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• Referencia excelente:  
Bessell, M. S. 2005, Annual Reviews of Astronomy & Astrophysics, 43, 293
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Fotometría:  ¿Qué es?
• La fotometría es un muestreo de la luz del objeto observado utilizando filtros.
• Un filtro deja pasar la luz de un cierto intervalo espectral.
• De la fotometría, se obtiene el brillo (aparente) y uno o más colores para el objeto 

observado.
• Por razones históricas, el brillo se mide en magnitudes (UV < " < MIR).
• La magnitud es definida en términos del flujo según # = −2.5 log , + ..  

La constante C depende del filtro y es definido utilizando estrellas estándares.
• Un color es una diferencia de magnitudes.  Entonces, un color representa la 

pendiente del espectro sobre el intervalo espectral que abarcan los dos filtros 
involucrados.

• La fotometría permite determinar la forma burda del espectro.  En ese sentido, se 
puede considerar a la fotometría como una forma de espectroscopia de muy baja 
resolución.  

• Notar en lo anterior que son necesarios filtros y estrellas estándares para definir 
un sistema fotométrico.  Este sistema será independiente del sitio y del equipo 
utilizado para la medición.  
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Fotometría:  ¿Qué es?
• Es evidente que unos cuantos filtros 

sirven para caracterizar la forma de los 
espectros de las estrellas a la derecha.

• De alguna manera, la fotometría 
permite aproximar los espectros como 
segmentos de líneas rectas.
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Jacoby et al. 1984, ApJS, 56, 257
Brown et al. 2009, AJ, 137, 3172

Sistemas fotométricos

• En general, se clasifican según la anchura de los filtros:
– Banda ancha:  FWHM > 500Å

ejemplo: UBVRI de Johnson/Cousins
– Banda intermedia:  FWHM~100 − 300Å

ejemplo: uvby de Strømgren
– Banda angosta:  FWHM~10 − 100Å

ejemplo: Ha, [O III]l5007, TiO, etc.
• El ancho de los filtros se basará en 

– los propósitos astrofísicos (favorece filtros más angostos)
– los objetos a observar (más débiles ⇒ filtros más anchos)
– el sitio de observación (terrestre o espacial)
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Banda ancha
• La figura presenta una buena parte de los 

sistemas fotométricos de banda ancha.
• En el caso del sistema del SLOAN, las 

curvas de transmitancia incluyen el efecto 
de la atmósfera.

• El lado rojo del filtro z' de SLOAN es 
definido por la caída de la eficiencia del 
CCD y de la absorción de la atmósfera. 

• Los filtros de Gaia son MUY anchas (misma 
escala en l).
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GGBP

GRPGaia DR2

Bessell (2005)

Johnson-Cousins UBVRI
• Es un sistema de banda ancha.
• Es un pilar fundamental de la 

astrofísica moderna.
• Definiciones del sistema: 

Johnson & Morgan (1953, ApJ, 117, 
313)
Cousins (1976, Mem. RAS, 81, 25)

• Filtros modernos para CCDs: 
Bessell 1990, PASP, 102, 1181

• Estándares (CCDs): 
Landolt (1992, AJ, 104, 340) 
Landolt (1983, AJ, 88, 439)
Landolt (1973, AJ, 78, 959)

17 October 2023 6Michael Richer

Bessell (1990)
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Thuan-Gunn

• Thuan & Gunn 1976, PASP, 
88, 543

• Se usa para  la fotometría de 
galaxias.

• Los filtros se diseñaron para 
evitar líneas del cielo (las 
galaxias son de bajo brillo de 
superficie).

• Notar que esta definición 
incluye la respuesta del 
detector (fotocátodo S20) y 
una reflexión en aluminio.

7

Thuan & Gunn (1976)

Sloan: u'g'r'i'z'
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Fukugita et al. (1996)

CCD

• Este sistema es una modificación del sistema Thuan-Gunn.
• Está definido en:

– Fukugita et al. 1996, AJ, 111, 1748
– Smith et al. 2002, AJ, 123, 2121
– Smith et al. 2007, en “The

Future of Photometric, 
Spectrophotometric and 
Polarimetric Standardization, 
ASP Conf. Ser., 364, 91”

• Se usó para el catastro 
SLOAN y sus derivados, cuyo 
objetivo fue el estudio de 
galaxias y cuásares.

• Notar que el CCD definirá el 
lado rojo del filtro z'.  Además, 
la atmósfera también dejará su 
firma (ver la figura anterior de 
Bessell 2005).



Washington CMT1T2

• Este sistema es usado 
para fotometría de 
estrellas y cúmulos de 
estrellas.

• Definición y estándares: 
Canterna (1976, AJ, 81, 
228) y Geisler (1990,
PASP, 102, 344)

• La descripción moderna 
del sistema para CCDs: 
Bessell 2001, PASP, 113, 
66
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Bessell (2001)

Banda intermedia
• La figura presenta una buena parte 

de los sistemas fotométricos de 
banda intermedia (de Bessell 2005).

• La gran mayoría fueron inicialmente 
diseñados para estudios estelares.

• Notar que no todos los filtros son 
más angostos que los de banda 
ancha.

• Notar que el intervalo espectral es 
distinto (más azul) al intervalo 
utilizado para los filtros de banda 
ancha.  (Las estrellas son más 
distintas en la luz azul del óptico.)
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• Strømgren (1963, QJRAS, 4, 8) y 
Strømgren (1966, ARA&A, 4, 433) 
definieron el sistema uvby.

• Crawford & Mander (1966, AJ, 71, 
114) agregaron dos filtros Hb que 
miden la fuerza (en absorción) de 
esa línea.

• Straizys (1963, Vilnius Astronomijos
Observatorijos Biuletenis, 6, 1)
definió la primera versión del 
sistema de Vilnius. 

• Ver Straizys et al. (1996, Baltic
Astronomy, 5, 83) para una 
discusión en ingles.

• Estándares: e.g., Clausen et al. 
(1997, A&AS, 122, 559)

Strømgren uvby-b y Vilnius
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Straizys et al. (1996) Strømgren Vilnius

Onehag et al. Phys.Scripta T133 (2008) 014021 arXiv:0812.0388 [astro-ph]

Strømgren uvby-b y Vilnius

Straizys et al. (1996)
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ancho del filtro

• Sistemas diseñados originalmente para el estudio de estrellas.
• Recientemente, se usa el sistema Strømgren para la fotometría de galaxias 

también.
• Aquí se ven los filtros sobrepuestos en espectros de estrellas A y K.

Strømgren
Vilnius



Sistema DDO

• Definición del sistema: McClure & van den Bergh 1968, AJ, 73, 313
• Estrellas estándares y filtros: McClure (1976, AJ, 81, 182)
• Su uso inicial fue motivado para el estudio de poblaciones estelares en 

galaxias, 
• Se usa para estudios de las metalicidades de estrellas y cúmulos de estrellas.
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McClure (1976)

Bandas angostas
• Fotometría basada en filtros diseñados para observar líneas espectrales 

específicas, en emisión o en absorción.
• Típicamente los filtros tienen anchuras de 10-100Å.
• El filtro más común es Ha, aunque su calibración es problemático.
• Normalmente se calibra la fotometría de banda angosta como si fuera 

espectroscopia (en flujos: erg/s/cm2/Å, no en magnitudes).  
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Boffi, F.R., et al. 2007, "ACS Instrument 
Handbook", Version 8.0, (Baltimore: STScI)

[O III] l5007

Ha
Ha + [N II] l6583

[Ne V] l3425

CH4



Sistemas del NIR
• La figura presenta algunos de los 

sistemas fotométricos del infrarrojo 
cercano.

• La figura también presenta la 
absorción atmosférica para Mauna
Kea.  Notar que, en la mayoría de 
los demás sitios, la absorción 
atmosférica es peor que en Mauna
Kea.

• Se presentan los filtros I de Cousins
y z' del SLOAN en la última fila 
como referencia.  Notar que el 
filtro z' (SLOAN) y el Z más 
moderno son distintos.

• El filtro Y es diseñado para evitar 
las bandas de absorción de agua.

• La serie UKIDSS es la más moderna.

17 October 2023 Michael Richer 15
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Infrarrojo: JHKLMNQ

Bessell & Brett 1988, PASP, 100, 1134
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atmósfera: curva superior



Infrarrojo: JHKLMNQ
• En detalle, hay muchos sistemas fotométricos 

(ver cap. 3 de Glass:  “Handbook of Infrared
Astronomy”) debido a la dependencia sobre 

– la atmósfera
– los filtros
– el detector
– interés astronómico particular

• Estrellas estándares:
– UKIRT/MKO (NIR):  

Hunt et al. 1998, AJ, 115, 2594 
Leggett et al. 2006, MNRAS, 373, 781

– Las Campanas (NIR): 
Persson et al 1998, AJ, 116, 2488

– MIR: 
Cohen et al. 1999, AJ, 117, 1864

17 October 2023 17Michael Richer Tokunaga & Vacca 2007, en “The future of Photometric, 
Spectrophotometric and Polarimetric Standardization, 
ASP Conf. Ser., 364, 409

Infrarrojo: JHKLMNQ

• Para las bandas N (10 µm) y Q (20 µm), realmente no hay filtros ni remotamente 

“estándares”, porque la atmósfera varía tanto en su absorción (de lugar a lugar y 

en el tiempo).

• Regularmente, se divide la banda N (10 µm) en dos.
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Martín-Luis et al.: http://www.iac.es/proyecto/CCam/calibration_njas_rev.html

The atmospheric transmission at 
Mauna Kea, calculated with the 
IRTRANS4 routine for a 1.2-mm 
column of precipitable water 
vapour and R=3000.

absorción por ozono



Infrarrojo en el espacio

17 October 2023 Michael Richer 19

cuerpo negro @ 200 K

12 µm

25 µm

60 µm

100 µm

WISE

Spitzer

IRAS

https://irsa.ipac.caltech.edu/IRASdocs/issa.exp.sup/Ap/G.html

http://wise2.ipac.caltech.edu/docs/release/prelim/expsup/sec4_3g.html

• Obviamente, TODO el tema de la 
absorción atmosférica desaparece 
para observaciones desde satélites.

• Se dispone del espectro continuo.
• Igualmente, la emisión 

atmosférica es eliminada 
también.

• En estas longitudes de onda, 
interviene mucho la tecnología 
para fabricar los filtros.

Sistemas fotométricos: diseño
• Para la máxima sensibilidad para fuentes débiles, uno quiere bandas 

anchas.
• Para la máxima sensibilidad para rasgos espectrales (líneas de 

emisión/absorción), uno quiere bandas angostas.
• Requisitos astrofísicos no son necesariamente tan excluyentes (banda 

ancha o angosta).
• La tecnología interviene necesariamente:  No todos los detectores 

tienen la misma respuesta espectral.  Ni siquiera todos los CCDs tienen 
la misma respuesta espectral.  

• Las características del sitio pueden intervenir en la definición del 
sistema fotométrico, pero conviene evitarlo en la medida de lo 
posible.

• Se debe elegir estrellas estándares con colores intrínsecos adecuados 
para los objetos a calibrar.  ¡Hay que cuidar el fin científico! 
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BG38

UG11

Ejemplo:  SDSS u’, según Fukugita et al. (1996, Ap, 111, 1748)
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1749 FUKUGITA ET AL. : SLOAN DIGITAL SKY SURVEY 

Fig. 1. Transmission of the w'g VT V filters. Redleaks shortward of 11 000 
Â are not shown. The dotted curve is the quantum efficiency of a thinned, 
UV-coated SITe CCD; this is the detector that is used in the definition of the 
SDSS system. 

X5460, as is the case with the TG photometric system. The 
u' band response is similar to TG u and Strömgren u in that 
the bulk of the response is shortward of the B aimer discon- 
tinuity; this produces a much higher sensitivity (combining 
with gr) to the magnitude of the Balmer jump at the cost of 
lower total throughput. Proper consideration of photon noise 
clearly indicates that this is to be preferred to a wider band 
with dilution by redder light. 

The SDSS system will be defined by observations with 
the SDSS “Monitor Telescope,” a 60 cm reflector located at 
Apache Point Observatory. The detector is a thinned, back- 
illuminated, UV-antireflection-coated CCD device procured 
from Scientific Imaging Technologies, Inc. (SITe). In the sur- 
vey camera, the uf filters are used in conjunction with the 
same UV-coated chips as is used in the Monitor Telescope, 
the gr, r', and ir with normal visual-band antireflection- 
coated thinned devices, and the z ' filters with thick, front- 
illuminated CCDs. 

A novel (and to our mind, long overdue) feature of the 
SDSS photometric system is the attempt to place the zero 
points on the spectrophotometric AB magnitude system. The 
AB system is a monochromatic (jfJ system first introduced 
by Oke in 1969 with a provisional calibration, designated 
AB69. This system was widely used in the spectrophotomet- 
ric community in the 1970s; an improved calibration was 
presented by OG as the system AB19. In the AB19 system the 
spectrophotometric energy distributions (SEDs) of the four F 
subdwarfs BD+17°4708, BD+26°2606, HD 19445, and HD 
84937, the absolute fluxes of which are calibrated against the 
absolute flux of the continuum of a Lyr, are taken as the 
defining monochromatic magnitude standards. The spectra of 
these cool, metal-deficient stars are much simpler than those 
of A dwarfs with their very strong, wide Balmer lines and 
large Balmer discontinuity. The moderately flat SEDs and 
weak lines of the F subdwarfs also minimize the errors of 
synthetic magnitudes that arise from uncertainties in the de- 
tails of the shape of system response functions. 

The great advantage of the AB magnitude system is that 
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Table 1. Elements of SDSS filters. 

filter glass coating 
u' 1mm UGll + 1mm BG38 + 3mm quartz coating that suppresses 6600-8200Â 
g1 2mm GG400 + 3mm BG38 short-pass coating cut off at 5500Â r1 4mm OG550 -f 1mm BK7 short-pass coating cut off at 7000Â i' 4mm RG695 + 1mm BK7 short-pass coating cut off at 8500Â z1 4mm RG830 + 1mm BK7 

the magnitude is directly related to physical units; OG de- 
fined the magnitude by 

AS„=-2.5 log/„(ergs s~' cm-2 Hz-1) —48.60, (1) 
where fv is the flux per unit frequency from the object, so 

/„(Jy)=3631 dex( —0.4AZU (2) 
Since the work of OG, much effort has been expended in 
improving the SED of a Lyr (see Hayes 1985, hereafter re- 
ferred to as H85; Castelli & Kurucz 1994). The SEDs of the 
four A579 subdwarfs have also been revised by Oke (1990). 
In this paper we update Aß79 by recalibrating the flux of the 
four subdwarf standards using the best modem data of the a 
Lyr flux and the four OG subdwarfs; we call the new system 
AB95. 

2. RESPONSE FUNCTIONS 
2.7 Filters 

The physical composition of the filters is given in Table 1. 
The filters are made from one or two Schott color glass ele- 
ments together with a multilayer interference film coating on 
one glass-air surface. 

The uf filter is made of a combination of UGll, which 
cuts off the long-wavelength side, and BG38, which cuts off 
the short side, with an interference film coating that sup- 
presses the red leak in the glass filters in the 6700-7400 Â 
region; without the coating, one would expect a maximum 
transmission of about 7% in a narrow region around 7000 Á. 
The coating is devised to suppress the leakage by a large 
factor (^IXIO4) at around 7100 Â, and by a factor ^100 
between 6650 and 8000 À, so that the net maximum leakage 
does not exceed 3X10~4 for all wavelengths between 6000 
and 10 000 Â when combined with color glasses. This coat- 
ing also impairs the transmission in the passband slightly. 

The g ' filter is constructed of GG400, the long-pass ele- 
ment, and a short-pass interference coating that cuts off at 
5500 Â. This coating is made simpler by the inclusion of an 
extra BG38 glass element, which blocks the filter in the red 
but is quite transparent in the passband. 

The rf and /' filters consist of long-pass OG550 and 
RG695 glasses, in combination with short-pass interference 
coatings which cut off at 7000 and 8500 Â, respectively. 
There are no satisfactory red blocking glasses for these fil- 
ters, and a large red leak appears at wavelengths longer than 
11 000 Â for r' and but ordinary silicon CCDs have so 
little response at these wavelengths that the errors introduced 
are very small. We discuss the performance in more detail 
below. 

For the zf band, the short-wavelength side is defined by 
RG830, and the long-wavelength side is open, so the re- 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 

Tiene buena transmitancia en el UV.
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1749 FUKUGITA ET AL. : SLOAN DIGITAL SKY SURVEY 

Fig. 1. Transmission of the w'g VT V filters. Redleaks shortward of 11 000 
Â are not shown. The dotted curve is the quantum efficiency of a thinned, 
UV-coated SITe CCD; this is the detector that is used in the definition of the 
SDSS system. 

X5460, as is the case with the TG photometric system. The 
u' band response is similar to TG u and Strömgren u in that 
the bulk of the response is shortward of the B aimer discon- 
tinuity; this produces a much higher sensitivity (combining 
with gr) to the magnitude of the Balmer jump at the cost of 
lower total throughput. Proper consideration of photon noise 
clearly indicates that this is to be preferred to a wider band 
with dilution by redder light. 

The SDSS system will be defined by observations with 
the SDSS “Monitor Telescope,” a 60 cm reflector located at 
Apache Point Observatory. The detector is a thinned, back- 
illuminated, UV-antireflection-coated CCD device procured 
from Scientific Imaging Technologies, Inc. (SITe). In the sur- 
vey camera, the uf filters are used in conjunction with the 
same UV-coated chips as is used in the Monitor Telescope, 
the gr, r', and ir with normal visual-band antireflection- 
coated thinned devices, and the z ' filters with thick, front- 
illuminated CCDs. 

A novel (and to our mind, long overdue) feature of the 
SDSS photometric system is the attempt to place the zero 
points on the spectrophotometric AB magnitude system. The 
AB system is a monochromatic (jfJ system first introduced 
by Oke in 1969 with a provisional calibration, designated 
AB69. This system was widely used in the spectrophotomet- 
ric community in the 1970s; an improved calibration was 
presented by OG as the system AB19. In the AB19 system the 
spectrophotometric energy distributions (SEDs) of the four F 
subdwarfs BD+17°4708, BD+26°2606, HD 19445, and HD 
84937, the absolute fluxes of which are calibrated against the 
absolute flux of the continuum of a Lyr, are taken as the 
defining monochromatic magnitude standards. The spectra of 
these cool, metal-deficient stars are much simpler than those 
of A dwarfs with their very strong, wide Balmer lines and 
large Balmer discontinuity. The moderately flat SEDs and 
weak lines of the F subdwarfs also minimize the errors of 
synthetic magnitudes that arise from uncertainties in the de- 
tails of the shape of system response functions. 

The great advantage of the AB magnitude system is that 
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Table 1. Elements of SDSS filters. 

filter glass coating 
u' 1mm UGll + 1mm BG38 + 3mm quartz coating that suppresses 6600-8200Â 
g1 2mm GG400 + 3mm BG38 short-pass coating cut off at 5500Â r1 4mm OG550 -f 1mm BK7 short-pass coating cut off at 7000Â i' 4mm RG695 + 1mm BK7 short-pass coating cut off at 8500Â z1 4mm RG830 + 1mm BK7 

the magnitude is directly related to physical units; OG de- 
fined the magnitude by 

AS„=-2.5 log/„(ergs s~' cm-2 Hz-1) —48.60, (1) 
where fv is the flux per unit frequency from the object, so 

/„(Jy)=3631 dex( —0.4AZU (2) 
Since the work of OG, much effort has been expended in 
improving the SED of a Lyr (see Hayes 1985, hereafter re- 
ferred to as H85; Castelli & Kurucz 1994). The SEDs of the 
four A579 subdwarfs have also been revised by Oke (1990). 
In this paper we update Aß79 by recalibrating the flux of the 
four subdwarf standards using the best modem data of the a 
Lyr flux and the four OG subdwarfs; we call the new system 
AB95. 

2. RESPONSE FUNCTIONS 
2.7 Filters 

The physical composition of the filters is given in Table 1. 
The filters are made from one or two Schott color glass ele- 
ments together with a multilayer interference film coating on 
one glass-air surface. 

The uf filter is made of a combination of UGll, which 
cuts off the long-wavelength side, and BG38, which cuts off 
the short side, with an interference film coating that sup- 
presses the red leak in the glass filters in the 6700-7400 Â 
region; without the coating, one would expect a maximum 
transmission of about 7% in a narrow region around 7000 Á. 
The coating is devised to suppress the leakage by a large 
factor (^IXIO4) at around 7100 Â, and by a factor ^100 
between 6650 and 8000 À, so that the net maximum leakage 
does not exceed 3X10~4 for all wavelengths between 6000 
and 10 000 Â when combined with color glasses. This coat- 
ing also impairs the transmission in the passband slightly. 

The g ' filter is constructed of GG400, the long-pass ele- 
ment, and a short-pass interference coating that cuts off at 
5500 Â. This coating is made simpler by the inclusion of an 
extra BG38 glass element, which blocks the filter in the red 
but is quite transparent in the passband. 

The rf and /' filters consist of long-pass OG550 and 
RG695 glasses, in combination with short-pass interference 
coatings which cut off at 7000 and 8500 Â, respectively. 
There are no satisfactory red blocking glasses for these fil- 
ters, and a large red leak appears at wavelengths longer than 
11 000 Â for r' and but ordinary silicon CCDs have so 
little response at these wavelengths that the errors introduced 
are very small. We discuss the performance in more detail 
below. 

For the zf band, the short-wavelength side is defined by 
RG830, and the long-wavelength side is open, so the re- 
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Ejemplo:  SDSS g’, según Fukugita et al. (1996, Ap, 111, 1748)
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1749 FUKUGITA ET AL. : SLOAN DIGITAL SKY SURVEY 

Fig. 1. Transmission of the w'g VT V filters. Redleaks shortward of 11 000 
Â are not shown. The dotted curve is the quantum efficiency of a thinned, 
UV-coated SITe CCD; this is the detector that is used in the definition of the 
SDSS system. 

X5460, as is the case with the TG photometric system. The 
u' band response is similar to TG u and Strömgren u in that 
the bulk of the response is shortward of the B aimer discon- 
tinuity; this produces a much higher sensitivity (combining 
with gr) to the magnitude of the Balmer jump at the cost of 
lower total throughput. Proper consideration of photon noise 
clearly indicates that this is to be preferred to a wider band 
with dilution by redder light. 

The SDSS system will be defined by observations with 
the SDSS “Monitor Telescope,” a 60 cm reflector located at 
Apache Point Observatory. The detector is a thinned, back- 
illuminated, UV-antireflection-coated CCD device procured 
from Scientific Imaging Technologies, Inc. (SITe). In the sur- 
vey camera, the uf filters are used in conjunction with the 
same UV-coated chips as is used in the Monitor Telescope, 
the gr, r', and ir with normal visual-band antireflection- 
coated thinned devices, and the z ' filters with thick, front- 
illuminated CCDs. 

A novel (and to our mind, long overdue) feature of the 
SDSS photometric system is the attempt to place the zero 
points on the spectrophotometric AB magnitude system. The 
AB system is a monochromatic (jfJ system first introduced 
by Oke in 1969 with a provisional calibration, designated 
AB69. This system was widely used in the spectrophotomet- 
ric community in the 1970s; an improved calibration was 
presented by OG as the system AB19. In the AB19 system the 
spectrophotometric energy distributions (SEDs) of the four F 
subdwarfs BD+17°4708, BD+26°2606, HD 19445, and HD 
84937, the absolute fluxes of which are calibrated against the 
absolute flux of the continuum of a Lyr, are taken as the 
defining monochromatic magnitude standards. The spectra of 
these cool, metal-deficient stars are much simpler than those 
of A dwarfs with their very strong, wide Balmer lines and 
large Balmer discontinuity. The moderately flat SEDs and 
weak lines of the F subdwarfs also minimize the errors of 
synthetic magnitudes that arise from uncertainties in the de- 
tails of the shape of system response functions. 

The great advantage of the AB magnitude system is that 
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Table 1. Elements of SDSS filters. 

filter glass coating 
u' 1mm UGll + 1mm BG38 + 3mm quartz coating that suppresses 6600-8200Â 
g1 2mm GG400 + 3mm BG38 short-pass coating cut off at 5500Â r1 4mm OG550 -f 1mm BK7 short-pass coating cut off at 7000Â i' 4mm RG695 + 1mm BK7 short-pass coating cut off at 8500Â z1 4mm RG830 + 1mm BK7 

the magnitude is directly related to physical units; OG de- 
fined the magnitude by 

AS„=-2.5 log/„(ergs s~' cm-2 Hz-1) —48.60, (1) 
where fv is the flux per unit frequency from the object, so 

/„(Jy)=3631 dex( —0.4AZU (2) 
Since the work of OG, much effort has been expended in 
improving the SED of a Lyr (see Hayes 1985, hereafter re- 
ferred to as H85; Castelli & Kurucz 1994). The SEDs of the 
four A579 subdwarfs have also been revised by Oke (1990). 
In this paper we update Aß79 by recalibrating the flux of the 
four subdwarf standards using the best modem data of the a 
Lyr flux and the four OG subdwarfs; we call the new system 
AB95. 

2. RESPONSE FUNCTIONS 
2.7 Filters 

The physical composition of the filters is given in Table 1. 
The filters are made from one or two Schott color glass ele- 
ments together with a multilayer interference film coating on 
one glass-air surface. 

The uf filter is made of a combination of UGll, which 
cuts off the long-wavelength side, and BG38, which cuts off 
the short side, with an interference film coating that sup- 
presses the red leak in the glass filters in the 6700-7400 Â 
region; without the coating, one would expect a maximum 
transmission of about 7% in a narrow region around 7000 Á. 
The coating is devised to suppress the leakage by a large 
factor (^IXIO4) at around 7100 Â, and by a factor ^100 
between 6650 and 8000 À, so that the net maximum leakage 
does not exceed 3X10~4 for all wavelengths between 6000 
and 10 000 Â when combined with color glasses. This coat- 
ing also impairs the transmission in the passband slightly. 

The g ' filter is constructed of GG400, the long-pass ele- 
ment, and a short-pass interference coating that cuts off at 
5500 Â. This coating is made simpler by the inclusion of an 
extra BG38 glass element, which blocks the filter in the red 
but is quite transparent in the passband. 

The rf and /' filters consist of long-pass OG550 and 
RG695 glasses, in combination with short-pass interference 
coatings which cut off at 7000 and 8500 Â, respectively. 
There are no satisfactory red blocking glasses for these fil- 
ters, and a large red leak appears at wavelengths longer than 
11 000 Â for r' and but ordinary silicon CCDs have so 
little response at these wavelengths that the errors introduced 
are very small. We discuss the performance in more detail 
below. 

For the zf band, the short-wavelength side is defined by 
RG830, and the long-wavelength side is open, so the re- 
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Ejemplo:  SDSS r’, según Fukugita et al. (1996, Ap, 111, 1748)
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Fig. 1. Transmission of the w'g VT V filters. Redleaks shortward of 11 000 
Â are not shown. The dotted curve is the quantum efficiency of a thinned, 
UV-coated SITe CCD; this is the detector that is used in the definition of the 
SDSS system. 

X5460, as is the case with the TG photometric system. The 
u' band response is similar to TG u and Strömgren u in that 
the bulk of the response is shortward of the B aimer discon- 
tinuity; this produces a much higher sensitivity (combining 
with gr) to the magnitude of the Balmer jump at the cost of 
lower total throughput. Proper consideration of photon noise 
clearly indicates that this is to be preferred to a wider band 
with dilution by redder light. 

The SDSS system will be defined by observations with 
the SDSS “Monitor Telescope,” a 60 cm reflector located at 
Apache Point Observatory. The detector is a thinned, back- 
illuminated, UV-antireflection-coated CCD device procured 
from Scientific Imaging Technologies, Inc. (SITe). In the sur- 
vey camera, the uf filters are used in conjunction with the 
same UV-coated chips as is used in the Monitor Telescope, 
the gr, r', and ir with normal visual-band antireflection- 
coated thinned devices, and the z ' filters with thick, front- 
illuminated CCDs. 

A novel (and to our mind, long overdue) feature of the 
SDSS photometric system is the attempt to place the zero 
points on the spectrophotometric AB magnitude system. The 
AB system is a monochromatic (jfJ system first introduced 
by Oke in 1969 with a provisional calibration, designated 
AB69. This system was widely used in the spectrophotomet- 
ric community in the 1970s; an improved calibration was 
presented by OG as the system AB19. In the AB19 system the 
spectrophotometric energy distributions (SEDs) of the four F 
subdwarfs BD+17°4708, BD+26°2606, HD 19445, and HD 
84937, the absolute fluxes of which are calibrated against the 
absolute flux of the continuum of a Lyr, are taken as the 
defining monochromatic magnitude standards. The spectra of 
these cool, metal-deficient stars are much simpler than those 
of A dwarfs with their very strong, wide Balmer lines and 
large Balmer discontinuity. The moderately flat SEDs and 
weak lines of the F subdwarfs also minimize the errors of 
synthetic magnitudes that arise from uncertainties in the de- 
tails of the shape of system response functions. 

The great advantage of the AB magnitude system is that 

1749 

Table 1. Elements of SDSS filters. 

filter glass coating 
u' 1mm UGll + 1mm BG38 + 3mm quartz coating that suppresses 6600-8200Â 
g1 2mm GG400 + 3mm BG38 short-pass coating cut off at 5500Â r1 4mm OG550 -f 1mm BK7 short-pass coating cut off at 7000Â i' 4mm RG695 + 1mm BK7 short-pass coating cut off at 8500Â z1 4mm RG830 + 1mm BK7 

the magnitude is directly related to physical units; OG de- 
fined the magnitude by 

AS„=-2.5 log/„(ergs s~' cm-2 Hz-1) —48.60, (1) 
where fv is the flux per unit frequency from the object, so 

/„(Jy)=3631 dex( —0.4AZU (2) 
Since the work of OG, much effort has been expended in 
improving the SED of a Lyr (see Hayes 1985, hereafter re- 
ferred to as H85; Castelli & Kurucz 1994). The SEDs of the 
four A579 subdwarfs have also been revised by Oke (1990). 
In this paper we update Aß79 by recalibrating the flux of the 
four subdwarf standards using the best modem data of the a 
Lyr flux and the four OG subdwarfs; we call the new system 
AB95. 

2. RESPONSE FUNCTIONS 
2.7 Filters 

The physical composition of the filters is given in Table 1. 
The filters are made from one or two Schott color glass ele- 
ments together with a multilayer interference film coating on 
one glass-air surface. 

The uf filter is made of a combination of UGll, which 
cuts off the long-wavelength side, and BG38, which cuts off 
the short side, with an interference film coating that sup- 
presses the red leak in the glass filters in the 6700-7400 Â 
region; without the coating, one would expect a maximum 
transmission of about 7% in a narrow region around 7000 Á. 
The coating is devised to suppress the leakage by a large 
factor (^IXIO4) at around 7100 Â, and by a factor ^100 
between 6650 and 8000 À, so that the net maximum leakage 
does not exceed 3X10~4 for all wavelengths between 6000 
and 10 000 Â when combined with color glasses. This coat- 
ing also impairs the transmission in the passband slightly. 

The g ' filter is constructed of GG400, the long-pass ele- 
ment, and a short-pass interference coating that cuts off at 
5500 Â. This coating is made simpler by the inclusion of an 
extra BG38 glass element, which blocks the filter in the red 
but is quite transparent in the passband. 

The rf and /' filters consist of long-pass OG550 and 
RG695 glasses, in combination with short-pass interference 
coatings which cut off at 7000 and 8500 Â, respectively. 
There are no satisfactory red blocking glasses for these fil- 
ters, and a large red leak appears at wavelengths longer than 
11 000 Â for r' and but ordinary silicon CCDs have so 
little response at these wavelengths that the errors introduced 
are very small. We discuss the performance in more detail 
below. 

For the zf band, the short-wavelength side is defined by 
RG830, and the long-wavelength side is open, so the re- 
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Ejemplo:  SDSS i’, según Fukugita et al. (1996, Ap, 111, 1748)
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Fig. 1. Transmission of the w'g VT V filters. Redleaks shortward of 11 000 
Â are not shown. The dotted curve is the quantum efficiency of a thinned, 
UV-coated SITe CCD; this is the detector that is used in the definition of the 
SDSS system. 

X5460, as is the case with the TG photometric system. The 
u' band response is similar to TG u and Strömgren u in that 
the bulk of the response is shortward of the B aimer discon- 
tinuity; this produces a much higher sensitivity (combining 
with gr) to the magnitude of the Balmer jump at the cost of 
lower total throughput. Proper consideration of photon noise 
clearly indicates that this is to be preferred to a wider band 
with dilution by redder light. 

The SDSS system will be defined by observations with 
the SDSS “Monitor Telescope,” a 60 cm reflector located at 
Apache Point Observatory. The detector is a thinned, back- 
illuminated, UV-antireflection-coated CCD device procured 
from Scientific Imaging Technologies, Inc. (SITe). In the sur- 
vey camera, the uf filters are used in conjunction with the 
same UV-coated chips as is used in the Monitor Telescope, 
the gr, r', and ir with normal visual-band antireflection- 
coated thinned devices, and the z ' filters with thick, front- 
illuminated CCDs. 

A novel (and to our mind, long overdue) feature of the 
SDSS photometric system is the attempt to place the zero 
points on the spectrophotometric AB magnitude system. The 
AB system is a monochromatic (jfJ system first introduced 
by Oke in 1969 with a provisional calibration, designated 
AB69. This system was widely used in the spectrophotomet- 
ric community in the 1970s; an improved calibration was 
presented by OG as the system AB19. In the AB19 system the 
spectrophotometric energy distributions (SEDs) of the four F 
subdwarfs BD+17°4708, BD+26°2606, HD 19445, and HD 
84937, the absolute fluxes of which are calibrated against the 
absolute flux of the continuum of a Lyr, are taken as the 
defining monochromatic magnitude standards. The spectra of 
these cool, metal-deficient stars are much simpler than those 
of A dwarfs with their very strong, wide Balmer lines and 
large Balmer discontinuity. The moderately flat SEDs and 
weak lines of the F subdwarfs also minimize the errors of 
synthetic magnitudes that arise from uncertainties in the de- 
tails of the shape of system response functions. 

The great advantage of the AB magnitude system is that 
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Table 1. Elements of SDSS filters. 

filter glass coating 
u' 1mm UGll + 1mm BG38 + 3mm quartz coating that suppresses 6600-8200Â 
g1 2mm GG400 + 3mm BG38 short-pass coating cut off at 5500Â r1 4mm OG550 -f 1mm BK7 short-pass coating cut off at 7000Â i' 4mm RG695 + 1mm BK7 short-pass coating cut off at 8500Â z1 4mm RG830 + 1mm BK7 

the magnitude is directly related to physical units; OG de- 
fined the magnitude by 

AS„=-2.5 log/„(ergs s~' cm-2 Hz-1) —48.60, (1) 
where fv is the flux per unit frequency from the object, so 

/„(Jy)=3631 dex( —0.4AZU (2) 
Since the work of OG, much effort has been expended in 
improving the SED of a Lyr (see Hayes 1985, hereafter re- 
ferred to as H85; Castelli & Kurucz 1994). The SEDs of the 
four A579 subdwarfs have also been revised by Oke (1990). 
In this paper we update Aß79 by recalibrating the flux of the 
four subdwarf standards using the best modem data of the a 
Lyr flux and the four OG subdwarfs; we call the new system 
AB95. 

2. RESPONSE FUNCTIONS 
2.7 Filters 

The physical composition of the filters is given in Table 1. 
The filters are made from one or two Schott color glass ele- 
ments together with a multilayer interference film coating on 
one glass-air surface. 

The uf filter is made of a combination of UGll, which 
cuts off the long-wavelength side, and BG38, which cuts off 
the short side, with an interference film coating that sup- 
presses the red leak in the glass filters in the 6700-7400 Â 
region; without the coating, one would expect a maximum 
transmission of about 7% in a narrow region around 7000 Á. 
The coating is devised to suppress the leakage by a large 
factor (^IXIO4) at around 7100 Â, and by a factor ^100 
between 6650 and 8000 À, so that the net maximum leakage 
does not exceed 3X10~4 for all wavelengths between 6000 
and 10 000 Â when combined with color glasses. This coat- 
ing also impairs the transmission in the passband slightly. 

The g ' filter is constructed of GG400, the long-pass ele- 
ment, and a short-pass interference coating that cuts off at 
5500 Â. This coating is made simpler by the inclusion of an 
extra BG38 glass element, which blocks the filter in the red 
but is quite transparent in the passband. 

The rf and /' filters consist of long-pass OG550 and 
RG695 glasses, in combination with short-pass interference 
coatings which cut off at 7000 and 8500 Â, respectively. 
There are no satisfactory red blocking glasses for these fil- 
ters, and a large red leak appears at wavelengths longer than 
11 000 Â for r' and but ordinary silicon CCDs have so 
little response at these wavelengths that the errors introduced 
are very small. We discuss the performance in more detail 
below. 

For the zf band, the short-wavelength side is defined by 
RG830, and the long-wavelength side is open, so the re- 
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Ejemplo:  SDSS z’, según Fukugita et al. (1996, Ap, 111, 1748)

Sistemas fotométricos: diseño
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CCD

filtros

reflectividad del aluminio

Fukugita et al. (1996)

filtros+CCD

filtros+CCD
+atmósfera

espectro del cielo 
OAN-SPM

• Aquí vemos la interacción de las características del sitio y de los componentes 
instrumentales para conformar el sistema fotométrico del proyecto SLOAN.  Es 
evidente el efecto de la extinción.

• No está incluido el efecto del aluminio de los espejos del telescopio.
• El sistema está diseñado para el estudio de galaxias.
• En principio, el lado rojo indefinido del filtro z’ es un defecto, porque obliga otras 

componentes locales del sistema a definirlo.
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• Estudiar las estrellas del Bulbo 
de nuestra Vía Láctea.

• Desenmarañar el 
enrojecimiento, la edad y la 
metalicidad (ver las flechas en 
los diagramas HR abajo).

• Filtros anchos del WFC3 @ HST

Ejemplo: WFC3 Galactic Bulge Treasury Program (HST) 
Brown et al. (2009, AJ, 137, 3172)

Ejemplo: The NEWFIRM Medium-band Survey (4m @ KPNO) van 
Dokkum et al. 
2009 (PASP, 121, 2)
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• Estudiar galaxias en el intervalo 
1.5 < % < 3.5.

• Calcular corrimientos al rojo 
fotométricos.

• Distinguir enanas “cafés”.

datos nuevos datos existentes

enanas 
cafés

estrellas



Calibraciones
• Una calibración precisa es 

fácil si hay
– un filtro simétrico
– un continuo estelar lineal

• Estas aproximaciones son 
usualmente razonables 
para bandas angostas (Ha
es una excepción).

• En banda ancha, ambas 
aproximaciones son 
frecuentemente inválidas 
en detalle. • Como resultado, es relativamente fácil 

calibrar precisamente fotometría de 
banda angosta, pero complicado para 
banda ancha.
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El flujo que observamos
• El flujo que medimos de una fuente en un filtro ! es "# , dado por

"# = %
&'

&(
"∗ * + * , * -# * . * / * 0*

• donde + * , , * , -# * , . * , / * ≤ 1.0 y 
"∗ * es el flujo intrínseco de la fuente,
+ * es la extinción atmosférica (+ * ≈ 1.0 en el espacio),
, * es la reflectancia del telescopio (y su área si es variable, rayos X),
-# * es la transmitancia del filtro (o instrumento),  
. * es la eficiencia cuántica del detector,
/ * representa las pérdidas debido a todas las interfaces y 
*7 y *8 son las longitudes de onda límite del filtro (o instrumento)

• Observamos una convolución del flujo intrínseco con todos los factores 
instrumentales.
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Calibración: banda ancha
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• Generalmente, el sistema fotométrico instrumental consta de factores 
particulares de cada sitio:

– la atmósfera
– los filtros
– el detector

• Un sistema fotométrico estándar está definido por los factores anteriores 
así como las estrellas estándares que se utilizaron para definir el sistema. 

– Notar que la tecnología utilizada y el sitio que dan origen a un sistema 
contribuyen a definir el sistema estándar.  Vimos el caso del SDSS.  

• Entonces, la fotometría de cualquier sitio (en cualquier sistema) tendrá 
que ser transformada a un sistema estándar, usando las estrellas 
estándares.  De otra manera, no se puede comparar mediciones de 
distintos observatorios.  

• La transformación es más difícil 
– cuanto más anchos son los filtros del sistema fotométrico y 
– cuanto más distintos los intervalos espectrales.  

Calibración: banda ancha
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http://www.faculty.virginia.edu/rwoclass/astr511/im/QEcurves-vardetec.jpg

• También se complican las transformaciones con cambios 
de tecnología entre el sistema estándar y el sistema 
instrumental:
• Como ejemplo, se definió el sistema Johnson con fototubos 

sensibles en el azul, pero hoy
en día las observaciones 
se hacen con CCDs, 
que tienen una 
respuesta mejor en el 
rojo.

• Para compensar, se 
definieron filtros 
diferentes…

UBV original



Calibración: banda ancha

• Las ecuaciones de transformación entre los sistemas instrumental y estándar 
típicamente tienen la forma:

!",$ = !",& + (" )*+*, $ + -". + /"
donde 

los suscritos “i” indican el sistema instrumental, 
los suscritos “s” el sistema estándar,
los suscritos “f” denotan el filtro,
)*+*, es un color relevante en el sistema instrumental, p.ej., 0 − 2,
-" el coeficiente de extinción atmosférica, 
. la masa de aire y 
/" es el punto cero (constante).

• En lo anterior, (" es el coeficiente de transformación entre los sistemas 
instrumental y estándar.  Este es el coeficiente del término de color.

• Obviamente, la transformación tiene que hacerse en base a las magnitudes y 
los colores del sistema instrumental.
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Calibración: banda ancha

• En este ejemplo, hay un filtro y dos CCDs.
• La banda espectral del filtro es modificada sustancialmente por la respuesta de los 

CCDs.  (Las curvas de transmitancia del filtro están normalizadas al valor máximo.)
• Estas modificaciones complican la calibración precisa de fotometría de banda ancha y 

contribuyen al “término de color” (lámina siguiente).  
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filtro+CCD Thomsonfiltro+CCD Tek1



Calibración: banda ancha
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filtro del 
sistema 
estándar

filtro del observatorio XYZ
• Los términos de color, !", se 

deben a diferencias entre los 
filtros utilizados en la definición 
del sistema estándar y los filtros 
utilizados para una observación 
particular.

• La respuesta del sistema para la 
luz de una estrella roja será 
distinta a la respuesta para la luz 
de una estrella azul.

• El término de color también será 
afectado por la distribución de los 
colores de las estrellas 
estándares, razón para observar 
el mayor rango de colores posible.  

• Una referencia excelente para 
temas de la calibración de 
fotometría es la dada al pie de 
esta lámina.  

Gráfica: http://www.ucolick.org/~bolte/AY257/ay257_2.pdf

• También, es aconsejable hablar con 
William Schuster o Raúl Michel, expertos 
en el tema.

Calibración: banda ancha
• ¿ Cúal es la precisión del sistema instrumental?

– óptico: inferior a �0.01 mag, particularmente para bandas 
intermedias

– infrarrojo cercano: �0.03 mag para intervalos temporales cortos, 
�0.1 mag sobre una noche

– infrarrojo medio: �0.1 mag en el mejor de los casos

• ¿Qué precisión esperar de la transformación al sistema 
estándar?

– óptico: del orden de �0.01 mag, posiblemente mejor para bandas 
intermedias

– infrarrojo cercano: aprox. �0.1 mag, pero puede ser peor
– infrarrojo medio: > �0.1 mag
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