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Fotometria: fluxo (ou intensidade) em uma banda larga
(ou intermediaria) do espectro

Espectroscopia: medidas do fluxo relativo, a baixa, media
ou alta resolucao espectral
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Espectrofotometria: Distribuicao do Fluxo (ou
intensidade) em baixa resolucao espectral
Espectrofotometria da estrela 56 Ari

~ ;.. A&A 509, A28 (2010)
(observacoes de Adelman no 6tico e’espectro IUE no UV)
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Fig. 1. Comparison of the observed and computed spectral energy distributions of 56 Ari. Theoretical models correspond to 7.5 = 12300 K,
log(g) = 3.9 and T4 = 12 800 K, log(g) = 4.0. The model fluxes have been convolved with an FWHM = 10 A Gaussian kernel for a better view.

D. Shulyak', O. Kochukhov?, G. Valyavin®, B.-C. Lee?, G. Galazutdinov’, K.-M. Kim®, 3
I. Han?, and T. Burlakova®
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Fotometria relativa (ou diferencial)

* Por exemplo, medir a brilho da estrela A em
relacao a estrela P, sem conhecer
(necessariament) a magnitude da estrela P




Fotometria relativa (ou diferencial)

* Periodo de rotacao de um asteroide
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e Medida c

e E possive

Fotometria absoluta

o brilho de objetos em um sistema padrao

comparar com outros observadores

 Podemos transformar magnitudes em fluxos

absolutos

< o ot —
N o oo o

Sensitivity function S(A)

o
b

o
o

3000

5000 7000

Wavelength (A)



L

’\g_q;..,- :,'
Ay

o

Historicamente ...
Hiparcos (190-125 a.C)

5%

P
Y -
- v o
R

e —
[——
——
[—
L —
———
e —
[ —
P—
e
e —
P——
B ——
B —
B
S —
R ——
B —
e —————
B ———

* Baseado no brilho aparente a olho nu
* Mais brilhantes: classe 1

* Mais fracas: classe 6



Magnitudes

estrelas mais brilhantesaolhond:m~-1a0

P cercigeuse mais fracas: m~5a 6
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Relacoes entre
magnitude aparente m e fluxo f

m, —m, =-2.5 log(f,/f,)
fl/fZ — 10-0.4(m1—m2)

Exemplo, uma A = -1 mag equivale a uma razao de fluxo de ...

f,/f, = 1004*1 = 10%04= 2,512



Exemplo: quao mais brilhante é a estrela Vega
(m ~ 0) em relacao a 18 Sco (m ~ 5)
m, (Vega) =
m, (18 Sco) =
m,—m,=-2, 5 Iog(fl/fz)

-5,0 =-2,5 log (f,/f,)
= log (f,/f,)
f./f,=10%=100
Vega é 100 vezes mais brilhante que 18 Sco



Exemplo: tempo de exposicao

Se uma estrela de m = x precisa de um tempo de 11 seg,
qual sera o tempo para uma estreladem=x+2?

fl/f2 — 10-0.4(m1 - m;)
fz/f1 — 1O+0-4(m1— m;) — 2.51(m1 —my)

m, =X, m,=X+2, entaom;, —m, = -2

f /f, =2.5122=0.16

Fluxo 0.16 veces menor, entao precisa de
tempo de exposicao 11/0.16 veces maior = 69s



Tempo de exposicao
Menor fluxo precisa de mais tempo de exposicao, portanto
podemos escrever a relacao entre tempo e magnitudes:

fl/f2 = 10-0-4(m1—my)
’[2/’[1 = 100-4(m1—my)
t,/t, = 10*0-4(m2=ma) = 2 57 (ma-mi)

t,/t, =2.512(m2—m)

Conhecendo o tempo t, para um objeto m, (por
exemplo pela calculadora de tempo do instrumento)
podemos determinar 0s outros tempos de exposicao.



Distancia
’ Estrela proxima

d=1/p(") L
p : parallaxe em segundos de arco
d: distancia em unidades de parsecs 1/
1 parsec = 3,0857 % 10'¢ metros
= 3,2616 anos-luz

: Terra .—-- s
EXemplo, Janeiro ——— i ——--——_Ték.ra
D= 015” Julho

d = 2 parsec = 6,5 anos-luz



Magnitude absoluta: M

A magnitude aparente m nao oferece
informacao sobre o brilho intrinseco da estrela

Magnitude absoluta M: a magnitude aparente
que teria um objeto a 10pc de distancia

m-M=5logd -5

d : parsecs

M=m+5|0gp+5 p:” (arcsec)



Exemplo: Magnitude Absoluta de

gémea solar 18 Sco
http //5|mbad u-strasbg.fr/simbad/sim-fid

€ E cC # . 4 d.u-strasbg.fr/simbad/sim-fid o
,@ Ve s A g
. i = §iC :
prrenafii s Simbad VizieR Aladin Catalogs Dictionary Biblio Tuto
AATROMNOMIOLEA O STIAMSO S
SIMBAD: Query by identifiers ’
other query Identifier Coordinate Criteria Reference Basic Script Output Help
modes : query query query query query  submission options
Query an identifier
Examples

sirius, M31, MCG+02-60-010

Identifier :
185 How to write an identifier can be found in the dictionary of nomenclature
s I4U format can also be used, with the following format:
iau [J1B]1230+08 [* enlarging-factor ] [= Object-type ]
you can choose to query :  only this object v
around the object, define aradius : 2 arc min ~
submit id ’ [ clear ’
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€ c #
Basic data :

* 18 Sco -- Variable Star

simbad.u-strasbg.fr/simbad/sim-idIdent=18+5co&Mbldent=1 &Radius=2&Radius.unit=arcmin&submit=submit+ic

Other object types:

ICRS coord. (ep=J]2000) :

FKS3 coord. (ep=J]2000 eq=2000) :
FK4 coord. (ep=B1950 eq=1950) :
Gal coord. (ep=J2000) :

Proper motions mas/yr [error ellipse]:

Radial velocity / Redshift / ¢z :

query around ‘ with radius

*

(*,BD, CST, GC, GCRV, GEN#, GJ, HD, HIC, HIP, HR, L
(B10]) ,PM* (Ci,LFT,LHS,LTT,NLTT,BM) , **
(TD1)

16 15 37.26946 -08 22 09.9870 ( Optical )
16 15 37.269 -08 22 09.99 ( Optical ) [ 4
16 12 53.98 -08 14 19.0 ( Optical ) [ 25.
004.6952 +29.1570 ( Optical ) [ 4.48 2.90
230.77 -495.53 [0.51 0.33 0] A 2007AGA...
V(km/s) 10.6 [2] / z(~) 0.000035 [0.00000

Parallaxes mas:

71.94| [0.37] A 2007A&A...474..653V

Spectral type:

Fluxes (5) :

m.a.s. = 103"

Magnitude m,,

G2Va C 2011ARep...55...318

B 6.15 [~] C ~

vV 5.50 |[[~] C ~ = 71,94 x 10-3 ”

m, = 5,5

17



Magnitude Absoluta de 18 Sco

Magnitude absoluta M: a magnitude aparente m que
teria um objeto a 10 pc de distancia

M=m+5-5logd

[d: parsecs]

M=m+5+5logp [p: parallaxem ”]
m, =5,5;p=71,94x 103"
M, =5,5+5+5log (71,94 x 10°3)

=10,5 + 5 x (-1.14)
= 4,8

Para comparacao,
Sol tem M,, = 4.83




As estrelas emitem em

diferentes cores
Betelgeuse Teff ~.3400 K

; Teff

e Rigel:
~ 10100 K

Bz (T) —
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transmission functions of interest to this work are also shown.
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Sistema instrumental
Fluxo observado F:

Sensibilidade s(1)

0
f ]( ( A) S (A) d A 3 0 bastonete
PO

* f(1): fluxo do objeto fora da atmosfera terrestre

* s(4): funcao de transmissao (curva de sensibilidade
[transmissao do filtro]; detetor; atmosfera; ...)



Existem centenas de sistemas
fOtO m ét ri CO S coe Annu. Rev. Astron. Astrophys. 2005. 43:293-336

doi: 10.1 146/annurev.astro.41.082801.100251
Copyright (€) 2005 by Annual Reviews. All rights reserved

STANDARD PHOTOMETRIC SYSTEMS

Michael S. Bessell

Research School of Astronomy and Astrophysics, The Australian National University,
Weston, ACT 2611, Australia; email: bessell @ mso.anu.edu.au
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em sistemas fotométricos




Sistemas fotométricos de

banda larga: UBV

L0 U B .
- I."'Ih -‘l,l!l ) i “\\\1 Illl.r" \."'-,.
SR Y f
— { IIII".. \'\II
< | ".
5 08 \ [
E ﬁ\ Ii! \'-.IIH
2 06 | - \
= \ | \
Z 04 \ \
E II| I I. ||!-,III '.II
E III|I :i Iil i|I III'-., "-,._
/ [ Y =
02| UV | blue| \ visual
.":I ,'il IIIII ,n"l! .""-._\ K’xx
Ia ! ll"-i / % .
0.0 = < ~ 4
3000 4000 5000 6000 7000

Wavelength (A)

Magnitude aparente

U B V

UBYV - Johnson & Morgan 1953

band U B V

Ao (A) 3580 4390 5450
AL (A) 550 990 850



Espectro solar e sistema UBV
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Indice de cor (ou “cor”)

Diferenca entre magnitudes em
duas bandas. No sistema UBYV, as
magnitudes m,, my, m,, sao
denotadas como U, B, V.

Os indices de cor sao:
indice B-V=B-V
indice U-B=U -B



Indice de cor B (T) = 2hc? 1
B-V: Temperatura 5 e AT) g
U-B: composu;ao qwmlca
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Nancy Roman, 1954, AJ, 59, 307
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Figure 1. Two-color plot. Filled eircles indicate the stars
listed in Table |; small open circles are main sequence
stars with &-V colors between -o0.20 and +0.75; large
open circles represent reddened O and B stars in the same
range of color.

Figure 3. The orbit of the sun and portions of the orbits
of (a) HD 16031, (b) BD 4-17%4708, and (c) BD 42"3375.
For the latter three, a mean absolute magnitude of -F5.0
15 assumed. The scale of the diagram is given by the radii
of the sun's orbit, 8.3 kpe, and of the dot at the galactic
center, 200 pc. Arrowa indicate the direction in which
the stars move in the orbits., Notice that the stars which

travel through more than one tvpe of force field do not
have closed orbits.

Estrelas com excesso UV

02 03 04 08 OB 2 OF ula B-v B_V



UV excess
vs. metal
deficiency

Wallerstein &
Carlson 1960
ApJd 132, 276

abundances ol tne following elements: INa, Mg, 51, La, oc, 11, Ur, I'e, and N1 Manganese
and barium have been omitted from the mean because manganese often shows an appre-
ciable deficiency as compared with the other elements and barium is represented by only
two lines and may show significant deviations from the mean. Some stars that have been
analyzed by others are included in Table 1.

In Figure 1 we plot [M/H] against the ultraviolet excess. It can be seen that the corre-
lation is good enough that the metal abundance of a main-sequence star whose color lies
between B — V = (0.45 and 0.65 can be inferred from three-color photometry about as

| | I I I B I | I | I I

Ao

S -

20—

UVExcess

1/10
Sol

i | i | 1 I ] I ! | i 1 i
+0.20 0 -0.20 1.0 -2.0

Sol IIVI/I'II

Fic. 1.—The metal deficiency plotted against ultraviolet excess for late F and early G dwarfs

well as by spectmphntnmetnc analysis. For example, Arp (1959) has reported the ultra-
violet excess of main-sequence stars (B —V = 4-0.6) in three globular clusters. For
the clusters M5, M13, and M2 he quotes ultraviolet excesses of 0.21, (.22, and 0.33 mag.,
respectively. Reference to Figure 1 shows that M35 and M13 are deﬁcient in metals by
a factor of about 20, while M2 must be deficient by about 200.

This material will be fully presented and more completely discussed at a later time.

GEORGE WALLERSTEIN

MavuricE CARLSON
BERKELEY ASTRONOMICAL DEPARTMENT
UNIVERSITY 0F CALIFORNIA, BEREELEY



Formacao da nossa Galaxia

EVIDENCE FROM THE MOTIONS OF OLD STARS

THAT THE GALAXY COLLAPSED

O. J. EcGEN, D. LYNDEN-BELL,* AND A. R. SANDAGE
|
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Carnegie Institution of Washi
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Diagrama _|
cor—magmtude e . -
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UBV e . ' - -
Johnson & Morgan [ . —~
1953, ApJ 117, 313 18- _

I I f ] | i I [ | l I I |
—4 9, +.4 +8 +1.2 +1.6 +2.0

B=V

F1i, 3.—A standard main sequence for the color system A — ¥ and the abgolute-magnitude sys-
tem M. The stars plotled include main-sequence objects: {a), which have trigonomelnc parallazes
=5 07100; (4} the 1Melades, corrected for a mean interstellar reddening {one highly reddened A star
omitted); (¢} Praesepe; (d; NGC 2362 correcled [or a mean interstellar reddening. In addition, hive whike
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Hertzsprung-Russell Diagram

Effective Temperature, K
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Ponto zero do sistema UBVRI : 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: 1 = 0.0

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



Normalmente os sistemas fotométricos sao definidos

baseados em m = 0 para Vega (ou proximo de 0)

- SDSS Filters and Reference Spectrum
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Fluxos absolutos
Fluxo para m = 0 no sistema UBVRI - JHKL

Table A2. Effective wavelengths (for an A0 star), absolute fluxes (corresponding to zero magnitude)
and zeropoint magnitudes for the UBVRI JHKL Cousins-Glass-Johnson system

U B V R I J H K Kp L L*

Aeff 0.366 0438 0545 0.641 0.798 1.22 1.63 2.19 2.12 3.45 3.80
t, 1.790 4063 3.636 3.064 2416 1589 1021 0640 0.676 0.285 0.238

15 4175 632 363.1 2177 1126 3147 1138 3961 4479 0.708 0.489
zp(f,) 0.770 -0.120 0.000 0.186 0444 0.899 1379 1.886 1.826 2.765 2961
zp(t,) -0.152 -0.602 0.000 0555 1271 2.655 3.760 4906 4780 6.775 7.177

f,, (lO_?D ergs cm_‘2 sec” " 112__1)
f\ (lO_11 ergs cm 2 sec” | A_l)
magy =-2.5 log (1)) - 21.100 - zp(1))
mag, =-2.5log (f,) - 48.598 - zp(t,)

Astron. Astrophys. 333, 231-250 (1998)

Model atmospheres broad-band colors, bolometric corrections
and temperature calibrations for O - M stars*

M.S. Bessell', F. Castelli®, and B. Plez>+*



Absolute fluxes
m, —m, =-2,5 log(f,/f,)

Para m,=0 usar os fluxos f, da tabela anterior, ou seja:

fl = f}L 1Om1/('2;5)
f — f?\. 10-0'4m

Exemplo, para Vega na banda V, m =0,
entao o fluxo recebido na Terra:

f,=363,1x 10 ergcm2st Al
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The use of genetic algorithms to model protoplanetary discs
Mon. Not. R. Astron. Soc. 382, 1707-1718 (2007)

Annibal Hetem, Jr'* and Jane Gregorio-Hetem*

| Fundagao Santo André FAFIL, Av. Principe de Galles, 821, Santo André, SP Brazil
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Calibracoes de o
4=
temperatura oo |

Model atmospheres broad-band colors, bolometric corrections
and temperature calibrations for O - M stars*

M.S. Bessell!, F. Castelli?, and B. Plez**

Astron. Astrophys. 333, 231-250 (1998)
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Table A3. Observed and model magnitudes and colors tor the Sun and a mean solar analog

V U-B B-V V-R V-1 V-K JJK H-K Ref

Sun -26.76 Stebbins & Kron 1957
Sunref -26.75 0.128 0.649 0370 0.726 1.511 0372 0.039 Colina et al. 1996
Analog 0.185 0.652 0.355 0.692 1.50 0.38 0.045 Cayrel de Strobel 1996; Table 6
Model -26.77 0.135 0.679 0367 0.725 1.524 0373 0.041 SUN-OVER
Model -26.77 0.145 0.667 0361 0.715 1.524 0376 0.032 SUN-NOVER
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Calibracoes melhoradas: gemeas solares

An absolutely calibrated T scale from the infrared flux method

Dwarfs and subgiants*

L. Casagrande', I. Ramirez', J. Meléndez®, M. B
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An absolutely calibrated T.¢ scale from the infrared flux method

Dwarfs and subgiants*
L. Casagrande', I. Ramirez', J. Meléndez?, M. Bessell®, and M. Asplund'
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Fig. 14. Upper panels: empirical colour—temperature—metallicity calibrations in the metallicity bins —0.5 < [Fe/H] < 0.5 (filled
diamonds). —1.5 < [Fe/H] £ —0.5 (upward triangles). —2.5 < [Fe/H] £ —1.5 (downward triangles) and [Fe/H] £ —-2.5 (open
circles). Open squares are for the hyper metal-poor stars HE0233-0343 and HE1327-2326. Lower panels: residual of the fit as
function of metallicity. For the two hyper-metal-poor stars. the residual 1s with respect to the fit at [Fe/H] = —3.5.



Effective temperature of M dwarfs

Mon. Not. R. Astron. Soc. 389. 585-607 (2008)

M dwarfs: effective temperatures, radii and metallicities
Luca Casagrande.'™ Chris Flynn! and Michael Bessell?
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ON THE CHEMICAL COMPOSITION AND KINEMATICS
OF DISC HIGH-VELOCITY STARS OF THE MAIN SEQUENCE*

Determinacao de = e Hyades
[Fe/H] USandO Amfmlzm“[h—jf}—ml

indicates the difference in metal-hydrogen ratio of the star in question in comparison
with the Hyades cluster members. A positive Am; means that the metal content is low
relative to that of the Hyades stars,

For the main-sequence F8-G2 stars investigated by Wallerstein [6] there is a close
correlation between Am; and the Fe/H ratio. Following Wallerstein we define

Fe I abundance of Fe | abundance of Fe

— |=log — log

H abundance of H | abundance of H | _
It has been found (cf. [20]) that the Wallerstein [Fe/H] values for main-sequence stars
around spectral class G0 are well represented by a linear relation

Fe
H

=03 —12- Amy

and that [Fe/H] can be predicted from Am; with an accuracy of about 0.1’ p. e.) for the
category of stars in question.

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



[Fe/H] py: 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<m, <0.57,0.10< ¢, <0.47
[Fe/H] = -2.0965 + 22.45 m, - 53.8 m,% - 62.04 m,(b-y) +
145.5 m ?(b-y) + [ 85.1 m, - 13.8 ¢, - 137.2m 2] ¢, (s = 0.16 dex)

[Fe/H],,p,: Ramirez & Meléndez 20053

[. For0.19 < (b —y) < 0.35, with ¢ = 0.17 dex,

[Fe/H| = — 4.29 — 66.0m + 444.2m,(b—v) — 782.4m, (b —v)*

+(0.966 — 37.8m; — 1.707¢, ) log 1), () |['3, For 0.50 < (b — y), < 0.80, with & — 0.15 dex,

where 1) = m; — [0.40 — 3.0(b — y) + 5.6(b — »)’].

/Hl = — 2 . _ 2 _ 45 —
2. For 035 < (b — y) < 0.50, with & = 0.13 dex. [Fe/H| 2:63 +26.0m) — 41.3m; — 45.4mi(b =)

+74.0m3 (b — y) + 17.0myc;. (8)

[Fe/H| = — 3.864 + 48.6m; — 108.5m;

— 85.2my(b —y) + 190.6m7(b — )
+ [15.7m) — 11.1e) +17.7(b = y)|er.  (7)
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modelos de evolucao quimica da Galaxia
The metallicity distribution of G dwarfs in the solar neighbourhood
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-2 10 -08 06 04 02 00 02 04 Larsen (1991). Since older stars generally have lower metal-

[Fe/H] licities and larger scale heights relative to the galactic plane,
we expect their relative number to be artificially reduced by
the limitation of our sample within 25 pc of the Sun. To
solve this problem, we have adopted the correction procedure
introduced by Sommer-Larsen (1991), who defined a weight

igure 2. Metallicity distribution of 287 dwarf stars with spectral types
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Descobrindo planetas com fotometria
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O primeiro planeta identificado com a
técnica de transitos: HD 209458
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Finding exoplanets: Transits
HD 209458
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Figure 1.1  Eclipse of HD 209458 by its low-mass, presumed planetary, comp-
anion. The light curve has been combined from four separate recordings in April
and May 2000 using the Imaging Spectrograph of the Hubble Space Telescope
integrating over a yellow—orange region of the spectrum. Individual points are
accurate to an estimated 1 part in 10000. (From T. M. Brown et al., 2001.)
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Filtros estreitos

Restritos a uma regiao espectral muito estreita (as veces apenas a uma linha), mas

também é medido o continuo préximo

Spectrum of Orion Nebula
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Exemplos

Nossa galaxia em um filtro largo (visivel)




Exemplos

Nossa galaxia no filtro estreito de Ho




Exemplos

Andromeda em filtro estreitos de Ho, e continuo




Exemplos

Andromeda em filtro de Ha (continuo subtraido)




Missao no OPD
e 1 abril 2014, 15:45

atendendo sua solicitacao, concedemos as noites de 12 e
13 de abril nos telescopios P&E e B&C, para treinamento
de alunos do IAG/USP, projeto este que recebera a
denominacao LNA2014A/P-044. O telescopio P&E estara
equipado com o ECass 600 e o B&C com a Cam+lkon.



