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Infrared	  Missions	  and	  Planetary	  Science	  
•  MB asteroids, Centaurs and Trans-Neptunians 

science 
–  Spitzer 51, HST 62, Herschel 15, ISO 17 

•  Comets study 
–  Spitzer 33, HST 82, Herschel 7, ISO 13 

•  Dust ring discoveries and analysis 
–  Spitzer 1, HST 14 

•  Giant Planet Atmospheres study 
–  Spitzer 1, HST 110, Herschel 5, ISO 10 

From Palomba



Hubble press releases can reach ���
hundreds of millions of people���

HST	  News	  Circula9on	  -‐	  Calendar	  2013	  	  (Source:	  Meltwater	  News)	  
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Our	  Solar	  System	  

HOW	  DID	  THE	  EARTH	  BECOME	  HABITABLE?	  
•  Water?	  

–  D/H	  ra9os	  in	  small	  bodies	  
–  Search	  for	  water	  across	  the	  Solar	  System	  

IS	  EARTH	  UNIQUE?	  
•  Composi9onal	  studies	  of	  primi9ve	  bodies	  

–  Similar	  to	  presolar	  disk/cloud?	  
–  Vola9le	  Isotopes	  

•  Other	  planets/satellites	  in	  the	  solar	  system	  



Frost	  Lines	  in	  the	  Solar	  System	  

H2O gas 



D/H Ratios 
•  Protosolar D/H ratio in H2 is ~2.5x10-5 

(same as the Big Bang) 
•  Earth ocean ratio (Vienna Standard Mean 

Ocean Water) is 1.56x10-4 

•  D/H measured in several Oort cloud 
comets is ~2 times enrichment over the 
Earth ocean value 

•  Comets source of Terrestrial water? 





•  Using HIFI on Herschel
•  The first Kuiper Belt (Jupiter Family) 

comet in which D/H was measured
•  HDO clearly detected (11σ)

•  D/H in water (1.61±0.24)×10-4 (1σ)

•  A factor of 2 lower than the earlier 
measurements in Oort cloud comets and 
the same as VSMOW!

•  Surprising result, because Jupiter Family 
comets, having formed farther away from 
the Sun, were expected to have higher D/H 
values than Oort cloud comets!

  
 



D/H	  in	  the	  Solar	  System	  
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Nitrogen	  Anomalies	  

•  enrichment	  by	  a	  factor	  of	  2	  in	  15-‐Nitrogen	  wrt	  the	  
terrestrial	  value	  (=272)	  measured	  in	  18	  comets	  (mean	  
=	  148+/-‐6)	  

•  14N/15N	  iden9cal	  in	  JFCs	  and	  OCCs	  
•  Mul9ple	  sources	  of	  CN?	  

6/4/15 Milam, 10



Nitrogen	  from	  HCN	  

•  14N/15N	  ra9o	  in	  17P/
Holmes:	  
	  	  14N/15N	  =	  139	  ±	  26	  
	  consistent	  value	  in	  CN	  

•  HCN	  and	  other	  major	  
parent	  of	  CN	  are	  equally	  
enriched	  in	  15-‐Nitrogen	  

•  Other	  molecules?	  

Milam, 11



15N and D fractionation relations 

δD=1000%o

δD=19400%o

δ15N=3200%o

δ15N=-320%o

δD=45000%o

15N/14N = 2.5x10-3, D/H = 1.5x10-5 

(D/H=1.56e-4)
(15N/14N= 

3.7e-3)

Wirstrom et al. 2012

Milam, 12



Enceladus	  and	  H2O	  

Credit: NASA/JPL.

Bergin et al. 2000







TITAN

Nixon et al.

Milam, 16 



TNOs	  



Angular Sizes���

Image Credit: NASA and The Hubble Heritage Team (STScI/AURA) 

Angular	  Size 
Object Size	  (“) 

Mars 7 
Jupiter 37 
Saturn 17 
Uranus 3.5 
Neptune 2.2 
Pluto 0.1 
Titan 0.75 
Enceladus 0.08 



Other	  Needs…	  
•  Moving	  Targets	  

–  Tracking	  at	  high	  rates	  of	  mo9on	  	  

	  
Object	  

Minimum	  rate	  
(mas/sec)	  

Maximum	  rate	  
(mas/sec)	  

Time	  to	  move	  2	  
arcmin	  at	  min	  
rate	  (hrs)	  

Time	  to	  move	  2	  
arcmin	  at	  max	  

rate	  (hrs)	  

Mars	   2.5	   28.6	   13.3	   1.2	  

Ceres	   1.0	   18.4	   33.3	   1.8	  

Jupiter	   0.07	   4.5	   476	   7.4	  

Saturn	   0.04	   2.9	   833	   11.4	  

Uranus	   0.02	   1.4	   1667	   24	  

Neptune	   0.004	   1.0	   8333	   34	  

Pluto	   0.16	   1.0	   208	   34	  

Haumea	   0.35	   0.89	   95	   37	  

Eris	   0.22	   0.56	   152	   59	  



Variable	  Targets	  
•  Impact	  events	  
•  Storms/weather	  pheneomena	  
•  Small	  body	  rota9on	  
•  Jets	  

Lisse et al. 2006

90 min

60 min

120 min

CH3OH in Hartley 2



ISON	  Integrated	  Flux	  maps	  
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Observation date: November 16 2013



ISON	  Integrated	  Flux	  maps	  
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Need Multiple Species SIMULTANEOUSLY!!!



Synergies?	  



Exploring	  the	  Outer	  Solar	  System	  

Voyager 1 124 AU

Voyager 2 102 AU

Galileo @Jupiter Cassini @ Saturn

Juno	  2016-‐2017	  

JUICE	  2030-‐2033	  

Cassini	  2004-‐2017	  

Ice	  Giant	  Mission	  2040+?	  

Europa	  Clipper	  2025+?	  

From Fletcher



Parameter	   Units	   Value	  or	  Range	  
Wavelength	  range	   µm	   25-‐500	  
Angular	  resolu9on	   arcsec	   <0.5	  
Spectral	  resolu9on,	  
(λ/Δλ)	  

dimensionless	   Beoer	  than	  3000	  

Con9nuum	  
sensi9vity	  

µJy	   <10	  

Spectral	  line	  
sensi9vity	  

10-‐19	  W	  m-‐2	  

Instantaneous	  FoV	   arcmin	   ~1	  
Number	  of	  target	  
fields	  

dimensionless	   mul9ple	  

Field	  of	  Regard	   sr	  



Summary	  

•  Solar	  System	  targets	  are	  ideal	  for	  appealing	  to	  the	  
public	  and	  provide	  a	  tremendous	  asset	  to	  
astrophysics	  missions.	  

•  Most	  objects	  are	  extended	  and	  bright	  –	  may	  cause	  
satura9on	  issues.	  

•  Moving	  targets	  with	  rates	  of	  mo9on	  up	  to	  >100	  mas/
s	  for	  NEOs	  (average	  is	  around	  60	  mas/s).	  

•  Targets	  themselves	  or	  other	  phenomena	  (storms,	  
impact	  events,	  etc)	  are	  oten	  variable	  or	  short	  lived.	  
–  Rapid	  Response?	  

•  Timing	  well	  suited	  for	  outer	  solar	  system.	  



Infrared	  Missions	  and	  Planetary	  Science	  
•  MB asteroids, Centaurs and Trans-Neptunians 

science 
–  Surface	  mineral	  composi9on,	  physical	  (e.g.	  size,	  mass,	  
orbital	  parameters,	  albedo)	  and	  thermal	  prope9es	  (iner9a,	  
beaming	  factor) 

•  Comets study 
–  Coma,	  tail,	  nucleus	  and	  ejecta	  	  inves9ga9ons	  –	  	  
–  Dust	  mineral	  composi9on	  
–  Vola9les	  degassing	  rate	  
–  Gas	  isotopic	  ra9os 

•  Dust ring discoveries and analysis 
•  Giant Planet Atmospheres study 

–  Search	  for	  minor	  organic	  species 
From Palomba


