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•  Conveners:	
  
–  Tomohiko	
  Sekiguchi	
  (Hokkaido	
  University	
  of	
  EducaIon,	
  Japan) �
–  Feng	
  Tian	
  (Tsinghua	
  University,	
  China) �

TMT	
  Solar	
  System	
  ISDT	
  Members�



•  K.	
  J.	
  Meech	
  (IfA,	
  University	
  of	
  Hawai’i)	
  
–  Solar	
  System	
  Small	
  Body	
  Science	
  with	
  TMT	
  

•  Michael	
  H.	
  Wong	
  (UCB)	
  
– Giant	
  planet	
  atmospheres	
  at	
  high	
  spaIal	
  
resoluIon	
  

PresentaIons	
  at	
  2014	
  TMT	
  Forum�



•  Small	
  Bodies	
  
–  Asteroid	
  satellites	
  
–  Outer	
  belt	
  asteroids	
  
–  KBOs	
  
–  Centaurs	
  
–  Comets:	
  in	
  parIcular	
  MBCs	
  

•  Giant	
  Planets	
  
–  Waves	
  and	
  vorIces	
  
–  Impacts	
  
–  Internal	
  Heat	
  

•  Solid	
  Planets	
  
–  Climate	
  change	
  on	
  Titan	
  
–  Probe	
  the	
  atmosphere	
  of	
  Mars	
  through	
  limb	
  sounding	
  
–  Volcanic	
  AcIviIes	
  on	
  Io �

TMT	
  SS	
  Detailed	
  Science	
  Cases�



TMT	
  for	
  SS	
  Giant	
  Planets�





•  Titan	
  lakes	
  =	
  cold-­‐trapped	
  methane	
  accumulated	
  
in	
  the	
  polar	
  regions.	
  

•  Titan	
  is	
  entering	
  a	
  different	
  season:	
  Clouds	
  will	
  
form	
  within	
  about	
  two	
  (Earth)	
  years	
  and	
  lake	
  
levels	
  will	
  rise	
  over	
  the	
  next	
  fi_een	
  years	
  

•  TMT	
  can	
  reveal	
  the	
  spaIal	
  distribuIon	
  and	
  
temporal	
  variaIon	
  of	
  methane	
  clouds	
  during	
  the	
  
exciIng	
  climate	
  change	
  on	
  Titan	
  with	
  high	
  spaIal	
  
and	
  spectral	
  resoluIon	
  –	
  a	
  link	
  to	
  climate	
  change	
  
on	
  the	
  Earth. �

Titan �



•  SO2	
  has	
  molecular	
  bands	
  at	
  7,	
  8	
  and	
  19	
  μm.	
  
•  At	
  these	
  wavelengths,	
  Io	
  can	
  just	
  barely	
  be	
  
resolved	
  on	
  an	
  8	
  meter	
  telescope	
  without	
  AO.	
  

•  MICHI	
  on	
  the	
  TMT	
  will	
  be	
  able	
  to	
  measure	
  the	
  
spaIal	
  variaIon	
  of	
  SO2	
  on	
  Io,	
  transforming	
  Io	
  
science. �

Io �





Jupiter: Global upheaval  

  Jupiter’s visible cloud structure undergo a sudden upheaval where belts and 
zone change color (e.g., Rogers 1995).  

  Measurements of the temperature and composition fields, and the opacity and 
vertical distribution of cloud provide direct clues to particulate cloud chemistry 
and atmospheric dynamics accompanying the color change.  

From	
  J.	
  Liu�



Saturn: Giant storm 

  TMT can be used to monitor the onset, develop and decay of the large scale 
convective storm.  

From	
  J.	
  Liu�



Jupiter: Low frequency variability 

  Jupiter’s stratosphere 
undergoes “quasi-
quadrennial” oscillation 
(QQO) with period of 4 ~ 5 
years. It is similar with the 
QBO in Earth’s atmospheres. 

  How is the low-frequency 
variability generated? What 
determines its characteristic 
time scale? 

  Is the global upheaval related 
to the different phases of 
QQO?  

Observed	
  equatorial	
  temperature	
  
oscillaIon	
  on	
  Jupiter	
  (Leovy	
  et	
  al.,	
  
1991)	
  

From	
  J.	
  Liu�



Saturn: Low frequency variability 

  Saturn’s stratosphere undergoes “quasi-
semiannual” oscillation with period of 14 ~15 
years. It is likely related to Saturn’s seasonal 
variation. But how? 	
  

NASA	
  (IRTF),	
  Orton	
  et	
  al.	
  2008	
  

From	
  J.	
  Liu�



Equatorial	
  haze	
  shi_	
  

Wong	
  et	
  al.	
  (2008)	
  
arxiv.org/abs/0810.3703	
  

From	
  M.	
  Wong�



Haze	
  variability	
  

Lii	
  et	
  al.	
  (2010)	
  
HST/WFPC2	
  data:	
  value	
  
of	
  coherent	
  reusable	
  
datasets	
  

From	
  M.	
  Wong�



Specific	
  giant	
  planet	
  atmosphere	
  
objecIves	
  

CIRCULATION	
  

•  Determine	
  the	
  
distribuIons	
  of	
  dynamical	
  
tracers,	
  and	
  how	
  they	
  
change	
  

•  Relate	
  the	
  histories	
  of	
  
thermal	
  evoluIon	
  of	
  the	
  
giant	
  planets	
  to	
  the	
  array	
  of	
  
diverse	
  exoplanets	
  

•  IdenIfy	
  chemical	
  and	
  
physical	
  processes	
  that	
  
affect	
  dynamical	
  tracers	
  

VARIABILITY	
  

•  Study	
  dynamic	
  processes	
  
over	
  a	
  wide	
  range	
  of	
  
Imescales	
  

•  David	
  Silva:	
  we	
  need	
  
coherent	
  reusable	
  
datasets	
  

•  Key	
  programs	
  can	
  saIsfy	
  
this	
  goal	
  

From	
  M.	
  Wong�



We	
  do	
  not	
  know	
  where	
  Earth’s	
  Ocean	
  
is	
  from….� From	
  B.	
  Yang�
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  B.	
  Yang�



From	
  K.J.	
  Meech �



From	
  B.	
  Yang�



From	
  J.	
  Li�



What’s	
  le_	
  for	
  TMT?	
   �



From	
  K.J.	
  Meech �



1. 	
  High	
  resoluIon	
  opIcal	
  
spectrograph	
  —	
  for	
  	
  genng	
  
isotope	
  raIos	
  in	
  comets	
  (R	
  ~	
  
60,000-­‐80,000)	
  

• 2.	
  	
  High	
  resoluIon	
  near	
  IR	
  
spectrograph	
  -­‐	
  for	
  parent	
  
organic	
  volaIles	
  (R	
  ~	
  20,000)	
  

Cri<cal	
  Instruments	
  for	
  SS	
  small	
  
body	
  science	
   From	
  K.	
  J.	
  Meech �



Special	
  So_ware	
  Requirements	
  for	
  SS	
  Small	
  Bodies�

•  1.	
  	
  ensure	
  capability	
  for	
  non-­‐sidereal	
  GUIDING	
  (not	
  just	
  
tracking).	
  	
  	
  
– Rates	
  <	
  1	
  arc	
  sec/hr	
  (typical	
  of	
  KBOs)	
  to	
  several	
  100	
  arc	
  
sec	
  /	
  hr	
  for	
  NEO	
  

•  2.	
  	
  The	
  AdapIve	
  OpIcs	
  system	
  needs	
  to	
  be	
  able	
  to	
  
handle	
  moving	
  targets	
  too.	
  

•  3.	
  	
  For	
  moving	
  objects	
  there	
  is	
  a	
  need	
  to	
  fully	
  integrate	
  
with	
  naIonal	
  archives	
  of	
  orbital	
  elements	
  -­‐	
  so	
  that	
  
standard	
  names	
  can	
  be	
  entered	
  and	
  other	
  things	
  can	
  be	
  
done	
  automaIcally	
  	
  -­‐	
  a	
  so_ware	
  requirement.	
  

From	
  K.	
  J.	
  Meech �



QuesIons? �


