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what is the North Ecliptic Spur?
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critical science cases:
- asteroid activity
- distant resonant populations
- a planet! maybe?
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for the Solar System 
we have the potential
to survey the entire population
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cadence: 2018A
Cost: about 5% of all survey time



active asteroids
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active asteroids 
provide insight into 

collisions, volatiles in the main belt
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DeMeo et	  al.	  2014



active asteroids
• one to a few events/year
• longitudinal events for main-belt comets
• full ecliptic coverage is critical
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311P/(2013	  P5)	  PanSTARRS
Jewitt et	  al.	  2013,	  2018



the distant minor planets
resonant populations
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Observer:	  Clyde	  Tombaugh
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resonant TNOs become detectable at 
distinct ecliptic longitudes
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Pluto resonant TNOs 
become detectable at 
distinct 
ecliptic longitudes
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Bannister et al., 2018
arXiv: 1805.11740 
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8000+	  r-‐band	  images	  
to	  LSST	  depths,	  
freely	  available



Discovery	  bias:
• single	  epochs	  will	  vary	  in	  depth
• sky	  coverage	  is	  not	  the	  whole	  sky
• we	  need	  the	  North	  Ecliptic	  Spur	  to	  happen!

Tracking	  (ephemeris)	  bias:
• unusual	  orbits	  are	  harder	  to	  link	  &	  can	  be	  lost
• expect	  the	  first	  1-‐2	  years	  to	  be	  a	  little	  patchy

Michele Bannister - QUB - @astrokiwi

Knowing what we don’t see is equally 
important



a distant planet?
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— DES	  +	  Sheppard/Trujillo

does	  a	  planet	  sculpt
the	  orbits	  of	  the
extreme	  TNOs?

Michele Bannister - QUB - @astrokiwi

Shankman	  et	  al.	  2017
Bannister	  et	  al.	  2018



A solid framework to 
test dynamical ideas

1.	  Create a	  model	  distribution	  
of	  Solar	  System	  orbits
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2.	  Use	  a	  Survey	  Simulator	  to
“observe”	  your	  model	  via	  
precisely	  calibrated	  detection	  
sensitivities

3.	  Choose	  your	  statistical	  test:	  
comparewhat’s	  
detectable	  in	  your	  model	  to	  
the	  survey	  discoveries

https://github.com/OSSOS/SurveySimulator
Michele Bannister - QUB - @astrokiwi



Shankman	  et	  al.,	  2017
arXiv:1706.05348	  

A	  uniformly	  distributed	  
model	  population:

strong and coupled biases 
affect orbit detectability

Michele Bannister - QUB - @astrokiwi



How to make the strangely distant TNOs? 
• an extra planet? (Gladman et al.  2002, Brown et al. 2004, Gomes et al. 2006)

– a rogue: once orbiting, gone now (Gladman & Chan 2006)

– present-day planet? (Brown 2004, Gomes et al. 2006, Soares & Gomes 2013, Sheppard & Trujillo 2014, Batygin & Brown 2016, half the 
community in 2016-2017)

• capture from another star’s system? ((Kenyon & Bromley 2004; Jílkova ́ et al. 2015) 

• a stellar flyby? (Kenyon & Bromley 2004; Morbidelli & Levison 2004, Kaib et al.  2009)

• perturbations in the Sun’s birth cluster? (Brasser et al.  2012, Brasser & Schwamb 2014)

• self-gravitation in the planetesimal disk (Madigan & McCourt 2016)

• diffusion from the inner Oort cloud? (Bannister et al. 2017)

Neptune’s eccentricity on a timescale faster than in the
Thommes et al. simulations.Mutual collisions would inhibit the
transport of scattered particles to large semimajor axis. There-
fore, given that more sophisticated models are no more likely
to produce orbits like those of 2000 CR105 and 2002 VB12, we
believe that an eccentric Neptune at early epochs cannot be a
plausible explanation for the origin of the orbit of 2000 CR105

or 2003 VB12.

3. ROGUE PLANET

Morbidelli & Valsecchi (1997) and Petit et al. (1999) have
proposed that an Earth-mass body, scattered outward by Nep-
tune, might have caused the orbital excitation observed in the
trans-Neptunian region.More recently, Brunini&Melita (2002)
proposed that a planet on a moderate-eccentricity orbit with
a ! 60 AU could explain the putative edge of the Kuiper belt at
!50 AU (Allen et al. 2002; Trujillo & Brown 2001). Although
detailed investigations seem to indicate that these scenarios
(often nicknamed the ‘‘rogue-planet scenarios’’) cannot be re-
sponsible for the observed Kuiper belt structure (see Morbidelli
et al. 2003 for a discussion), it is worth briefly investigating
whether a rogue planet in the Kuiper belt or in the scattered disk
could explain the origin of 2000 CR105 or 2003 VB12.

We consider a scenario similar to that proposed by Petit et al.
(1999), who speculated on the existence of massive bodies in
the scattered disk during the early epochs of the solar system.
To accomplish this, we followed the evolution of a system
containing the four giant planets, a number of embryos initially
between Uranus and Neptune, and 983 test particles for 1 Gyr.

In order to put ourselves in the most favorable position to gen-
erate objects on orbits like those of 2000 CR105 and 2003 VB12,
we considered the extreme and unrealistic case of initially
having 10 half–Earth-mass embryos in the system. The test
particles were initially placed between 25 and 35 AU or be-
tween 40 and 50 AU, on quasi-circular coplanar orbits.

During the simulation, all the embryos at some point found
themselves in the scattered disk, with a> 30 AU. Of them,
six temporarily reached a semimajor axis larger than 100 AU.
Some of the embryos remained in the system for a long time,
where they could presumably scatter the test particles. Indeed,
five embryos had a lifetimes longer than 100 Myr, and two
survived to the end of the integration. The surviving embryos
were still Neptune-crossing, however, so they are presumably
not stable.

Figure 2a shows the (a, q)-region covered by the test par-
ticles during the simulation. It was generated using the pro-
cedures described above for generating Figure 1. The region
visited by our test particles marginally overlaps the orbit of
2000 CR105. However, if this scenario were correct, we would
expect many more objects with perihelion distances similar to
2000 CR105 but with smaller semimajor axis, which has never
been observed. This problem is not alleviated by considering
only particles that survive for a long time in the simulation.
Believing that the lack of low-a, large-q objects in the observed
sample is significant, we tend to dismiss the Petit et al. (1999)
model for the origin of the orbit of 2000 CR105. Moreover, the
orbit of 2003 VB12 would require another mechanism, because
it lies very far from the boundary of this distribution.

F i g .
2aFig. 2b

Fig. 2.—(a) Region of the (a, q)-plane visited by test particles evolving under the influence of the four giant planets and 10 half–Earth-mass embryos. The
embryos were initially between Uranus and Neptune and all eventually evolved into the scattered disk. The gray scale representation is analogous to that of Fig. 1.
(b) Same as (a), but for particles initially between 42 and 75 AU, under the influence of the four giant planets and of an Earth-mass planet at a ¼ 62:83 AU, e ¼ 0:2,
and i ¼ 6#. The dot in the upper right corner of each panel represents 2003 VB12.

Fig. 2a Fig. 2b

ORIGIN OF 2000 CR105 2567

stirred	  disk:	  
no	  Sedna

passing	  star:
makes	  Sedna

the orbital element distributions they produce. Values of q!P
150 AU can be excluded because they excessively excite the
Kuiper belt (LMD04). Values of q! between 150 and"300 AU
are unlikely because they produce a huge population of objects
with perihelia between 30 and 60 AU and a "100 AU, which
has not been seen. Values of q! near 500 AU can also probably
be excluded because they never created an orbit like that of
2003 VB12 in any of our 19 simulations (i.e., we never created
objects with a=q! "1 and q=q! " 0:15).

However, as the figure shows, values of q! between "500
and"1000 AU do produce 2000 CR105 and 2003 VB12 analogs
and not an overwhelming population of extended scattered
disk objects with smaller semimajor axis. Note, though, that
the objects that fall near the orbit of 2003 VB12 are formed
from the outer disk, that is, regions exterior to 0.4q!. So, we
conclude that it is possible that in principle both 2000 CR105

and 2003 VB12 were scattered from distant, primordial, nearly
circular orbits to their current orbits by a passing star. However,
this requires that 2003 VB12 have formed beyond "200 AU.
Our current understanding of the collisional growth of distant
objects (Kenyon & Bromley 2004) seems to exclude this pos-
sibility, because 2003 VB12 would take "4 Gyr to grow to its
current size on a circular orbit at this distance, and longer be-

yond. On the contrary, the stellar encounter most likely could
not have occurred later than "100 Myr, because of the damage
it would do to the Oort cloud (as discussed below). Thus, un-
less the model timescales for the growth of objects are off by
orders of magnitude, we believe that the scenario at issue here
can most likely be ruled out.

We now turn our attention to the scattered disk as a source of
2000 CR105 and 2003 VB12. To accomplish this, we perform a
series of simulations of stars passing through the solar system
during the formation and dynamical evolution of the scattered
disk and Oort cloud. We employ the simulations of Oort cloud
formation by Dones et al. (2004, hereafter DLDW04).

We follow the procedures described in detail in LMD04,
which we briefly review here: (1) We start with the simulation
of the formation of the Oort cloud by DLDW04. From this
simulation, we have a model of the time history of the Oort
cloud and of the scattered disk. (2) We extract the position of
planets and particles from the DLDW04 calculations at a spe-
cific time (105 yr, as a first attempt). (3) We integrate the orbits
of these particles during a stellar encounter. Since this work
is intended as a proof of concept, at first we restrict ourselves
to a star on a hyperbolic orbit with ! ¼ 90$, i ¼ 45$, and an
unperturbed encounter velocity of 0.2 AU yr%1, which is the

Fig. 6.—The extended scattered disk that resulted from a series of passing stars. In all cases the passing star was 1 M& and was on a hyperbolic orbit with
v1 ¼ 0:2 AU yr%1, ! ¼ 90$, and i ¼ 45$. The only thing that varies from panel to panel is the star’s perihelion distance q!. The particles were initially in the
scattered disk that was created during Dones et al.’s (2004) simulations of Oort cloud formation. In particular, we took the scattered disk at 105 yr into the Dones
et al. simulation, but our results are not significantly affected by this choice. See LMD04 for more details. The two open circles show the orbits of 2000 CR105 and
2003 VB12.
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Morbidelli &	  Levison,	  2004



Conclusions
We	  need	  the	  North	  Ecliptic	  Spur	  survey.

• ensure	  good	  coverage	  of	  active	  asteroids
• only	  way	  to	  map	  most	  distant	  minor	  planets!
• mitigate	  many	  observing	  biases	  on	  TNOs
• confirm:	  
• how	  Neptune	  migrated	  
• the	  creation	  of	  detached	  orbits:	  an	  unseen	  
planet?
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