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1. PREVIOUS OBSERVATIONS

Provided that chords numerous enough are collected, any occultation of a big double asteroid like 90 ANTIOPE is able to bring a relative position of the satellite and main body equivalent, or even definitely more accurate, than any session of imaging with a giant 8-10 meters telescope and adaptative optics.

[Reminder : Antiope, a dark "C-type" asteroid from the Themis family, is made of two almost equal slightly ellipsoidal bodies, that here I will call "A" and "B" as they don't have any name yet, and whose respective mean sizes are 88 and 84 km. Their mass ratio, assuming equal densities, is close to 1.15. The orbital motion and rotations are synchronized.]

One year ago (on 2008 Jan.02 UT) the Japanese group of occultation observers (JOIN) recorded from the Tokyo bay a successful occultation by both Antiope-A and -B, undoubtly the first one gotten ever.

As alas clouds hid the middle part of the couple, only one observer

-Mr.Owada- caught the A-body, whilst his colleagues sampled with six chords the opposite limb of the B-body. In consequence of this too partial covering, the quality of measurement of the AB vector was limited to about 10 km or 5 mas, actually not better than the Airy resolution of the VLT in the near infrared. A pity, as I guess that an uncertainty as good as 1 mas would have been reached in case of complete A and B limb sampling. Nevertheless the position reported in the CBET 1263 (2008 February 17) well agreed with the mutual eclipses of A and B observed only two months later, in March 2008.

You may see a graphic version of this pioneer result at the address:

http://uchukan.satsumasendai.jp/data/occult/0801antiope-red.gif
with legends in Japanese, or for legends in English at:  

http://optik2.mtk.nao.ac.jp/~somamt/antiope.png
2. THE OCCULTATION AT FEB 19

The new occultation by 90 ANTIOPE, on next February 19 evening, will be the most favourable for European observers since many years.

For example the 143 km-wide path from Turkey to Ireland will be

2 800 km long (so totalizing 400 000 sq.km of European countries), whereas the Jan.02, 2008 occultation hardly covered 60 000 sq.km of Japan.

Also the mag. V ~ 12.5, R ~ 12.2 target star is not so faint as those of past European events. This time it seems well within reach of video integration with 20-cm telescopes or larger.

Also the expected 1.25 mag. occultation drop is quite affordable.

The IMCCE team has communicated to me his best current ephemeris, based upon a mix of observations in 2008 and during the previous years : those with the VLT by F.Marchis et al., the above described Japanese single measurement, series of mutual eclipses and mutual occultations, and some rotation lightcurves.

According to this yet unpublished ephemeris, Antiope-B will lie at the projected distance 154 km north-West from Antiope-A at the occultation time, slowly drifting south along its circular orbit of 170 km radius and period 990 minutes. The pole of the orbit is nearby, though a bit shifted, from that published by P.Descamps in "Icarus" (2007), vol.187, 482.

3. PREDICTIONS OF THE PATHS OF BODY "A" AND "B"

So I was able to deduce the following ***nominal*** detailed predictions.

- There will be 143 km between the northern limit of the B-path

  and the southern limit of the A-path.

  In any location within these two limits we should witness some

  occultation.

Jerome Berthier finds a 42.9 km separation between the A and B centre     lines, instead of 46.65 km in my own solution (itself derived from informations he sent me on the last week). That would shrink the total pathwidth from 143.1 to 139.5 km (i.e. casually even closer to the formal 138 km from Steve or 138.4 km from "OccultWatcher").

Because of the orbital motion of B around A, the pathwidth should be shrinking by 1.1 km/minute in any case. So taking for the pathwidth

139.5 km instead of 143 is equivalent to assume the satellite 3 minutes early. This is less than the phase error of our last lightcurve of Antiope from Pic-du-Midi, on last Feb.01 morning.

So I consider that all these slight difference are within the global prediction noise

- Relative to the current (or later updated) centre line taken from

  http://www.asteroidoccultation.com or from "OccultWatcher", the

  northern limit should take place 72 km north, and the southern

  limit 71 km south.

The median line of the 143 km path (or 139.5) is not exactly the track

of the centre of masses, though very nearby. Indeed if we assume 1.15

for the A/B mass ratio, the centre of masses lies at 1/2.15 = 46.5 % of

the AB distance starting from A. First assuming a symmetric couple of

bodies, it results that the true median line of the path should lie a

bit north from the centre line calculated by Steve.

However in pratice the smaller size of B relative to A almost cancels

the effect : at the time of the next occultation this north shift

should be very small : only 0.55 km.

Remark:

  Fortunately (for me) there is no need to modify the occultation map

  already posted by S.Preston in http://www.asteroidoccultation.com .

  Indeed, as his predicted pathwidth was 138 km, the 2 or 3 km excess

  of mine (north- or southward) would pass unnoticed at such a scale.

  So you can use this map, though not relying upon several header data

  (especially diameter and duration, accessorily magnitudes and drop).

- The predicted pathwidths are 94 and 99 km for B and A respectively.

- Interestingly this involves path overlap :

  *** TWO OCCULTATIONS should be observed from the central third of

  the path !***

  Indeed between the two secondary limits 28 km north and 22 km south

  relative to the centre line (total : 50 km width), the B-body

  will first occult the star (maximum 5.5 sec. long, minimum zéro),

  followed by the A-body (maximum 5.7 sec. long, minimum zéro.)

- The intermediate return of the star at its full brightness should

  last between 5.0 and 7 seconds

  (NB: Infinite if over 7 seconds, as meaning that you have missed

   the other body ! Explanation : in this case you were outside the

   50 km core and caught only B, or only A.)

- The interval separating the mid-times of your B and A chords should

  be 9.6 or 9.7 seconds.

Remarks:

Clearly it would be interesting to set mobile stations in the 50 km core of the path, to witness this funny event -and accessorily test our present predictions !-

Observers then would find useful D.Breit's "Google Earth" tool at:

  http://www.poyntsource.com/New/Google/20090219_17281.HTM
Then you may enter the +72 or +28 km distances in the "gray offset line A" dialog box, and -71 or -22 km in "gray offset line B".

(Caution : here "A" and "B" have another meaning than mine above).

So you may visualize on "Google Earth" maps the A-path only, or the B-path only, or the "A & B" core....

4. PROBABILITIES TO SEE POSITIVE EVENT(S)

- Now something less cheering up : due to unavoidable astrometry errors

  the lateral uncertainty of the above described occultation pattern

  is 66 km (1 sigma), according to the current update by Steve.

The detailed probabilities are the following :

DOUBLE occultation :    On the true centre line  : 29 %

                        On Steve's centre line   : 28 %

                        On the path limit north  : 17 %

                        On the path limit south  : 16 %

                        On the 1 sigma lines     :  4 %

                        On the 2 sigmas lines    :  0 %

SINGLE occultation :    On the true centre line  : 43 %

                        On Steve's centre line   : 44 %

                        On the path limit north  : 31 %

                        On the path limit south  : 32 %

                        On the 1 sigma lines     : 12 %

                        On the 2 sigmas lines    :  2 %

Total (Double+Single):  On the true centre line  : 72 %   (Miss : 28 %)

                        On Steve's centre line   : 72 %   (       28 %)

                        On the path limit north  : 48 %   (       52 %)

                        On the path limit south  : 48 %   (       52 %)

                        On the 1 sigma lines     : 16 %   (       84 %)

                        On the 2 sigmas lines    :  2 %   (       98 %)

We hope that some last minute astrometry of Antiope and target will be available in time.

5. SPECIAL CHALLENGES

Two special challenges :

1/First something improbable:

  Though very unlikely, the presence of sparse matter between the

  A and B bodies cannot be entirely excluded.

  Static moonlets midway between A and B are forbidden, but we may

  imagine some unexpected resonance trapping orbiting debris. The

  well-verified stability of strange dynamic features like the three

  arcs in the Neptunian rings has forced us since long to accept

  that in this matter "incredible is not meaning impossible".

  At least we shall carefully scrutinize the noise of any recorded

  stellar flux between the B and A occultations.

2/Something more probable :

  From the recurrence of a definite small feature on the rotation

  lightcurves, the IMCCE team (P.Descamps et al.) has conjectured

  that a large depression (crater ?) could exist on the trailing

  hemisphere of the B-Body.

  This possible feature should appear on the emersion limb between

  the main northern limit (at +72 km) and the edge of the 50 km

  "A & B" core.

  Such a 5 km departure from the general elliptic shape of the

  B-body, of amplitude only 2 or 3 mas, remains indetectable with

  current advanced techniques like the VLT or Keck imaging, or the

  VLT interferometry, etc., but could appear as a 8 frames north-

  south asymmetry in our video-recorded occultation of the B-body.

  For any observer driving to a location 45 km north from Preston's

  nominal centre line with the special aim to encounter this region,

  the probabilities would be the following :

     Double occultation (then missing the region)     :  24 %

     Single occultation by B, and shooting the region :  20 %

     Single occultation by B, but missing the region  :   6 %

     Single occultation by A                          :  12 %

     Miss                                             :  38 %

                                                       -------

                                                 Total: 100 %

     Occultation by B  :  50 %    (24+20+6)

     Occultation by A  :  36 %    (24+12)

