
New dates for OPD run: 23, 24, 25 junho

Updated OPD work:

- Perform the analysis using OPD archival data 
Grade 75 %

- Evaluation of performance during the OPD 23-25 June run
Grade 25 %

- Should we try to leave on June 22 (Thursday) or 23 (Friday)?
Depends on LNA



Photometry I

Atualização: 11/4/23

AGA 5802: Astrofssca Observacsonal
Jorge Meléndez



Provinha 2

1) Ask one (1) question (raise your hand) and write it down
(don’t forget to write your name in the provinha)
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Photometry: flux (or sntenssty) sn a broad (or sntermedsate) 
band

Spectroscopy: measlurements of the relatve flux at low, 
medslum or hsgh spectral resolluton

Wavelength



Spectrophotometry: Fllux dsstrsbluton (or sntenssty) at 
low spectral resolluton

6

Observatons
Model atmospheres

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



Dsferental Photometry
• Example: measlure the brsghtness of star A 

relatve to star P (wstholut knowsng necessarsly 
the real magnstlude of star P)
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A

P



Dsferental photometry
• Rotaton persod of an asterosd
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Absollute photometry
• Measlurement of brsghtness sn an standard system
• It ss posssble to compare wsth other observers
• We can transform magnstludes to absollute fluxes
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Historically …
Hspparchlus (190-125 BC)

• Based on apparent brsghtness at naked eye
• Brsghtest: class 1
• Fasntest: class 6



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

fasntest stars: m ~ 5 to 6

Logarithmic scale

Betelgeluse
V = 0,4 Bellatrsx

V = 1,6

Sasph
V = 2,1

RsgelV = 0,1

M
sntaka 2,2

Alnslam  1,7

Alnstak 2,0



Pogson (1856): 

logarstmsc 
scale
m1 – m2 = -2.5 log(f1/f2)
m: apparent magnitude
f: brightness (fux)

f1/f2 = 10-0.4(m1 – m2)



f1/f2 = 10-0.4(m1 – m2)

 

Exposlure tme ss snversely proportonal to 
flux (fasnter objects reqlusres longer tmes) 
 

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

t2/t1 = 2.512(m2 –m1)

Example: exposlure tme



Example: exposlure tme
If a star of magnstlude m1 = x needs an exposlure of 100 s, 
what tme woluld be needed for a star wsth m2 = x + 1? 

t1= 100s    m1 = x     m2 = x + 1      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 magnstlude m does not tell lus abolut 

the sntrsnssc brsghtness of the star

Absolute Magnitude M: apparent magnitude 
that an object would have at a distance of 10pc

d : parsecs
p : ” (arcsec)



Example: Absollute Magnstlude 
of solar twsn 18 Sco

16

htp://simbad.u-strasbg.fr/simbad/sim-fd
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Magnitude mV

m.a.s. = 10-3 ”
p = 71,94 x 10-3 ”
mV = 5,5

Update: Above ss the older Hspparcos parallax. 
The Gasa parallax ss



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

Absollute Magnstlude 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 shsne sn 
dsferent colors
Betelgeuse: Teff ~ 3400 K

Wien law: 

maxT = 0.29 cm K

Olur eyes see only part of the SED

B λ(T )=
2hc 2

λ5
1

e( hc / λkT )
−1

Rigel:

Teff ~ 10100 K



Photometric Systems and their applicatons

Girardi et al. 2002 A&A 391, 195



Olur eye defned the frst 
photometrsc system

Na retina há 2 tipos de células 
responsáveis pelo sentido da visão.
Cones → visão precisa e cores
Bastonetes → visão lateral e noturna

CONE

B
A
S
T
O
N
E
T
E Absorption curves 

for pigments related 
to cone vision

Absorption 
curve of 
rodopsina 
(rod cell)



Instrlumental system

• f(λ): flux of the object olutssde Earth’s atmosphere
• s(λ): transmsssson clurve (senssbslsty clurve [flter 

transmsssson]; detector; Earth’s atmosphere; …)

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



Mike Bessell. Autoridade mundial 
em sistemas fotométricos

• Born sn 1942 sn Tasmansa
• Folund CD-380245 (was most metal-poor)
• Recognssed for hss work on photometry
• Hss flter systems have become standard at 

most observatorses throlugholut the world
• htp://nla.gov.alu/nla.oh-vn3566297

Hlundreds of 
photometrsc systems …



Broad band photometrsc systems: UBV

Apparent magnitude

U     B    V 

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

UV blue visual



(1994, MNRAS 
268, 771)

Solar spectrlum & UBV system



Color index (or “color”)
Dsference between magnstludes sn 2 bands. 
In the UBV system, the magnstludes 
mv , mB , mV  are wrsten: U, B, V

The color sndexes are:
B-V sndex:  B – V
U-B sndex:  U - B



Color index
B-V: Temperature
U-B: chemical composition

B λ(T )=
2hc 2

λ5
1

e( hc / λkT )
−1



Nancy Roman, 1954, AJ, 59, 307

Stars wsth UV excess

U-B

B-V



Wallerstesn & 
Carlson 1960 
ApJ 132, 276

UV excess
vs.  metal 
defciency

Sol

1/10
Sol

1/100
Sol

[M/H]



Formaton of olur galaxy
ELS, 1962, ApJ, 
136, 748

Correlaton 
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



htp://olutreach.atnf.cssro.alu/edlucaton/sensor/astrophysscs/stellarevolluton_hhrsntro.html



Zero point of UBVRI system : Vega

Vega's magnstlude sn U-band: U = 0.0 
Vega's magnstlude sn B-band: B = 0.0 
Vega's magnstlude sn V-band: V = 0.0 
Vega's magnstlude sn R-band: R = 0.0 
Vega's magnstlude sn I-band: I = 0.0 

Actually other A0 stars are used but Vega 
is always very close to 0.00



Photometrsc systems are defned sn sluch a way that 
m = 0 for Vega (or close to 0)



Absolute fuxes (meaning fuxes in physical units; so 
there are not related to absolute magnitudes!). Below the 

fuxes for m = 0 in several, systems



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

For m2 = 0 use fuxes f from last table:

f1 = f10m1/(-2,5)

f = f10-0,4m

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



Star

Disk



Globular cluster ages

VandenBerg (2000)

M92



Other photometrsc systems

Hubble WFC3-
UVIS filters

Bessell 2005, ARA&ATeplitz et al. 2013



Dichroic filter 

White light
Red light

Blue light

https://www.chroma.com/products/parts/t495lpxr

Transmission (%)

400              450              500              550          600nm

Example of dichroic 
transmitting red light
and reflecting blue light 



u’
g’ r’ i’ z’

BSTI mlult-channel 
dschrosc-based camera
(ssmlultaneolus observatons 
sn 3 flters!)

See also SPARC4 for OPD 
(PI: Cláludsa Vslega, INPE): 
4 bands sn 1 shot!
htp://www.das.snpe.br/sparc4/

i’

r’

g’



The 
terrestrial 
atmospheric 
transmission
of a model 
is shown

Other photometrsc systems

Bessell 2005, ARA&A



Other photometrsc systems: Gasa DR3

https://www.cosmos.esa.int/web/gaia/edr3-passbands

Gaia (E)DR3 passbands as produced by Coordination Unit 5 of the Gaia Data Processing and Analysis Consortium. The 
coloured lines in the figure show the G, GBP and GRP passbands (green: G;Â blue: GBP; red: GRP), defining the Gaia 
EDR3 photometric system. The thin, grey lines show the nominal, pre-launch passbands published in Jordi et al. 2010, 
used for Gaia DR1. Credits: ESA/Gaia/DPAC

Gaia blue 
GBP

Gaia red 
GRP

Gaia G



Temperature 
calibratons T

e
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T
ef

f

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

F, G, K dwarf stars



Efectve temperatlure of M dwarfs
T

ef
f

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        Hn      Hw 

 peak (Å)  3500  4110  4670   5470    4859   4890 

½ (Å)     300   190     180     230      30    145 

uvby-H  
Strömgren & Crawford 1956 

Photometrsc systems 
of sntermedsate bands





Hyades

H. Bond (1970, ApJS 22, 117): [Fe/H] = 0.16 - 13.6 m1

1966, Ap. Norveiga 9, 333

Determsnaton of 
[Fe/H] 
lussng 
m1



Relatonshsp 
between spectral 

type and b-y

© Fig. 3.1.9, Kitchin

T ef

b - y

Relatonshsp 
between Tef and b-y



Dsscoversng planets wsth photometry

Only half a transit



Fsndsng exoplanets: Transsts

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

http://iopscience.iop.org/1538-4357/529/1/L45/fulltext/995832.text.html#fn1
http://iopscience.iop.org/1538-4357/529/1/L45/fulltext/995832.text.html#fn2
http://iopscience.iop.org/1538-4357/529/1/L45/fulltext/995832.text.html#fn2
http://iopscience.iop.org/1538-4357/529/1/L45/fulltext/995832.text.html#fn1
http://iopscience.iop.org/1538-4357/529/1/L45/fulltext/995832.text.html#fn3


Fsndsng exoplanets: Transsts
HD 209458



Transsts at OPD/LNA
Detectng known exoplanets

WASP19b

Light curve by IAG-USP 
student (turma 2018) 
using 60cm (IAG) 
telescope at OPD/LNA



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



Narrow band flters
Restrscted to a very narrow spectral range (sometmes jlust 1 lsne), 
blut also the nearby contnlulum ss measlured

Spectrum of Orion Nebula

F
lu

x 
D

en
si

ty
 (

10
-8
 e

rg
 c

m
-2
 s

-1
 Å

-1
)



Example

Andromeda sn narrow flters sn H and contnlulum



Example

Andromeda sn H flter (contnlulum slubtracted)



 2. Para observar uma estrela de magnitude 10 o tempo 
de observação para obter um espectro com o telescópio 
Abaporu é de 10 minutos. Qual seria o tempo de 
observação necessário para obter um espectro da 
mesma qualidade para uma estrela de magnitude 12?

Provinha 2
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