
Andromeda	in	narrow	filters	in	Hα	and	conGnuum	



Example	
Andromeda	in	Hα	filter	(conGnuum	subtracted)	


