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Hernanzfest – Tossa – June 15, 20-17 



Goal:	
  A	
  Thursday	
  nova	
  tas2ng	
  

2 



Pre-­‐Nova	
  =	
  Post	
  Nova	
  =	
  Novalikes	
  
High	
  dM/dt	
  ~	
  10-­‐8	
  Msun/year	
  
Collazzi,	
  Schaefer	
  et	
  al	
  2009	
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 Novae      
       
Old Novae  

 Novalike Variables  
 dM/dt~10-8 Msun/yr 
 Dwarf Novae  
 dM/dt~10-9-10 Msun/yr 

NO CONTACT    

Lstar/Lsun 

1,000,000 

10 -100 

10-100 

0.1-1.0 

0.01- 
0.0001 

------------------------------------------------------------------ 

------------------------------------------------------------------ 

------------------------------------------------------------------- 

PRE-1986 



Knigge et al 2011 
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6 
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1988 
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NOVA MASS EJECTION RESULTS: 



INITIAL	
  COMMUNITY	
  RESPONSE	
  TO	
  
NOVA	
  UNIFICATION	
  THEORY	
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PHOTO CREDIT: 
Andrea Mantegna, 1506 

St. MIKE 
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CLASSICAL	
  NOVA	
  

NOVALIKE	
  BINARY	
  
	
  DWARF	
  NOVA	
  

“HIBERNATING”	
  BINARY	
  

Driven	
  by	
  variable	
  Mass-­‐exchange	
  rate	
  

                        COSMIC	
  METAMORPHOSIS	
  -­‐	
  1986	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DWARF	
  NOVA	
  

NOT	
  OBSERVED	
  

X 

X X 

observed 

observed 

NOVALIKE BINARY 

NOT OBSERVED 

NOT OBSERVED NOT OBSERVED 



Predic2on	
  #1	
  -­‐	
  Old	
  novae	
  fade	
  slowly	
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Schaefer	
  et	
  al	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  100 years	
  of	
  photographic	
  plates	
  	
  
100 YEARS 

60 YEARS 



Predic2on	
  #2	
  Old	
  Novae	
  !	
  Dwarf	
  Novae	
  at	
  t~300	
  yrs	
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Prototype Dwarf Nova 
Z Cam 
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Shell	
  mass,	
  
Composi2on,	
  
Velocity=>	
  
Nova	
  Shell	
  

Shara	
  et	
  al	
  2007	
  
Z	
  Cam	
  is	
  an	
  Ancient	
  Nova	
  (77	
  BCE?)	
  

GK	
  PER!	
  



The	
  first	
  martyrdom	
  arrow	
  removed	
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AT	
  Cnc:	
  A	
  Second	
  Dwarf	
  Nova	
  with	
  a	
  Classical	
  Nova	
  Shell	
  
Shara	
  et	
  al	
  2012	
  

Nova	
  Cnc	
  1645	
  A.D.?	
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Mnebula~10-4Msun 



2016-­‐MNRAS	
  Miszalski	
  et	
  al	
  	
  	
  	
  	
  Te11	
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Eclipsing Dwarf nova: 
1.2 Msun WD + dM2.5  @330 pc 
Mnebula = 2 x 10-4 Msun 



Nature, in press/arXiv:1704.00086 



From	
  the	
  Korean	
  Royal	
  Chronicles	
  “Sejong	
  Sillok”	
  
translated	
  by	
  	
  

F.	
  Richard	
  Stephenson	
  (Durham	
  University)	
  

In	
  the	
  19th	
  year	
  of	
  King	
  Sejong,	
  2nd	
  lunar	
  month,	
  	
  
day	
  yichou	
  	
  

=	
  11	
  March	
  1437	
  A.D.	
  …	
  

A	
  guest	
  star	
  (kexing)	
  began	
  to	
  be	
  (shi)	
  seen	
  between	
  
the	
  second	
  and	
  third	
  

	
  stars	
  of	
  Wei	
  (Scorpius).	
  It	
  was	
  nearer	
  to	
  the	
  third	
  star,	
  
about	
  half	
  a	
  chi("half	
  a	
  foot")	
  away.	
  It	
  lasted	
  (jiu)	
  for	
  14	
  

days."	
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2013	
  -­‐An	
  Integral	
  X-­‐ray	
  source	
  &	
  CV	
  	
  

20 1923 Blue Harvard plate 1985 Red Schmidt plate 



Proper	
  Mo2on	
  “Clock”:	
  	
  1437+/-­‐40	
  yr	
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CV today 

Shell centre 1437 CV in 1437 
Shell centre today 



Nova	
  Sco	
  1437	
  is	
  now	
  	
  
a	
  low	
  dM/dt	
  dwarf	
  Nova	
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A	
  dwarf	
  Nova	
  erup2on	
  in	
  1942	
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Conclusion:	
  
4/4	
  Oldest	
  Novae	
  have	
  become	
  
Dwarf	
  Novae	
  aqer	
  >300	
  years	
  

dM/dt	
  decreased	
  in	
  these	
  CVs	
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Nova Scorpii 1437 A.D.:  
orbital period and WD spin 

Chandra 0.2-10keV 

g’ Optical 
photometry in 
July-September 
2016: 

Porb=0.5340263 d 
    +/-0.0000007 

Pspin=0.0215175 d 
    +/- 0.0000008   



Half	
  of	
  all	
  old	
  nova	
  candidate	
  
spectra	
  show	
  red	
  stars,	
  and	
  NO	
  

accre2on	
  disks	
  
(Ringwald	
  et	
  al	
  MNRAS	
  1996);	
  

dM/dt	
  =0	
  

Hiberna2ng	
  Systems	
  are	
  VERY	
  hard	
  
to	
  iden2fy	
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CLASSICAL	
  NOVA	
  

POST-­‐	
  NOVA	
  
	
  DWARF	
  NOVA	
  

“HIBERNATING”	
  BINARY	
  

Driven	
  by	
  variable	
  Mass-­‐exchange	
  rate	
  

                        COSMIC	
  METAMORPHOSIS-­‐2017	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  PRE-­‐NOVA=	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DWARF	
  NOVA	
  

FINALLY	
  OBSERVED	
  

observed Observed   
V1213 Cen 

observed 

Observed? 
QS Vir 
VY Scl 

V1213 Cen 



29 

Type	
  Ia	
  Progenitors	
  
Two	
  White	
  Dwarfs	
  =	
  “Double	
  Degenerate”	
  	
  

INVARIANT OVER 13 Gyr 
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An SNIa with a Red Giant +WD progenitor 
Dilday et al, Science 337, 942 (2011) 
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M31-12a erupts every 12 months  
! Mwd ~1.37 Msun    Rwd ~ RSpain 
Darnley, Henze, Bode, Kato 2015 
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  M31-12a:  Tiny White Dwarf!An Ultraviolet Nova 
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41 M87 Novae/HST/72 days...F606W + F814W          
Rate(M87) = 363 novae/yr  

Shara et al (2016) 



Daily	
  HST	
  Images	
  of	
  an	
  M87	
  Nova	
  



The	
  Absolute	
  Magnitude-­‐Decline	
  Time	
  
NON-­‐Rela2on	
  for	
  Novae	
  



M87	
  Nova	
  LCs-­‐	
  1	
  day	
  cadence-­‐EVERY	
  DAY	
  
Impervious	
  to	
  seeing,	
  lunar	
  phase,	
  

clouds…	
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F606W	
  and	
  F814W	
  LCs	
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MV,17	
  =	
  -­‐6.06+/-­‐0.23	
  	
  	
  	
  
MI,20	
  =	
  -­‐6.11	
  +/-­‐	
  0.34	
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Cycle-­‐24	
  	
  	
  	
  	
  53	
  HST	
  orbits	
  NOW	
  underway	
  
	
  	
   	
   	
   	
   	
  Ultraviolet	
  Flashers	
  in	
  M87	
  

	
  M87	
  every	
  5	
  days	
  over	
  9	
  months=265	
  days	
  in	
  HST/near	
  UV	
  and	
  HST/VIS	
  

1)  Detect	
  “N”	
  WDs	
  in	
  M87	
  	
  !	
  SNIa	
  
	
  M>1.37	
  Msun	
  AND	
  dM/dt	
  ~	
  few	
  x	
  10-­‐7	
  Msun/yr	
  	
  

	
  so	
  	
  trec	
  <~	
  150	
  days	
  and	
  t(SNIa)<200,000	
  years	
  

ASSUMING	
  1	
  SNIa/M87/200	
  years	
  !	
  

PERCENTAGE	
  OF	
  SINGLE-­‐DEGENERATE	
  SNIa	
  in	
  M87	
  

~	
  O(	
  N/100-­‐1000)	
  



Our	
  First	
  M87	
  
NUV	
  Nova	
  

The same nova - 
Visible Light 



Why	
  groundbased	
  Nova	
  Rates	
  are	
  so	
  low	
  

41 



3	
  prototypical	
  nova	
  light	
  curves	
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Blue=NUV 
Green=VIS 



N	
  so	
  far,	
  in	
  200	
  days…	
  

• 0	
  

43 

…Strongly suggesting that very few SNIa  
are produced by the single degenerate channel 



Summary	
  	
  
1)	
  OLD	
  NOVAE	
  MORPH	
  INTO	
  DWARF	
  NOVAE✔	
  
2)	
  NOVA	
  INTER-­‐ERUPTION	
  TIME	
  >	
  1000	
  YRS✔	
  
3)	
  dM/dt	
  =	
  0	
  “HIBERNATION”	
  PREDICTED	
  
Ultradeep	
  Halpha	
  Surveys	
  for	
  dM/dt	
  =	
  0	
  binaries	
  

4)	
  Type	
  Ia	
  SNe:	
  	
  	
  
Hun2ng	
  Rapidly	
  Recurring,	
  NUV-­‐bright	
  Novae	
  
M87	
  HST	
  NUV	
  Survey	
  Underway	
  to	
  quan2fy	
  	
  
SNIa	
  popula2on	
  Single-­‐Degenerate	
  popula2on	
  

So	
  far:	
  Zero	
  observed	
  !	
  Single	
  degenerate	
  SNIa	
  are	
  “rare”	
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HAPPY BIRTHDAY MARGARITA!! 



KRAFT	
  1959	
  ApJ	
  	
  
White	
  Dwarf+Red	
  Dwarf+accre2on	
  disk	
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Paverson	
  et	
  al	
  (2013)	
  
Nova	
  Lyn	
  101	
  A.D?	
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An old nova  
becoming a dwarf nova 
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<1000 Red Giant +WD Binary Symbiotic Stars in M31 
Mikolajewska et al 2015 
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Gamma Ray Bursts? 

Binary WR? 
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}No,	
  
But	
  TCrB	
  
and	
  U	
  Sco	
  
are	
  OK	
  



Tree	
  of	
  Life	
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Humbling	
  

52 


