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Goals  of  OPAL

•  Yearly	  global	  maps	  of	  each	  of	  the	  outer	  planets	  
•  Started	  with	  Uranus	  in	  2014,	  and	  Jupiter	  and	  Neptune	  in	  2015	  
•  Saturn	  starAng	  in	  2018	  (aDer	  Cassini	  ends	  in	  2017)	  

•  Study	  trends	  in	  zonal	  winds,	  cloud	  acAvity,	  color,	  cloud	  height	  
•  Other	  unexpected	  acAvity	  
•  Not	  meant	  to	  supplant	  other	  focused	  science	  programs	  

• All	  maps	  made	  available	  to	  science	  community	  for	  other	  studies	  
•  First	  HLSP	  release	  coincides	  with	  first	  manuscript	  submission	  for	  that	  planet,	  
no	  delay	  in	  subsequent	  Cycles	  



HLSP  pages

hSps://archive.stsci.edu/prepds/opal/	  



Jupiter:  January  2015,  February  2016



Jupiter:  Results
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NEB Color Evolution
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Great	  Red	  Spot	  remains	  intense	  orange	  color,	  sAll	  
shrinking;	  internal	  structure	  has	  a	  reduced	  core	  and	  

spiral	  cloud	  paSerns	  

Simon,	  Wong	  and	  Orton,	  ApJ	  812,	  55	  



Jupiter:  Results
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Rare	  baroclinic	  wave	  spoSed	  
•  Never	  before	  seen	  by	  Hubble	  
•  Analogous	  to	  mid-‐laAtude	  cyclone	  

formaAon	  on	  Earth	  

Simon,	  Wong	  and	  Orton,	  ApJ	  812,	  55	  



Jupiter:  Ongoing

Comparing	  Visible,	  IR	  and	  Radio	  data!	  

CosenAno	  et	  al.,	  submiSed	  



Neptune:  November  2015  and  Oct.  2016



Neptune:  Results

Used	  to	  place	  Kepler	  K2	  light	  curve	  into	  context	  
Short-‐term	  variability	  (from	  clouds)	  important	  for	  
understanding	  brown	  dwarf	  light	  curves	  

Hubble Light Curve
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Simon	  et	  al	  ApJ	  817,	  162	  



Neptune:  Results

Stauffer	  et	  al.,	  Astronomical	  Journal,	  in	  press	  

Neptune	  was	  observed	  in	  the	  infrared	  by	  Spitzer/IRAC	  in	  Feb	  
2016	  and	  compared	  with	  visible	  data	  from	  Kepler	  and	  Hubble	  

Neptune Light Curves
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Amplitude	  of	  brightness	  variaAons	  are	  caused	  by	  wavelength	  
sensiAvity;	  only	  the	  very	  highest	  clouds	  are	  seen	  at	  visible	  
wavelengths	  

Neptune’s	  rotaAon	  period	  (black	  line)	  dominates	  the	  light	  
curves,	  but	  deviaAons	  indicate	  rapid	  evoluAon	  of	  large	  cloud	  
features	  

Imaging	  provides	  ulAmate	  ground-‐truth,	  important	  
for	  interpreAng	  variability	  in	  light	  curves	  from	  
unresolved	  stellar	  objects	  and	  exoplanets	  

2016	  Hubble	  2D	  Global	  Map	  ProjecAon	  (red	  wavelength)	  
North	  Pole	  not	  visible	  from	  Earth	  
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Neptune:  Ongoing

•  The	  new	  Great	  Dark	  Spot	  



Uranus:  Nov.  2014,  Sept.  2015,  2016



Uranus:  Results

Irwin	  et	  al.,	  Icarus	  submiSed	  

•  2014	  actually	  had	  quite	  a	  bit	  of	  cloud	  acAvity,	  less	  in	  2015	  
•  Combined	  with	  ground-‐based	  SINFONI	  and	  IRTF	  data	  to	  

retrieve	  cloud	  structure	  
•  A	  first	  over	  such	  a	  broad	  wavelength	  range!	  
•  Detect	  deep	  cloud,	  methane	  ice	  cloud,	  and	  hazes	  
	  



Uranus:  Ongoing

• New	  2016	  images	  show	  more	  disAnct	  clouds.	  



Summary

• OPAL	  has	  already	  been	  scienAfically	  producAve	  
•  3	  published	  papers,	  several	  more	  submiSed	  or	  in	  prep	  

•  Formed	  a	  number	  of	  new	  collaboraAons	  and	  projects	  beyond	  our	  
proposed	  science	  
• Allows	  us	  to	  plan	  for	  simultaneous	  observaAons	  with	  other	  faciliAes	  
• Value	  of	  mulA-‐wavelength	  observaAons	  has	  been	  demonstrated	  
(IRTF/VLT/VLA/Keck/others)	  
•  Supports	  other	  missions	  (an	  upcoming	  Juno	  periapse	  will	  coincide	  
with	  next	  Jupiter	  observaAons)	  


