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From Kuiper Belt to Comet

David Jewitt, UCLA

KISS Comet Workshop - 2017 June 5

Instructions:

1) “...the short course 1s designed to provide a foundation
for everyone to understand your field. Please limit your
material to your discipline’s “101” level...”

2) “...please wear solid colors (navy blues, grays, purples,
dark creams and browns look good on camera)”.



Background



Three sources of comets:

e Kuiper Belt

e Oort Cloud
e Main Belt
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e Main belt comets, because o
they are nearby and in circular &
orbits, are very spacecraft-
accessible targets = huge
advantage for a lander.

WA However, the gas fluxes are
~10? to 103 times smaller than
in typical JFCs.
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eg: Melectric sefids

-1
K~ | Ww'k S
_ ~r 'O AAATERY

|93 Icaw'\s. \OjJ'kj‘ K—'

2 1

e daelectvic powders K ~ '0.8"“3

e lowg.eo't Hhat :
by mc/mremac},euf(,sa*ews?;&wiﬂ

v A~ /\/ Ktss A~ (IO—?,’ ‘f.SXquKSND?) ~ 30 l(Wl

eq: Conduchon fime v 1k comet

6
LC. A~ [|[O «a |0“+
10-8 S IDMW



Q) = Q) &XP(‘,EJC— \

L

(Tag ~ 1My




M eaguremants Su%mt AT £ 30 o HOK v V""“W\)
$O AT - AT (v/') t{:) Caw;‘l'rcww) tf‘—

[,Akemu,q) s+vov\j L\zwﬁ.«\ﬂ SuW‘\Z defoyed

| y
/_} '("’:,km
A r—
[ oo -
X
— 50 -
<
O | ] | | | ?t
0 \ 2 5 ¢+ f



Modelo s wiuch KBO0s form %u‘cHV and Jov
w (eér " Astersidy one Bor\,\ 8,5" ().\7 /V}D‘st'lcl—e»@» (2000\\

g U Sf’vuggﬂz o auvmd va‘ty. AT due 1o Alz.c
'Rc«r:n‘ok V[UYMM oy (ﬂa S'}reaw},ﬁ sv Sther
AJV\O‘}a)s'xCaL{QDB igrare the velatle Nafure 8y comats

~

| Slow accumulatione » much move ﬁkzﬂ.’,
wIThea-e “slow meams {;{_\ > ’[24

— _




Dymamvicall Tromapot, Tme from KB — JFC
/Cok i IOMW

T. (lkm) ~ Ty — Nuclaws is o&wm?o ouk 5\7
FHhormal Qw{lﬂ‘{uwu

Bl@'\nammu& L(Fd’xm 5() JFCs —Cd ~ 0.5My~

F

T,C_L\kw\\ >Y Tygee —> JFCs s’l'ro:%j ouk SE,\‘
‘W\Wm Q(V)JJU L

—




Odtued sebirdtion fo condudiion epuation with o cyelic (douy fuight)
Iinafion »  a Olcww,mo\ S wau

O o777 T
}Wax.uﬂma‘]’e\ L~ Kbpwad

ﬂé /12’) t= 10" (otehion) L~ 2 cm (dmul;\

..1,3-. 1= |0w Cmftﬂt\ L~ l.]wm (avw\u.aiy
LQ‘T £ = 05Myy (TFclife) L ~ t00m (Wife) /

])qﬂmo\mtj on e Sp,(ci]ﬁn'c (uvxkvxﬁwab(o.,[sewm c%c(«a.os)
ool L\x})"'sv:j, AR %'hveQx.l Paﬁétbez to fona Hw.{bw et
temporadures (HOK) in hot IFC nuclei Z lkm

\V




S Wtumation
Wgaﬂamu WWM

cﬁ“” F (- M 003‘9 = X[za’l’ < me(T]
)\og >rH S\,‘, uﬂoje/v\t hoat (J %‘)
) %WMJ’WCWM("X )
For 1 X 1AW subtimetion deovsinates, Hhom
M~ Eo ((-A) w0
XL o
@ ry =AU ~ 1360 (1-0) 1~ SXIC;% kﬁ =5
m s

| Qx‘oéﬂ"
_C

quFace Recession Rote Y ~ W‘ (b,gm 5') ~ 5"‘0%«' o ms
ok _f (kq®)  Sx1o




L

2f " dcw?,!/d'e/r dl/at ~ 10 2§

e

o~ trac dLjdt ~ 1T s

_

Tonescale o /FQQ-S\L’G&MOCQ rucleun

ﬂ
ts - _L ~ _|_03 A ~ O S (30(,0{3
dr/CIt |'D-é M}\

Qcfuad fime (Wgﬂf\r bec aune CK) > AU (Q >o>
L) mantle formn

dLrWCoJL L‘C&IW\Q [ 'CS << ‘C‘Jg




| _— ,st

3 ‘t 5 6 A N
ﬂ%ﬁmegmﬂa} [yt —>
L W@

Jte

TFQN\S \SY‘t
TN e
Phupicall 26
Eﬁﬁm [ace
l
7 8




Questions

e JFCs are from the Kuiper belt but, from where
in the Kuiper belt (resonances vs. scattered KBOs
vs. other)?

* Where and when were the JFCs formed?

* What 1s relation between volatiles in main-belt
comets and Jupiter-family comets?

 What limits the physical lifetimes of comets?
Loss of volatiles? Physical decay (breakup)?



Amorphous Ice



log Crystallization Time (years)

10

-10

-15

N
(@)
Q

<
-

I
|

7T K

- Kuiper Belt

U S
I

40 50 60 7080 100
Temperature (K)

300

Tor = 3.0 X 10™*  exp(E4/(kT))

Ea/k = 5370 K (Schmitt et al. 1989)

Entire Kuiper Belt has T < 77 K
and so could retain amorphous ice
indefinitely

Large objects likely crystallized from
heat of formation

Spectra show crystalline ice on KBOs












The Centaurs

Sl '2003 QD'I'IZ
e 88 AU

‘C/2001 M10 P/2004 A1 % '(60558) Echeclus

Sample Actlve Centaurs - Keck and UH 88



Orbital Eccentricity

0.8

0.6

0.4

0.2

0.0

-
"

e (Centaur

@ Active Centaur

[
L L | | |a |

2006 SX368

&
| 1 @1 | |

C/2001 M10

q

Pt

15 20

Semimajor Axis [AU]

25

30

3




09,0 (gas 7 ice )
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09,0 (gas 7 ice )
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Questions

e [s amorphous abundant in comets?

e If so, how deep?

* Does amorphous ice drive cometary activity?

e If comets are amorphous then so must be the
Centaurs

e If Centaurs are amorphous, then so must be the
Kuiper Belt Objects

e If so, why do their spectra show crystalline ice?



Questions?



