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Dynamically	
  cold	
  and	
  hot	
  belt	
  objects	
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Hot	
  and	
  cold	
  classicals:	
  different	
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  properVes	
  

IndicaVons	
  for	
  a	
  different	
  origin?	
  



Hot	
  and	
  cold	
  classicals:	
  Size	
  &	
  Albedo	
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TNO	
  DensiVes:	
  derived	
  from	
  binary	
  systems	
  
pure	
  H2O	
  	
  <	
  ≈1	
  g/cm3	
  

methane	
  ice	
  0.5	
  g/cm3	
  

	
  
densiVes	
  <1	
  g/cm3	
  require	
  
macro-­‐porosity	
  and/or	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
very	
  high	
  ice/rock	
  raVos	
  
	
  
objects	
  >	
  ≈500	
  km	
  all	
  have	
  
densiVes	
  above	
  ≈1	
  g/cm3	
  

(Eris	
  ≈2.5	
  g/cm3,	
  Pluto	
  2	
  g/cm3)	
  
	
  
most	
  of	
  the	
  smaller	
  objects	
  	
  	
  	
  
have	
  densiVes	
  below	
  ≈1	
  g/cm3	
  
	
  

another	
  5-­‐10	
  densiVes	
  are	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
sVll	
  missing	
  

	
  
Increasing	
  density	
  with	
  diameter	
  for	
  large	
  objects:	
  
	
  	
  à	
  gravitaVonal	
  self-­‐compacVon,	
  less	
  macroporosity	
  (water	
  in	
  higher	
  density	
  phase)	
  
Different	
  formaVon	
  scenarios	
  for	
  large	
  and	
  small	
  TNOs:	
  
	
  	
  à	
  dwarf	
  planets:	
  direct	
  collapse	
  from	
  over	
  dense	
  regions	
  of	
  the	
  disk?	
  
	
  	
  à	
  smaller	
  TNOs:	
  standard	
  pairwise	
  accreVon?	
  

q=2.8	
  
(N=11)	
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Santos-­‐Sanz,	
  in	
  prep.	
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Santos-­‐Sanz,	
  in	
  prep.	
  



Santos-­‐Sanz,	
  in	
  prep.	
  

Varuna:	
  extreme	
  shape,	
  strange	
  lightcurve	
  effect	
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Makemake:	
  Cryovolcanos	
  on	
  the	
  surface?	
  

Results	
  from	
  an	
  occultaVon	
  event:	
  
Object’s	
  size:	
  1430+/-­‐9	
  x	
  1502+/-­‐45	
  km	
  
pV=0.77	
  +/-­‐	
  0.03,	
  no	
  global	
  atmosphere	
  
(OrVz	
  et	
  al.	
  2012,	
  Nature)	
  

combined	
  with	
  Herschel/Spitzer:	
  
•  very	
  low	
  thermal	
  inerVa	
  
•  dark	
  band/spot	
  are	
  not	
  very	
  likely	
  
•  hot-­‐spot(s)	
  must	
  have	
  a	
  similarly	
  high	
  albedo	
  
à	
  cryovolcanism?	
  	
  (Müller	
  et	
  al.,	
  in	
  prep.)	
  



Summary:	
  TNOs	
  are	
  Cool!	
  
•  new	
  sizes	
  and	
  a	
  wide	
  variety	
  of	
  albedos	
  (>110	
  TNOs/Centaurs)	
  
•  densiJes	
  for	
  about	
  25	
  objects	
  in	
  binary	
  systems	
  
•  significantly	
  lower	
  emissiviJes	
  found	
  at	
  submm	
  wavelengths:	
  	
  	
  	
  

à	
  problems	
  for	
  “ALMA-­‐only	
  targets”	
  (talk	
  by	
  S.	
  Fornasier)	
  
•  thermal	
  properJes	
  (for	
  81	
  targets)	
  indicate	
  surfaces	
  with	
  very	
  

low	
  thermal	
  conducJviJes	
  à	
  extremely	
  porous	
  surfaces	
  
•  thermophyiscal	
  characterizaJon	
  of	
  several	
  prominent	
  large	
  TNOs	
  

(Makemake,	
  Eris,	
  Orcus,	
  Sedna,	
  2012	
  DR30,	
  Haumea,	
  Varuna,	
  ...):	
  
strange	
  worlds:	
  mulJple	
  systems,	
  ice/rock	
  raJos	
  decreasing	
  with	
  
size,	
  fresh	
  icy	
  surfaces	
  à	
  cryovolcanism?	
  

•  thermal	
  lightcurves:	
  rotaJonally	
  deformed	
  objects,	
  mixture	
  of	
  
size	
  and	
  albedo	
  driven	
  effects,	
  unknown	
  lightcurve	
  effects?	
  

•  dynamical	
  class	
  properJes:	
  tesJng	
  Nice	
  model	
  predicJons	
  	
  and	
  
Brown	
  (2012)	
  surface	
  composiJon	
  concepts	
  (hot	
  and	
  cold	
  
classicals,	
  volaJles	
  lost/retained,	
  density	
  and	
  size	
  distribuJons,	
  
correlaJons	
  with	
  colours,	
  orbital	
  parameters,	
  ....)	
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