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COMET C/2017 Ul (PANSTARRS)

Further observations of this object are very much desired. Unless there
are serious problems with much of the astrometry listed below, strongly
hyperbolic orbits are the only viable solutions. Although it is probably
not too sensible to compute meaningful original and future barycentric orbits,
given the very short arc of observations, the orbit below has e ~ 1.2 for
both values. If further observations confirm the unusual nature of this
orbit, this object may be the first clear case of an interstellar comet.

Observations:
CK170010 C2017 10 18.4729B 01 59 57.442+02 06 04.30 19.8B TLEU181F51
CK170010 C2017 10 18.499%0 01 59 08.910+02 07 20.19 LEU181F51
CK170010 C2017 10 19.39715 01 34 55.362+02 45 03.20 19.9 TLEU181F51
CK170010 <C2017 10 19.40837 01 34 3B.745+02 45 28.24 19.9 TLEU181F51
CK1l7U010 C2017 10 19.41968 01 34 21.948+02 45 53.55 20.1 TLEUL81F51
CK17U010 C2017 10 19.43106 01 34 05.174+02 46 18.89 20.1 TLEULS81FS51
CK17U010 KC2017 10 19.86072 01 24 07.89 +03 01 07.5 19.6 TUEU181104
CK170010 KC2017 10 19.864%2 01 24 02.21 +03 01 16.3 19.8 TUEU181104
CK170010 KC2017 10 19.86905 01 23 56.69 +03 01 24.7 20.3 TUEU181104
CK170010 KC2017 10 19.94093401 22 22.288+03 03 53.7¢6 20.3 TUEUL81J04
CK170010 KC2017 10 19.943%0101 22 18.372+03 03 59.57 20.1 TUEUL81J04
CK1l7u0010 C€2017 10 20.17250 01 17 27.47 +03 11 07.8 19.9 TUEUL81152
CK170010 C€2017 10 20.17348 01 17 26.22 +03 11 09.6 20.2 TUEU181152
CK170010 C€2017 10 20.17448B 01 17 24.96 +03 11 11.3 20.2 TUEUl1l81152
CK170010 <C2017 10 20.17546 01 17 23.73 +03 11 13.0 20.6 TUEU181152
CK170010 KC2017 10 21.22371 00 57 56.30 +03 39 16.9 20.2 ToEU18129%1
CK17U0010 KC2017 10 21.22623 00 57 53.76 +03 39 20.5 19.5 ToEULl81291
CK170010 KC2017 10 21.228B77 00 57 51.19 +03 39 24.2 19.6 TOEU181291
CK17U0010 C€2017 10 21.37476 00 55 26.71 +03 42 45.0Q 20.4 TOEU181926
CK170010 C€2017 10 21.37804 00 55 23.53 +03 42 49.8 20.1 ToEU181926
CK170010 C2017 10 21.38132 00 55 20.35 +03 42 53.7 20.4 ToEU181926

CK170010 |Cc2017 10 22.29708 00 41 56.27 +04 01 25.0 VEU181HO06

-03:53 UTC
07:53 PM PDT




Observer details: : Pan-STARRS

104 San Marcello Pistoiese. Observers P. Bacci, M. Maestripieri. Measurers
P. Bacci, L. Tesi, G. Fagioli. 0.60-m £/4 reflector + CCD.

291 LPL/Spacewatch II. Observer R. A. Mastaler. 1.8-m £/2.7 reflector + CCD.

734 Farpoint Observatory. Observer G. Hug. 0.69-m reflector + CCD.

926 Tenagra II Observatory. Observers M. Schwartz, P. R. Holvorcem. Measurer
M. Schwartz. 0.8l-m £/7 Ritchey-Chretien + CCD.

F51 Pan-STARRS 1, Haleakala. Observers J. Bulger, T. Lowe, A. Schultz,
M. Willman. Measurers K. Chambers, S. Chastel, L. Denneau, H. Flewelling,
M. Huber, E. Lilly, E. Magnier, R. Wainscoat, C. Waters, R. Wervyk. 1l.8-m
Ritchey-Chretien + CCD.

G96 Mt. Lemmon Survey. Observer G. J. Leonard. Measurers E. J. Christensen, ESA Optical Ground Station
D. C. Fuls, A. R. CGibbs, A. D. Crauer, J. A. Johnson, R. A. Kowalski,
S. M. Larson, G. J. Leonard, R. G. Matheny, R. L. Seaman, F. C. Shelly.
1.5-m reflector + 10K CCD.

HO06 iTelescope Observatory, Mayhill. Observer H. Sato. 0.43-m £/6.8
astrograph + CCD + £/4.5 focal reducer.

152 Steward Observatory, Mt. Lemmon Station. Observer R. A. Kowalski.
Measurers E. J. Christensen, D. C. Fuls, A. R. CGibbs, A. D. CGrauer,
J. A. Johnson, R. A. Kowalski, S. M. Larson, G. J. Leonard, R. CG. Matheny,
R. L. Seaman, F. C. Shelly. 1.0-m reflector + CCD.

J04 ESA Optical CGround Station, Tenerife. Observer D. Abreu. Measurers
M. Micheli, D. Koschny, M. Busch, A. Knoefel, E. Schwab. 1.0-m £/4.4
reflector + CCD.

062 iTelescope Observatory, Siding Spring. Observer H. Sato. 0.51-m £/6.8B
astrograph + CCD + £/4.5 focal reducer.

Orbital elements:
C/2017 Ul (PANSTARRS)
Epoch 2017 Sept. 4.0 TT = JDT 2458000.5

T 2017 Sept. 9.41719 TT MPCW
g 0.2515404 (2000.0) P 0
z -0.7541603 Peri. 241.01670 -0.63536548 +0.68733697
+/-0.0181483 Node 24.61531 +0.49903801 +0.71329677
e 1.1897018 Incl. 122.32770 -0.58929769 -0.13702411 Steward Obs. Mt. Lemmon

>From 34 observations 2017 Oct. 18-24, mean residual 0".5.

Ephemeris:

C/2017 Ul (PANSTARRS)
Date TT R. A. (2000) Decl. Delta r Elong. Phase ml m2
2017 09 25 09 48 43.3 -06 12 59 0.6925 0.5884 34.9 102.8 20.5

2017 10 10 07 36 11.4 -05 42 56 0.2294 0.9879 80.7 86.0 18.8

2017 10 18 02 14 50.4 +01 42 29 0.1968 1.1887 166.6 11.2 18.7
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Earth Distance:
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JPL Horizons
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Palomar 200-inch
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A/2017 Ul

K. Meech (Institute of Astronomy, University of Hawaii) reports that in a
very deep stacked inmage, obtained with the VLT, this object appears completely
stellar. The prefix for the designation 2017 Ul is therefore being changed to
A/, in line with the 1995 IAU Resolution on the system of comet cesignations.

¥ Old astrometry from previous nights

Observations:

AK170010 C2017 10 18.47298 01 59 57.442+02 06 04.30 19.8 wLEU183F51
AK170010 C2017 10 18.49990 01 59 08.910+02 07 20.19 LEU183F51
AK1TUO10 C2017 10 19.39715 01 34 55.362+02 45 03.20 19.9 WLEU183F51
AK17T0U010 C2017 10 19.40837 01 34 38.745+02 45 28.24 19.9 wLEU183F51
AK17U010 C2017 10 19.41968 01 34 21.948+02 45 53.55 20.1 wLEU183F51
AK170010 C2017 10 19.43106 01 34 05.174+02 46 18.89 20.1 WwLEU183F51

l New astrometry from Oct 25th

AK17U010 C2017 1C 25.19587 00 12 06.02 =04 4C 47.9 21.3 ROEU183926 (VLT & GST stacked images)
AK17U010 C€2017 1C 25.20769 00 12 00.38 -04 4C 55.9 21.2 RoEU183926
AK170010 C€2017 1C¢ 25.21951 00 11 54.70 =04 41 02.0 21.4 RoEU183926
AK170D10 2077 10 35.24174 00 11 34.09 =04 41 15.9 URT1A3096
AK17U010 C2017 1C 25.24440 00 11 42.76 =04 41 17.8 21.7 GUEU183G96
AK17U010 C€2017 1C 25.24719 00 11 41.39 -04 41 20.5 22.0 GUEU183C96
AK170010 €2017 1€ 25.25007 00 11 30.91 -04 41 23.5 UEU183C06

Rapid fade confers urgency!



Photometry redrawn from Meech+ (2017)

Light Curve
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Acceleration

Diffarence In trajectory on May 3, 2018,
when ‘Oumuamua was at the same distance
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67/P Churyumov-Gerasimenko
ESA-Rosetta

Rigid Body Dynamics

torque from the sun-normal jet

T(t) = (£(8),n(t),C(t) x F = A(E(D)) = n(t)k)

= angular momentum

d
ZL(t) = ()

rotation matrix Visible coma...

This jet entrains
micron size dust.

d 1
SRa(t) = [1(t) " - L(t)] x Ra(t)

moment of inertia tensor (inverse)

normal to surface

No coma...
This jet can’t entrain
much micron size dust

substellar jet applied here (or CO).
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Full light curve modeling
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Gravity assist ejects planetesimals
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Figure 1. Confirmed extrasclar planets with physical properties drawn from https://exoplanetarchive.ipac.caltech.edu/.
Planetary (minimum) mass is shown as a ‘unction of the semi-major axis, and the data poiats are color-coded according to the
estirnated ratio of the escape velocity anc the circular orbita. velocity. For objects without direct mass or radius mesasurements,
these quantities are inferred using the linear mass-radius relationship of Wi & Lithwick (2013), with a ceiling of Jupiter radius.
In additiom to the obhservatinns, radial velneity half-amplitndes n® A~ = 1m/s and K = 10m /s are shawr for M = 1M5. The
interstellar asteroid A /2017 Ul implies a vast and cool, as-yet undetected populztion of planets with f = veoc /tor 2 1.



The Disk Substructures at High Angular Resolution Project (DSHARP):

I. Motivation, Sample, Calibration, and Overview

WaOph 6

HD 142666

HD 163296

Andrews+ 2018

Gaps are very common in the disks.

e We plot these potential young planets in the exo-

planet mass-semimajor axis diagram (Figure 21).
We find that the occurrence rate for > 5 M, plan-
ets beyond 5-10 au is ~ 6%, consistent with direc-
tion imaging constraints. Using disk features, we
can probe a planet population which is not acces
sible by other planet searching techniques. These
are Neptune to Jupiter mass planets beyond 10 au.
The occurrence rate is ~ 30%, suggesting a flat
distribution beyond several au and planets with
Neptune mass and above are common. On the
other hand, we caution that there are large uncer-
tainties for both the origin of these gaps and the
inferred planet mass.

Zhang+ 2018
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THE CASE FOR A LARGE-SCALE OCCULTATION NETWORK 3

500 km

Figure 1. : Schematic of 617 Patroclus-Menoetius occulting the cISP network. Two paossible occultation paths are
shown to scale, bounded by purple lines with cyan arrows marking the central trajectories. Each white point on the
map denotes a cISP network site, where the current cISP network design includes 1913 sites. State boundaries are
shown in gray. Relative sizes of the two occulting bodies are based on results from Buie et al. (2015), which reports
axial ratios 127 x 117 x 98 km for Patroclus and 117 x 108 x 90 km for Menoetius based on previous stellar occultation
measurements.

See talk by Malena Rice in this Meeting.




Id be a faantastic way to probe an ISO...
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A Deep-Impact style m

DEEP IMPACT

RESFARCH ARTICLE

Deep Impact: Excavating Comet Tempel 1

M.F. A'Hearn,"" M. J. S Belton,” W. A. Delamere,” | Kissel “ K. P. Klaasen,”™ L A. McFadden,' K. ). Meech®
H. ). Melosh,” P. H Schultz,® ). M. Sunshine,? P. C. Thomas," ). Veverka,'® D. K. Yeomans,® M. W. Baca,” I. Busko,""
C. ). Crockett," 5. M. Collins,” M. Desnoyer,'” C. A. Eberhardy.” C. M. Ernst,* T. L. Farnham,” L. Feaga,' O. Groussin,’
D. Hampton,"2 5. I Ipatov,’ J.-¥. Li,' D. Lindler,'® €. M. Lisse,’"® N. Mastrodemos,® W. M. Owen Jr.*
). E. Richardson,” ' D. D. wellnitz.' R. L White"'

Deop Impace collided with comet Tempel 1, excavating a erater cantralled by grav.
ity The comet’s outer |ayer is composad of 1-to 100-micrometer fine particles with
negligible strength (<65 pascals). Local gravitational fisld and average nucleus
density (600 kilagrams per cubic meter) are estimated from sjecta fallback. Initial
sjecta were hot (> 1000 kelving). A large incraass in amganic materal occursed during
and after the event, with smaller changes in carbon dioxide mlative to water, On
approach, the spacecraft observed frequent natural outhbursts, a mean radius of 30 =
0.1 kilometers, smoath and rough temain, scarps, and impact craters, A theemal map
indicates a surface in equilibrivm with sunlight

Our knowledge of e mtenar stwtlue ol
cunels, patsculardy of the ovolution of the
vuler byas sl suwessive penhedion pas-
sages, s almost uncosstizined by data and
relaes tnstead prmandy on (hearelical models.
I'hus, the relation of the coma's composi-
Gon 1o the sold composiion vl the nucleus
15 uscertan, The Deep lupect (DI} nussion,
w owheel & spaceciall would collde witl
and excavale & comelay nucleus, was con-
ceived, proposed to, and sclected by NASA
1o address this very pant (7). DI delivered
an impact of 19 GJ of kinetic energy W the
nucleus of comet 9MTempel 1 on 4 July 2002
at abow (£:44:36 UT (LCartherecaved tme
033202 UT)

The prmary poals of the mission weare 10
determine the differences hetweoen the srfioe
of n comet with s ambient outgassing and ity
mterior, which might contain erhanced voln-
tikes, and 10 delemine b stuctura propertios
and strenglh of e swface layers,

DI consisted of two fully fanctional space-
cra itz &n impacang spacecraft waghing 364 kg
(plw 6.5 kg of mused hydmzine fuel, N.H,,
al Lume ol umpact) anc a fly by spacecrallt fo
observing the inpact and relayng data fom
e wpacton The unpactor used an aulovav-

"University of Maryland College Park MD 20742, USA.
“‘Bd o Space Booraton hitatves Tucson, AZ 85716,
USA “Deamere Succort Sarvioes Bodder CO 50301,
LSA “Meec-Marvk-mr eme foe Solar Systam Sasenrch,
Katlenburg-Ldou. C371531 Commorry. Jet Propubion
Laboratory, Fasadena CA 91109 USA, “Universy of
Hawai, Hooolulu HI 96822 USA. “University of
Aftena, Tuson, 82 AST21 LSA "Srown Unitrrsiny,
Proddencs, i 12212, 158 SAC, Chasily VA 20151,
USA "Comel Univesity, 'thaca NY 14853 USA
"Spee Teesmoe Sdene Intite. Bakimore, MD
21218 USA MRl Asmapace and Techvalogy Comera-
tion Badder, CO BA0, USA “Sgma Stieenific,
Craerteit MD 20771 LA ™ foslind Physics Laboentn-
ry. Jorns Hoodns Univers ity Laurel MD 20721 USA

*To whom correesaondence ould be addressed.
E-mal madesroumdedy

pativn sys ke o asaly ze e pes of the canel
anc Lugel U oappactar 3l a sde oa Le
puclous that woukl e sulyght and veible
fom e Nyby spacecaall Lnpact spood was
10.3 ks, The tmpacior wis 499 copper 0
runmmuze chemacal mactioas with water 1
e comet hat would lead o baght enussson
fcalures. The Iwo spacecrzll separziod 23
Lowss before unpact, al wlach powt the Qyby
spaceciall deveried o amss Gie pucleus by
500 Jan and dowed down by 100 m's 10 pro-
wide an 800« viewing window after impact
At S00 km befoce closest approach, the flv-
by spacecraft froze in in atitude that kept
its dast shiclds in the proper orientition.
Afer passmg through the inmermost coma,
the spaceoraft tumed and looked back at the
comet tn tnke additional data (2, 3) The event
wns nlso meeorded ot neardy adll fe world's
remote chaerving facilities, both ground-hased
ad spacolused, W provade more ealamsive
coverage in both @me and spece Dan was
pessible from & flyby misson (4).

The Comet Before Impact
the malew. 1he couset was observed by the
(yby spacecrall almost contuuously [rom
several days belore tnpact until mapact and at
4+hour wlervals lor weeks Do lore the neasly
continuous observing lo addilion, Uie unpac-
wr obtained images beginning shortly sfter
release from e flvby until -4 s before
mpact. The only comet that has been com-
parsbly well studied is comet [lalley 2t i
19856 apparitor. Figure | shows & composite
of sovernl 1mpges from the impactor, with
the highest nsolation m the viemity aof the
mpact site

The shape of the nuoleus 1 meomplewly
determined hecause the slos raention period,
40.7 hours, and the high weloeity of the flyby
resulted in omly sightly more than balf the
axizoc being illumina®d and resclved How-
cver, the nuckus was in full silhouctte after the

fivhy, badklithy ejeen from the impact, which
srongly comstrains the mean racdins Tmages
from the medium resolution imsinment (MR1)
coveredd =25% of the object with sufficien
sterca comverpence and resalution 1o solve for
T eontmol points in 23 imagres, wifh ana vernge
redative uncermimsy of <30m  The posFive spin
pole was detarmimed 1o be within 10° of RA —
3%, Doc = TR® This sohution compares favor-
ably with a pre-encounter measurement of
KA — 40", Dec — 73" based on lgld cuve
aslbyss (S0 The pu vodor was comstiaosd by
U proyoded spu s loasd 1o gpoeoad: inspes,
combined with tachiog culhoes of he body
1 inspes before and afler U cocousies

I'be coatrol points, m commntoon with
L cuthoes, estoct e slape lo: shghtly
e Ueen Dall the arez, b some loagludes
renan wolserved. The mean radws of U
model s estanated o have been 3.0 1 0.1 kun i

Fig. 1. Compasile of ITS wnages. The Sun s Lo
the right and calestial north 's toward tha upper
rght, rear the retational pole. feliptc north is
ancther 20° couonterclockwise om the north
pole, Aows a and b ponl W0 the lage smocth
areas. The impad site is ind caled by Uhe olle
large arraw: The small arrows Aghlight the scam,
baght due Lo e illeminalon angle, wisch
shows e smocth ares W be devaled above
the extremely rough terrain, The sale bar % 1
km, and the twa arrows above the nuclous point
1o the Sun and to the rotatensl axis of the nu-
deus. Celstial nocth s near e rolalional pole;
eclptic north is more noarty upward,



Oumuamua would have readily interceptible given advance warning
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Fic. 5.—: Optimal flight AV’s as a function of launch date
during the mid-2017 launch window for ‘Oumuamua inter-
ception trajectories. The x-axis shows the launch date and
the y-axis shows the minimum required impulsive change in
velocity (relative to Earth’s orbit, with Earth treated as a test
particle) to intercept ‘Oumuamua. Each launch opportunity is
shaded by the time of flight required for the minimum-energy
trajectory. The color-bar on the right 1s shown in units of days.
As a rule of thumb, the mmimum energy trajectories lead to
impact with the target as it reaches its closest approach to the
Larth.
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the rocket are plotted in blue, black and grey respectively in four day intervals in the smaller circles. The larger circles are plotted
in 28 day intervals.



2014 MUG9 last week 2014 MUB9 7 Gyr from now

~ 500 erg s lcm -2 ~10%erg s-1om -2

Oumuamua, however, will chill out for the duration. To very high likelihood,
it will never have another close encounter with a main-sequence star.
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First Results from a Superconductive Detector for Moving Magnetic Monopoles

Blas Cabrera
Physies Department, Stanfovd Untversity, Stanford, California 94305
(Received 5 April 1982)

A velocity- and mass-independent search for moving magnetic monopoles is being per-
formed by continuously monitoring the current in a 20-cm®-area superconducting loop.
A single candidate event, consistent with one Dirac unit of magnetic charge, has been de-
tected during five runs totaling 151 days. These data set an upper limit of 6.1%107'% ¢m ™2

sec™! sr™! for magnetically charged particles moving through the earth’s surface.

PACS numbers: 14.80.Hv
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FiG. 1. : Thermal modeling ol “Oumuamuz during ils solar encounter. We show the @emperature prolile al depths of 0.0, 2.0,
4.0 cm (the regolith-ice interface) and at the center over the 200 days prior to and after periastron. 'The upper left inset shows
twelve different projections of a 10:1: 1 triaxial ellipsoid defined by random rotations though the first two Euler angles. 1o provide
a visual depiction of the smzll average projected surlace area, due (0 “‘Oumuamua’s chaotic twmbling, see Eqn. 12, The op panel
shows the ethiciency of blackbody radiation during the flyby, evaluated as the instantaneous energy radiated/energy received. In
the simulation, the icy asteroid is coated in a 4cm thick layer of porous regolith material, as indicated by the shading, and we
use thermal properties typical of such materials. We verify that globally. energy in the simulation is conserved to better than a
factor of ~ 1% of the cumulative sum of the total energy received minus the totzl radiated, using a Bond albedo of « = .01 and
bolometric emissivity of € = .95, The arrows indicate the times where *Oumuamua reaches distances of 1. 2. 3 and 4 AU from
the Sun as it exits the Solar System. It is evident that with this choice of depth and conductivity, “‘Oumuamua never produces a
visible coma.



