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imaging and photometry?



IMAGE 

a visible impression obtained 
by a camera, telescope, 
microscope, or other device, 
or displayed on a computer or 
video screen 
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PHOTOMETRY
measuring the intensity of 
light by coun;ng photons 
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Part 1: 

-RAW DATA-



The ingredients:

0. Scientific Idea
1. A telescope

2. An instrument



1. Telescopes



What makes a perfect imaging system in 
astronomy ?

Image of the source is driven by

fundamental diffrac4on of light

System of mirrors and lenses 

the limit of detec4on for faint 
objects  determined only by 
photon (Poisson) coun4ng 
sta4s4c 

limit of detec4on is described by 
the signal-to-noise ra4o (SNR or 
S/N) 

ØMaximize the amount of signal
collected from the source 



What makes a perfect imaging system in 
astronomy ?

Image of the source is driven by

fundamental diffrac4on of light

System of mirrors and lenses 

the limit of detection for faint 
objects  determined only by 
photon (Poisson) counting 
statistic 

limit of detec4on is described by 
the signal-to-noise ra4o (SNR or 
S/N) 

ØMaximize the amount of signal
collected from the source In addi'on to diffrac'on, 
aberra'ons in the op'cal 

system, the Earth’s 
atmosphere, and sca8ered light 

contribute to the PSF. 
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Atmospheric turbolences: 
Adaptive Optics



ATMOSPHERE (0.6-0.8 arcsec)

TELESCOPE (<<0.1 arcsec)
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ATMOSPHERE (0.6-0.8 arcsec)

POINT SPREAD 
FUNCTION
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Limit



Omega Centauri

1 arcm
in

MAD
Texp[Ks]: 600s
FWHM: 100mas
K~20.5
DIMM: 0.69”



1990 – Hubble Space Telescope



WHAT HAPPENED?
The primary mirror was PERFECTLY  polished but was built 

with WRONG shape!

“Houston, we have a problem...”



WHAT HAPPENED?
The primary mirror was PERFECTLY  polished but was built 

with WRONG shape!

“Houston, we have a problem...”



Hubble’s servicing mission, December 1993



Mechanics in the Space



“The Hubble problems is solved!”



James Webb Space Telescope (JWST)
Launch: 22 December 2021 07:20 EST



James Webb Space Telescope (JWST)
Launch: 22 December 2021 07:20 EST

hOps://jwst.nasa.gov/content/about/launch.html



James Webb Space Telescope (JWST)
Launch: 22 December 2021 07:20 EST (13:30 CET)

Credit: NASA's Goddard Space Flight Center
see also hOps://svs.gsfc.nasa.gov/20339



ISAAC  [Ks] (0.148”/px)
FWHM: 0.6” – Texp: 1548s

20” x 20”

MAD  [Ks] (0.028”/px) DIMM: 0.69”
FWHM: 100mas – Texp: 600s

HST/ACS  [F435W] (0.050”/px)
FWHM: 100mas – Texp: 340s

Omega Centauri



ElectromagneIc radiaIon
Light

MulW-Wavelength 

Image Credit: ESA/NASA/Felix Mirabel

ParWcle

Credit: Moravian Instruments



Electromagnetic radiation
Light

ParWcle

Credit: Moravian Instruments



Charge Coupled Device (CCD)

Array of pixels
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Photons à Electrons



Array of pixels 
The Buckets 

Rain Drops = Photons
Buckets = Pixels
Water = Charge

Saturation = Max. capac.
Dynamic range = tot. capac.
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The most striking characteristic of CCD is the fact that the digital counts
LINEARLY INCREASES with the exposure CCDs are LINEAR

Texp= 1 sec
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The most striking characteristic of CCD is the fact that the digital counts
LINEARLY INCREASES with the exposure CCDs are LINEAR
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The most striking characteristic of CCD is the fact that the digital counts
LINEARLY INCREASES with the exposure CCDs are LINEAR



Counts

Exposure 4me

CCD ARE (almost everywhere) LINEAR: digital counts increase linearly
with exposure time



SATURATION: each pixel has a fixed capacity of accumating
electric charge. When the electric well is filled the charge
start to overflow into adjacent pixels producing the so-called
BLOOMING effect.    



Counts

Exposure 4me

CCD ARE (almost everywhere) LINEAR: digital counts increase linearly
with exposure time
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The luminosity (magnitude)
of a star is obtained by
simply counting
all the digital counts
under the PSF  
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ElectromagneIc radiaIon
Light

MulW-Wavelength 

Image Credit: ESA/NASA/Felix Mirabel
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B R

observer observer

sourcesource

FILTER: a screen, plate, or layer of a substance which absorbs light or other radiation or selectively absorbs 
some of its components 





The radiation emitted by a
star is not
constant at any wavelength
but it follows the so-called
BLACK-BODY law
(emission depends on
its temperature)

Wien Law

λmax = 0.290 (cm K) / T (K)  

8,000oK

6,000oK

4,000oK





What we call MAGNITUDE is the convolu9on between the
FILTER BANDPASS PROFILE and THE ENERGY DISTRIBUTION
of a given object   
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different filters sample different spectral regions
hence we expect very different magnitudes



The differences are expected to depend on the
spectrum shape (hence on temperature)..   
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Observational Strategies: Multi-band

Scientific Goal • Tune your filter to the science!!!

MS

RGBHB

AGB

MTO=0.8Msun



Observational Strategies: Multi-band

HST UV sensitivity and high angular resolution



F555W (V)                      F255W (UV)



Far-UltraViolet (FUV) Optical-Near InfraRed (NIR)

Multi-wavelenght

M2, Dalessandro et al. 09



2. Instruments
2.1 Scientific Goal
2.2 Choose the right instrument
2.3 Read the….Manual!!!

gain
read-out noise
saturation
pixel scale
Field of View (FOV)
geometric distortion
Flat Fielding
Illumination Correction ….



2. Instruments
2.1 Scientific Goal
2.2 Choose the right instrument
2.3 Read the….Manual!!!

gain
read-out noise
saturation
pixel scale
Field of View (FOV)
geometric distortion
Flat Fielding
Illumination Correction ….

Capabilities
Limits

Known Problems



2.2 Choose the right instrument: 
The Exposure Time Calculator (ETC)  

Input Parameters
Input Flux Distribution
Spatial Distribution 
Sky Conditions
Instrument Setup
Requested S/N

Output Parameters
…
Exposure Time 
Sky background value
Detector saturation
…



hOp://www.eso.org/sci/facili4es/paranal/instruments.html2.3 The Manuals!!!



hOp://www.eso.org/sci/facili4es/paranal/instruments.html





Meet your instrument



Meet your instrument



Meet your instrument



Meet your instrument



Meet your instrument

Fringes

Gosts


