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Abstract

On 5 February 2025, an occultation of the star UCAC4 334-078310 (Gaia DR3 ID
6237155875240921728) by the main-belt asteroid (21161) Yamashitaharuo revealed the
previously unknown binarity of this star. Since there is only one occultation chord, the
double star solution is not unique, but rather there are four possible solutions. For solution
#1, the separation is 2.2 + 1.3 mas and the position angle is 83.7° + 21.2°.

1. Introduction

In addition to determining important asteroid data such as size and shape, the main goal of observing stellar
occultations by asteroids, information about the star can also be obtained, e.g. previously unknown
double/multiple stars can be discovered. The Occult4 database (http://www.lunar-occultations.com/
iota/occult4.htm) currently lists 245 double stars discovered during asteroidal occultations.

An occultation of the star UCAC4 334-078310 (Gaia DR3 ID 6237155875240921728) by the main-belt
asteroid (21161) Yamashitaharuo, which was positively observed by P. Delin¢ak, Slovakia, on 5 February
2025, showed a target star lightcurve step in disappearance, indicating stellar duplicity. According to the
catalogs (Washington Double Star Catalog, Interferometric Catalog, Gaia), the star is not known as a double
star. The Occult4 database does not contain any previous occultations of this star.

The observation took place within the framework of the International Occultation Timing
Association/European Section (IOTA/ES) (https://iota-es.de/index.html) and the result was recorded with
its SODIS (Stellar Occultation Data Input System) portal (https://sodis.iota-es.de).

2. Prediction

The occultation event has been predicted by the 'CentralEurope' feed of Occult Watcher Cloud
(https://cloud.occultwatcher.net/event/1496-21161-225765-646529-U078310) using Occult4 programme.
Table 1 lists data of the occulted star.

Table 1. Occulted star data.

UCAC4 ID 334-078310
Gaia DR3 ID 6237155875240921728
RA (J2000) [h:m:s] 15:56:41.3093
Dec (J2000) [d:m:s] -23:20:43.4810
G-band mean magnitude [mag] 13.3109
RUWE 1.801
Duplicated source 0
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Fig. 1 shows an Occult4 generated prediction map with the occultation shadow path and the position of the
recording station.
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Figure 1: Occultation shadow path (white) with recording station (DEL, see Table 2) and occultation
event details of asteroid (21161) Yamashitaharuo to occult the star UCAC4 334-078310

3. Observation

The station used the Network Time Protocol (NTP) for time measurement, controlled by Meinberg software
(https://www.meinberg.de/german/sw/readme-ntpinstaller.htm), and achieved a time accuracy of better
than 5 ms. The 40 cm Newtonian telescope worked with a focal length of 100 cm. The camera type and
further details are listed in Table 2. No optical filters were used.

Table 2. Technical details of the recording station, CC country code of the country of recording.

Station Observer cc Newtonian telescope Camera Timing Recording Exposure time
aperture [cm] source format [s]
DEL P. Delin¢ak SK 40 QHYS5 III 290 M NTP SER 0.08

Fig. 2 shows the decisive section of the lightcurve of the target star and a comparison star, generated with
PyOTE (https://pypi.org/project/pyote/).
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Figure 2: Decisive section of target and comparison star lightcurves showing a step in disappearance of

the target (occulted) star. For the photometry method used, see Section 4

4. Data reduction

For the photometry of the recording we used the programme Tangra (http://www.hristopavlov.
net/Tangra3/). We also used AOTA, part of the Occult4 software package, to extract the occultation times

and the average light levels (Table 3). Fig. 3 shows the reduction.
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Figure 3: Event times extraction with AOTA, for results see Table 3. A double star main component, B
secondary component, D disappearance, R reappearance, the blue numbers give the average light levels

in ADU. The light levels and their sequence show that the components are covered
in the order A-B-B=A4
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Table 3. AOTA derived event times and average light levels (compare Fig. 3); A, B stellar components
designation, D disappearance, R reappearance, Deltaxy light level step in ADU.

Station DA (UTC) [h:min:s]; | DB (UTC) [h:min:s]; RA =RB (UTC) [h:min:s];
Deltapa [ADU] Deltaps [ADU] Delta ra =rs [ADU]
DEL 4:50:34.64 £ 0.04; 4:50:35.04 + 0.04; 4:50:35.23 £ 0.04;
58-20=38 20-5=15 58-5=53

5. Analysis

For the analysis, we used the corresponding tools from Occult4 in the standard method described in (Herald
et al. 2009). Fig. 4 shows the result.
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Figure 4: Occult4 double star analysis showing the 4 possible solution, #1 first solution, the inserted
images (not to scale) present solutions #2 - #4

Since only one eclipsing chord was obtained, the double star solution is ambiguous with four possible
solutions.

6. Results

The derived binary star solution is listed in Table 4.
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Table 4. Double star characteristics (Gaia DR3 ID 6237155875240921728).

Double star solution #1 Separation [mas] 22+13
Position angle [°] 83.7+21.2

Double star solution #2 Separation [mas] 6.6 0.6
Position angle [°] 187.1+12.8

Double star solution #3 Separation [mas] 22+13
Position angle [°] 144.5+21.6

Double star solution #4 Separation [mas 6.6 0.6
Position angle [°] 40.7+12.9

Estimated component magnitudes A [mag] 13.7+0.1

B [mag] 14.7+0.1

Assuming a linear camera response, we estimated the magnitudes of the double star components using the
light levels given in Table 3. With Occult4, we determined a brightness of 13.7 £ 0.1 mag for the main
component and a brightness of 14.7 + 0.1 mag for the fainter component (Table 4).
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