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1.  Planetary	
  systems	
  around	
  all	
  kind	
  of	
  stars	
  and	
  satellite	
  systems	
  
around	
  giant	
  planets	
  had	
  in	
  common	
  a	
  spiral	
  structure	
  of	
  which	
  
TB-­‐like	
  spacing	
  in	
  the	
  stable	
  orbits	
  is	
  a	
  fossil	
  remnant.	
  	
  	
  	
  

2.  Ubiquitous	
  TB	
  law	
  across	
  more	
  than	
  3	
  decades	
  in	
  mass	
  and	
  size	
  
suggest	
  a	
  unified	
  hydrodynamical	
  mechanism	
  for	
  all	
  planet	
  
sytems	
  and	
  the	
  satellite	
  systems	
  of	
  giant	
  planets.	
  	
  

3.  The	
  spiral	
  structure	
  originates	
  from	
  a	
  rota&onally	
  driven	
  
instability	
  in	
  a	
  protostar	
  that	
  reaches	
  cri&cal	
  state.	
  	
  

4.  a	
  is	
  the	
  dila&on	
  parameter	
  that	
  provides	
  informa&on	
  about	
  the	
  
size	
  of	
  the	
  characteris&c	
  size	
  of	
  the	
  system	
  before	
  it	
  becomes	
  
unstable	
  	
  

5.  b	
  (the	
  exponent	
  in	
  the	
  power-­‐law)	
  gives	
  informa&on	
  about	
  the	
  
characteris&c	
  of	
  par&cular	
  phase	
  transi&ons	
  	
  

Unifica&on	
  of	
  Planet	
  &	
  Satellite	
  Forma&on	
  



	
  	
  
JP	
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The	
  2-­‐Point	
  Correla&on	
  Func&on	
  and	
  its	
  Extreme	
  



1.  At	
  a	
  phase	
  transi&on,	
  all	
  parts	
  in	
  the	
  system	
  become	
  involved	
  
and	
  therefore	
  correlated.	
  This	
  is	
  the	
  origin	
  of	
  “opalescence”	
  and	
  
many	
  other	
  phenomena	
  

2.  The	
  above	
  implies	
  that	
  the	
  system	
  is	
  scale	
  invariant	
  
3.  Scale	
  invariance	
  means	
  that	
  the	
  system’s	
  correla&ons	
  become	
  

power-­‐laws	
  
4.  The	
  exponents	
  in	
  the	
  power-­‐laws	
  are	
  related	
  to	
  the	
  cri&cal	
  

exponents	
  measured	
  in	
  the	
  phase	
  transi&on	
  
5.  Correlated	
  density	
  enhancements	
  are	
  unavoidable	
  in	
  a	
  

dynamical	
  phase	
  transi&on	
  such	
  as	
  it	
  takes	
  place	
  in	
  the	
  noisy	
  
hydrodynamics	
  of	
  a	
  mixed,	
  gravita&onally	
  bound	
  fluid	
  	
  

Remarks	
  



	
  	
  

What	
  phase	
  transi&ons	
  are	
  relevant?	
  



	
  	
  

Strongly	
  coupled	
  H	
  plasma??	
  



Main	
  conclusion	
  
•  TB-­‐like	
  rela&ons	
  emerges	
  naturally	
  as	
  the	
  fossil	
  
signature	
  of	
  where,	
  due	
  to	
  the	
  intertwined	
  
effects	
  of	
  hydro-­‐	
  dynamics,	
  noise	
  and	
  the	
  ac&on	
  
of	
  gravity,	
  the	
  density	
  fluctua&ons	
  in	
  the	
  
primeval	
  protoplanetary	
  disc	
  had	
  their	
  maxima	
  as	
  
the	
  system	
  underwent	
  a	
  fast	
  phase	
  transi&on	
  
into	
  a	
  coagulated	
  system.	
  Consequently,	
  planet	
  
forma&on	
  by	
  gravita&onal	
  clustering,	
  coagula&on	
  
and	
  accre&on	
  of	
  disc	
  material	
  occurs	
  with	
  higher	
  
probability	
  at	
  discrete	
  distances	
  from	
  the	
  
dominant	
  central	
  object,	
  and	
  the	
  final	
  orbits	
  are	
  
all	
  correlated	
  with	
  each	
  other.	
  	
  	
  	
  



Explana&on	
  of	
  3	
  main	
  characteris&cs	
  
of	
  planetary	
  systems	
  (S.	
  Ida´s	
  talk)	
  

	
  
•  Planetary	
  orbits	
  are	
  mobile	
  	
  
•  Planetary	
  systems	
  are	
  ubiquitous	
  
•  Planetary	
  systems	
  are	
  diverse	
  



	
  	
  

Planetary	
  orbits	
  are	
  mobile	
  	
  
Evolu&on	
  of	
  planetary	
  orbit	
  likely	
  account	
  for	
  
some	
  data	
  spread	
  around	
  a	
  universal	
  T-­‐B	
  law	
  	
  	
  



	
  	
  

Planetary	
  systems	
  are	
  ubiquitous	
  
Common	
  hydrodynamics	
  working	
  at	
  the	
  
onset	
  of	
  planet	
  forming	
  rapid	
  instability	
  due	
  
to	
  a	
  phase	
  change	
  when	
  the	
  protostar	
  
reaches	
  cri&cal	
  state	
  	
  	
  	
  



Planetary	
  systems	
  are	
  diverse	
  
Disc	
  forming	
  non-­‐axysymmetric	
  
instabili&es	
  are	
  very	
  robust	
  and	
  develop	
  
under	
  a	
  diverse	
  set	
  of	
  physical	
  condi&ons	
  
such	
  as	
  very	
  different	
  spa&al	
  scales	
  and	
  
very	
  different	
  gravita&onal	
  poten&als	
  	
  



New	
  idea	
  (S.	
  Ida´s	
  talk	
  +	
  J.	
  Lunine	
  contribu&on)	
  
for	
  origin	
  of	
  Solar	
  System	
  

•  2	
  disc	
  regions	
  (or	
  belts)	
  	
  	
  	
  
•  Inner	
  disc	
  forming	
  rocky	
  planets	
  later	
  than	
  
outer	
  disc	
  forming	
  giant	
  planets	
  

	
  	
  



Explana&on	
  

•  Two	
  disc	
  regions	
  (or	
  belts)	
  
Two	
  different	
  phase	
  transi&ons	
  responsible	
  for	
  two	
  
different	
  discs	
  (e.g.	
  104-­‐-­‐105	
  K	
  for	
  H,	
  and	
  670	
  K	
  for	
  H2O).	
  
Boundary	
  region	
  between	
  both	
  transi&ons	
  defined	
  by	
  
asteroid	
  belt.	
  	
  	
  	
  	
  	
  
•  Inner	
  disc	
  forming	
  rocky	
  planets	
  later	
  than	
  outer	
  disc	
  
forming	
  giant	
  planets	
  

Cool	
  phase	
  transi&on	
  happens	
  first	
  when	
  SS	
  is	
  large	
  (e.g.	
  
due	
  to	
  reaching	
  H2O	
  cri&cal	
  point).	
  	
  	
  
Hot	
  phase	
  transi&on	
  happens	
  later	
  when	
  protosun	
  has	
  
shrunk	
  to	
  a	
  smaller	
  size	
  (e.g.	
  strongly	
  coupled	
  H	
  plasma).	
  	
  	
  
	
  	
  


