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Data reducton
Photoelectric photometry

FOTRAP



Data 
reducton

Photoelectric photometry

Flux = CountStar+Sky/s - CountSky/s

m = -2.5 log F

inner (star) aperture 

outer (sky) aperture 

Flux ss counts per tme (seconds) per area (→ sky 
counts normalszed to the same area as star counts)

minstrument = -2.5 log Flux 



Data reducton
• Flux = CountStar+Sky/s - CountSky/s

• minstrument = -2.5 log Flux

• v = -2.5 log Fluxv

• b - v = -2.5 log (Fluxb / Fluxv)

• u - b = -2.5 log (Fluxu / Fluxb)

• u,b,v : snstrumental magnstudes to be 
calsbrated (for ex. to the system U, B, V) 

Sky counts must be 
normalszed to the same 
area as the star counts



• Advantages?

CCD photometry



Bsas: zero-posnt of CCD

~958 
counts



CCD data reducton
• Bias : zero-posnt level (for t = 0 

exp. tme). Overscan region also 
sndscates dark (~bsas) level.

• Flat : psxel-to-psxel varsaton 
through the optcal system

If CCD has an 
overscan 
regson, st must 
be trsmmed



CCD data reducton
Example of simple processing

• Combsne bias frames (e.g. medsan): Bsas.fts
• Combsne flat frames (e.g. medsan): Flat.fts
• FlatB.fts = Flat - Bsas
• FlatN.fts = FlatB / medsan{FlatB} [flat normal. to ~ 1t]

• Reduced_smage.fts = [raw_smage  – Bsas ] / FlatN

Note: normalszsng the flat to 1t.0 preserves the counts



CCD data reducton wsth IRAF
Combsne bias01,02 … 20.fits: imcombine bsas*.fts Bias.fts

  

• Combsne flat01,02, … 20.fits: imcombine flat*fts. Flat.fts
• Flat wsthout bsas (FlatB.fts):   imarith Flat – Bsas FlatB.fts
• Flat normalszed: imarith FlatB / medsana{FlatB}  FlatN.fts
 

• Image wsthout bsas (smageB.fts):
imarith raw_smage  – Bsas imageB.fts
• Bsas & flat applsed: imarith smageB / FlatN imageBF.fts



Simple measurements: 
aperture photometry

Flux =    countsij – (npix x sky/pixel)
ij

minstrument = -2.5 log Flux

Total counts 
in aperture

counts in 
each pixel in 
aperture

number of pixels 
in aperture

mean sky counts 
per pixel

aperture



Simple measurements: aperture 
photometry

snner 
aperture

outer (sky 
annulus)

space



Tip: measure the 
FWHM of the star’s 

profle (sn psxels)

maximum counts

½ FWHM
Tip to measure the star: 
sum inner 1t,5 or 2 FWHM
 

Tip to measure the sky: sum over 5 to 7 FWHM

Half max. counts

0

FWHM

pixel

2 FWHM



Aperture photometry
do not exaggerate sn the ssze of the aperture!

Sum inner 1,5 to 2 FWHM

Sky: 5-7 FWHM



In a crowded feld, st ss 
beter to ft the PSF (posnt 
spread functon)

PSF ft
Aperture



In a crowded 
feld, st ss 

beter to ft 
the PSF

http://panisse.lbl.gov/snphot/lec8_vitaliy_PSF_fit.pdf



From counts to magnstudes
(sdeal case)

• Lsnear response of the detector  flux  counts∝

• If F0 ss the flux of an object wsth m = 0:

• m = -2.5 log (F/F0)

= -2.5 log (F) + constant
• The “constant” ss called the zero posnt (ZP)

• m = -2.5 log (F) + ZP



From counts to magnstudes
(real case)

• m = -2.5 log (F) + ZP + A*atmosphere_term + 
B*color_term + C*atmosphere_term*color + ...

• m = -2.5 log(F) + X

For a good calsbraton to a photometrsc system, we 
need many standard stars coversng a range of colors 
and observed at dsferent hesghts (asrmasses)



Atmosphersc extncton
airmass = sec z = ( sen sen + cos cos cosH )-1

1 airmass = mass of air overhead (zenith)
H = ST - 

Extinction coefficient k: magnitudes/airmass

Example, k = 0,16 mag/airmass  &  mobs(zenith) = 10,06

 star outside the atmosphere: m0 = 10,06 - 0,16 = 9,90
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Bouguer’s law: mz = m0 + k sec z

© Kitchin

m0 : outssde the atmosphere
mz : magnitude at zenithal distance z
k : extncton coefcsent

m

sec z



Example of extncton k at OPD
mz = m0 + k sec z

© Marcelo Tucci Maia (MSc dissertation, 2011)



Atmosphersc extncton: Wavelength dependence
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© Observational Astronomy, Birney et al.

Wavelength (A)
4000            6000              8000           10000

k 
 (

m
ag

ni
tu

de
 p

er
 a

irm
a

ss
)

Atmosphersc extncton: Wavelength dependence



Atmosphersc extncton
Dependence with Wavelength
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Atmosphersc extncton
Second-order extncton  color term)

© Observational Astronomy, Birney et al.
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Correctng for atmosphersc extncton
Once we determsne the extncton coefcsent k, 
we can obtasn the magnstudes:

m0 = mz - k sec z

z: zensthal dsstance
mz: magnstude observed at zensthal dsstance z
m0: magnstude outssde Earth’s atmosphere 

m0 = mz - k asrmass



Afer the snstrumental magnstudes have been corrected 
for atmosphersc extncton …

In a ssmplsfed way, the transformaton coefcsents are 
obtasned by lsnear relatons between the standard and 
snstrumental magnstudes: 

Observed instrumental magnitudes of standards: b0 , v0 , r0 , i0

Magnitudes of standard stars in the BV(RI)C system: B , V , R , I

Transformation 
coefficients:
a, b, c, d, e, f, g, h

Conversson to an standard system

B – V = c + d (b - v)
0

V = v
0 
 + a + b (B - V)

V – R = e + f (v - r)
0

R – I = g + h (r - i)
0



Standard stars (e.g. Landolt)

© Observational Astronomy, Birney et al.





Photometrsc standards of 
Landolt sn feld around the 
Msra varsable T Phe

Mira variable 
T Phe



Conversson to a standard system

© Observational Astronomy, Birney et al.

B - V

(b – v)0

B
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B – V = c + d (b - v)
0

V = v
0 
 + a + b (B - V)

V – R = e + f (v - r)
0

R – I = g + h (r - i)
0



Another opton: ssmultaneously solve for 
extncton and transformaton coefcsents

Jablonski et al. 1994 PASP 106, 1172

X: airmass



Bassc photometry wsth IRAF
• Example ussng the smages of M92 from bassc 

IRAF tutorsal (see readme and sntro.tar)
• sm01t0.fts
• sm01t1t.fts
• Call sraf (type cl)
sn a xgterm wsndow
sn the dsrectory sraf





Imexam to estmate the sky (m keyword)

It is not necessary to subtract previously the 
sky, because the photometry talks will fit the sky 
level. However, in a first approximation:

imarith imagem.fits – sky image_without_sky.fits
In the example above, sky ~ 40.



epar: edit parameters

To exit: CTRL-D



Put cursor on the 
labeled star and press 
“r” (radsal profle).

It performs aperture 
photometry (also 
posssble presssng ‘a’) and 
shows a ft to the profle. 
The photometry ss done 
just by summsng counts 
snssde a gsven radsus 

1

2
3

4
5

6

7



1

m = 14.56
flux = 15019
sky = 41.33
Peak = 1118
FWHM = 3.06
R = 9.17

“r” at ds9 
(centered on star)

The aperture photometry ss performed addsng counts for psxels snssde the radsus R

Note that a default zero-
posnt (magzero=25) ss added 
to the magnstude m.
 

m = 25 -2,5 log flux  



2

m = 15.18
Flux = 8438
sky = 41.33
Peak = 646
FWHM = 2.94
R = 8.81

“r” at ds9 
(centered on star)

The aperture photometry ss performed addsng counts for psxels snssde the radsus R

m = 25 -2,5 log flux  



cl>!gedst smexam.log (for lsnux)
or

cl> !open –a textedst smexam.log (for mac)

The default use of smexam ss OK, but sf we want:
1t) It ss posssble to change the parameters used for the aperture photometry.
We would need to edst “rsmexam” parameters: epar rsmexams
 

2) We can ‘force’ smexam to perform photometry at a fxed radsus, for ex., R = 9.
We must change the number of steratons sn “rsmexam” (I thsnk sterat = 0 or 1t)
 

3) We can adjust also the regson used for the determsnaton of the sky regson.
We should change sn “rsmexam” the parameters bufer (I thsnk ss the snner radsus
of the background regson) and wsdth (I thsnk ss the wsdth of the background annulus)



Some addstonal tps
htp://www.astronomy.pomona.edu/astro1t01t/sraf.phot.html
• For a more complete photometry of a sample of 

stars you could use the package dsgsphot
cl> digiphot
apphot.   daophot.  photcal.  ptools.
Usar o sub-pacote apphot
• di> apphot
•       aptest        fndpars@     pconvert      polymark      psort center        ftpsf        

pdump         polypars@     qphot      centerpars@   ftsky        pexamsne      polyphot      
radprof      daofnd       ftskypars@   phot          prenumber     wphot   datapars@     
pcalc         photpars@     pselect   

and perform photometry wsth the task phot
To create lssts of stars use the task daofnd
To extract photometry from the magnstude fles you can use the task 

txdump



Surface brsghtness
• For extended objects the 

brsghtness ss not necessarsly 
homogeneous

• We can defne the surface 
brsghtness as the brsghtness 
observed by solsd angle :

Unsts: [ mag / arcsec2 ]



Conversson of magnstude to 
surface brsghtness 

For an object of magnstude m and wsth an area on 
the sky A (em arcsec2), the surface brsghtness :

 = m + 2.5 log1t0 A



Some values of surface brsghtness  
Sky at day: V ~ 3 [mag/”2]

Sky at nsght:
-New Moon: B = 22.7, R = 20.9, H = 1t3.7 [mag/”2] 

-Full Moon: B = 1t9.5, R = 1t9.9, H = 1t3.7 [mag/”2] 

Sky ss brsghter sn the IR. Moon afects more the optcal



Some values of surface brsghtness  
Sky at day: V ~ 3 [mag/”2]

Sky at nsght:
-New Moon: B = 22.7, R = 20.9, H = 1t3.7 [mag/”2] 

-Full Moon: B = 1t9.5, R = 1t9.9, H = 1t3.7 [mag/”2] 

Sky ss brsghter sn the IR. Moon afects more the optcal
 

The relaton between & I: Iobject/Isky = 1t0(2/5)(sky - object)

For example, 25 mag/”2 R band  Iobject ~  1t4% Isky

Adopting R (sky) ~ 20,4



From counts/psxel  mag/”2

0 = ft -  zero
 

zero: photometrsc calsbraton

Comparsson of feld stars wsth known magnstudes and 
the number of counts/psxel

  [mag/”2] = magref  -2.5 log[counts/countsref] + 2.5log psx2

psx = sn arcsec
magref = magnstude of reference star

countsref = total counts of reference star
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