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in 2007. On the other hand, in 2012, the amplitudes of the phenomena were much deeper, between 0.6 and 0.8 mag, due to a nearly edge-on configuration of the system.

We refined the sidereal period to 102.78624 0.00015 4.282760 0.000005 h ± = ± days. The J2000 ecliptic coordinates of the pole of the system were found to be 235.3 1.2 λ = ± ° and 62.4 0.2 β = -± °. The volume ratio was determined equal to 0.69 0.08 q = ± . By using a model of inhomogeneous Roche ellipsoids in hydrostatic equilibrium, we derived a bulk density of 0.81 0.16 ± g/cm 3 and a surface grain density of 2.69 0.36 ± g/cm 3 in agreement with spectroscopic observations of this P-type asteroid.

As a validation, our solution was applied to revisit recent results obtained from observations of another type: AO astrometry and stellar occultation. Our model is thus perfectly able to account for these observations after fitting the mutual separation to the value of 695 10 ± km. Consequently, the area-

Introduction

The Trojan minor planet (617) Patroclus was found to be binary with components of similar size by direct imaging by Merline et al. (2001). It was the first known binary Jupiter Trojan. Since that time,

the Patroclus system has been scrutinized with different instruments, mainly in adaptive optics, to study its physical and dynamical properties (Marchis et al., 2006 a,b , 2010, Buie et al., 2015, Grundy et al., 2018, Wong and Brown, 2019). From the first report of a single-periodic lightcurve with a full complete rotational coverage, the system was definitely characterized as fully synchronized with rotational period of each component equal to the period of the mutual orbit [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF].

Patroclus is one of the five Trojan flyby targets of the forthcoming NASA Discovery-class mission

Lucy scheduled in 2021 with encounters from 2025-2033 (Levison and Lucy Science Team, 2016).

A precise determination of the orbit period, orbit plane and pole position that will result from observations of mutual events is essential for planning the Lucy mission's encounter with this system.

In 2007 and 2012, the Earth crossed the orbital plane of the components of Patroclus system. Patroclus and Menoetius take turns eclipsing or occulting one another. We took this opportunity to collect photometric observations of mutual events inside the Patroclus-Menoetius system. In particular, we tried to target the periods of time where mutual phenomena (eclipses and occultations between the system components) occur. Two international campaigns were organized in 2007 [START_REF] Berthier | An Observing Campaign of the Mutual Events Within (617) Patroclus-Menoetius Binary Trojan System[END_REF] and 2012. As for the 2018-2019 phenomena, only one event was reported to date [START_REF] Wong | Multiband photometry of a Patroclus-Menoetius mutual-event: Constraints on surface heterogeneity[END_REF]. The next mutual event season will occur during April-December 2024 (Fig. 1). Such phenomena are essential for constraining the main dynamical and physical parameters of the system, namely, the period of rotation, the position of the pole of rotation in space, the relative shapes and sizes of the components, and their relative orbital motion by application of Kepler's laws. The most fundamental physical parameter that can then be deduced is the bulk density. However, if a certain level of internal inhomogeneity is taken into account, it is also possible to deduce the density of the grain at the surface.

Fig. 1: To be inserted

The solution of the system is built in successive steps by determining the general parameters independently of each other. These parameters fall into two main groups. On the one hand the rotation parameters: orbital revolution period (section 2) and pole position (section 4). On the other hand, the parameters of the physical model adopted, i.e. a system made of synchronous heterogeneous equilibrium Roche ellipsoids (section 3): the volume ratio (section 4) the normalized angular velocity and the exponent of the internal density law (section 5). This general model thus consists of a large set of parameters that are intimately intertwined with each other. The methodology adopted allows to decorrelate them from each other thanks to the collection of photometric observations made in 2007 and 2012 under different aspect and phase angles. The parameters are thus determined step by step, one after the other. This leads to a set of initial values of the parameters that are then refined in a new iteration to arrive at a coherent set capable of reproducing all the photometric observations. It should be kept in mind that in this model, the system is doubly synchronized in both rotation and revolution. Its dynamics is driven by Kepler's 3rd law assuming a purely circular orbit, which relates period and mutual separation to the size and shape of each component.

Observations

On the basis of the knowledge, in early 2007, of the dynamical and physical properties of Patroclus system (Marchis et al., 2006 b ), we organized an international campaign to maximize the coverage of observations of the 50 mutual events we predicted (Marchis et al., 2006 d ). To prepare this campaign, we also lead observations of Patroclus in 2004-2005 using the Keck 10-m-telescope Laser Guide Star Adaptive Optics system (Marchis et al., 2006 a ), and with the Infrared Spectrograph (IRS) on board of the Spitzer Space Telescope (Marchis et al., 2006 c , Mueller et al., 2007, 2010). The first mutual events observed in January 2007 was successful (Marchis et al., 2007), suggesting a future rich harvest of data. Finally 10 observatories (listed in table 1) have been a part of the campaign, and we gathered 35 light-curves, covering most of the full duration of the predicted mutual events.

In 2012, despite the data collected during the former campaigns, and all other adaptive optics and space observations at our disposal, the uncertainties about the parameters of the dynamic model of the Patroclus system did not allow us to have confidence in the prediction of the timings of the 2012 mutual events. We decided to organize a restricted campaign of observations, involving only our teammates and 3 observatories (see table 1). From July to December 2012, we gathered 59 nights of photometric observations. Some of the photometric observations carried out showed no phenomena or only a very small noisy portion of an event. This is why we extracted the best light curves that can really be exploited : 8 light curves in 2007 (Fig. 2) and another set of 8 light curves in 2012 (Fig. 3). (1)

The method used in this work is exclusively based on the measurement of the mid-eclipse times of light minima observed during the 2007 and 2012 mutual event seasons. However this direct method has its limitations. Indeed, strong phase effects and mutual shadowing (during eclipses) explain the fact that the times of the light minima are not separated from each other by a whole number of periods or halfperiods of revolution. Firstly, we measured the mi-eclipse times by carrying out a fitting of the region near the minimum with a quadratic function. Table 2 lists the observed times of the mid-eclipse events.

Table 2: To be inserted

For each event, we determine the number of periods i n elapsed during a time interval i Dt counted from the first recorded event. We assume a relationship of the form syn Dt A P n = + where syn P is the unknown synodic period to be determined. We then proceed to the fit of the paired data ( )

, i i
Dt n to the linear model. Table 2 gives the set of data ( )

, i i
Dt n for each mid-event observed. We derived 0.098 0.079 A h = ± and 102.79097 0.00037 4.282957 0.000015

syn P h = ± = ±
days. This initial value was then used together with a general model of the system taking into account the phase angle photometric effects described in the following sections.

Physical model of the system

We applied a model of heterogeneous Roche equilibrium ellipsoids to the problem [START_REF] Descamps | Equilibrium figures of inhomogeneous synchronous binary asteroids[END_REF] assuming the same bulk density for each component. In this model, the density distribution inside the body is described by a power law relation with radius. It was already successfully applied to small double asteroids such as Lundia, Berna, Debussy and Tama. It allows at the same time to determine the bulk density and the grain density on the surface and thus the macroscopic porosity. The only parameter of this density law is the exponent n. In the case 0 n = , we have a uniform mass distribution.

From such a density law, we can infer a simple relation between the bulk density ρb and the grain density ρg of the constituent material:

3 2 3 b g n ρ ρ = + (2)
The main effect of the exponent is connected to the amplitude of the fundamental light curve. The greater the value of the exponent the greater the amplitude of the rotational light curve. We place ourselves in the general hypothesis of an identical bulk density for each of the two components of the system in such a way that the volume ratio is then equal to the mass ratio. Furthermore, it is reasonable to assume that the two components are largely identical in composition and therefore should have as well very similar albedos as it was already observed for a couple of binary systems [START_REF] Laver | Component-resolved nearinfrared spectra of the (22) Kalliope system[END_REF][START_REF] Marchis | The origin of 90 Antiope from component-resolved near-infrared spectroscopy[END_REF]. For example, mutual events within the binary system Patroclus-Menoetius were used to derive thermo-physical properties of the surface of both objects [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF]. The observations are consistent with identical surface regolith properties. Therefore, in the rest of the work, we have assumed identical surface properties and bulk densities of both components.

The general resolution of the problem depends on the normalized angular velocity Ω which is defined by

4 3 b G ω πρ Ω = (3) 
A preliminary determination of Ω can be done by simple graphical measurements of the light curve when the system is seen edge-on. The methodology is as follows. The duration of each event, T ∆ , when the system is observed equatorially, depends mainly on two parameters: Ω and q, the volume ratio between the two components ( )

3 s p q R R =
where p R is the primary radius (Patroclus) and s R the secondary radius (Menoetius). So far there are only two independent determinations of the volume ratio, one coming from AO observations (Marchis et al., 2006 b ), they found 0.79, and the other from the observation of a stellar occultation in 2013 [START_REF] Buie | Size ad shape from stellar occultation observations of the double Jupiter Trojan Patroclus and Menoetius[END_REF], they found a value of 0.78.

Let P the orbital period, the relationship between the relative duration ΔT/P and the normalized angular velocity Ω can be readily derived from the equation for spherical bodies [START_REF] Descamps | Physical characteristics od double asteroid (3905) Doppler[END_REF]:

( )

3 3 3 1 3 1 1 q T P q π + ∆   Ω =     + (3)
To this end, we first considered the 2012 observation assuming in this first step that at this time the orbital plane is in the line-of-sight plane. The duration of the occultation event is straightforwardly inferred from the light curve itself. Only one complete phenomenon was observed, that of 16 September 2012 (Fig. 3). We measured T ∆ = 6.34h (or 0.062

T P ∆ =
). The normalized angular velocity is poorly sensitive to the value of the volume ratio, therefore without loss of generality we will admit a value of the volume ratio 0.79 q =

. This parameter will be redetermined subsequently in the section 4. Finally we get an initial value 0.043 Ω = knowing that the exact value is necessarily lower because an event is always a combination of both an occultation with an eclipse owing to small phase angles that automatically increases the duration of the event. The final value will be determined accurately after obtaining the orbital pole solution (section 4). The same applies to the exponent n (section 5) which at first is supposed to be zero.

Once the normalized angular velocity of the system is known, the Roche equations give a unique solution in terms of shapes (triaxial ellipsoids) and sizes of the components and relative mutual separation. Each ellipsoid is represented by a 3D polyhedron made by a set of facets. Once the line of sight and the direction of Sun are known, it suffices to select the facets that are both visible by the observer and illuminated by the Sun. The total reflected light is then computed by adding the contribution of each of these active facets. The model incorporates a solar light scattering law as well as the photometric effects of mutual shadowing between components. The same global photometric properties, e.g. albedo and scattering, have been assumed for both bodies. The adopted light scattering law is the single-parameter Minnaert law [START_REF] Minnaert | The reciprocity principle in lunar photometry[END_REF]. The limb-darkening parameter was derived in section 4.

Volume ratio and orbital pole

The position of the orbital pole and the size ratio between components, given by the value of the volume ratio, are strongly correlated parameters. Indeed, the magnitude drop or the shape of the photometric light curves depend significantly on them. However, it is possible to succeed in separating With such an orbital pole solution, it is straightforward to note that in 2012 the system was viewed nearly edge-on. The correlation between the position of the orbital pole and the volume ratio is then more effective. This can be seen in particular on the light curve of 28 August 2012 (Figs. 4 and6).

Nevertheless the photometric effects of each parameter are not strictly identical. Indeed, a variation in the declination of the pole causes in the region of the light minimum a deformation of the light curve which tends to approach a plateau (Fig. 6). Conversely, a variation in the volume ratio is equivalent to translating the light curve without really deforming it. Moreover, as shown in the visualization of the phenomenon (Fig. 5), which is an occultation immediately followed by an eclipse of Menoetius by Patroclus, such a shape of the light curve can only be obtained by the complete immersion of Menoetius in the shadow cast by Patroclus. This effect is accentuated by the fact that the phase angle was then very significant (7.3°). At this moment, the light therefore comes from only one component of the system, Patroclus, the one with the largest diameter. The modelling of this observation is particularly sensitive to the ratio of the diameters as shown in Figure 4. In this case, the magnitude drop observed for the minimum of light is related to the volume ratio by the following equation:

( ) 2 3 2.5log 2.5log 1 p s s s I I mag q I +   ∆ = = +     (4) 
With an observed magnitude drop of 0.62 0.02 ± mag, we can infer a new value for the volume ratio: 0.69 0.08 q = ± (which gives a diameter ratio of 0.88 0.04 ± ). From such a determination, the Minnaert limb darkening parameter best matching the overall lightcurves, and especially the differential magnitude of 0.2 mag between the observed minimum of light in 2012 (see Table 2) including mutual shadowing effects, is 0.9 0.1 k = ± .

Fig.5: To be inserted

Table 2 shows that the recorded magnitude drops are much smaller in 2007 than in 2012. This means that the orbital plane of the double system was then more inclined on the line of sight. A slight variation in the declination of the pole of rotation is then accompanied by large variations in the magnitude drop as it is shown in Fig. 6. 

β = - ± °)
, solution which is compatible with the solution of [START_REF] Grundy | The upcoming mutual event season for the Patroclus-Menoetius Trojan binary[END_REF]. However, remarkably, we can note that the solution obtained from our 2012 observations is not compatible with that obtained from the 2007 observations. They deviate significantly from each other by a little more than one degree. Further observations of upcoming mutual events in 2024 will be valuable to settle definitely the pole solution.

Fig. 6: To be inserted

Geometrical solution and sidereal period

Once the pole solution and the volume ratio have been obtained, it is then possible to determine the value of the exponent n using a composite light curve obtained from April 1996 observations and published by [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF]. At this time, the system was widely opened over the line of sight such that the effect of the pole solution over the amplitude of the light curve is then insignificant. The latitude of the sub-Earth point was 19.7 0.9 sep l = -± °. In this configuration, the very small photometric variations in the light curve of the system result mainly from the elongation of the ellipsoids of revolution given by Roche's equations. Thus, it is possible to fit the last parameter of the physical model, the exponent n . To this end, several synthetic light curves are superimposed to the data in Fig. 3. Our solution given compares to the models proposed by [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF] who gives an ellipsoidal shape with axial ratios 1.07:1:1, and by [START_REF] Buie | Size ad shape from stellar occultation observations of the double Jupiter Trojan Patroclus and Menoetius[END_REF] where the axis ratios are 1.3:1.21:1. Our shape model for the primary is 1.066:1.027:1 and for the secondary 1.086:1.027:1. Fig.

7 clearly shows that shape solutions derived by [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF] and [START_REF] Buie | Size ad shape from stellar occultation observations of the double Jupiter Trojan Patroclus and Menoetius[END_REF] do not match the observations. Our ellipsoidal solutions for each component are much less oblate with very small flattening. 2 with a standard deviation of 3 minutes which is equivalent to a precision on the relative positions of 2 km or 0.6 mas in 2012. We note that 0.00473

syn sid P P d - =
to be compared with the theoretical value given by equation [1]. Quite obviously, it is reminded that the underlying assumption is the perfect synchronization between rotation and revolution so that the system rotates like a solid body.

Table 3: To be inserted

Mutual separation and physical dimensions of the shape models

Table 3: To be inserted So far dimensions and distances in our solution are only relative. The knowledge of the separation alone in kilometres immediately gives the physical dimensions of the ellipsoids according to Table 3.

We used to this end the astrometric observations published by Marchis et el. (2006) 2010). If we apply our solution to this observation we obtain the relative positions given in Table 3 and the displayed position in Figure 8. As the authors stated, the earliest ingress time was 06:42:31.84 UTC and the latest egress time was 06:46:55 UTC. The chords were not obtained all at the same time, there is a motion along the orbit as the shadow crossed the network of stations. During this time interval, the quantitative change in relative position is 0.7 X ∆ = + km and 1.39 Y ∆ = + km which is negligible. No uncertainties on the relative positions are given by the authors.

These positions are supposed to be the centers of the limb-fitted ellipses. Because of a less dense coverage of the observed chords in the Y direction, we can estimate this uncertainties at 2 km in X and 5 km in Y.

The apparent distance between Patroclus and Menoetius is then 642.2km for a position angle of 266.9°, in rough agreement with the value given by the authors respectively 665.6km and 265.7°, or a difference of 7.4 mas in apparent separation.

If we superimpose the profiles of Patroclus and Menoetius obtained from our solution to the chords plotted in figures 5 and 6 of [START_REF] Buie | Size ad shape from stellar occultation observations of the double Jupiter Trojan Patroclus and Menoetius[END_REF], we can note a good overall agreement on both the shape and size projected onto the sky plane, especially with regard to the length of the longest chords.

However, the profile drawn by the chords deviates in some places from the equilibrium ellipsoidal model. This deviation is of the order of 5km but can go up to 10-15km which may be due to the presence of large and deep craters. We should note, however, that chords #29 and #30 for Menoetius appear to be doubtful according to the authors. Further observations of stellar occultations are required.

Discussion

From our sidereal period determination, equation [3] gives a bulk density of 0.81 0.16 ± g/cm 3 . It is in agreement with previous determinations of 0.2 0.1 0.8 + -g/cm 3 from adaptive optics observations (Marchis et al., 2006) and 0.88 g/cm 3 (without error bars) from a stellar occultation [START_REF] Buie | Size ad shape from stellar occultation observations of the double Jupiter Trojan Patroclus and Menoetius[END_REF]. [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF] found a slightly higher value of 1.08 0.33 ± g/cm 3 from thermal infrared observations. With 3.5 0.1 n = ± , we derive from equation [2] a grain density of 2.69 0.36 ± g/cm 3 and a resulting total (bulk & grain) porosity of 70 10% ± . This grain density is very close to the primitive CM carbonaceous chondrites (density of ~2.71 g/cm 3 and a high average porosity of 12% characterized by significant water content analogues [START_REF] Britt | Asteroid density, porosity and structure[END_REF]. More generally it ranges in the densities of the carbonaceous chondrites analogues -density of ~2.42-5.66 g/cm 3 with an average of 3.44 g/cm 3 -with porosities ranging from 0 to 41% with an average of 17% [START_REF] Macke | Density, porosity, and magnetic susceptibility of carbonaceous chondrites[END_REF]. It is compatible with results from Near-infrared spectroscopy (NIR, 0.7-2.5μm) which has been used to characterize the population properties of Trojan surfaces [START_REF] Emery | Near-infrared spectroscopy of Trojan asteroids : Evidence for two compositional groups[END_REF]. Two distinct spectral groups align with D-and P-type asteroid taxonomies. Notably, Patroclus is a member of the "less-red" group. The lessred group straddles the boundary between C-type and P-type. [START_REF] Hiroi | What are the P-type asteroids made of ? Lunar and Planetary Science[END_REF] successfully reproduced visible NIR reflectance spectra of the P-type asteroids in terms of CI, CM and Tagish Lake meteorite samples. On the other hand, the mid-infrared emissivity spectrum of Patroclus [START_REF] Mueller | Eclipsing binary Trojan asteroid Patroclus: Thermal inertia from Spitzer observations[END_REF] has a weaker 10μm feature that is a closer match to those of C-type asteroids. Our result on surface grain density, although derived from a theoretical model of hydrostatic equilibrium figures for an inhomogeneous interior, is consistent with the spectroscopic observations performed in NIR over the last decade. It could suggest a high bulk density of 50% typical of loosely consolidated piles of collisional with a significant fraction of ice in its interior.

In this paper we have presented new results on key parameters of the Patroclus binary system (orbital pole, synodic orbital period, volume ratio, shape, density). For the first time, they were obtained from photometric observations alone of mutual phenomena between the two components of the system. The next such campaign will take place in 2024. This will be the last opportunity to constrain these parameters before the Lucy flyby of Patroclus. As shown in Figure 1, the season will be particularly favourable since it will give rise to a close opposition on September 28, 2024 (distance of 3.52 au with a V magnitude of 14.57) in the very heart of a period of deep phenomena during which the system will be seen nearly edge-on. The southern hemisphere observatories will then be in the best position to observe these phenomena. 
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  their effects in the photometric light curves, especially in the case of mutual phenomena observed at high phase angles, as was the case in the observation of August and September 2012. First of all, let us review our current knowledge of the orbital pole.Marchis et al. (2006 b ) reported an orbit pole located at the this is the solution we adopted as our initial solution to study the volume ratio.

Fig. 4 :

 4 Fig.4: To be inserted

  a model it only remains to fit the normalized angular velocity to each light curve collected in 2007 and 2012. The final resulting synthetic light curves are shown on the solid line in figures 2 and 3. The best-fit normalized angular velocity is 0.036 0.002 Ω = ± and the corresponding physical and geometrical solution is given in Table

Fig. 7 :

 7 Fig.7: To be inserted

Fig. 1 :

 1 Fig. 1: Sub-solar latitude, V magnitude and declination of Patroclus versus time. The bold curves give the epochs where Patroclus is observable when the solar elongation is greater than 60°. The vertical line indicates when the system is perfectly viewed edge-on. Next mutual event seasons will occur from April 2024 to December 2024 and January 2030 to June 2030. Oppositions are given by the minima of the V magnitude curve.

Fig. 2 :Fig. 3 :Fig. 4 :Fig. 5 :Fig. 6 :

 23456 Fig. 2: Best collected light curves of 2007 Mutual events. The fitted solution is superimposed to the observations. Index 1 refers to Patroclus and index 2 to Menoetius. Type of event (Occultation or/an Eclipse) are given.

Fig 7 :

 7 Fig 7: Synthetic light curves derived from different models for the composite rotational light curve obtained in April 1996 and published in Mueller et al. (2010). The best solution is derived for our model with 3.5 0.1 n = ± . The effect of the pole solution over the amplitude of the light curve is insignificant because at this time the

Fig. 8 :Fig. 9 :

 89 Fig.8: Aspect of the system Patroclus-Menoetius for the 2013 October 21 stellar occultation.

  

  

Table 1

 1 

	: To be inserted
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  With the value of the volume ratio previously determined, the

	best	fitted	pole	solution	from	2007	observation	is	α =	179.1 0.9 ± °and
	73.3 0.1 δ = -± °(	λ =	232.6 1.2 ± °,	β = -	61.7 0.2 ± °). While in 2012 we get	α =	179.1 0.9 ± °and
	74.7 0.1 δ = -± °(	λ =	235.3 1.2 ± °,		62.4 0.2			

  They deduced from these observations very oblate ellipsoidal shapes we saw earlier in section 5 that they are not able to match the very small amplitude of the rotation light curve obtained byMueller et al. (

		D Α =	D D + . We derive	D Α =	168.8 2.6 ±	km, in agreement with the value of Fernandez et
	al. (2003), 166.0 4.8 ±	km, but significantly higher than the result of Mueller et al (2010),
	D Α =	145 15 ± km.		
	Buie et al. (2015) reported results of a stellar occultation by Patroclus and Menoetius on 2013 October
	21 at 06:43:02 UTC.		
	is considered as a strictly circular Keplerian orbit. We obtain a separation	d =	695 10 ± km which gives
	a resulting RMS of 9 mas in X and 16 mas in Y . Residuals drop respectively to 5,6 mas and 7,9 mas if
	only the 2004-2017 observations are considered. This value of the separation is consistent with the
	semimajor axis of 688.5 4.7 ±	km found by Grundy et al. (2018) from his set of observations.

and Grundy et al. (2018). They were made from Hubble Space Telescope and ground-based Keck telescope and are listed in Table 4. Additional observations taken in 2001 and 2002 with Hokupa'a mounted on Gemini North come from the Gemini Science archive (Roth et al., 2001). For each date we calculated the relative position of Menoetius with respect to Patroclus in the plane of sky. The best-fit separation d is derived by minimizing the dispersion of residuals. As our solution assumes a perfectly rigid rotation, the orbit Such a mutual separation yields a Patroclus ellipsoid of 130.8 by 126.2 by 122.8km and a Menoetius ellipsoid of 117.1 by 110.8 by 107.8km. The area-equivalent diameter of the system as a whole is

Table 2 :

 2 List of observed times of minimum of light with the corresponding magnitude drop. The time interval elapsed since the first observation is given (Dt). The type of phenomenon indicates whether it is an occultation (O), an eclipse (E) or a combination of both (OE). Index 2 refers to the smallest component in diameter

	(Menoetius) and index 1 to the largest component (Patroclus). The orbital period is fitted so that between each
	observation there is either a whole number of revolutions or a whole number of half revolutions. We derived a
	preliminary value of the period	P	=	102.79097 0.00037 ±	h	=	4.282957 0.000015 ±	days.
	Date Event	Type Event	Time of minimum of light (UTC)	Magnitude drop		Phase (°)	Sub-Earth latitude (°)	N periods	Dt (days)
	03/02/2007	1OE2	07:36.7±2.8	0.19±0.03		5.42	-6.25	0	0.0
	03/13/2007	2OE1	00:31.6±1.0	0.21±0.03		4.01	-5.25	2.5	10.704815
	03/15/2007	1OE2	03:46.5±7.2	0.21±0.03		3.74	-5.18	3.0	12.840394
	03/17/2007	2OE1	07:02.1±14.5	0.22±0.03		3.49	-5.12	3.5	14.976007
	03/28/2007	1OE2	00:42.1±2.8	0.24±0.03		2.69	-4.83	6.0	25.712092
	04/01/2007	1OE2	07:22.7±7.9	0.24±0.03		2.70	-4.74	7.0	29.990278
	04/12/2007	2OE1	00:51.9±3.3	0.26±0.03		3.54	-4.59	9.5	40.718727
	08/28/2012	2OE1	21:23.8±12.4	0.73±0.03		7.28	-2.46	468.5	2006.574399
	08/31/2012	1OE2	00:51.9±17.4	0.62±0.03		6.95	-2.55	469.0	2008.718891
	09/17/2012	1OE2	03:43.8±4.2	0.63±0.03		4.70	-1.77	473.0	2025.838275
	10/14/2012	2OE1	23:51.5±2.6	0.82±0.03		6.50	-1.86	479.5	2053.676968
	10/25/2012	1OE2	17:08.7±15.1	0.63±0.03		8.21	-1.50	482.0	2064.397245

Table 3 :

 3 Solutions of the inhomogeneous Roche problem. The bulk porosity includes the small-scale microporosity and the large-scale macroporosity (empty space). The primary and the secondary are described by

	their semi-axes (	) a b c and ( , , p p p	) a b c . The relative separation D is defined as ( , , s s s	) a a d p s +	, where d is the
	orbital separation of the system. Values of macroscopic physical parameters (grain densities and bulk porosities)
	are intrinsically connected with the adopted model of internal density distribution. Values are given with their 1-
	sigma error.															
	Synodic period (h)	Ω		q	n	b (g/cm 3 ) ρ	g (g/cm 3 ) ρ	p	p b a	p	p c a	p	s b a	s		s c a	s	D
	102.786	0.036	0.69	3.5	0.81	2.69	70	0.964	0.938	0.946		0.921	0.178
	±0.0004	±0.002	±0.08	±0.1	±0.16	±0.36	±10%	±0.008	±0.016	±0.008	±0.016	±0.008

Table 4 :

 4 Relative astrometry in the plane of sky( , ) 

	obs X Y obs	of Menoetius with respect to Patroclus from Roth