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Filling	
  a	
  Science	
  and	
  Decadal	
  Need...

"...a	
  highly	
  capable	
  planetary	
  space	
  telescope	
  in	
  Earth	
  orbit	
  
could	
  be	
  accomplished	
  as	
  a	
  Discovery	
  mission.	
  Such	
  a	
  facility	
  
could	
  support	
  all	
  solar	
  system	
  scienQfic	
  research,	
  not	
  just	
  
that	
  involving	
  giant	
  planets."
	
   	
   -­‐	
  2011	
  Planetary	
  Decadal	
  Survey,	
  p.	
  208

•	
  The	
  recent	
  Planetary	
  Decadal	
  Survey	
  idenQfied	
  many	
  important	
  Outer	
  Solar	
  System	
  
science	
  quesQons	
  that	
  can	
  be	
  directly	
  addressed	
  by	
  Discovery-­‐class	
  invesQgaQons

•	
  AZer	
  the	
  end	
  of	
  the	
  Cassini	
  and	
  Juno	
  missions	
  in	
  2017,	
  Outer	
  Solar	
  System	
  science	
  
could	
  face	
  a	
  decade	
  or	
  more	
  without	
  new	
  data	
  from	
  missions

•	
  Partly	
  in	
  response	
  to	
  that	
  fact,	
  the	
  Decadal	
  noted	
  the	
  criQcal	
  role	
  that	
  space-­‐based	
  
telescopic	
  observaQons,	
  especially	
  those	
  enabling	
  significant	
  Qme-­‐domain	
  and	
  target	
  
coverage,	
  can	
  play	
  in	
  advancing	
  key	
  planetary	
  science	
  quesQons:

•	
  In	
  the	
  coming	
  era	
  of	
  reduced	
  access	
  to	
  the	
  outer	
  solar	
  system,	
  Kuiper	
  is	
  this	
  
recommended	
  solar	
  system	
  telescope,	
  providing	
  breakthroughs	
  in	
  planetary	
  science,	
  
as	
  well	
  as	
  the	
  high	
  priority	
  datasets	
  needed	
  to	
  plan	
  future	
  outer	
  solar	
  system	
  missions
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Kuiper*	
  is	
  "Three	
  Missions	
  in	
  One"	
  for	
  Revealing	
  
the	
  Dynamic	
  EvoluQon	
  of	
  the	
  Outer	
  Solar	
  System

*Kuiper	
  is	
  named	
  aZer	
  astronomer	
  
Gerard	
  P.	
  Kuiper	
  (1905–1973)	
  who	
  
pioneered	
  the	
  study	
  of	
  the	
  genesis,	
  
formaQon,	
  and	
  evoluQon	
  of	
  planets	
  

and	
  planetary	
  systems. 3
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Simple	
  mission	
  design,	
  no	
  new	
  technologies,	
  	
  
two	
  high	
  heritage	
  science	
  instruments
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High	
  heritage	
  spacecraZ	
  bus,	
  high	
  heritage	
  
telescope	
  based	
  on	
  WISE	
  and	
  Kepler	
  missions
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Kuiper	
  is	
  "Three	
  Missions	
  in	
  One"	
  for	
  Revealing	
  
the	
  Dynamic	
  EvoluQon	
  of	
  the	
  Outer	
  Solar	
  System
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SMALL	
  BODIES

Determine	
  what	
  connecQons	
  exist	
  
between	
  composiQon	
  and	
  dynamics/
physical	
  locaQon	
  of	
  small	
  bodies	
  and	
  
what	
  interacQons	
  with	
  the	
  external	
  

environment	
  tell	
  us	
  about	
  the	
  
formaQon	
  and	
  evoluQon	
  of	
  the	
  outer	
  

solar	
  system.

SATELLITE	
  SYSTEMS	
  OF	
  THE	
  	
  	
  	
  	
  	
  	
  
GIANT	
  PLANETS

Determine	
  the	
  processes	
  and	
  
interacQons	
  that	
  drive	
  observable	
  
spaQal	
  and	
  temporal	
  variability	
  of	
  

surfaces,	
  atmospheres,	
  and	
  
magnetospheres	
  in	
  giant	
  planet	
  

satellite	
  systems.

GIANT	
  PLANETS	
  ATMOSPHERES	
  
AND	
  MAGNETOSPHERES

Determine	
  the	
  energeQcs	
  and	
  
dynamics	
  of	
  giant	
  planet	
  

atmospheres	
  and	
  magnetospheres.

To	
  achieve	
  these	
  objecQves,	
  Kuiper	
  acquires	
  observaQons	
  with	
  cadences	
  and	
  sensiQviQes	
  
that	
  current	
  ground-­‐based	
  and	
  space-­‐based	
  assets	
  have	
  not	
  and	
  cannot	
  be	
  allocated	
  to	
  do.
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...

8

In	
  a	
  3-­‐year	
  primary	
  mission,	
  we	
  will	
  get	
  
400-­‐1600	
  nm	
  spectra	
  of	
  this	
  minimum	
  sample	
  
of	
  objects	
  down	
  to	
  Vmag~24	
  with	
  SNR	
  ≥	
  20-­‐50:

≥	
  330	
  “Cold	
  Classical”	
  KBOs
≥	
  240	
  “Hot	
  Classical”	
  (Scanered)	
  KBOs
≥	
  245	
  resonant	
  KBOs
~98	
  (all	
  known)	
  Centaurs	
  with	
  V<23
~100	
  (all	
  known)	
  irregular	
  satellites	
  with	
  V<23
≥	
  600	
  Trojans	
  of	
  same	
  size	
  as	
  the	
  Centaurs

No	
  new	
  objects	
  need	
  to	
  be	
  discovered	
  for	
  us	
  to	
  meet	
  
our	
  science	
  goals	
  (though	
  we	
  expect	
  that	
  many	
  will	
  be,	
  
providing	
  us	
  with	
  significant	
  science	
  margin...)
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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Objec7ve	
  S1.	
  Smooth	
  Migra:on	
  vs.	
  Dynamic	
  Instability
Determine	
  if	
  the	
  giant	
  planets	
  migrated	
  smoothly	
  to	
  their	
  present	
  posiQons	
  (as	
  in	
  “Grand	
  
Tack”	
  models)	
  or	
  were	
  catastrophically	
  moved	
  by	
  dynamical	
  instability	
  (“Nice”	
  models)

-­‐	
  The	
  differences	
  in	
  the	
  two	
  major	
  
hypothesized	
  modes	
  of	
  giant	
  planet	
  
movement	
  lead	
  to	
  testable	
  staQsQcal	
  
differences	
  in	
  the	
  eventual	
  distribuQon	
  of	
  
primordial	
  “cold	
  classical”	
  objects,	
  especially	
  
the	
  populaQon	
  scanered	
  into	
  resonances

-­‐	
  A	
  second	
  staQsQcal	
  test	
  of	
  these	
  models	
  is	
  
to	
  determine	
  if	
  the	
  Jupiter	
  Trojans	
  originated	
  
in	
  the	
  Kuiper	
  Belt	
  and	
  were	
  scanered	
  (“Nice-­‐
like”)	
  or	
  if	
  they	
  originated	
  near	
  Jupiter	
  or	
  
closer	
  to	
  the	
  Sun	
  (consistent	
  with	
  smooth	
  
migraQon)

DeMeo	
  &	
  Carry,	
  2014
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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Objec7ve	
  S2.	
  Planetesimal	
  Accre:on
Determine	
  if	
  the	
  ≤	
  50	
  km	
  populaQon	
  of	
  the	
  outer	
  solar	
  system	
  is	
  collisionally	
  acQve	
  
(predicted	
  by	
  models	
  of	
  mass	
  loss	
  by	
  slow	
  grinding),	
  or	
  not	
  collisionally	
  acQve	
  (predicted	
  
by	
  models	
  in	
  which	
  large	
  objects	
  are	
  directly	
  created	
  out	
  of	
  gravitaQonal	
  collapse).	
  

-­‐	
  Did	
  the	
  planetesimal	
  making	
  the	
  small	
  bodies	
  of	
  the	
  outer	
  solar	
  system	
  form	
  
from	
  slow	
  pairwise	
  accreQon	
  or	
  through	
  fast	
  gravitaQonal	
  collapse?
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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Objec7ve	
  M1.	
  Satellite	
  Atmospheres
Determine	
  sources	
  and	
  temporal	
  scales	
  of	
  variability	
  in	
  icy	
  satellite	
  atmospheres	
  to	
  test	
  
specific	
  hypotheses	
  for	
  Europa,	
  Enceladus,	
  Ganymede,	
  and	
  Callisto.	
  

-­‐	
  Is	
  there	
  transient	
  Europa	
  acQvity	
  driven	
  by	
  
endogenic	
  or	
  exogenic	
  processes?	
  	
  Our	
  extensive	
  
Qme-­‐domain	
  UV	
  observaQon	
  campaign	
  will	
  test	
  
whether	
  Europa's	
  plumes	
  vary	
  in	
  brightness	
  
depending	
  on	
  Qdal	
  environment	
  (daily	
  to	
  monthly	
  
Qmescales),	
  magnetospheric	
  variability	
  linked	
  to	
  
Jupiter’s	
  10-­‐hr	
  rotaQonal	
  period,	
  or	
  if	
  they	
  are	
  	
  more	
  
episodic,	
  like	
  many	
  volcanoes	
  on	
  Earth	
  or	
  some	
  
volcanic	
  plumes	
  on	
  Io,	
  with	
  long	
  periods	
  of	
  dormancy
-­‐	
  We	
  will	
  know	
  the	
  answer	
  by	
  2024,	
  helping	
  to	
  
opQmize	
  in	
  situ	
  Clipper	
  observaQons
-­‐	
  Similar	
  studies	
  of	
  Ganymede,	
  Callisto,	
  and	
  Enceladus	
  
will	
  resolve	
  similar	
  endogenic/exogenic	
  quesQons	
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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Objec7ve	
  M2.	
  Io-­‐Jupiter	
  System:	
  
Determine	
  whether	
  large	
  volcanic	
  plume	
  erupQons	
  drive	
  variability	
  in	
  Io’s	
  atmosphere,	
  
atmospheric	
  escape	
  into	
  the	
  torus,	
  and	
  variability	
  in	
  the	
  Io	
  auroral	
  footprint	
  on	
  Jupiter.	
  

-­‐	
  Three	
  mechanisms	
  are	
  plausible	
  for	
  driving	
  
variability	
  of	
  the	
  Io	
  torus,	
  the	
  Io	
  footprint,	
  and	
  the	
  
sodium	
  cloud	
  within	
  the	
  system:	
  Io	
  explosive	
  gas	
  and	
  
dust	
  plume	
  acQvity,	
  Io	
  effusive	
  volcanic	
  erupQon	
  
acQvity	
  (with	
  no	
  plumes	
  observed),	
  and	
  spunering	
  of	
  
Io’s	
  atmosphere	
  and	
  surface	
  (magnetospheric	
  
variability	
  causing	
  spunering).	
  
-­‐	
  Using	
  UV	
  spectral	
  images	
  of	
  emissions	
  at	
  Io,	
  its	
  torus,	
  and	
  its	
  footprint	
  in	
  the	
  Jupiter	
  
aurora,	
  as	
  well	
  as	
  VIS-­‐NIR	
  color	
  images	
  of	
  surface	
  deposits	
  generated	
  by	
  large	
  volcanic	
  
plumes,	
  we	
  test	
  hypotheses	
  for	
  the	
  system’s	
  physical	
  connecQons	
  and	
  mechanisms	
  for	
  
generaQng	
  large	
  torus	
  variaQons.	
  
-­‐	
  Unprecedented	
  temporal	
  coverage	
  spans	
  the	
  enQre	
  chain	
  of	
  causality	
  from	
  Io’s	
  
volcanoes	
  to	
  its	
  atmosphere,	
  the	
  torus,	
  and	
  the	
  Jovian	
  aurorae.	
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...

15
HST/J.	
  Clarke
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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FLYBY APPROACHES:
Not sensitive to variability 

on long timescales

Kuiper solar
exclusion
windows

GIANT PLANET
PHYSICAL TIMESCALES

KUIPER’S COVERAGE

PRIOR OBSERVATIONS

Ice giant 
vortices

Variability timescales 
range from 10 hr (wind 
tracers, aurorae) to 20 
days (ice giant vortices).
Statistical/evolution 
timescales range from 28 
days (solar wind rotation) 
to years (zonal jets).

Ice giant 
convective 
storms

2D wind 
field

Auroral 
variation

Jovian 
convective 
storms

Rossby 
waves

Jupiter
Saturn
Uranus
Neptune

.XLSHU·V�WHPSRUDO�FRYHUDJH�H[WHQGV�IRU�ORQJ�
enough to characterize statistics and evolution 
of atmospheric and magnetospheric processes. 
.XLSHU·V�IDVW�FDGHQFHV�VDPSOH�YDULDELOLW\�RI�
auroral emissions, trace turbulent and wave 
motions, and measure convective transport. 

Flyby 
approach 
sequences

Best 3 yrs 
of HST 
coverage 
(1994–1997)

Flyby/approach sequences (Voyager, Cassini) 
were too short to characterize statistics and 
evolution of atmospheric processes. HST lacks 
the sustained temporal cadence needed to 
sample dynamics.
Past observational history is comparative and 
not meant to imply observations contemporane-
ous with Kuiper.

HST VISITS:
Cadences too sparse 
to sample dynamical 
evolution

GIANT PLANET SCIENCE TIMESCALES

GIANT PLANET SCIENCE TIMESCALES

YR. 1

YR. 2

YR
. 3

KUIPER OBSERVATIONAL COVERAGE

LA
U

N
C

H



Jim Bell / OPAG 20 Feb. 2015                                                                    Kuiper Discovery Mission                                                                                                        

TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...
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Objec7ve	
  G1.	
  Giant	
  Planet	
  Atmosphere	
  Dynamics
Determine	
  the	
  Qme-­‐variable	
  3-­‐D	
  transport	
  of	
  energy	
  and	
  momentum	
  in	
  the	
  diverse	
  
atmospheres	
  of	
  the	
  four	
  giant	
  planets.	
  	
  

-­‐	
  Measure	
  the	
  dynamical	
  linkage	
  and	
  energy	
  
exchange	
  between	
  jets,	
  eddies,	
  and	
  vorQces	
  to	
  
test	
  the	
  hypothesis	
  that	
  jets	
  and	
  eddies	
  
maintain	
  a	
  closed	
  loop:	
  eddies	
  supply	
  the	
  
momentum	
  to	
  the	
  jets	
  while	
  jets	
  also	
  shed	
  the	
  
excess	
  momentum	
  as	
  waves	
  and	
  vorQces.
-­‐	
  Test	
  whether	
  convecQve	
  events	
  on	
  small	
  to	
  
large	
  scales	
  can	
  replenish	
  the	
  energy	
  
dissipated	
  by	
  eddies,	
  jets,	
  waves,	
  and	
  vorQces	
  
using	
  verQcally-­‐resolved	
  data	
  over	
  
unprecedented	
  Qmescales	
  (hours	
  to	
  years)
-­‐	
  Characterize	
  and	
  study	
  the	
  rates	
  and	
  effects	
  
of	
  small	
  impacts	
  into	
  giant	
  planets
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TesQng	
  specific	
  Decadal-­‐scale	
  science	
  hypotheses...

18

Objec7ve	
  G2.	
  External	
  Interac:ons
Determine	
  the	
  physics	
  of	
  magnetospheric	
  and	
  auroral	
  processes	
  at	
  giant	
  planets,	
  
specifically	
  the	
  importance	
  of	
  the	
  solar	
  wind	
  vs.	
  internal	
  processes,	
  magneQc	
  field	
  and	
  
configuraQon,	
  and	
  internal	
  plasma	
  sources.	
  	
  	
  

-­‐	
  Determine	
  the	
  role	
  of	
  solar	
  wind	
  control	
  vs.	
  
internal	
  processes	
  in	
  controlling	
  giant	
  planet	
  
magnetospheres
-­‐	
  Determine	
  how	
  the	
  vastly	
  different	
  magneQc	
  field	
  
strengths	
  and	
  configuraQons	
  control	
  each	
  giant	
  
planets’	
  magnetosphere	
  and	
  auroral	
  processes
-­‐	
  Understand	
  how	
  giant	
  planet	
  magnetospheres	
  
vary	
  in	
  response	
  to	
  internal	
  and	
  external	
  processes,	
  
establishing	
  the	
  basic	
  principles	
  that	
  will	
  make	
  
extrapolaQon	
  to	
  exoplanet	
  systems	
  robust
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L2	
  orbit	
  enables	
  rapid	
  
commencement	
  of	
  science	
  
observaQons	
  (L	
  +	
  30d),	
  and	
  

is	
  well	
  above	
  the	
  UV	
  
background	
  induced	
  by	
  the	
  

Earth’s	
  	
  geocorona	
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L2	
  orbit	
  enables	
  rapid	
  
commencement	
  of	
  science	
  
observaQons	
  (L	
  +	
  30d),	
  and	
  

is	
  well	
  above	
  the	
  UV	
  
background	
  induced	
  by	
  the	
  

Earth’s	
  	
  geocorona	
  

RepresentaQve
ObservaQon
Scenario
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L2	
  orbit	
  enables	
  rapid	
  
commencement	
  of	
  science	
  
observaQons	
  (L	
  +	
  30d),	
  and	
  

is	
  well	
  above	
  the	
  UV	
  
background	
  induced	
  by	
  the	
  

Earth’s	
  	
  geocorona	
  

RepresentaQve
ObservaQon
Scenario

Includes	
  funds	
  budgeted	
  for	
  
3	
  -­‐	
  5	
  ParQcipaQng	
  ScienQsts
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L2	
  orbit	
  enables	
  rapid	
  
commencement	
  of	
  science	
  
observaQons	
  (L	
  +	
  30d),	
  and	
  

is	
  well	
  above	
  the	
  UV	
  
background	
  induced	
  by	
  the	
  

Earth’s	
  	
  geocorona	
  

RepresentaQve
ObservaQon
Scenario

Includes	
  funds	
  budgeted	
  for	
  
3	
  -­‐	
  5	
  ParQcipaQng	
  ScienQsts

Each	
  of	
  these	
  two	
  pools	
  of	
  
available	
  community	
  
(competed)	
  Qme	
  is	
  

equivalent	
  to	
  twice	
  the	
  
annual	
  average	
  allocaQon	
  
of	
  HST	
  Qme	
  for	
  all	
  Solar	
  

System	
  targets	
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Kuiper’s	
  
observaQons	
  are	
  
generally	
  
planned	
  in	
  
advance,	
  but	
  the	
  
operaQons	
  
scheme	
  is	
  
flexible	
  enough	
  
to	
  enable	
  
changes	
  in	
  
science	
  
objecQves	
  or	
  
constraints,	
  or	
  
interrupts	
  to	
  
accommodate	
  
Targets	
  of	
  
Opportunity.

OpQmized	
  &	
  scripted	
  observaQon	
  planning,	
  a	
  priori
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•	
  Flexible	
  launch	
  date	
  accommodates	
  
NASA	
  programmaQc	
  needs

•	
  Primary	
  mission	
  science	
  completed	
  
“early”	
  -­‐-­‐	
  by	
  mid-­‐2024

•	
  Major	
  partners	
  have	
  worked	
  closely	
  
together	
  on	
  many	
  previous	
  flight	
  
development	
  and	
  operaQons	
  projects

•	
  Kuiper’s	
  total	
  Phase	
  A-­‐D	
  development	
  
cost	
  is	
  almost	
  $60M	
  below	
  the	
  cap,	
  
including	
  27%	
  cost	
  reserves	
  and	
  
substanQal	
  funded	
  schedule	
  margin

•	
  Cost	
  esQmate	
  verified	
  against	
  NASA	
  
CADRe	
  data	
  from	
  WISE	
  and	
  Kepler,	
  
also	
  implemented	
  by	
  JPL/BATC

Kuiper:	
  Schedule,	
  Management,	
  and	
  Cost

Extended	
  Mission:
Community	
  Facility



Jim Bell / OPAG 20 Feb. 2015                                                                    Kuiper Discovery Mission                                                                                                        

Kuiper:	
  
Exploring	
  the	
  Outer	
  Solar	
  System	
  Through	
  Time

The	
  Kuiper	
  outer	
  solar	
  system	
  observatory	
  will	
  do	
  what	
  no	
  telescope	
  has	
  ever	
  been	
  able	
  
to	
  do:	
  observe	
  diverse	
  outer	
  solar	
  system	
  phenomena	
  over	
  long	
  Qme	
  spans	
  –	
  hours,	
  
weeks,	
  and	
  years	
  –	
  to	
  learn	
  how	
  all	
  four	
  complex,	
  acQve	
  giant-­‐planet	
  systems	
  work.

Between	
  frames	
  of	
  these	
  mulQ-­‐spectral	
  “movies”	
  of	
  the	
  giants	
  and	
  their	
  acQve	
  moons,
Kuiper	
  collects	
  spectra	
  of	
  at	
  least	
  800	
  (and	
  likely	
  several	
  thousand)	
  small	
  bodies	
  in	
  the	
  
four	
  primary	
  dynamical	
  groupings	
  of	
  the	
  outer	
  solar	
  system.	
  This	
  composiQonal	
  map	
  
traces	
  the	
  migraQon	
  history	
  of	
  the	
  giant	
  planets.

Kuiper	
  is	
  a	
  low-­‐risk,	
  high-­‐heritage,	
  high	
  science	
  value	
  Outer	
  Solar	
  System	
  mission	
  that	
  
provides	
  Qmely	
  results	
  that	
  address	
  NASA	
  Science	
  Plan	
  goals	
  and	
  answer	
  key	
  Decadal	
  
quesQons.	
  These	
  results	
  are	
  needed	
  to	
  plan	
  and	
  opQmize	
  the	
  science	
  return	
  from	
  the	
  
next	
  generaQon	
  of	
  outer	
  planets	
  flyby	
  and	
  orbiter	
  missions.
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