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Outline  
•  The textbook path to PN-hood 
•  Part #1: no theoretical understanding of how 

to make collimated PN with single stars 
•  Part #2: the PPN momentum and morphology 

problem 
•  Part #3: expectations from MS binary fraction 

and period distribution: too many short period 
binary central stars of PN 

•  A revised framework for the evolution to PN 
•  To-do list 



Intermediate	
  mass	
  evolu0on	
  	
  
on	
  the	
  HR	
  diagram	
  

Iben 1995 



The progenitors of PN:  
the simplistic picture 
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Part #1: a theoretical shortcoming 

How can spherical AGB mass-loss 
 turn into collimated PN? 



We thought we had the solution to the 
formation of non-spherical PN … 



… all shapes are accounted for… 



A spanner in the works 



…	
  and	
  …	
  



If	
  anyone	
  can,	
  binaries	
  can:	
  scenario	
  A	
  
•  Common envelope interactions:  
•  AGB star + companion within 3-4 AU 
•  Promote equatorially-enhanced mass  

loss, magnetic fields and jets 

Passy et al. 2012 Boffin et al. 2012 



If anyone can, binaries can: B 

•  Companions can act directly on the envelope 
and promote equatorially-enhanced outflows 
for a = 6-10 AU (e.g., Mastrodemos & Morris 1998) 

Edgar et al. 2008	
  



If anyone can, binaries can: C 

•  If companions can accrete and form jets, 
they can blow lobes and form compression 
disks which subsequently shape the 
nebulae (e.g., Garcia-Arredondo & Frank 2004) 



Part	
  #2:	
  observa0onal	
  conundrums	
  
about	
  post-­‐AGB	
  stars	
  

What is accelerating and collimating  
these outflows? 



The	
  momentum	
  problem	
  in	
  PPN…	
  	
  



The	
  shapes	
  of	
  PPN	
  and	
  young	
  PN	
  
•  Collimated	
  nebulae	
  
•  Jet	
  sculp0ng	
  (Sahai & Trauger 1998, Sahai et al. 2007, 2011) 



•  No	
  round	
  PPN	
  
•  4	
  “round”	
  young	
  PN	
  out	
  of	
  ~120	
  objects	
  
	
  

The	
  shapes	
  of	
  PPN	
  and	
  young	
  PN	
  



•  But	
  are	
  they	
  spherical	
  or	
  are	
  they	
  pole-­‐on?	
  
	
  

The	
  shapes	
  of	
  PPN	
  and	
  young	
  PN	
  

Abell	
  39:	
  spherical	
  PN	
  Sp	
  1:	
  pole-­‐on	
  ring	
  PN	
  



Simula0ons	
  of	
  jets	
  in	
  PPN	
  
Raga	
  et	
  al.	
  2009	
  



Jet	
  shaping	
  and	
  disk	
  compression	
  
•  Soker & Rappaport 2000: jets from accretion disks 

around the secondary in binaries with a=few-200 AU 
cause compression disks and bipolar nebulae. 

 
 
 
•  Garcia-Arredondo & Frank 2004:  

hydrodynamic models (a=10AU,  
M1=1.6, M2=0.4) to confirm  
formation of compression disk and  
shaping action.  

	
  



Accretion disk formation 
Huarte-Espinosa et al. 2012 

•  Model the formation of a disk 
around a companion that accretes from 
the AGB wind 

•  a = 10,15, 20 AU 
•  Accretion rates insufficient  

for if companion is a MS  
star, ok for WD at 10AU 

•  But other accretion modes 
possible? (Mohamed & Podsiadlowski 2007) 



Jet-­‐Lag	
  in	
  PPN	
  
Huggins	
  2007	
  

•  7	
  PPN,	
  jet	
  lags	
  disk	
  by	
  ~100	
  years	
  
•  Superwind	
  creates	
  the	
  PPN	
  and	
  accretes	
  onto	
  
companion	
  making	
  jet	
  that	
  slightly	
  lags	
  the	
  
main	
  PPN?	
  	
  

Hen3-­‐1475:	
  PPN	
  



The	
  “naked”	
  pAGB	
  stars	
  
van	
  Winckel	
  et	
  al.	
  2009	
  

•  Binary	
  separa0ons	
  0.5-­‐3	
  AU	
  
•  Dusty	
  Keplerian	
  disks	
  r~10AU	
  
•  No	
  visible	
  nebula	
  (couple	
  of	
  excep0ons)	
  
•  PPN	
  vanished	
  because	
  star	
  stalled	
  from	
  
accre0on?	
  

•  Origin?	
  

Deroo	
  et	
  al.	
  (2006)	
  IRAS08544-­‐4432	
  10	
  um	
  VLTI	
  



So,	
  are	
  CSPPN	
  all	
  binaries?	
  	
  
Hrivnak	
  et	
  al.	
  2010,2011	
  

•  7	
  CSPPN	
  studied	
  
•  One	
  has	
  a	
  22	
  yr	
  period	
  	
  	
  
•  Light	
  variability	
  hard	
  to	
  detect	
  or	
  not	
  expected	
  for	
  such	
  wide	
  binaries	
  
•  RV	
  variability	
  hard	
  to	
  detect	
  	
  
•  If	
  ALL	
  PPN	
  are	
  wide	
  binaries	
  (P>20	
  years,	
  a>10AU	
  and/or	
  M2<0.25Mo)	
  

we	
  would	
  not	
  easily	
  know	
  
	
  	
  



A combined hypothesis for the pAGBs 
(Bright et al. 2013) 

•  Orbital separation main driver of the 
difference 

•  Naked pAGBs: closer binaries, failed CE,  
re-accretion, stalled evolution, fading of 
the PPN 
 

•  pAGBs with PPN: wider binaries, no re-
accretion, PPN + PN phase. 



•  Compact, fatter, Keplerian disks in naked 
pAGBs 

•  Large, flat, expanding disks in PPN 

A combined hypothesis for the 
pAGBs: a test (Bright et al. 2013)	
  



Part #3: How does the binary 
component of the MS population evolve 

from the MS to the WD? 
 

MS	
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CS	
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F-K star main sequence period distribution   
(Duquennoy & Mayor 1991; Raghavan et al. 2010)  

These	
  systems	
  	
  
will	
  enter	
  	
  
common	
  	
  
envelope	
  	
  
and	
  shij	
  to	
  	
  
shorter	
  periods	
  

These	
  systems	
  will	
  widen	
  
slightly	
  because	
  of	
  mass-­‐loss	
  

Binary	
  frac0on:	
  ~50%	
  



Progenitor	
  popula0on	
  period	
  distribu0on	
  
Progeny	
  popula0on	
  period	
  distribu0on	
  (Moe	
  &	
  De	
  Marco	
  2006,	
  2011)	
  

“Evolved” star period distribution   



The evolution of the binary fraction and 
period distribution 
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The evolution of the binary fraction and 
period distribution 



AGB	
  star	
  binaries	
  

CS	
  PN	
  star	
  binaries	
  

HB	
  star	
  binaries	
  

The evolution of the binary fraction and 
period distribution 



AGB	
  star	
  binaries	
  

CS	
  PN	
  star	
  binaries	
  

HB	
  star	
  binaries	
  

The evolution of the binary fraction and 
period distribution 



CS	
  PN	
  star	
  binaries	
  

HB	
  star	
  binaries	
  

The evolution of the binary fraction and 
period distribution 



HB	
  star	
  binaries	
  

The evolution of the binary fraction and 
period distribution 



Comparison with the observations: 
the short period CS binary fraction 

	



Expectation ~5% 



Comparison with the observations:  
the short period CS binary fraction 

	



Observation >~15-20% 
(Bond 2000; Miszalski et al. 2009) 
	
  

Ar0st:	
  Dana	
  Berry	
  

Prediction ~5% 



Comparison with the observations: 
the overall CS binary fraction 

	



Expectation ~40% 



27 objects 
~70-80% binary fraction (debiased) 

11	
  objects	
  
~100%	
  binary	
  frac0on	
  (debiased)	
  

Comparison with the observations:  
the overall CS binary fraction 

	



De Marco et al. 2013	
  

Prediction ~40% 
Statistics are been improved upon 



PN and galaxies 

•  If PN represent the evolved byproduct of 
all 1-8 Mo stars: 

•  Chemical (e.g., C) yields from PN can be 
converted to galactic yields. 

•  If PN represent a subgroup then the yields 
will not be representative of the entire 
population. 



Summary:	
  	
  
a	
  revised,	
  testable	
  framework	
  

1.  Single	
  stars	
  form	
  round	
  or	
  mildly	
  ellip0cal	
  PN,	
  or	
  may	
  not	
  
form	
  a	
  PN	
  at	
  all,	
  which	
  would	
  explain	
  how	
  50%	
  MS	
  binary	
  
frac0on	
  grows	
  in	
  CSPN	
  sample	
  

2.  A	
  PPN	
  denotes	
  the	
  presence	
  of	
  jets.	
  This	
  type	
  of	
  jets	
  require	
  
intermediate	
  separa0on	
  binaries	
  (a=10-­‐20AU).	
  Circumbinary	
  
disks	
  should	
  be	
  flat	
  and	
  expanding.	
  
	
  

3.  Closer	
  separa0ons	
  (5-­‐10	
  AU)	
  cause	
  re-­‐accre0on	
  of	
  material	
  
which	
  leads	
  to	
  “naked”	
  pAGB	
  phase	
  (+	
  Keplerian	
  
circumbinary	
  disk)	
  ajer	
  the	
  PPN	
  phase.	
  No	
  PN	
  arises	
  
	
  

4.  Closer	
  separa0ons	
  s0ll	
  (<5AU)	
  lead	
  to	
  a	
  capture	
  and	
  a	
  CE	
  
leading	
  to	
  a	
  post-­‐CE	
  PN	
  (no	
  PPN	
  phase).	
  Bipolar	
  PN	
  
some0mes	
  with	
  jets	
  
	
  

	
  



The	
  to-­‐do	
  list:	
  tests	
  

1.  CSPN	
  binary	
  frac0on	
  and	
  period	
  distribu0on	
  
2.  Binary	
  detec0on	
  in	
  PPNe.	
  Disk	
  

characterisa0on.	
  
3.  Masses	
  and	
  momenta	
  in	
  jets	
  and	
  tori	
  not	
  

only	
  in	
  PPN	
  but	
  in	
  post-­‐CE	
  PN	
  and	
  PN	
  in	
  
general	
  (op0cal	
  and	
  Radio	
  kinema0cs)	
  	
  

4.  Models	
  (semi-­‐analy0cal	
  and	
  hydro)	
  tailored	
  
to	
  individual	
  systems	
  



Thank	
  you!	
  


