
  

Photometry
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Today

1.Planning photometric observations

2.Magnitude systems

3.FORS2 @ VLT

(Credit: Steven R. Majewski)



  

What is photometry?

(Credit: ESO)

● Make precise measurements of the 
brightness of a source (magnitudes)

● Magnitude is an ancient concept, but 
useful because it is relative

● Magnitude differences give you the 
flux ratio between your source and 
standards

● Zero points of the standards do not 
matter in first order

● Unless you really want the flux. Flux 
to magnitude conversion can be 
uncertain

● 1% ~ 0.01 mag (Gaia collaboration 2018)



  

If you want to observe with the VLT,
read the call for proposals

(Credit: ESO)

● Updated list of offered instruments

● Informs on recent policy changes

● and on future plans for the instruments

● Describes important definitions 
(proposal types, observing modes, 
OBs, ...)

● Several links for additional information

● Binding document if the proposal is 
approved

● Reading is a must for 1st time users!



  

We start from the science case

(Credit: ESO)

● An overdensity of stars has been 
identified with Gaia

● Seems too far for reliable proper 
motions and parallaxes

● We want to confirm its nature

● Perhaps a distance cluster? A new 
dwarf galaxy?

● We want to build a colour magnitude 
diagram, derive age and distance

● Photometry to obtain magnitudes in 
different bands (e.g. Johnson UBV)

● Try to reach the turn-off (Homma et al. 2018)



  

Images in the optical with the VLT

(Credit: ESO)

https://www.eso.org/sci/facilities/lpo/cfp/cfp109/instrument_summary.html

https://www.eso.org/sci/facilities/lpo/cfp/cfp109/instrument_summary.html


  

FORS2

(Credit: ESO)

● FOcal Reducer and low dispersion Spectrograph 
(Appenzeller et al. 1998).

● (reduce focal length, reduce magnification, widen the 
field of view; for a brighter image)

● Two versions were built (blue vs. red). FORS1 (the first 
optical VLT instrument) is now retired.

● Cassegrain focus of UT1, operation since 2000.

● All-dioptric (lenses), ~330 to 1100 nm

● Imaging; high-time resolution imaging; long slit 
spectroscopy; multi-object spectroscopy; 
(spectro)polarimetry (Appenzeller et al. 1998)

● Image scale: 0.25”/px or 0.125”/px (FoV 6.8’x6.8’ or 
3.4’x3.4’)

● FORS-up: upgrade project to be completed by 2024 
(Boffin et al. 2021)

(Credit: ESO)

https://www.eso.org/sci/facilities/paranal/instruments/fors/forsup.html


  

Instrument demand

(Credit: ESO)

(Credit: ESO/D. Gadotti)



  

Imaging with FORS2

(Credit: ESO)

● Three modes:

➔ IMG: direct imaging

➔ OCC: imaging with occulting bars

➔ IPOL: imaging polarimetry

● Broadband filters in the collimated beam (3 
wheels, 7 positions/wheel, but some with grisms)

● Interference filters in the converging beam (2 
wheels, 8 positions/wheel)

● OCC: move slit jaws of the MOS to block the 
light of a certain region (e.g. bright star)

● OCC: Need FIMS (FORS Instrument Mask 
Simulator)

● Users can propose to use their own filters (in 
Visitor Mode only) (Credit: ESO)

(Credit: ESO/FORS manual)

https://www.eso.org/sci/facilities/paranal/instruments/fors/inst/Filters/.html#non-standard


  

FORS2

(Credit: ESO)

(Credit: ESO)
(Boffin et al. 2020)



  

FORS2 MOS Slit Jaws

(Credit: ESO)

(Credit: ESO)

(Credit: ESO)



  

FORS2 Broadband filters

(Credit: ESO)

(Credit: ESO)

(Credit: ESO/FORS Manual)

● The selection of broadband filters is 
fixed

● It can be changed in exceptional 
cases (discussed with the 
observatory)



  

Photometric filters

(Credit: ESO)

(Credit: ESO)

● Are used to select a specific region of the 
spectrum

● Characterized by their transmission; tabulated 
by central wavelength and FWHM

● A magnitude is given for the flux observed in 
a given filter (e.g. V mag in Johnson system)

● Colors are magnitude differences (e.g., B-V)

● Broad-band: FWHM > 30 nm

● Intermediate-band: > 9 & < 30 nm

● Narrow-band: < 9 nm 

(these limits are not hard)

● Too many systems of photometric filters exist 
(Moro & Munari 2000; Bessel 2005)

(Girardi et al. 2002)



  

(Credit: ESO)

(Credit: ESO)



  

Vega system

(Credit: ESO)

(Credit: ESO)

(Credit: STScI)

● Vega (A0 V type) is the primary standard

● Actually, for the original UBV Johnson system, 
the mean of 6 A0 V stars was used (Johnson 
& Morgan 1953)

● U-B = B-V = 0

● Calibrated spectra are still needed to convert 
magnitudes to physical units

● These primary standards are usually too bright 
for most large telescopes

● A series of secondary standards are needed 
(e.g. Landolt 1983)

● Covering a broad range in colors

● In regions that can be observed from north 
and south (e.g. celestial equator)



  

AB system

(Credit: ESO)

(Credit: ESO)
(Credit: R. Ciardullo, Penn State)

● AB: ABsolute system; no need of an object 
like Vega as reference for relative magnitudes

           (Oke 1964)

● Monochromatic magnitude

● A source with a flat spectrum of constant flux 
per unit frequency has color zero

● F = 3.631 x 10-20 erg s-1 cm-2 Hz-1 

● Normalized anyway to Vega, i.e. m(AB)_5500 
= V

● STMAG system:



  

Interference filters

(Credit: ESO)

(Credit: ESO)

(Credit: ESO/FORS Manual)

● Used to select a narrow region

● Positioned on the converging beam, the 
characteristics depend on the collimator

(Credit: Hyperphysics)



  

Absolute and differential photometry

(Credit: ESO)

(Credit: ESO)(Credit: Eloy Rodriguez; 
https://reddots.space/differential-photometry-in-practice/)

● Absolute or all-sky photometry

➔ Magnitudes in a standard system

➔ To compare stars in different regions of the 
sky

➔ Or observations by different astronomers

● Differential photometry

➔ Compare magnitudes of objects observed 
simultaneously

● Time-domain photometry

➔ Track changes of magnitude of a given 
object over a certain period of time



  

Time-domain photometry
● Monitor variability on time-scales of hours, 

years, decades and maybe centuries

● High-precision time series photometry:

➔ Asteroseismology

➔ Exoplanets (transit)

● Looking for signal change of ~1%

● Space-based (e.g. Kepler and TESS) or 

ground-based observations

● Scintillation: variations 0.1-1%, for bright 
objects (O’Brien et al. 2021)

(O’Brien et al. 2021 – NGTS 20cm telescope)



  

Surface photometry

(Credit: M. Usatov;  http://trafyx.com/)

● Measuring surface brightness (mag/arcsec2)

➔ Fitting isophotes and/or brightness profiles

➔ Modelling the PSF

➔ See references in the reading material



  

Aperture photometry

(Credit: ESO)

(Credit: ESO)
(Credit: photutils – Astropy package)

● Define an area (the aperture) from where 
to measure the source flux

● Define a nearby area from where the sky 
background will be measured

● Source and sky areas do not need to be 
the same

● Some experimentation needed to define 
the optimal aperture size

● You want to include as much signal as 
possible without compromising the signal-
to-noise ratio

● Aperture size will vary with magnitude

● See Stetson (2013) for a discussion

https://photutils.readthedocs.io/en/stable/index.html


  

PSF photometry

(Credit: ESO)

(Credit: ESO)

(Credit: in https://slideplayer.com/slide/4693214/

● In a crowded field, defining apertures is 
not possible

● PSF: Point Spread Function

● Usually modelled as a Gaussian, but not 
necessarily

● PSF = seeing + tracking issues + optics  

● Use isolated objects to create a model 
PSF

● Use the model PSF to estimate the flux of 
a given object

● Can be used when objects blend on each 
other

● Subtracting the PSF of a bright object 
might reveal fainter companions



  

Photometric calibration

(Credit: ESO)

(Credit: ESO)

(Credit: Billings 2010)

● One measures the “instrumental magnitude” 
(signal in counts):

● You want to convert those into the “real” scale of 
the photometric system

● Important factors:

➔ Atmospheric extinction

➔ Telescope + detector transmission

➔ Filter discrepancies

➔ And others if needed (see Stetson 2013)



  

Absolute photometry with FORS2

(Credit: ESO)

(Credit: ESO)

(Credit: ESO/ see Ch. 4 of FORS Manual)

● Accuracy better than 3% is possible

● See documents about the 
FORS Absolute Photometry Project

● FORS Calibration Plan includes images of 
standard stars in broad band filters

● Two standard stars per night, close in time, 
airmass 1.1-1.8 (range 0.6-0.7)

● One standard per night in other fiters

● If requested PHO conditions with IMG 
mode, the observatory takes the standards 
before and after the target

● Modelling the data with ~18 photometric 
nights

● ESO maintains a QC interface or the 
coeffients of the zero point, color term, and 
extinction can be queried

https://www.eso.org/sci/facilities/paranal/instruments/fors/doc.html


  

FORS2 ETC

(Credit: ESO)

(Credit: ESO)

(Credit: ESO/FORS Manual)

https://www.eso.org/observing/etc/bin/gen/form?INS.NAME=FORS+INS.MODE=imaging


  

Strategy for our science case

(Credit: ESO)

(Credit: ESO)
(Credit: ESO/FORS Manual)

● Blue CCD for the U (λ
0
 = 361nm, FWHM = 50 

nm) and B (λ0 = 437nm, FWHM = 102 nm)

● Affected by fringes λ > 650 nm (limiting SNR < 
15). For V (λ = 555 nm, FWHM = 123) we might 
want the red CCD.

● Mosaic of two detectors (so there is a gap in the 
field)

● SNR ~ (1 / mag uncertainty) (0.02 mag, SNR~50)

● Photometric nights (limit variations < 2%)

● We do not know the range in mag of the targets

● Visitor mode: Blue CCD and need to adjust 
exposure time on the fly

● RFM: Read the Fabulous Manual!!! (setector 
calibration issues, field distortion, vignetting)



  

Interstellar extinction

(Credit: ESO)

(Credit: ESO)(Credit: Stilism – Lallement et al. 2014)

● Interstellar extinction: scattering of 
light by dust grains

● Absorption: later irradiated in IR 
(extinction makes objects fainter)

● Reddening: it is wavelength 
dependent (makes objects redder)

● Total absorption in a band, e.g. A
V

● V
obs

 = V
true

 + A
V 
(obs is fainter)

● Color excess, e.g. E(B-V) = A
B
-A

V

● Ratio of total to selective 
absorption: R = AV / E(B-V)

● A
V
 / E(B-V) ~ 3.1 (but depends on 

dust properties)



  

`

Questions?

(Credit: Shutterstock)
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