Photomtery Systems

* |Introduction e SPDSS
- flux - ugriz system
- magnitudes - which magnitude to
* Pogson, AB, ST, asinh use ?
* Systems

- ADPS database
— conversions

M. G. Allen, October 26, 2006 — material from:

George Djorgovski's lecture notes: http://www.astro.caltech.edu/~george/ay122/Ay122-photometry.pdf
Asiago Database of Photometric Systems: http://ulisse.pd.astro.it/Astro/ADPS/
Sloan Digitial Sky survey Data Release: http://lwww.sdss.org/dr5


http://ulisse.pd.astro.it/Astro/ADPS/

Measuring Flux = Energy/(unit time)/(unit area)

Real detectors are sensitive over a finite range of A (or v).
Fluxes are always measured over some finite bandpass.

Total energy flux: P f F.(v)dv I11tegral of ﬂ over
all frequencies

Units: erg s em™ Hz'!

A standard unit for specific flux (initially in radio. but now
11101¢e CDII].[HOH}:

1 Jansky (Jy) =107 erg s em™ Hz™

/. 1s often called the flux density - to get the power, one
integrates it over the bandwith, and multiplies by the area
(From P. Armitage)




Fluxes and Magnitudes

For historical reasons, fluxes in the optical and IR are

measured 1n magnitudes: ., _ 5 51, g F + constant

[f F 1s the total flux, then m 1s the bolometric magnitude.
Usually instead consider a finite bandpass, e.g., /' band.

¢.g. m the I"band (A ~ 550 nm):

/3 \ m, =-=2.5log , F' + constant
|
\ flux integrated over the range
‘ " of wavelengths for this band

(From P. Armitage)
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There are
way, way
too many
photometric
systems out
there .

(Bandpass curves

from Fukugita et
al. 1995, PASP,
107, 945)
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Magnitude Zero Points

I : I : I ' I
A
: | aLyrae IIII

Alas, for the standard UBVRIJKL ..

magnitude zero-pomt in any band |

I SR A
system (and many others) the

1s determined by the spectrum
of Vega = const!
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Vega calibration (m = 0): at A = 5556: f, =3.39 X10 ? erg/em¥s/A

A more logical system 1s AB,
magnitudes:

AB,=-2.51ogf, [cgs]

f.=3.50 X10 - erg/em?/s/Hz
N, =948 photons/em?/s/A

- 48.60
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Magnitude definitions

« Pogson: m =-2.5log, (F) + constant

e Vega:m =-2.5log (F/F,_ )

Vega

J Ri(N)Ex(X)d\
[ Ry(N)FYECA(X)dX

m; = —2.5 logyg + 0.03

* |nverse hyperbolic sine magnitudes
m = [-2.5/In(10) | * [ asinh((F/F )/2b) + In(2b)]




Monochromatic Magnitudes

my(A) = —2.5log, FA(A) — 21.1

where F\(A) is the spectral flux density of a source at the top of the

. . _ _o 3 —1 . .
Earth’s atmosphere in units of erg s cm™2 A" . This is also known as

the “STMAG" system because it is standard for the Hubble Space
Telescope.

The corresponding system based on flux per unit frequency is

m,(A) = —2.5log,, £, (A) — 48.6

L] L] L] — _':l _ L] L]
where F, () is in units of erg s™' em™2Hz ™ '. This is also known as
the “AB” or “AB,"” system.



Conversions among magnitude systems:

Conversion from AB magnitudes to Johnson magnitudes:
The following formulae convert between the AB magnitude systems and those based on Alpha Lyra:

W = WViAB) + 0.044% (+5= 0O.00%)
E = Bi(AE) + 0.163 (+/— O_004)
Ej = Bj (AE) + O_.139 (+5= IMDEF)
E = EiAE) — 0O_055 (+5= IMDEF)
1 = IiAB) — O_309 {+/— INDEF]
q = grABE) + 0_013 (+5= 0.002)
r = riag; + o_226 (+5= D.003)
i = i(AB) + 0.296 (+/- 0.005)
um' = u'(AE) + oO_0
g’ = g'(AE) + 0.0
r' = r'iAB) + 0.0
i' = i'{(AE) + 0.0
' = ' AE) + 0.0
Ro = REciAB) — 0.117 (+5= 0O_.006)
Ic = ICc(AE) — O_342 (+7= 0O _008)

Source: Frei & Gunn 1995

http://www.astro.utoronto.ca/~patton/astro/mags.html



ADPS

the Asiago Database on Photometric Systems

The Asiago Database on Photometric Systems (ADPS) project aims to
cense and investigate existing photometric systems.

Paper 1 (Moro and Munari 2000, A&AS 147, 361) presents a compilation of
basic information and reference data from literature for 201 photometric
systems (167 censed in extenso, and 34 only briefly noted). General ascii
lists about systems and bands can be found here.

Paper 2 (Fiorucci and Munari 2002, A&A, submitted) adds further 17
systems, bringing the total to 218 censed systems, and provides
homogeneous band and reddening parameters for all the systems with
known band transmission profiles (179). Spectra and reddening curves used
in the synthetic photometry computation can be found here.

Planned Paper 3 will deal with calibration of the systems in terms of basic
physical stellar parameters (temperature, gravity, metallicity, reddening), and
Paper 4 with transformations between the systems.
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The Asiago Database on systems e
AD PS Photometric Systems list hlhlln raph -

The 201 systems censed in ADPS Paper 1, the first 167 in extenso and
other 34 only briefly mentioned:

Figure numberin:
Paper 1 Paper 2
Cq - Stebbins etal.- 1940 001
UVBGRI - Stebbins and Whitford - 1943
RGU - Becker-1946 0
RI- Kron and Smith - 1951
BCD - Chalonge and Divan- 1952 C

POSS|-1955
PV-Eggen-1955C
Aerobee UV-55- 1955 (
uvbyHbeta - Stromgren and Crawford - 1956 010
Aerobee UV-57 - 1957 0
UBV- Arp-1958012
ubgyri - Bahng - 1958 013
UVBG R - Tifft- 1958 014

5 colors - Borgman - 1959 015

Deeming - 1960

UBV - Eggen and Sandage - 1960
Griffin and Redman - 1960 )
USNO - Kron and Mayall - 1960 020

Done




AD PS 2 The Asiago Database on Photometric Systems

Sloan DSS - Fukugita et al. - 1996
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TABLE 9
Characteristics of Photometric Bands

5 o Ve Ve
bandpass system band ref*) de FWHM AJF ey e(vg®)! I
(A) (A)  (A) (x10~%gs/A) (4) (x10~*%cgs/Hz)

Johnson-Morgan  Us  Buser 78 3652 526 3709 1.28 3617 1.89
B,  AS69 4448 1008 4393 6.19 4363 4.02

V  AS69 5505 827 5439 3.60 5437 3.59

Cousins R Bessell 90 6588 1568 6410 2.15 6415 3.02
Ic  Bessell 90 8060 1542 7977 1.11 7980 2.38

Johnson R; 6930 2096 6688 .87 6693 2.89
I 8785 1706 8571 0.912 " 8545 2.28

Sandage-Smith u 3647 505 3710 1.30 3610 1.89
b 4466 1028 4407 .10 4369 3.97

v 5423 823 5368 3.75 5365 3.64

r 6712 969 6628 1.96 6629 2.90

Stromgren u  Olson74 3465 363 3496 3.24 3452 1.31
v Matsu69 4109 197 4119 7.2 4103 4.12

b  Olson74 4668 176 4666 5.68 4663 4.15

y  Olson74 5459 244 5455 3.62 5453 3.60

Kron Ug¢ Koo85 3656 556 3737 1.32 3617 1.93
Jx 4625 1550 4537 5.54 4467 3.82

Fx 6168 1330 5978 2.64 5982 3.25

Nk 7953 1786 7838 1.17 7842 2.44

Couch-Newell Bj 4604 1490 4515 5.73 4474 3.95
Rg 6694 517 6679 1.92 6677 2.86
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ABSTRACT

> Aims. We present empirical color transformations between the Sloan Digital Sky Survey (SD55) ugriz photometry and Johnson-Cousins

LEVRI system and Becker's RGU system, respectively. Owing to the magnitude of data that is becoming available in the SDS5 photometric

system it is particularly important to be able to convert between this new system and traditional photometric systems. Unlike earlier published

transformations we based our calculations on stars actually measured by the 5D55 with the 5D55 2.5-m telescope. The photometric database

of the SDS5 provides in a sense a single-epach set of "tertiary standards’ covering more than one quarter of the sky. Our transformations
should facilitate their use to easily and reliably derive the corresponding approximate Johnson-Cousins or RGL magnitudes.

& Methods. The SDS5 survey covers a number of areas that were previously established as standard fields in the Johnson-Cousins system. in

> particular, fields established by Landalt and by Stetson. We used these overlapping fields to create well-photometered star samples on which

hh"‘“-e_, our calculated transformations are based. For the RGL photometry we used fields observed in the framework of the new Basel high-latitude

"= field star survey.
| Results. We calculated empirical color transformations between SDSS photometry and Johnson-Cousins UBVRT and Becker's RG U system.

_':' For all transformations we found linear relations to be sufficient. Furthermore we showed that the transformations between the Johnson-Cousins

= and the SDSS system have a slight dependence on metallicity.
)



3. Results

3.1. Transformations between 5D55 and
Johnson-Cousins Photometry

The transformation between the Johnson—-Cousins UEVRT pho-
tometry system and the SDSS ugriz system was carried out us-

ing the following eight general equations:

‘l_
g-V=a (B-1V)+h

|
r—i = az(R-1)+ by
r—z=ay(R-1)+ b3
r— R = ay (V- R+

]

ti—g=az (U-B +b;(B-V)+c3
g-B = a5 (B-V)+ by
g—r = aj (V- K + by
i-I = HE{R—H+J5‘3




Table 3. Coefficients of the "global’ transformations between L'EVRI and ugriz (equations 1-8)

Color Color Term Leropoint Range

a— V [0.630 = 0.002) (B— V) —(0.124 = 0.002] i

r— i (1.007 + 0.005) (K- 1) —{0.236 + 0.003)

r—z (1.584 + 0.008) (K- 1) —(0.386 + 0.005)

r—- R (0,267 £ 0.005) (V- &) +({0.088 £ 0.003) V-R=0.53
r— R 077+ 0.04) (V- R —(0.37 £ 0.04) V—R=0.93
u—g (0750 £0.050) (L'— B) + {0,770 £ 00700 (B- V) +{0.720 £ 0.040)

g—- B — (0370 £ 0.002) (B- V) —(0.124 + 0.002)

g—r i1.646 £ 0.008) (V- R) —(0.139 + 0.004)

i—1 (0.247 £ 0.003) (K- 1) +(0.328 £ 0.002)

g=V+(0.630£0.002)(B—-V)—-(0.124 £ 0.002)



Table 4. Metallicity-dependent transformations between EVRT and griz for metal-poor Population II and more metal-rich
Population [ stars.
Validity

Color Term Leropoint

(0.634 =0.002) (B— V)
(0.596 £ 0.009) (B- V)
(0.988 = 0.006) (K- 1)
(1.06 £ 0.02) (K- 1)
(1.568 £ 0.009) (K- 1)
(1.60 + 0.06) (R-1)
(0275 £ 0.006) (V- R)
071+ 005) (V- R)
(034 £ 002) (V- R)
—(0.366 + 0.002) (B- V)
— (0,401 + 0.009) (B- V)
(1,599 £ 0.000) (V- R)
(1L72+002)(V-R)
(0.251 £ 0.003) (K- 1)
(021 £ 0.02) (R-1)

—0.127 = 0.002)
—(0.148 £ 0.007)
—(0.221 £ D.004)
—(0.30 + 0.01)
—(0.370 <+ D.006)
—(0.46 + 0.03)
+(0.086 + 0.004)
—({0.31 + 0.05)
+(0.015 + 0.008)
—(0.126 + 0.002)
—(0.145 + 0.006)
—(0.106 + 0.006)
—(0.198 + 0.007)
+(0.325 £ 0.002)
+i0.34 £ 0.01)

Population |

metal-poor Population 11
Population [

metal-poor Population 11
Population [

metal-poor Population 11
V—R=0893 Population ]
V—R=083 Population ]
V—R=<0593 metal-poor Population I
Population [

metal-poor Population 11
Population [

metal-poor Population 11
Population [

metal-poor Population 11
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Wheretostart | Measures of flux and magnitudes

About DR5 _ _ _ o _ _

News and This page prqwdes detailed descrlpnuns. of various measures of magnitude and related outputs of the .
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Data Access e The SDSS asinh magnitude system (aka luptitude)

Sky Coverage ¢ The PSF Magnitude (psfMag)

Instruments ¢ The Fiber Magnitude (fiberMag)

Data Flow ¢ The Petrosian Magnitude (petrodao)

Algorithms # The Model Magnitude (deVMae, expMae, modelMae, cmodelMag)

Glossary #» The Reddening Correction (reddening)

Known & Which Magnitude should | use?

Problems + Object Radial Profiles




SDSS magnitudes:

AB system, asinh magnitudes
Fiber Magnitudes - flux in fiber aperture
Model Magnitudes

* model fits to objects using deVaucoulers profile,
expoinential profile — relevant to galaxies

Cmodel Magnitudes
* flux in linear combination of best fitting models
Petrosian Magnitudes

* flux in circular aperture with r defined by azimuthally
averaged light profile RP_ _ ~0.2

PSF magnitudes

* Point Spread Function fit — for isolated stars



Which Magnitude should | use?

Faced with this array of different magnitude measurements to choose from, which one is appropriate in which
circumstances? We cannot give any guarantees of what is appropriate for the science you want to do, but here
we present some examples, where we use the general guideline that one usually wants to maximize some
combination of signal-to-noise ratio, fraction of the total flux included, and freedom from systematic vanations with
observing conditions and distance.

Given the excellent agreement between cmodel magnitudes (see cmodel magnitudes above) and PSF
magnitudes for point sources, and between cmodel magnitudes and Petrosian magnitudes (albeit with intrinsic
offsets due to aperture corrections) for galaxies, the cmodel magnitude is now an adequate proxy to use as a
universal magnitude for all types of objects. As it is approximately a matched aperture to a galaxy, it has the great
advantage over Petrosian magnitudes, in particular, of having close to optimal noise properties.

Example magnitude usage

¢ Photometry of Bright Stars: If the objects are bright enough, add up all the flux from the profile profMean
and generate a large aperture magnitude. We recommend using the first 7 annuli.

¢ Photometry of Distant Quasars: These will be unresolved, and therefore have images consistent with the
PSF. For this reason, psfMag is unbiased and optimal.

¢ Colors of Stars: Again, these objects are unresolved, and psfMag is the optimal measure of their
brightness.

¢ Photometry of Nearby Galaxies: Galaxies bright enough to be included in our spectroscopic sample
have relatively high signal-to-noise ratio measurements of their Petrosian magnitudes. Since these
magnitudes are model-independent and yield a large fraction of the total flux, roughly constant with redshiit,
petroMag is the measurement of choice for such objects. In fact, the noise properties of Petrosian
magnitudes remain good to r=20 or so.

¢ Photometry of Galaxies: Under most conditions, the cmodel magnitude is now a reliable estimate of the
galaxy flux. In addition, this magnitude account for the effects of local seeing and thus are less dependent
on local seeing variations.

+ Colors of Galaxies: For measuring colors of extended objects, we continue to recommend using the
model (not the cmodel) magnitudes: the colors of galaxies were almost completely unaffected by the DR 1
software error. The model magnitude is calculated using the best-fit parameters in the r band, and applies it
to all other bands; the light is therefore measured consistently through the same aperture in all bands.
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Transformations between SDSS magnitudes and UBVR I

There have been several efforts in calculating transformation equations between ugriz (or u'g'r'i'z') and UBVR ..
Here, we focus on six of the most current efforts:

+ Jester al. (2005), who derived transformation equations for stars and for z<=2.1 quasars,

+ Kiraali, Bilir, and Tuncel (2005), who derived transformation equations for stars,

+ Bilir, Karaali, and Tuncel {2005), who derived transformation equations for dwarf stars, and

+ West, Walkowicz, and Hawley (2005), who derived transformation equations for M and L dwartf stars,
¢ Rodagers et al. (2005), who derived transformation equations for main sequence stars.

# Lupton (2005), who derived transformation equations for stars.

There are currently no transformation equations explicitly for galaxies, but Jester al's (2005) and Lupton's (2005)
transformation equations for stars should also provide reasonable results for normal galaxies (i.e., galaxies
without strong emission lines).

Caveat: Note that these transformation equations are for the SDSS ugriz (u'g'r'i'z') magnitudes as measured, not
for SDSS ugriz (u'g'r'i'z) corrected for AB offsets. If you need AE ugriz magnitudes, please remember to convert

_ from SDSS ugriz to AB ugriz using AE offsets described at this URL).




UEBWVECIC —* ugriz

Duasars at = <= 2.1 (svnthetic)

Transformation EM3 residual
u-q = 1. 25*({U-E) + 1.02 o_03
g-r = O.93%(BE-V) - 0.0& o.a%
r-i o_.20% ({Rc—-Icy — O.20 o._o7
r—o 1. 20%({Ro-Icy — O.20 o_.18
q = W o+ o.74*(E-V) — 0.07 o.o2
r = W - o.19*%(E-V) — 0.02 0._0as8

Starse with Ec-Ic < 1.15%5 and U-E < 0O

Transformation EM3 residual
u-q = 1. 28*({U-E) + 1.1«4 o_0o5
g-r = 1.09% (B-V) - 0.23 o.04
r-i o.28*(Rc—-Ic) — 0.22 o_ol
r—o 1. 692% (Rc-Ic) — O.42 o_03
q = W o+ 0.64*(E-V) — 0.13 0.0l
r = W - O0.46*% (E-V) + 0.11 o.03

All stars with Ec—-Ic < 1.1%5

Transformation EM3 residual
u-q = 1. 28*({U-E) + 1.13 o._0G
gq-r = 1.02*({B-V) - 022 o.04
r-i O.91*(Ec—-Ic) — O_.20 o.03
r—% 1. 72% (Rc—-Icy — O.41 o_03
q = W+ O0_.gO0*{E-VW) — 0.12 o_o2
r = Wo—- o.42*%(E-V) + 0.11 o.03



What's coming?

* In context of VO

- Data model for photometry

- Something like WCS for coordinates, but for
photometry to describe photometric systems

- Problem recognized, but nothing has happended
yet...



Suggestions for SIMBAD

 Convert current B and V mags into SDSS ¢

- but current B and V mags have no references (?)

- choose a published transformation, apply only to
stars

* |nclude SDSS g (or ubgiz) where X-match in
SDSS exits

e and link to SDSS (in Vizier, or SDSS itself)
* |ngest measurements in well specified systems

e e.g the list from Fukugita et al. 1995

* contribute to development of Photometry Data Model and
serialization



Magnitudes, A Formal Definition

|
m= —2..5% log J-th(?\)fh—log f AR, (@ Lyr)

c-8-» Because Vega
U=-25 ng d}lRLr(}i.)_f}L_ 14.08 + Cu. (: a LFI’H‘E) 18
declared to be

B=-25 log fd}LRB( MAH—13.00+c,, the zero-point!

| (at least for the

UBV... system)

where the peak of the response function is normalized to

unity, and ¢ represents the magnitude of a Lyr; ¢;=0.02,
cg=cy=0.03 (Johnson and Morgan 1953).



Defining _fdth(h)

effective Aot = [dAR(N)
wavelengths
(ﬂlld the ﬁff(a L}'I‘) _ Id}"fh(a L}’I‘)R(?\)

| , [TdAR(N)
corresponding
bandpass _JaAMfy(a Lyn)R(N)
averaged Nerrl @ Lyr) = JdNfy(a Lyr)R(\) °
fluxes)

e [ldvi a LydR(v)
fev(& L}ff)— IGIVR(V)

fdvuf,(a Lyr)R(v)
fdvf,(aLyr)R(v)
where f,=\’f) /c and R,=R,,.

Vo @ Lyr) =



