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The basics of The basics of occultationsoccultations
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The Fresnel diffraction fringes have a typical length x and angle ψ of:

x = (λr/2)1/2 1 FSU 

Ψ = (λ/2r)1/2 

Occultation produce diffraction phenomena
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Occultation with Aldebaran

Allow to derive the diameter of stars, to 
discover binary star systems,   to investigate the 
disturbances of the Moon’s orbit, to find 
exoplanet candidates 

The lunar limb can be considered as a straight 
diffraction edge: a lunar occultation produces 
a series of diffraction fringes, whose contrast 
and frequency is related to the central 
wavelength and bandwidth of the filter

0.5 µm 1.0 µm 5.0 µm 10.0 µm
x (m) 10 14 32 45
ψ (arcsec) 0”.005 0”.007 0”.016 0”.022
τ (sec) 0.012 0.017 0.038 0.053



LUNAR OCCULTATIONSLUNAR OCCULTATIONS

• Gies et. al. (1990), who obtained low-resolution  
spectra with a time sampling rate of 7 ms of the 
H-alpha emission line in the spectrum of the Be 
star Pleione. 

•Richichi (1993) propose to use lunar occultation 
for the detection of very faint companions of a star 
(exoplanet or brown dwarfs) : the presence 
of one or more faint companions results in a 
superposition of diffraction patterns 

lunar occultations can be a powerful instrument for astrophysical considerations:

OWL will allow to detect OWL will allow to detect 
star companionsstar companions

1313--15 magnitudes fainter 15 magnitudes fainter 
than the central starthan the central star. 



The duration of time that the star 
vanishes is usually less than one 
second (near the edge of the 
shadow) to several seconds near to 
the center. Since the star vanishes 
for several seconds as the dark 
asteroid moves in front of it, its size 
and shape can be determined from 
analysis of different observations

Observer # 1 will see 
the occultation at a 
different time than 
Observer # 6, caused 
by the orientation angle 
of the asteroid. 
Observer # 7 will not 
see an occultation, thus 
he has a "miss".

0.5 µm 1.0 µm 5.0 µm 10.0 µm
x (m) 273 383 857 1210
ψ (arcsec) 0”.00019 0”.00027 0”.00059 0”.00084
τ (sec) 0.018 0.0256 0.058 0.081



KBO OCCULTATIONSKBO OCCULTATIONS
•• ObjectivesObjectives

– Establish accurate diameters
– Search for close companions
– Search for atmospheres

•• ApproachApproach
– Brightest KBOs as targets
– Three strategies 

(portable, airborne, large fixed)
•• NeedsNeeds

– Discovery of more bright KBO’s in dense star fields
• Star density in the galactic plane ~ 10 times the average

– Improved orbits, high astrometric precision
• 17 orbits better than 0.1";  79 better than 1"
• How much large telescope time to use for predictions vs. 

observations?

Path width!

KBO:230-1000km

(2300 km Pluto)



KBO KBO occultationoccultation

• Density distribution of KBO is poorly known: current 
estimations give 1011 objects larger than 1 km located between 30 
and 50 AU. The size distribution varies as ρ-q, with 3 < q < 4

• Diffraction is very important, reduces the depth of the event but 
increase the size of the shadow (it is larger than the geometrical one)

•Fast photometry needed (> 15 Hz) as occultation events are brief 

•S/N noise of the light-curve limits the detection: increase with big 
telescopes; atmospheric intensity scintillation is a limiting parameter! 

• Star size is a critical parameter: star must have small angular 
diameter to search for small KBO, but it must be bright enough to 
preserve high S/N. Blue stars are good candidates (at a given mag. 
they have smaller angular diam.)



Size of different spectral type stars Size of different spectral type stars 

atat KBO KBO distancedistance



0.5 µm 1.0 µm 5.0 µm 10.0 µm
x (m) 1220 1710 3833 5411
ψ (arcsec) 0”.000043 0”.000060 0”.00013 0”.00018
τ (sec) 0.048 0.068 0.153 0.216



Chromaticity: Information on the Fresnal scale, then, on the distance of the KBO



EVENTS PER YEAREVENTS PER YEAR

~40.00400.600.00673019.3Fixed      
(6.5)

~2000.550.950.581218.4Airborne 
(2.5)

~60.130.750.17116.2Portable  
(0.36)
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Stellar R 

Mag

Telescope 
Strategy

(aperture, m)

bfor a single tel. and the current sample of 29 KBOs brighter than an H mag. of 5.2.

OWL           25             ≈400   0.0067      0.60       0.0040       ≈ 50

two occultation chords needed 

Need accurate prediction (miss is expensive!)
Second occultation chord or astrometry (from other tel.)

Initial prediction accurate to 0.025 arcsec (=> 1/5 success rate)
Single occultation chord & astrometry with the same telescope



Occultations ratesOccultations rates

TAOS

T4M

T8M
space

•The noise is due to scintillation: σ = S0 .d-2/3.X3/2.e-h/H0.(2 τ)-1/2

OWL: OWL: σσ ≈≈ 3*103*10--4  4  ((ττ =1s)!    but =1s)!    but σσ ≈≈ 2*102*10--3  3  ((ττ =0.01s) ... =0.01s) ... 



ProspectiveProspective
DistantsDistants objects :objects : OortOort cloudcloud




