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LSST Data Products

By 2022 we will have:
* Accurate orbits allowing complex dynamical studies from GAIA to mag~20

* An effectively complete inventory of the Solar system down to r mag~21
(ignoring comets!)

LSST will push down to r mag~24.7, factor ~5 smaller in diameter,
factor ~10 increase in number

Diameters for Pre-LSST orbits LSST orbits and

Completeness ElalaGIILE and magnitudes magnitudes

Inner asteroid belt

Kuiper-Belt

Level 1 Data Products will provide identification, photometry and
orbits for SSObjects (~4,000 objects per exposure at r~24.5).



Primary UK science goals and science
leaders: | |
e |dentify and study specific bodies (outer Active Asteroid
planet impactors, spacecraft mission P/2013 PS PASTARRS
targets etc.) —-OU, Oxford
e Study of cometary and collisional activity
— OU, Belfast, Kent
e Dynamics of outer solar system - Beltast 15th August. . #
e Colours/spectra of outer solar system i
populations — Belfast
¢ | ightcurve analysis of sub-populations
(shape/size/internal) — Kent, Belfast,

Armagh e September =
Phase A funding.
e Automated stacking and analysis of moving P e
objects. St o
e ightcurve analysis of moving objects to o7 -Se?pté'mberf:

identify activity/collisions.



Near-Earth Objects
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The Elephant in the Room

semimaljor axis (au)
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- Planet 9 could fall out in the 1st year of
LSST operations.

- Extreme (orbit) TNOs are critical for
constraining history of outer Solar
system.

- Significant UK work in the study of
extreme TNOs.



Occultation Predictions
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N
» Occultation predictions require a
€ 120 =m

1210 mas

combination of high-accuracy and orbital
modelling.

« Only method for probing sub-km scales in
outer Solar system.

* Pre-imaging needed at weeks - months.

 Will open up occultation science to a wide
community of planetary scientists.

Braga-Ribas et al., Nature, 2014



Size Distributions
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- NEO/Main-belt size distributions.

« TNO luminosity/size distributions
show breaks in the power law.

- Size distributions a function of
dynamical class.

- Heavy UK involvement in this area.
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- LSST will give first colour stats throughout
main-belt at D<1km.

- Sensitive to small MBA space weathering,
evolution due to Yakovsky.

- LSST will provide large-scale colour stats
for resonant, cold-classical, scattered and
extreme TNOs.

- Significant UK work in outer solar system.



Sparsely Sampled Lightcurves
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>0 f - Sparse lightcurve observations give constraints
2 05 /f / — on projected shape of bodly.
e | [/ 24D <3 - LSST cadence will allow derivation of spin
504l f/ Jeocd periods or tumbling states.
s / 5<D <6 - 3+ years gives measurement of spin poles,

02 x e nsl allowing investigations of YORP alignment and

y spin-orbit resonances.
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- |dentification of extreme elongations,
contact binaries, super-fast rotators,

YORP targets.

 Exploration of collisional processes

and internal structure.

- Significant UK work in this area.



Main-Belt Comets
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Solar System Activity - Ice Sublimation
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- Significant activity occurs at 5-15 AU

- Relative importance of steady-state versus

outbursting mass loss unknown.

- Sublimation extends out to ~ Kuiper-Belt, but not

yet seen anywhere except Pluto.
- UK activity - strong.



Solar System Activity - Collisions
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P/2010 A2: Kim et al., AJ, in press 2017
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o ] + Collisional evolution of objects now being
g 0 ] seen in main-belt, not seen yet in outer
> e ] solar system.
B o sa s e w0 g a0 s meoio denns » Sub-critical impacts visible via brightening
e plus ejected debris.
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- Requires good cadence, 2 out of 4 events
detected significantly after collisions.
- Some UK activity.
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Binary Census

122
< 1;'3—
=
= 124-
—~
o 17
: -] c -
124 (939) Isberga [
122
124 o
124 m’“ E;
125-: L
1 -
12€
g OF 'a 1
127 Phasa (Epoch 2455355.57, P, = 25643 h)
123 3 L 010020062
1 y P01 IL22 0 K255
2 - "
15 y | 084102 15"5
1268 ¢ < 200 -10-26.3 & 272
126 4 © & 01700288
- 1 T T - T r T T T s 01404013
0.2 04 -8 08 1

Fhase (Ppem = 2.91€35 )

105 3 p——

. Carry et al., lcarus, 2015

0° ‘_‘_—t_j_ _.—HT‘:X_
. __,:_*"“;I + >15-20% of all TNOs are binary.
10 4 1 — - A - Eclipsing binaries now common in main-
08- /_/ belt, but rare in TNO region.
0.6 - s - Strong constraints on formation and
0.4 o ] evolution of the outer Solar system
0.2- N ffJ - UK activity - strong in outer solar system.
0.0 A , <

-10 0 10 20 30 40 50

S

Fraser et al., Nat. Ast, 2017



Summary (for this bit)

e Significant UK research in inner and outer Solar system.

e Current strong science interests - “activity” in inner and outer
Solar system, identification of extreme objects (dynamical
and physical), outer solar system colours and binaries.

e Cadence issues abound.



