


	
  

	
  

	
  



	
  





successive,	
  
isotropic	
  ejec.ons	
  
(puffs)	
  
photon-­‐pressure	
  
driven	
  winds?	
  
vterminal	
  ≈20	
  km/s	
  
M	
  ≈	
  0.1	
  –	
  1	
  M	
  

ar.culated	
  ejec.on,	
  
50—few	
  100	
  km/s	
  
Ṁ	
  ≈	
  10–8	
  	
  –7	
  M

	
  y–1	
  
mechanism(s)	
  unknown	
  

ram	
  pressure	
  

104	
  y	
  

0	
  y	
  

5000	
  y	
  

Ioniza.on	
  @	
  T★	
  >	
  25K	
  
flash	
  hea.ng	
  to	
  104	
  K,	
  	
  

strong	
  D-­‐type	
  front,	
  shocks,	
  
and	
  thermal	
  expansion	
  



round	
  (10%)(10%)	
   ellip.cal	
  (50%)	
  

bilobed	
  (15%)	
   bipolar	
  (10%)	
  

ellip.cal	
  (50%)(10%)	
  

1990s:	
  How	
  do	
  
the	
  shapes	
  and	
  
kinema4cs	
  of	
  
PNe	
  reveal	
  of	
  
their	
  origins?	
  



KwiUer	
  et	
  al.	
  2014RMxAA..50..203K	
  



What	
  Makes	
  PNe	
  Interes.ng?	
  
KwiUer	
  et	
  al.	
  2014RMxAA..50..203K	
  and	
  others	
  	
  

+	
  New	
  Observa.ons	
  
•  High	
  resolu.on	
  O/IR/ALMA	
  	
  imaging	
  
•  Sta.s.cs	
  (extensive	
  surveys)	
  
•  Mid/Far	
  and	
  λmm	
  spectra	
   	
  and	
  

surveys	
  
•  Central	
  stars,	
  photometry,	
  

variability	
  (&	
  binarity),	
  surface	
  
velocity,	
  Zeeman	
  splieng	
  

•  GAIA	
  and	
  its	
  impacts	
  
+	
  Models	
  and	
  Simula.ons	
  
•  Interior	
  Flashes	
  Nucleosynthesis	
  
•  C-­‐N	
  produc.on	
  rates	
  In	
  Carbon	
  

Stars	
  and	
  AGBs	
  
•  Rota.on	
  &	
  Convec.on	
  
•  Emergence	
  and	
  Role	
  of	
  Winds	
  	
  and	
  

Magne.c	
  Fields	
  
•  Understanding	
  Isotopic	
  ra.os	
  
•  1-­‐D	
  radia.on	
  hydro	
  models	
  with	
  full	
  

stellar	
  evolu.on	
  
•  Hydro	
  and	
  MHD	
  simula.ons	
  of	
  

structures	
  &	
  kinema.cs	
  
•  Sky	
  projec.ons	
  of	
  simula.ons	
  

+	
  Mass	
  Loss	
  Mechanisms,	
  Binarity,	
  
&	
  Shaping	
  
•  Mass	
  exchange	
  and	
  overflow	
  in	
  binaries	
  
•  Binary	
  orbits	
  and	
  energy	
  losses	
  
•  Wind	
  collima.on	
  and	
  mul.axial	
  flows	
  

+	
  Chemistry	
  of	
  AGB	
  atmospheres	
  
and	
  winds,	
  impact	
  of	
  dredges	
  
+	
  Atomic	
  data	
  
+	
  Atomic	
  excita.on	
  mechanisms	
  
+	
  S-­‐	
  and	
  R-­‐process	
  abundances	
  
+	
  PNe	
  as	
  probes	
  of	
  SFR,	
  IMF,	
  metal	
  
enrichment	
  
+	
  Molecular	
  forma.on,	
  isotopic	
  

	
  ra.os,	
  abundances	
  
+	
  Galac.c	
  structure,	
  kinema.cs,	
  

	
  forma.on,	
  and	
  assembly	
  
+	
  Dust/Complex	
  Molecules	
  	
  
•  Forma.on	
  and	
  Destruc.on	
  

mechanisms	
  and	
  rates	
  
+	
  Related	
  objects	
  (Novae,	
  SNe	
  Ia’s,	
  

	
  W-­‐C/N/Os)	
  



•  Gaseous	
  relics	
  of	
  the	
  evolu.on	
  of	
  low-­‐	
  and	
  intermediate-­‐mass	
  stars	
  
•  Major/dominant	
  source	
  of	
  cosmic	
  carbon	
  and	
  nitrogen	
  
•  Have	
  been	
  forming	
  con.nuously	
  in	
  all	
  but	
  the	
  youngest	
  stellar	
  ensembles	
  
•  Ubiquitous	
  in	
  the	
  Milky	
  Way,	
  other	
  galaxies,	
  and	
  intra-­‐cluster	
  medium	
  
•  Excellent	
  probes	
  of	
  

•  Stellar	
  evolu.on	
  from	
  the	
  AGB	
  to	
  white	
  dwarf	
  stages;	
  thermal	
  pulses	
  and	
  dynamos	
  
•  Stellar	
  popula.ons,	
  dynamics,	
  and	
  metal	
  enrichments	
  
•  Stellar	
  emission	
  x-­‐ray	
  processes	
  in	
  white-­‐dwarf,	
  high-­‐gravity	
  environments	
  or	
  mass	
  x-­‐fer	
  
•  Stellar	
  winds,	
  accelera.on	
  processes,	
  and	
  non-­‐equilibrium	
  dust	
  forma.on	
  
•  Gas	
  dynamics	
  of	
  collimated	
  and	
  interac.ng	
  winds,	
  	
  
•  Balance	
  and	
  impacts	
  of	
  thermal,	
  ram,	
  and	
  magne.c	
  pressures	
  in	
  simple	
  environments	
  
•  Magne.zed	
  winds	
  and	
  coherent	
  maser	
  amplifica.on	
  
•  Molecular	
  forma.on	
  rates	
  
•  Photoioniza.on,	
  high-­‐speed	
  shocks,	
  and	
  the	
  excita.on	
  state	
  of	
  gaseous	
  systems	
  	
  
•  Chemical	
  history	
  of	
  the	
  disks	
  and	
  halos	
  of	
  spiral	
  galaxies,	
  ellip.cals,	
  dwarf	
  galaxies	
  and	
  the	
  

intra-­‐galaxy	
  environment	
  	
  

•  Mass	
  exchange	
  and	
  ejec.on	
  processes	
  of	
  close	
  binaries	
  formed	
  of	
  old	
  stars,	
  
including	
  SN	
  Ia’s,	
  superluminous	
  giants,	
  and	
  some	
  novae	
  

•  Universal	
  luminosity	
  func.on	
  in	
  early-­‐	
  and	
  late-­‐type	
  galaxies	
  (that	
  s.ll	
  
	
  largely	
  defies	
  explana.on)	
  

•  Major/dominant	
  source	
  of	
  interstellar	
  carbonaceous,	
  silicate,	
  and	
  iron	
  dust	
  
Exoplanet	
  masses	
  and	
  survival	
  (around	
  WDs)	
  

Poll	
  of	
  a	
  recent	
  Scien.fic	
  Organizing	
  CommiUee	
  



108.01.	
  ChanPlaNS:	
  The	
  Chandra	
  Planetary	
  Nebula	
  Survey	
  	
  	
  Joel	
  Kastner	
  et	
  al.	
  
108.02.	
  Emerging	
  Trends	
  Gleaned	
  from	
  Central	
  Star	
  and	
  Hot	
  Bubble	
  X-­‐ray	
  	
  

	
  Emission	
  of	
  ChanPlaNS	
  Planetary	
  Nebulae	
  	
  	
  Rodolfo	
  Montez	
  et	
  al.	
  
108.03.	
  Herschel	
  Planetary	
  Nebula	
  Survey:	
  Spectroscopic	
  Probing	
  of	
  the	
  	
  

	
  Nebular	
  Components	
  	
  	
  Toshiya	
  Ueta	
  et	
  al.	
  
108.04.	
  The	
  HerPlaNS	
  far-­‐IR	
  photometric	
  survey	
  of	
  Planetary	
  Nebulae	
  and	
  its	
  	
  

	
  contribu.on	
  to	
  the	
  Emerging	
  Mul.-­‐wavelength	
  View	
  	
  	
  	
  Djazia	
  Ladjal	
  
108.05.	
  Herschel	
  Planetary	
  Nebula	
  Survey	
  (HerPlaNS):	
  First	
  Detec.on	
  of	
  OH+	
  in	
  	
  

	
  Planetary	
  Nebulae	
  	
  	
  Isabel	
  Aleman	
  
108.06.	
  The	
  new	
  MQ/AAO/Strasbourg	
  mutli-­‐wavelength	
  and	
  spectroscopic	
  	
  

	
  PNe	
  database:	
  MASPN	
  	
  	
  Quen.n	
  A.	
  Parker	
  
108.07.	
  What	
  Are	
  M31	
  Disk	
  Planetary	
  Nebulae	
  Trying	
  to	
  Tell	
  Us?	
  	
  	
  Karen	
  B.	
  KwiUer	
  et	
  al.	
  
108.08.	
  Observing	
  Planetary	
  Nebulae	
  with	
  JWST	
  and	
  Extremely	
  Large	
  Telescopes	
  
	
  	
  	
  Raghvendra	
  Sahai	
  
108.09.	
  Binary	
  Interac.ons	
  and	
  the	
  Forma.on	
  of	
  Planetary	
  Nebula	
  	
  Adam	
  Frank	
  



Carbon/Dust Production 
processes and rates!
Simulations of jet and disk 
formation!
Mass transfer in binaries!
Probes of galaxies’ histories!
Peering into the Launch 
Zone: "HST, VLTI, etc.!

ALMA arrives!!!



N/O	
  C/O	
  

ScaUer:	
  
	
  Methodology	
  
	
  First	
  parameter:	
  Ini.al	
  Mass	
  
	
  Second	
  parameter:	
  Ini.al	
  Metalicity	
  
	
  Other	
  parameters:	
  (rota.on,	
  binarity)	
  



Cristallo	
  et	
  al.	
  
2009	
  ApJ	
  	
  
696	
  797	
  

2	
  M	
  

Thermal	
  pulses	
  
(more	
  and	
  more	
  
for	
  lower-­‐Z)	
  

2nd	
  dredge	
  up	
  

3rd	
  dredge	
  up	
  

flash	
  

flash	
  

Age	
  	
  
(105	
  yr)	
  

	
  M/M	
  	
  (2	
  M)	
  

12C	
  

13C	
  

14N	
  

H	
  

2	
  M	
  



Rate	
  of	
  carbon	
  enrichment	
  depends	
  on	
  IMF,	
  Y/Y,	
  Z/Z.	
  	
  Fewer	
  third	
  dredge-­‐ups	
  for	
  
stars	
  with	
  Z/Z	
  ≥	
  0.5	
  (i.e.	
  nearby	
  disk	
  PNe).	
  	
  	
  C/O	
  ra.os	
  and	
  C-­‐star	
  pops	
  also	
  drop	
  for	
  
Y/Y	
  ≥	
  1.	
  Rota.on	
  might	
  enhance	
  carbon	
  diffusion	
  and,	
  so	
  surface	
  abundances.	
  

A.	
  Karakas	
  	
  
2014,	
  MNRAS,	
  	
  
445,	
  347	
  

Many	
  stars;	
  	
  
few	
  visible	
  	
  
PNe	
   (no	
  rota,on	
  or	
  	
  

magne,c	
  fields)	
  

≈Y,	
  Z	
   ancient	
  	
  
popula.ons	
  



Henry	
  et	
  al	
  2015	
  (SubmiUed).	
  Large	
  black	
  dots	
  are	
  new	
  results	
  from	
  deep	
  opt-­‐uv	
  STIS	
  spectra.	
  

Peimbert	
  Type	
  I	
  
•  rela.vely	
  rich	
  in	
  He	
  and	
  N	
  
•  tend	
  to	
  be	
  bipolar	
  and	
  to	
  
	
  	
  	
  	
  	
  lie	
  near	
  the	
  Galac.c	
  equator	
  	
  
•  believed	
  	
  to	
  evolve	
  from	
  

massive	
  progenitors	
  (>4	
  M)	
  	
  	
  	
  

Peimbert	
  Type	
  II	
  
•  The	
  rest	
  (ignoring	
  	
  PNe	
  

outside	
  the	
  disk)	
  

Hot	
  BoUom	
  Burning	
  predicts	
  
that	
  C	
  will	
  be	
  processed	
  into	
  He	
  
and	
  N.	
  	
  So	
  a	
  He-­‐N	
  correla.on	
  
should	
  emerge	
  for	
  a	
  large	
  PN	
  
sample	
  and	
  possibly	
  a	
  C-­‐N	
  
an.correla.on.	
  

He/H	
  is	
  proxy	
  for	
  in	
  i.al	
  stellar	
  mass/HBB	
  →	
  

“normal”	
  HBB	
  expecta.on	
  

Peimbert	
  Type	
  II	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  I	
  



S-­‐B-­‐r	
  rela.on	
  
Frew,	
  Parker	
  &	
  Bojicic,	
  	
  
2014,	
  MNRAS	
  submiUed	
  

the	
  Macquarie	
  PN	
  group	
  
discovers	
  standard	
  	
  	
  
surface	
  brightness	
  –	
  radius	
  
rela4onship	
  from	
  their	
  
extensive	
  survey	
  results	
  
(PNe	
  within	
  <	
  2	
  kpc)	
  

the	
  Potsdam	
  group	
  
figures	
  out	
  why!	
  

1-­‐d	
  radia,on	
  
	
  hydro	
  models	
  

(courtesy	
  Quen,n	
  Parker)	
  

Jacob	
  et	
  al.	
  2013A&A...558A..78J	
  



Kwok,	
  Volk	
  &	
  Hrivnak,	
  A&A,	
  350,	
  L35	
  
Kwok	
  &	
  Zhang,	
  Nature,	
  479,	
  80;	
  ApJ,	
  771,	
  5	
  
Kwok	
  2004,	
  Nature,	
  430,	
  985	
  Courtesy	
  Sun	
  Kwok	
  

prePN	
  Stage	
  
•  Prodigious	
  dust	
  and	
  

molecule	
  forma.on	
  in	
  cold,	
  
dense	
  winds	
  

•  Rich	
  in	
  mixed	
  aroma.c/
alipha.c	
  nanopar.cles	
  	
  

PN	
  Stage	
  
•  UV	
  irradia.on	
  and	
  shocks	
  

alter	
  the	
  bonded	
  structures	
  

Beyond	
  
•  Con.nues	
  in	
  ISM	
  stage	
  
•  dust	
  that	
  seUles	
  into	
  YSOs	
  &	
  

planetary	
  disks	
  is	
  spuUered	
  
and	
  fragmented	
  

•  Molecular	
  rings	
  are	
  highly	
  
varied	
  fragments,	
  many	
  with	
  
chemically	
  recep.ve	
  
bonding	
  sites	
  

Fullerenes	
  



Bujarrabal	
  et	
  al.	
  2001A&A...377..868B	
  



Like AGNs, the nature of the 
stellar engine is inferred 
from its observable impacts!
HST/VLTI/Molecular images 
show highly organized and 
collimated outflows.  !

How do we read their 
messages?!



≈50%	
  of	
  prePNe	
  are	
  bipolar.	
  No	
  prePne	
  are	
  perfectly	
  round.	
  (Sahai	
  et	
  al.	
  2011AJ....141..134S).	
  

Nuclear	
  	
  
Disks	
  

and	
  
Gaps	
  

HST	
  images	
  
in	
  dust-­‐
scaUered	
  
starlight	
  



Molecular	
  model	
  

ALMA	
  Basic	
  Characteris.cs	
  
•  bilobed	
  (occasionally	
  

mul.-­‐lobed)	
  
envelope	
  	
  

•  cold	
  exterior	
  gas.	
  

Stellar	
  ou|low	
  
•  jets,	
  bullets,	
  or	
  cones	
  
•  	
  nflow,	
  vflow,	
  Tflow,	
  

Rflow,	
  σflow,	
  (Ɵflow)	
  	
  
•  mass	
  flux	
  Ṁ	
  ≈	
  10–7	
  

M/y	



Environment	
  
•  uniformly	
  expanding	
  

AGB	
  wind	
   	
   	
  	
  	
  
nAGB	
  =	
  no	
  (Ro/r)2,	
  	
  
vAGB	
  ≈	
  20	
  km/s,	
  	
  	
  	
  
TAGB	
  ≈	
  10-­‐100	
  K 	
  	
  	
  	
  
	
  (vflow>>	
  Cs)	
  

•  Equatorial	
  torus	
  

€ 

rflowv flow
nozzle
area( )

€ 

rflowv flow
nozzle
area( )

€ 

rflowv flow
nozzle
area( )

Concentric	
  
Rings?	
  	
  





(M?)hydro	
  
shaped	
  
lobes	
  

stellar	
  
illumina.on	
  
cones	
  

ancient	
  
history	
  

recent	
  
history	
  

Observables	
  
dust-­‐scaUered	
  
atar	
  light	
  
shocks	
  
(H2,	
  [FeII],	
  [SII])	
  

molecular,	
  [CII]	
  
Emission	
  lines	
  
(0.3-­‐10	
  mm)	
  
polariza.on	
  
various	
  deriveables	
  

Hydro	
  State	
  
Variables:	
  
distribu.ons	
  of	
  
Density	
  
Flow	
  momentum	
  
Temperature	
  
Field	
  strength	
  
Pressure	
  	
  
	
  	
  	
  	
  thermal,	
  ram,	
  B	
  



cylindrical	
  waist	
  of	
  CO	
  
M	
  =	
  0.00035	
  M	
  
mm-­‐size	
  cold	
  grains	
  
abrupt	
  outer	
  edge	
  

Terminal	
  speed	
  of	
  an	
  opaque	
  radia.on-­‐driven	
  AGB	
  dust	
  wind	
  =	
  18	
  km/s	
  	
  
(Ivezić,	
  Ž.	
  &	
  Elitzur,	
  M.	
  2010MNRAS.404.1415I)	
  	
  	
  

18	
  km/s	
  

Sahai	
  et	
  al.	
  2013ApJ...777...92S	
  



CRL2688	
  

AGB	
  (+	
  WC8)	
  

WFC3	
  	
  F658N	
  	
  F656N	
  	
  F547M	
  

IR	
  Con.nuum	
  	
  	
  [FeII]	
   WFC3	
  F110W	
  IR	
  

2009.7	
  –2002.7	
  

Clumps	
  or	
  
working	
  
surfaces?	
  

concentric	
  
dust	
  circles	
  

Shock	
  tracers	
  

Proper	
  mo,ons	
  ≈	
  250	
  km/s:	
  	
  
flow	
  or	
  paTern	
  speeds?	
  

Sahai	
  et	
  al.	
  	
  
2013ApJ...777...37L	
  

Balick	
  et	
  al.	
  	
  
2014ApJ…795…83B	
  

Kinematics galore! 



 high-pressure puncture 

 and adiabatic expansion


(thermal pressure dominates)


 inertially-constrained 
wind (ram pressure)


 jet or bullet

(ram pressure)


Orion	
  
Molecular	
  

Cloud	
  



Adam Frank, Martin Huarte-Espinosa, 
Baowei Liu, and the Rochester 
Computational Group 

Learning from your students	
  

Hydro for everyone!	
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Strong	
  Jet:	
  	
  	
  njet	
  >	
  namb	
  
Vforward	
  shock	
  ≈	
  vjet	
  ≈	
  vpaUern	
  
Vreverse	
  shock	
  <<	
  vfor.shock	
  
emission	
  at	
  	
  
•	
  	
  	
  forward	
  shock	
  (faint	
  x-­‐rays),	
  
•  “dense	
  plug”	
  and	
  its	
  “roll-­‐off	
  tail”	
  	
  
	
  	
  	
  	
  	
  	
  	
  (edge	
  of	
  inner	
  lobe)	
  ([FeII]	
  and	
  op.cal	
  lines),	
  
•  outer	
  lobe	
  walls	
  (slow	
  shocks)	
  (H2?)	
  

Weak	
  Jet:	
  	
  namb	
  >	
  njet	
  (“heavy	
  li�er”)	
  	
  	
  	
  
Vforward	
  shock	
  	
  ≈	
  vpaUern	
  	
  <<	
  vjet	
  
Vreverse	
  shock	
  ≈	
  vjet	
  	
  >>	
  vfor.shock	
  
emission	
  at	
  	
  
•	
  	
  	
  reverse	
  shock	
  (faint	
  x-­‐rays),	
  
•  “dense	
  plug”	
  and	
  its	
  “roll-­‐off	
  tail”	
  	
  
	
  	
  	
  	
  	
  	
  	
  (edge	
  of	
  inner	
  lobe)	
  ([FeII]	
  and	
  op.cal	
  lines),	
  
•  Dense	
  lobe	
  edges	
  

density  temperature 



Balick,	
  Frank,	
  &	
  Liu,	
  in	
  progress	
  

Parabolic-­‐tapered	
  clump	
  flow,	
  radius	
  =	
  1500	
  AU,	
  	
  
launched	
  into	
  sta.onary	
  constant	
  density	
  namb	
  =	
  1	
  cm–3	
  	
  
vclump	
  =	
  200	
  km/s,	
  	
  nclump(r=0)	
  =	
  400	
  cm–3,	
  Tclump	
  =	
  1e3	
  	
  K	
  

<paTern	
  ,p	
  speed>600y=	
  195	
  km	
  s–1	
  

600	
  y	
  

300	
  y	
  

100	
  y	
   2	
  

gas	
  from	
  the	
  fast	
  
clump;	
  shocked	
  
and	
  heated	
  at	
  

lobe	
  .p	
  

…	
  displaced,	
  com-­‐
pressed,	
  shocked	
  
slow	
  AGB	
  wind	
  at	
  
edge	
  of	
  outer	
  lobe	
  





Tedds	
  et	
  al.	
  1999	
  MNRAS	
  307	
  357	
  

Jet	
  or	
  
bullet	
  
wake	
  

laterally	
  
displaced	
  
AGB	
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Figure 8. Top: 3D disc gas orbit streamlines and sliced density contours (red) for the 10 AU case at t = 2 orbits. The central white small sphere is the
secondary. Streamline colours denote orbital speed in Mach units. The wind enters the grid towards the image. Bottom: Disc gas orbit streamlines at t =
3 orbits corresponding to the 10, 15 and 20 AU cases, from left to right. The wind enters the grid from the top left-hand corner moving towards the bottom
right. Colours denote distance perpendicular to the orbital plane in AU and indicate the orbits inclination.

high as 4 × 1036 erg s−1 (Blackman 2009, see also Huggins 2012).
Can the accretion rates we find power such high luminosities?

If these high powered PPN outflows do indeed result from accre-
tion disc around a secondary, then one typically expects no more
than 10 per cent of the accretion rate to turn into mass outflow and
the outflow speed to be !rA = QvK (e.g. Frank & Blackman 2004),
where ! is the orbital speed at the inner edge of the disc, rA is the
radius of the Alfvén surface, vK is the Keplerian speed at that radius
and Q is a numerical factor determining the jet speed as a multiple of
the Keplerian speed (if the jet propagated into a vacuum). Although
PPN jets would propagate into the stellar envelope such that the ob-
served jet speed would be reduced using momentum conservation

Figure 9. Secondary accretion rate evolution.

(Blackman 2009), the mechanical luminosity of the jet should be
comparable to its naked value if energy is conserved in the outflow.
Accretion would provide a jet mechanical luminosity of

Lj ∼ 1
2

Ṁac

10
Q2v2

K

= 4 × 1036
(

Mac

5.6 × 10−5 M$ yr−1

) (
Q

3

)2 ( vK

440 km s−1

)2
,

(14)

where we have scaled vK to that of an orbit at the surface of a main
sequence star of 1 M$ and 1 R$ and taken an optimistic Q =
3. The accretion rates we find (see Fig. 9) would then fall short
by ∼ 2 orders of magnitude if the secondary is a main-sequence
star. However, for a white dwarf, v2

K is ∼ 70 times larger and the
required accretion rate to produce the same mechanical luminosity
is reduced by the same factor, and becomes 8 × 10−7 M$ yr−1.
This rate is not that dissimilar from the accretion rate we found for
the 10 au separation case. Note that the estimates above depend on
the value of Q which is somewhat uncertain and on the actual inner
most radius of the disc used to compute vK. It could be that the disc
does not extend all the way to the star in which case vK in the above
formula would be reduced.

The fact that only a white dwarf companion could supply the
outflow powers for the highest powered PPN, highlights the need
to determine the mechanical luminosity distribution function of
PPN. If the highest outflow powers are much more common than
the expected frequency of white dwarf companions within 10 au,
then the required mechanism would likely require closer binary
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Figure 4. Logarithmic density grey-scale and velocity field maps for the 10 au (left), 15 au (middle) and 20 au (right) models at t = 3 orbits. The primary is
simulated to be to the left of the maps. The secondary is receding in bottom row panels due to its orbital motion.

left-hand panels and left-hand region in right-hand panels, Fig. 6).
We find that both the discs’ outer radius, rd, and edge height are
inversely proportional to a. In Section 4.3 we show that the shape
of the gas parcel orbits in the disc is a function of a as well. We note
that the discs’ inclination angles are generally small, meaning that
the discs are close to perpendicular to the orbital plane. However,
small time variation in the flow occur even after the discs settle into
a quasi-steady state.

4.2 Disc mass

In Fig. 7 we show profiles of the discs’ mass, Md(t) (solid lines),
as a function of both time and the binary separation. These are

calculated by summing the mass of grid cells containing bound gas
(those having a gravitational energy greater than the kinetic one).

In the 10 au case we see that the disc mass increases during the
first orbit and then saturates at about 7 × 10−6 M#. The disc mass
then oscillates with a period of ∼1 orbit and an amplitude of about
1 × 10−6 M#.

To understand the origin of these disc mass oscillations, we cal-
culate the gas flux leaving the grid though both the +x and −y
boundaries (see Fig. 3) in M# yr−1 (dashed lines, Fig. 7). The
position and shape of the gradients in Md(t) compared with those
of the mass fluxes indicate that the disc’s mass decreases with in-
creasing outbound flux and vice versa. This suggests the wind’s
post-bow shock ram pressure mediates the disc mass; the wind
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Novae: fast creation of highly bipolar nebulae 

Recent examples of bipolar nebulae observed less than 1-2yrs after outburst 

The classical V1280 Sco:  
Chesneau et al. 2008, 
Chesneau et al. 2012 
A slow nova (Vej~500km/s): 
large mass ejection, dust 
created, no equatorial material 

The recurrent T Pyx: a near-pole on 
bipolar nebula 
Chesneau et al., 2011, wind acceleration observed 

Radio obs. at t=22 days 

HST visible image at t=150 days 

The recurrent RS Oph:  
O’Brien et al. 2006, 
Chesneau et al. 2007, 
Bode et al. 2008… 

t=35d 

The classical V445 Pup:  
Woudt et al. 2009, 
Fast nova (Vej~4000km/s): An 
extremely asymetrical outburst? 
Dense equatorial material 
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