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

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

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

Instructions: 



Background



Three sources of comets:

• Kuiper Belt
• Oort Cloud 
• Main Belt
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Active Asteroids/ Main-Belt Comets
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Main belt comets, because 
they are nearby and in circular 
orbits, are very spacecraft-
accessible targets = huge 
advantage for a lander.  

However, the gas fluxes are 
~102 to 103 times smaller than 
in typical JFCs.



N

N

Detached

ScatteredC
en

ta
ur

s

Classical

Resonant

1:1 3:2 2:1

Edge



r
I

f
a

a

§
§

"
&

-1
a

§
fi

S
f

a
§

3

11
1

I
G

%
i.

9
E
FF

F. If
-

a
d

a
3

§
±

" @;
÷

±
,
§

"

t.l
t

F
'
'

s
§
H
a ,

fle
w #

a ?
§

l
g

-

6
g

y
9w

t
f

£

*
s¥
k ;

÷
+

Ii
-

.

-
i

I -
↳

# .÷ Oi



8
d

d
I

,
.

-
.

.
.

-

s
.

§
§
{

÷
n

1
+

f
I

§
✓

ga
g

ni
E

.

3
•

n

t
g

{
g.

8
+

§
E

F

.
§ ,

'

§
*

*

l
I

l
,

?

al
so

.

'
{

Fs
g

-

as
0

,
-

:{
en
ds

'

s

.

:Il
§ ,

0
-

t
l

a
n

nt
→

=D
"

'
. is0 ,4

2
}

'

.
as

@
Is

-

of
a

a
x.

0
¥

I
t

3
6'

oo
{

}

§
I

a

f
±

§
8

,

E
d

O
i

+
a

IS
3

2
n
!

8
§

.

§



4

¥
E

§
±

ft

t.i
s

D

f
,
,

+
8
§

%

o
a

,
H
E

a.

µ
+

a
In

{
E
sg
l

"

=
E

F
E '

I ,
W

11
-

W
§

3
'
'

'
'

%
-

n
Q

flf
'
so

I
#-
¥

E
-

t
a

H

=
§

F
@

0
.

.
.

.
.

.
.

.
.

.
,

-
-

I

¥¥
I

¥
*

-

~
-

.

.

:
:

,
E
'
#

'
...

÷,

If÷
←
µi
¥

#

-
+

-

-

"

f
)

}
7

"
F

E
F
#

s
x

-
-

3

I
I

=
v

9
E
li

a-
-



3 @

st
(k
)

→
T
I

Eg

3
§

8

a
&

:
eg

e
{

=
a

>

✓

o
-

=
-1

g

.
I

"
G

⇐
µ¥
ff¥
÷:

~
w

s
o

§
w

-

§
§

q
SI

F
f

n
§

o

3
f-

§
5

'

s

I
G

F
T

V
G

si i

+

Is



a
§

'
⇒

§
•

?

§
E

E
g .I.

a
§

of
a

§
a

n

~

:
§

&'

s
§

of
.

}
'

[
3

-

§.

To
=

=

6
-

 
'

s ,
§

8
E

j.

If
←

E
s.

§
+

§
g.

E
a

fe
d :*:*

:
a

}

se
ts '

s

E
st .

E
{

q
+

g
f-

P
°

•
5

f'

a
§

§
3g

.

§

u

§ ,

d-
n

f
s

§ .

9

t.e
e I



←
§

9
d

§
.

A
§

E
Ee

=
G

T
T

-1
5

€
5

§
4

¥
2

a

a
§

i

a
I

⇒
e

e
a

Et
b

¥ ,
t

¥¥
f÷
ff¥
¥ .

§
.

io

to
o

2
§§
e

3
a

Ee
4

e
.

o
9

I
gi
a

5

5.
4

§
9

§d



<
de
pt
h

9
.

g

+
a

T
E
E

'

§ .§

\
§

.
6

! ;£

#
&
;i

g
,

z
.

i

-
§

ad
d

t
of

§
.

.
.

.
.

.
v

a

x
#

a
-1

s
§

-

s
.

q
a

a
a

§
.

n
i

i
"

W
E
gg

§

s
s÷

o
o

o
a
§.

T
o

F
9

§
{

E

A
-

3
a

B
e

§
-

-

§
§

¥
:O E
.E
E
#E&

{
!

E
d-

-

I
×

I

µ
F

×
x

x
z

9

-
F

§
a

c
c

c
c

E
E

f
=

a
F

§
.

xD

8
-

{
f)

n

g
3

}
-

§
§

-
-z

q
.

§
-

e
§

§
.

-

F
f

it
s

3
of

{
-
se
e

9
-

-
t



@
qx

a

§
Bo
ei
ng
se
e

a
By

is

{
"

*

is
.

)
§

a
s

{
a
lo
t

.
.

t
§

6
±

>
,
G

a
x

c
-

a

§
.

-

3
,
§

%

g
3

.

I
•

Er
g

ft
}

2
i.

,
,

9
a

a
a

.

§
→

×
g

* .
Eo
ff

.s
e#
sg
&g
EF
n&

↳
|§

on

§
f

X
g

-
s

-
I

In
-

t
§

-
T

1h

Eh
i

{ .
,× .

3 ;
Eg
i

a

t.f
r

T
Y

$
-

⇐
\§

a
8

,
-

a

*
H
ot ,

±
§

x
§

on
U

E§
$

3
i

It
E

eq
i

a
,

-

eg
is

H '
±

§
ni

4
}

-

f.



.→
a

*
9-

5
'

G
9

§
a

6
§

s
I

§
±

f
a

{
.

8
d-

q
§

no

s
.

a
I

I
&
Eg
.

-

n
I

q
P

n
9

,
a

*
g

q
§

±
G
Is

3

8
'

6
F

¥
F

B
§

.
.

A
n

§
g

+
E.

l
§

+
"

§
'

n
a

c

d
8.
to
w
{

8
,

8
,

3
'

r
p

a

-
-

a
as

G
D

§
§

±
,

I ,
3

I
,
§

,

§
±

V
1

.
-

-

{
g

I
Is

to
}

on
n

S
✓

8
g

§



@→

a

¥

:@
t

-

€'Th
e,

O
F→
I

a.
←@

⇐
÷¥
⇐
⇐
i¥
&

to
-

€-
5

,I←
Eq
sg
E@



Questions
• 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 is 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



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







∆E ~ 105 J kg-1



Sample Active Centaurs - Keck and UH 88

8.5 AU 11.8 AU 7.9 AU

5.8 AU5.5 AU5.3 AU

The Centaurs





Bar-Nun et al. 1988



Bar-Nun et al. 1988

This plot raises the 
specter of explosion 

if really cold ice is 
sampled



Questions

• Is amorphous abundant in comets?  
 
• If so, how deep?

• Does amorphous ice drive cometary activity?

• If comets are amorphous then so must be the 
Centaurs

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

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



Questions?


