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onfronting a growing list of dilemmaswhi
h have yet to �nd 
oherent resolution. These issues are both observational andtheoreti
al and 
an be stated as a series of "fa
ts" whi
h 
an not, as of yet, bea

ounted for via a single framework. We review these fa
ts and propose a skeletonframework for developing a new understanding post-AGB stars, PPN and PN. Ourframework represents an attempt to arti
ulate a a global perspe
tive on the latestages of stellar evolution that 
an embra
e both the nature of the 
entral engineand the out�ows they produ
e. Our framework fo
uses on intera
ting binary 
entralstars whi
h drive 
ollimated out�ows through MHD pro
esses. We propose thatthe �eld of AGB/PN studies now fa
es a "Grand Challenge" in arti
ulating theobservational systemati
s of these obje
ts in a way that 
an address issues relatedto binarity and magneti
 shaping. A theoreti
al Grand Challenge is also fa
ed inthe form of integrated studies whi
h 
an expli
ate the highly non-linear pro
essesasso
iated with MHD out�ows driven by intera
ting binaries. These issues in
ludethe generation of magneti
 �elds via dynamo pro
esses, the 
reation of a

retiondisks, the dynami
s of Common Envelope eje
tion and the 
reation of magnetizedjets.1 MethodSin
e the onset of high resolution observational platforms, su
h as the Hubble Spa
eTeles
ope, the �eld of planetary nebula (PN) studies has 
onfronted a growing listof paradoxes or dilemmas whi
h have yet to �nd 
oherent resolution. The dominantparadigm of single star evolution (Iben 1995) 
oupled with hydrodynami
 intera
tingwind s
enarios (e.g., I
ke, Bali
k, Frank 1990, Frank & Mellema 1994) is only ableto explain a subset of the total mature PN population and fails entirely to explainthe properties of pPNe (Sahai & Trauger 1998). This is an ex
iting time in PNstudies as the new me
hanisms being explored speak dire
tly to some of the mostimportant unsolved problems in astrophysi
s su
h as the nature of dynamo generatedmagneti
 �elds, a

retion disk formation pro
esses, 
ollimated stellar explosions,stellar evolution in the 
ontext of binary stars and the intera
tion of jets and out�owswith surrounding environments.
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kman, Bru
e Bali
kProgress forward requires systemati
 exploration of both observational and the-oreti
al issues. The purpose of this 
ontribution is to provide an outline, in termsof justi�
ation, for a new framework for PN studies. We �rst provide a list of ob-servational results or "fa
ts" whi
h have not, as of yet, been fully a

ounted forwithin traditional models. Next we provide a list of theoreti
al results or "fa
ts"whi
h point to the need for development of a new global framework for studyingPN systems outside of traditional single-star, radiation driven models. In the �nalse
tion we link observation and theory and propose a series of postulates that 
anserve as a straw-man for developing a paradigm for understanding PN and theirrelated phenomena in a global evolutionary 
ontext.Observational Fa
ts1. PPN Momentum Ex
ess: The linear momentum observed in the majorityof PPN out�ows is higher than 
an be a

ounted for by radiation driving fromthe 
entral star even when multiple s
attering is in
luded. These momentumex
esses are typi
ally of order 1000 or higher (Bujarrabal et al. 2001).2. Nebular Bipolarity: All PPN and all very young PNe appear bipolar or multi-polar (Sahai & Trauger 1998) even though all PN halos are spheri
al or mildlyellipti
al (Corradi et al. 2003).3. PPN and PN 
ollimated stru
tures: Highly 
ollimated stru
tures, possiblyjets exist in many PPN and PN (Bali
k & Frank 2002 and referen
es therein.4. Post-AGB Binarity: Virtually all post-AGB stars with dust tori (whi
h maybe disks) have a binary 
ompanion. Typi
al periods are short enough to infersome form of intera
tion 100 < P < 1500 days (van Win
kel 2003).5. CSPN Binarity: > 10% of 
entral stars of PN have 
lose 
ompanions and
> 10% have wide, non intera
ting 
ompanions, one system is a triple (Bond2000; Ciardullo et al. 1999).6. Magneti
 Field Dete
tions: Magneti
 �eld measurements, while di�
ult,have been made in both nebular systems and their 
entral engines. Fields havebeen observed in 4 
entral stars as well as in a variety of AGB, pAGB/PPN andPN (Jordan et al. 2005; Vlemmings et al. 2006; Sabin et al. 2007).7. H-de�
ient 
entral stars: 15− 20% of all 
entral stars are H-de�
ient. Mostof these exhibit O and C dual dust 
hemistry.8. The PN Luminosity Fun
tion: There is a ubiquitous population of brightPNe that have the same brightness (the bright edge of the PNLF). This is inglaring 
on�i
t with predi
tions from population syntheses and stellar evolutionmodels whi
h predi
t older galaxies to have overall fainter PNe (Marigo et al.2004). Theory therefore predi
ts the PNLF should not to be a distan
e indi
a-tor, but pra
ti
e demonstrates the PNLF to a
tually be an a

urate distan
epredi
tor.9. Bipolar PNe S
ale Height: Bipolar PNe tend to have a lower s
ale heightand tend to be Type I. This is interpreted as meaning that more massive startsprodu
e bipolar PNe (although this well known observation is in doubt in theLMC).10. PN Abundan
es: There is a dis
repan
y between PN abundan
es from opti
alre
ombination vs. forbidden lines. This dis
repan
y is alleviated by allowingsmall H-de�
ient 
lumps in the PN, however a physi
al reason for the existen
eof su
h 
lumps has yet to be found.
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al Fa
ts1. MHD Shaping: The shapes of many bipolar PN and PPN 
an not be a
-
ounted for with the 
lassi
 hydrodynami
 Generalized Stellar Wind model.MHD models, even those invoking weak magneti
 �elds, 
an produ
e a widerange of PN shapes (Gar
ia-Segura et al. 1997, 1999).2. Magneti
 Fields and Momentum Ex
ess: Magneto-
entrifugal laun
h(MCL) pro
esses invoke a rotating 
entral sour
e and magneti
 �eld (Pu-dritz 2004). These models 
an re
over the high out�ow momentum and energyobserved in PN systems. Thus MCL models 
an both laun
h and 
ollimatePPN/PN out�ows (Bla
kman et al 2001a,b, Frank & Bla
kman 2004).3. Magneti
 Fields and Short A

eleration Times
ale: The short a

elera-tion times
ales implied for many PPN �ows 
an be a

ounted for via MCL mod-els in whi
h di�erential rotation in the 
entral sour
e produ
es strong toroidal�eld gradients whi
h drive a �magneti
 explosion� (Matt, Frank & Bla
kman2006). The fragmentation of the expanding shell produ
ed in su
h an explosionmay provide a reasonable a

ount for some multi-polar out�ows (Dennis et al2007).4. Magneti
 Fields and Angular Momentum: MCL models require relativelystrong magneti
 �elds. These �elds will require the a
tion of a dynamo (Bla
k-man et al 2001). Theoreti
al models show that it is likely that su
h �elds 
annotsurvive a
ross the AGB unless a binary 
ompanion a
ts to provide the angu-lar momentum lost in ea
h dynamo 
y
le (Soker 2006, Nordhaus, Bla
kman &Frank 2006).5. Binaries and Disks: Cir
umbinary disks in PPN systems, now observed ina variety of 
ases, 
an form in a variety of ways in
luding 
ommon envelopeevolution (Nordhaus & Bla
kman 2006) and Bondi a

retion of the AGB wind(Soker & Rappaport 2000).2 Towards a New ParadigmBelow we provide postulates that follow from 
onsideration of both the observationaland theoreti
al fa
ts.1. Almost all PN form from binary intera
tions in
luding 
ommon en-velopes: Required observations: Systemati
 photometri
 variability (see D.Shaw's 
ontribution) and radial velo
ity studies (see O. De Mar
o's 
ontribu-tion) of 
entral stars of PPN and PN. Goal: determine the frequen
y and perioddistribution of binaries. Systemati
 spe
tro-photometri
 monitoring study. Goal:determine the properties of all known binaries (
ompanion masses, orbital pa-rameters, se
ondary irradiation 
hara
teristi
s) as well as those of their PNe(see B. Hrijvnak's and D. Frew's 
ontributions).2. A

retion disks will determine stru
ture of many PPN: Required obser-vations: Systemati
 sear
h for a

retion disks in PN and PPN (by small s
alephotometri
 variability, X-ray dete
tions [H emission lines likely 
ontaminatedby PN℄).3. Binary intera
tions (avoiding 
ommon envelope) = binary pAGBswith 
ir
umbinary ex
retion dis
s: Required theoreti
al program: Determine
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kman, Bru
e Bali
khow intermediate separation binaries result in a massive, 
ir
umbinary disk. Howdo disks evolve in time? Required observations: Use systemati
 modeling of IRobservations of systems known to have 
ir
umbinary dusty disks to determineproperties.4. Binary intera
tions provide initial 
onditions for MHD laun
hing: Re-quired theoreti
al program: A multi-dimensional numeri
al study of 
ommon en-velope evolution and disk formation via a variety of me
hanisms in
luding masstransfer and wind 
apture and tra
king energy deposition within the 
ommonenvelope.5. Dynamo generated stellar �elds will dominate evolution of PPN/PN:Required theoreti
al program: Related to the point above this postulate requiressystemati
 study of dynamo pro
esses in AGB stars in both single stars andbinary stars. The potential for single stars to maintain strong �elds via re
ir
u-lation must be as
ertained. In
lude development of multi-dimensional numeri
alsimulations appropriate to stellar interiors.6. Magneto
entrifual laun
hing a

ounts for PPN/PN morphologies:Proposed theoreti
al program: A systemati
 study of MCL models in the 
ontextof PPN/PN 
entral sour
e 
on�gurations must be 
arried forward. The genera-tion of out�ows from transient MCL driven magneti
 explosions as well as more
ontinuous out�ow produ
ed by a

retion disks must be explored.Con
lusion: Our proposal that the majority of PN are shaped by binary stars andMHD pro
esses holds promise for uniting the disparate observational and theoret-i
al results 
ite above. We note that many individual fa
ets our proposal has beendis
ussed before by other workers. Our goal is to draw these together in a new syn-thesis whi
h provide a dire
tion for future 
oordinated work. We make this proposalwith the understanding that mu
h of the heavy lifting to prove, or disprove, ourproposal has yet to be done. However it is noteworthy that the investigation of thisparadigm will shed light not only on PN but also on other phenomena (YSOs, AGN,mi
ro-Quasars, GRBs) 
urrently at the forefront of astrophysi
al resear
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