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Current distribution of participating stations



  

Outline

Project OLED: general results 

Double stars

Accelerated stars

Extra topics

     High sampling rate and near-infrared observations

     Lunar-limb supression

     Analysis of O – C for “single stars”: rolling shutter 



  

Project OLED: general results

https://sites.google.com/
aam.org.es/oled

 



  



  



  

Distribution of observations as per event & star type



  

Project OLED: general

336 contacts start – April 2024 (published Étoiles Doubles)

144 contacts April 2024 – present  

Current lines:

WDS double stars – 306 contacts / 126 stars

OCC stars (occultation binaries) – 3 / 60 positive 

Gaia NSS and Kervella stars – 0 / 15 positive

480 contacts 

ED Dec 23

ED Jun 24

[ nonresolved, accelerated stars ]
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at instant of 
occultation 

actual position 
of star

calculated 
position of star

O – C 

O – C 

towards centre 

of the Moon



  

e = star – Moon distance 

   = semidiameter of Moon

   = limb elevation

Ingredients:

Star’s position

Moon’s position

Observer’s position

Lunar limb profile

UTC time base 

O – C =      +      - e

reference moon
(1737.4 km)

O-C "



  

“SINGLE” 
STARS

163 contacts

DOUBLE 
STARS

306 contacts

internal motion of 
binary stars



  

  <O-C>     s

 -5 mas ± 31 mas

“SINGLE” 
STARS

163 contacts

systematic 
negative mean, 
possibly due to 

contribution from 
rolling-shutter 

cameras?

cumulative mean and 
standard deviation 

(with 163 PPM “single” stars)



  

non-Gaussian 
wings

non-Gaussian 
distribution: 

not just noise

Gaussian 
component 
s = 20 mas

assuming 20% nonsingle 
stars with Öpik’s 

distribution of angular 
separations 



  

non-Gaussian 
wings

non-Gaussian 
distribution: 

not just noise

Gaussian 
component 
s = 20 mas

assuming 20% nonsingle 
stars with Öpik’s 

distribution of angular 
separations 

Stars with O-C > 20 mas should be monitored
Catalogue of high O-C stars 



  

Direct estimation of accuracy 

Star’s position < 0.3 mas 

Moon’s position < 0.2 mas

Observer’s position    2 mas (4 m) 

Lunar limb profile & lunar orientation    5 mas

UTC time base & contact time estimation    10 mas

          ~ 15 mas

Except for particular cases, we should expect O-C > 20 mas 
to imply an incorrect star position: acceleration, binarity, ...  

assuming accurate 
proper motion and 

linear path in 3D space 



  

Double stars
 



  

Methods of analysis
Examples
                   J07128+2713AB
                   J01406+0846
Grazing occultations
1D (linear) solutions
                  Orbit fitting
                  Catalogue of 1D solutions



  

station 1

station 2



  

Absolute vs. relative astrometry on double stars

       METHOD 1: UTC contact times 

            t
A

(1),  t
A

(2)
              a

A
, d

A

            t
B

(1),  t
B

(2)
              a

B
, d

B

ρ=√(αB−α A)
2 cos2

δa+(δB−δA)
2

tanθ=
(αB−α A)cosδa

δB−δA

       METHOD 2: Step intervals (D. Herald, Occult?)

             t(1), t(2) + linear limb approx. ρ , θ

no need to estimate 
absolute astrometry of 

the components

no need to estimate 
absolute astrometry of 

the components

f

f



  

also same station but 
different (and close) 

lunation 

station 2, time t(2)

station 1, time t(1)

d

a

Method 1 limb-crossing method



  

d

a

t = [ t(1) + t(2) ] / 2

(a , d )

limb-crossing method



  

With more stations the star’s position can be calculated 
by optimising the distance to the three (or more) limbs

limb-crossing method

d

a

(a , d )

t = [ t(1) + t(2) + t(3) ] / 3



  

In general, the more similar the limbs, the higher the 
uncertainties        well separated stations required (100s km)

d

a

limb-crossing method



  

Example: J07128+2713AB

https://www.astro.gsu.edu/wds/orb6/orb6orbits.html
Sixth Catalog of Orbits of Visual Binary Stars



  

https://www.stelledoppie.it/



  

https://www.stelledoppie.it/



  

Epoch of observation: J2023.2397



  

Limb crossing technique



  

Limb crossing technique O-C(r) = 0.037”

O-C(q) = 3.1º
P. Laurent (SAF/OLED)



  

Another example: J01406+0846

spectroscopic binary

https://www.stelledoppie.it/



  

20 mas

r = 0.039” ± 0.027”,   q = 71º ± 45º    (J2023.073)

60 ms

20 ms

8 ms



  

O – C = 18 mas

Rica (2023)

OLED 
(J2023.0739)

SOAR 
measurements

(acc. a few mas)



  

O – C = 18 mas

Rica (2023)

OLED 
(J2023.0739)

SOAR 
measurements

(acc. a few mas)



  

Δ α=−0.033 ' ' Δ δ=−0.106 ' '

JOA 2023-04



  

Grazing occultation of J06200+2826 A, B, C 
19 August 2006

Observed by members of Agrupación Astronómica de Sabadell

https://www.stelledoppie.it/grade 2



  



  



  

O – C = 17 mas

J06200+2826 AB

J2006.630

 x = -0.185”
 y = +0.088”

many visual 
observations: problem to 

estimate uncertainties



  

Linear approximation for the lunar limb – Method 2

Can be made when expected separation between components 
is much less than typical scale of lunar limb roughness

 r > 0.1”

 r < 0.1” Method 2: good for 
nonresolved, very close 
double star; not good in 

other cases 

Method 1: general 
applicability



  

Using the local slope at the landing point based on the 
current star ephemeris may lead to incorrect results 



  

1D solutions – possible location of B wrt A

n



  



  

2D solution

1D solution

Pairing of 2 x 1D          2D solution

Pairing of 1D solutions – Brian Loader’s way

t 2−t 1≪T t 2−t 1≾T

A

Nather & Evans, Astron. J. 75, 575 (1970)



  

O – C = 27 mas

distance between 
orbit and 1D solution prediction from 

current orbit

Orbits of binary stars from lunar occultations, E. Velasco, Journal of Computational Astronomy and 
                                                                                                           Astronomical Computing 1, 15 (2024)

J04422+2257Aa,Ab grade-3 orbit



  

original & 
corrected orbit

orbit from 
restricted set 
of 2D points

orbit from 
restricted set 
of 2D points + 

1D solution



  

+ + +

+
++



  

https://astro-oled.es/clo1d.html



  



  



  

Accelerated stars
 



  

Interest in accelerated stars has grown in the last few years 
due to their connection with binary systems

    Kervella et al. Catalogue of PMA (Proper Motion Anomaly)
                                                                                            A&A 657, A7 (2022)

PMA = difference in proper motion 
between Hipparcos (J1991.0) and 
Gaia DR2 (J2015.5), Dt = 24.5 y

(acceleration) 

Several thousand stars may be 
suitable for lunar occultation work



  

    Halbwachs et al. Gaia DR3 NSS (Non-Single Star) Catalogue
                                                                                               A&A 674, A9 (2023)

The zodiacal subset of the 
catalogue contains: 

   4166 accelerated stars

   1829 two-body stars

of all which can be 
observed in search for 
duplicity and/or astrometry

Local (J2016.0) accelerations are derived from the absolute 
astrometry of Gaia DR3 during the operation of the satellite

Gaia DR3 
position (J2016)

Gaia DR3 proper 
motion (J2016)

α(t)=α0+μα(t− t 0)+
1
2
μ̇α( t−t 0)

2
+…

linear 
extrapolation

acceleration

δ( t)=δ0+μδ(t− t0)+
1
2
μ̇δ(t−t 0)

2
+…



  

Δ≫σocc+σGDR 3

Projection onto the celestial sphere (hypothetical binary star)

1
2
μ̇α (t−t 0)

2
=α−α1

1
2
μ̇δ( t−t 0)

2
=δ−δ1



  

Duplicity search in stars of Gaia DR3 NSS catalogue

Data mining in IOTA Herald & Gault (2022) catalogue:

Gaia DR3
a 

(mas-1)
b 

(mas-1)
s 

(mas)
r
min

 

(mas)
 Epoch table

2620074228317782912 -6.280 +73.789 10 13 J2010.42 accelerated

655073501524128512 -68.838 +121.750 10 7    J2012.77 accelerated

592585232059155968 -28.028 +4.082 10 35    J2015.39 accelerated

2568947762259903616 +75.720 +38.840 6 12 J2020.98 two-body



  

    Gaia DR3 2568947762259903616: two-body table

Assuming:

      photocentre at A
      centre of mass is at origin of the orbit
      both stars have the same mass (unlikely)

the “–” solution is close to the calculated position

          astrophysical analysis needed 



  

O-C calculated using Gaia DR3 
J2016.0 coordinates and linear 
proper motion:

The coordinates are optimised 
using the three observations:



  

J2023.971

s
GDR3

 = 2.1 mas

(at epoch of 
observation)

s
occ

 = 26 mas



  

Conclusions

    Number of observations increasing slowly, more observers 
    needed

    Collaboration with or some kind of integration in IOTA efforts

    Not just WDS stars, but other catalogues (e.g. Gaia NSS, 
    Kervella et al., …)

    New catalogues: CLO1D (1D solutions for orbit determination), 
    future High O-C catalogue

    New avenues in amateur work: high-speed & near-infrared 
    photometry
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