FORMATION OF THE OUTER SOLAR SYSTEM - AN ICY LEGACY
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FOSSIL | FOSSIL |l FOSSIL il Brief summary of results and findings from FOSSIL |
1. What is the FOSSIL Survey? 2. Purpose of the survey 3. FOSSIL | idbaikpediaitaialootiiohipients

Formation of the Outer Solar System — an Icy Legacy FOSSIL aims to detect previously undetected small icy sources, determine their Rotation period survey
orbits, and determine the following.

A. The total mass (estimated by studying the size distribution), color . rossn1|.2| s1ur¥e)[/1e]d :3;77H Qegi?izjncluding tThﬁ gug]iter Trojan (JT) region (L4 and L5). During this survey we
distribution, rotation period distribution and bulk density of resonant and ound 1241 JTs{, 315 Hildasl? and 438 TNOs®l
classical objects in the Kuiper belt. * The rotation period of 53 JTs could be determined. From the lower limit of their rotation period distribution,

% ¥ Solar system archaeology:
Explore the history of the solar system by digging up fossils.

*Plore ¢, ey voif: E:(;Swil”Ldisofa tﬁ:giuya?rg,ﬁ;? r Itthiz the bulk density of the JT group was found to be about 0.9 g/cm3,
worlg _ ' . . .
% Tk carried out using the Subaru B. The presence or absence of a Kuiper belt cliff. » The rotation period of 17 Hildas could also be determined. From the lower limit of their rotation period
. telescope and the wide-field CCD distribution, the bulk density of the Hildas was found to be about 1.5 g/cm3.
| camera HSC. Although FOSSIL C. The distribution of icy bodies in the regions beyond the Kuiper belt (e.g.

* The rotation periods of 29 TNOs were determined, but the lower limit of the rotation period distribution could
not be estimated because of the small number of whole TNOs with known rotation periods. However, the
average rotation period of the TNOs obtained with FOSSIL | is 11.2 hours, which is significantly longer than
other small body's groups, so the bulk density is likely to be small.

does not have many nights to
survey a large area, its powerful
point is to detect smaller outer solar
system bodies than previous
surveys (such as OSSOS) by

detached and ninth planets).

The above information provides clues to the early history of the formation of the Solar System,

¥ Other observations show that the bulk density of the main belt asteroids (MBAs) was about 3.0 g/cm?3, so the

taking advantage of the large Hyper such as the outer edge of the protoplanetary disk, the appearance of large-scale planetesimal bulk density gradually decreases as one moves outwards from the MBAs to the TNOs. This result is
aperture of the Subaru telescope Suprime- scattering during and immediately after planet formation, and the intrusion of extrasolar bodies. consistent with the theory of planetesimal composition and accumulation process.
H H M - . - ' . Car?j . . . . . . . . .
and the wide field of view of the Subaru telescope (HSC) We h | d th f “EOSSIL I 11 11l ¥ Interestingly, fast rotators were found in the Hilda group. Does this reflect collisional disruption events in the
HSC. e have planned three types of surveys: » 1 present Hilda group? Or are there other mechanisms accelerating rotation?
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Internal Structure/Bulk Density of Small bodies Internal Structure/Bulk Density of MBAs Internal Structure/Bulk Density of Jupiter Trojans (JTs)
 We detected 1241 JTs, we could determine the rotation period of 53 JTs.

* The history of planet « The MBAs have been well studied these
formation in our Solar System " If the rotation is slow, the small relationships (Pim, Am, p). 1 10° m—— M ‘ .
is a history of collisions. In the ~ ~ body can maintain its rubble-pile . 104 : o Lcoam o icoam * 16 16 |8
Solar System, during the N structure, but if it rotates faster * There are no MBAs with rotation periods . 10 | 10 H
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planetesimal collisions and chaﬂr:geY ccl)us go ?font-gtrﬁvitational eftf)ect:)tls ?'t:ch . ' el S e B
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e pin-rate limit (gravity = centrifugal force) i : i 10 10 10
are the products of collisions . of?fJeCtS Just after the collapse by the YORP ' Diametar (k) Spin-Rate (01
and mergers of Piim ~ 3.3 |=5— (hr) effect. 10" : MBAs and k':iov:n JTs are also plotted The relation in terms c:’f tfp'i'r: gate, light curve amplitude,
: LA AR . . - - I together for comparison. and bulk density.
planetesimals, they gre : A proxy of internal structure and bulk density * Th? bl‘,'lk denslty of M,BAS IS.ab0ut 3 glcm3, 0 v lg, ameter (k,:f; 1 v Gray is MBAs, green is known JTs, and orange is the result from The bulk density of the JTs to be about 0.9 g/cm® — good agreement
expected to have voids in Constraints on asteroid groups & solar system formation which is consistent with the idea that rocky the FOSSIL survey. Clearly, the FOSSIL survey was able to with ~0.8-1.0 g/cm? for (617) Patroclus-Menoetius system, binary JT.
their interiors. planetesimals are loosely assembled to form a detect smaller JTs and determine the rotation period. This bulk density of JTs supports the idea that the member of JTs has
single body (rubble-pile structure). The spin limited looks about 4 hours for the Jupiter Trojan a rubble-pile structure composed of ice-dominated planetesimals, as
group. inferred from the location of formation of the Jupiter Trojan group.
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Finding new TNOs and determining their orbits, identify their dynamical groups. Finding new TNOs and determining their orbits, identify their dynamical groups. Finding new TNOs and determining their orbits, identify their dynamical groups. Color (g, r2, z) survey of each dynamical group "
* This survey began in March 2023. e Size distribution of resonant TNOs ¢ Orbital distribution of High-perihelion Objects o
. s Lo . - . - * This survey has not yet been started.
* Surveys are carried out by dividing into pre-tracking, discovery, tracking and follow-up. The same area will be . ) . _ ) . I . . . . o .
observed with several visits. The survey will detect TNOs, determine their orbits from the observational arc over FOSSIL's sensitivity also allows it to detect objects more distant than the Kuiper belt. If FOSSIL e However. & survev of TNO colors should definitelv be undertaken. The color | b1
: : several months (preferably a year), and classify the detected TNOs into dynamical can detect more of these objects, it will provide information that could reveal the shape of the T y nitely e U i t -
* The weather was very good for the March observations; the weather was not good for the May discovery run; the . pre yay ’ : (0 ay outer edge of the Kuiper belt (the so-called Kuiper Cliff), the location of the ninth planet, and the distribution of each resonance zone group will provide information that can be 08 g {_? -
June observations were cancelled due to HSC problems; we are looking forward to the August observations. classes. By improving the orbital accuracy with the follow-up observations, the bital distributi £ di I i al ’ ' linked to the chemical and mineral composition of the icy planetesimal belt at the oo 1T
: : T : i f orbital distribution of distant planetesimals. time the object group was captured in the resonance zone. It is expected to 04 |t $- 1
FOSSIL Discovery/Tracking Pattern resonance zones to which the TNOs belong are revealed. Since the positions of the s . rovide fixicisimesital ifonmastion for tnderaiasndiio the composition and 4 ]
TN L 2.5 e . el resonance zones have not changed since Neptune settled into its current orbit, the . Additional Scientific Results TR dynamical evolution of the primordial solar nebula. % 4
o | [ : ' size distribution of the primordial Kuiper belt as a function of distance from the Sun candidates in the F
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| o 5737 G RECIINY SNl : SN i ' ~ y ying = ?ﬁ‘é)esal the binary f n of small size z photometry. FOSSIL IIl detects smaller TNOs than OSSOS, so we will get a . e
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ol A8 \g:é} 1=, 1. ufafas e subsequent evolution. In resonance zones located at relatively close perihelion MBAs NEAs. Hildas and JTs which will also may be able to obtain information by comparing the colors of the TNOs as to D Binesies (RN GoouBY bwo Sfecs
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o] orees) and signatures of the formation and collision history of resonant TNOs to be sought. Prior to the FOSSIL survey, we had examined the size distributions of MBAS,
K Y " RA (Degrees g ry g Hild """"“,',"’“' { thet the size distribut c:‘I“III : .;ghn?. ?ﬂ;h&v:mm;:ldngdm mfomrdm smmm&?mbmn TNO From Col-OSSOS!16)
The survey area was chosen where there is a high L t of the pointings f di d) and tracking (blue) almost identical and that the size distributions and instruments in FOSSIL |ll, we are sure that we can obtain the TNO colors,
bt of):osonanoo iy 9 ogzgtr; ;:ion: pointings for our discovery (red) and tracking (blue were also identical'sl. These results would be confirmed by FOSSIL. It would also be possible to measure the colors of MBA 119,
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