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What’s	
  a	
  nova?	
  	
  

“Nova stella” 
 

Very often discovered by 
amateur astronomers 

 
 

Nova Cygni 1975 
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A thermonuclear explosion of H on top of an accreting 
white dwarf in a close binary system 

What’s	
  a	
  nova?	
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Two recent discoveries about nova 
explosions  
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Two recent discoveries about nova 
explosions  

Ø Observational confirmation of 7Li synthesis 
during nova  explosions: relevance for the 
origin of lithium in the Universe 

5	
  



News	
  &	
  Views	
  

Tajitsu	
  et	
  al.	
  2015,	
  Nature	
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Detection of 7Li in Nova Cen 2013 

Izzo	
  et	
  al.	
  2015,	
  ApJ	
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Two recent discoveries about nova 
explosions  

Ø Observational confirmation of 7Li synthesis 
during nova explosions: relevance for the 
origin of lithium in the Universe 

Ø Detection of HE gamma-rays (E > 100 MeV)  
from a handful of novae: novae as accelerators 
of particles and thus origin of cosmic rays 
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First nova detected in (HE) gamma-rays   
Fermi/LAT - E>100 MeV 

Abdo et al. 2010, Science 

V407 Cyg: WD + red giant 
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Other Novae detected in (HE) gamma-rays   
Fermi/LAT - E>100 MeV 

•  V407 Cyg: WD + red giant (wind) system (symbiotic recurrent nova)  
•  Classical Novae: WD + MS 
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Outline 

•  Introduction on novae 
•  Origin of 7Li (galactic, cosmic)  

•  Role played by novae 
•  Models 
•  First detections in novae: 7Be-7Li (UV) and 7Li (optical) 
•  Implications. Gamma-rays from novae in the MeV range: 

relationship with synthesis and ejection of radioactive 
isotopes - 7Be à 7Li 

•  HE gamma-rays: discoveries by Fermi/LAT 
•  Symbiotic recurrent novae vs. classical novae 
•  Prediction for RS Oph (pre-Fermi launch). Relevance for 

cosmic rays origin 
•  Summary 

11	
  



Novae	
  observaIons:	
  opIcal	
  light	
  curves	
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L increases very fast by factors greater than 104 - absolute Lmax: ~104-5L� 
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Novae	
  observaIons:	
  opIcal	
  light	
  curves	
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Dip in the LC related to dust formation 
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Novae	
  observaIons:	
  light	
  curve	
  of	
  Nova	
  Sgr	
  2015	
  No.2	
  

AAVSO 



Novae	
  observations:	
  opIcal	
  light	
  curves	
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L v
is

ua
l  

time 

 L increases very fast by factors ≥ 104 



Novae	
  observaIons:	
  light	
  curves	
  	
  
UV satellites: Lbol(LV

+LUV)=ct. 
FH Ser 1970 - Gallagher & Code 1974 

Nova Cyg 1978 – Stickland et al. 1981 

IR emission       dust formation 

Lbol(LV+LUV+ LIR) =ct. 

V 

V+UV 

V 

IR 

UV 

TOT 
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Novae	
  observaIons:	
  opIcal	
  light	
  curve.	
  	
  Rate	
  
of	
  decline-­‐luminosity	
  relaIonship	
  (MMRD)	
  

  

t2 : time needed to Δm=2 

vd: speed class 2/t2 

t2<10 days: very fast nova 

t2>150 days: very slow 
 nova  

    Distance determination 

Della Valle and Livio 1995 

 2d                 20d               200d     t2 
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Gehrz	
  et	
  al	
  1998,	
  PASP	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

V1370 Aql 1982  Z=0.86=45 Z�; Ne=0.56=296 Ne� 

QU Vul 1984  Z=0.44=23 Z�; Ne=0.18=100 Ne� 

Abundances in novae ejecta from optical and UV spectra 
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 Abundance 
determinations 

from IR 
observations 

  Gehrz et al 1998, PASP             
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Novae observations: summary of properties 

Ø  Expansion velocities of the ejecta ~ 102-103 km/s  

Ø  Ejected masses ~ 10-5 - 10-4 M¤ 

Ø  Energetics and luminosity: K.E.~1045 erg  

    L = 105 L¤ close to LEddington 

Ø  Ejecta enhanced in C, N, O, Ne w.r.t. solar  

Ø Nova rate in the Milky Way: ~ 35 ± 11 per yr (Shafter 1997), 
but only a few  discovered optically 
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Reminder: A thermonuclear explosion of H on top of 
an accreting white dwarf in a close binary system 

What’s a nova?  
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White dwarfs  

•  Endpoints of stellar evolution (M< 10M�): no Enuc available; 
compression until electrons become degenerate 

•  Chemical composition: He, CO, ONe; masses:  typical 0.6 
 M�, maximum: MChandrasekhar (~1.4M�) 

•  When isolated, they cool down to very low L (~10-4.5L�): 

“fossils” allowing to do “stellar archeology” (age of the 
Galaxy, star formation rate) 

•  When in interacting binary systems, they can be “rejuvenated” 
and eventually explode 
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Effect of accretion: depends on L and M of the WD, 
accretion rate and chemical comp. of accreted matter à 
properties of the binary system: M1, M2, Porb-A, (dM/dt)acc 

“central” explosive C burning  à total disruption of the 
star, thermonuclear Supernova (SNIa): KE~1051 erg, 
Mejected ~ MWD  (1M�~1033g) , vejec ~ 104 km/s, ≤1/100 yr 
in the Galaxy 

 explosive H-nuclear burning  on top of the WD à 
 envelope ejection, nova explosion: KE~1045 erg, 
 Mejected ~ 10-4-5 M� , vejec ~ 102-3 km/s - No disruption 
 of the WD star       recurrent phenomenon  

•   classical nova: Prec~104-105 yr, ~35/yr in the Galaxy 

•    recurrent nova: Prec< 100 yr, <10 known in the Galaxy 

Rejuvena(on	
  of	
  white	
  dwarfs	
  in	
  close	
  binary	
  systems	
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Cataclysmic variable:  
WD + Main Sequence                
 
Roche lobe overflow 

  Symbiotic binary:  
  WD + Red Giant               

   
accretion from a red giant wind 

Classical nova 
Recurrent nova 

Precurrence~104-105 yr  

•  Precurrence<100 yrs 
•  Occur in massive WDs 
•  Mwd  can increase  possible 

scenarios of type Ia supernova explo. 

Nova explosions: white dwarfs in close binary systems 
(single degenerate) 
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Mass	
  transfer	
  from	
  the	
  
companion	
  star	
  onto	
  	
  
the	
  	
  white	
  dwarf	
  

	
  
Hydrogen	
  burning	
  in	
  

degenerate	
  condiIons	
  on	
  
top	
  of	
  the	
  white	
  dwarf	
  

	
  
Thermonuclear	
  runaway	
  

	
  	
  
Explosive	
  H-­‐burning	
  

Decay	
  of	
  short-­‐lived	
  radioacIve	
  
nuclei	
  in	
  the	
  outer	
  envelope	
  
(transported	
  by	
  convecIon)	
  

	
  
Envelope	
  expansion,	
  L	
  increase	
  

and	
  mass	
  ejecIon	
  

White	
  dwarf	
  in	
  a	
  binary	
  system:	
  scenario	
  of	
  nova	
  
explosions 
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Nova	
  Models:	
  Thermonuclear	
  Burning	
  of	
  
Hydrogen.	
  CNO	
  cycles	
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Nova	
  models:	
  main	
  nuclear	
  reacIons	
  (NeNa-­‐MgAl)	
  

Recent review on nova nucleosynthesis: José, Hernanz & Iliadis, NuPhA 2006 
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Implications of observed properties of CNe for 
the scenario of SNIa explosions 

Ejecta enhanced in C, N, O, Ne w.r.t. solar  
(Z observed >> solar) in classical novae  

 
proof of mixing between WD core and envelope è 

Mwd decreases 
BUT no enhancements observed in recurrent 

novae è does Mwd increase?  
Are novae (classical or recurrent) scenarios for 

thermonuclear supernovae? 
Additional issue: (originally) massive WDs are made 

of ONe and not CO, and thus would not explode 
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Origin of Lithium (7Li) 
Three main sources 

q Primordial origin: nucleosynthesis during the Big Bang 

q Spallation reactions: interaction of cosmic rays with atoms in 
the interstellar medium 

q Stellar origin: low-mass stars: red giants, nova explosions. 

Ø Detected for the first time in a nova explosion (7Be-7Li), by 
Tajitsu et al. Nature, 19 Feb. 2015. News & Views by MH, 
Nature same volume 

Ø Direct detection of 7Li in V1369 Cen (Nova Cen 2013) by 
Izzo et al., ApJ Letters (2015) 

Ø Prediction made several decades ago: Starrfield et al., 
ApJ 1978, Hernanz, José, Coc, Isern, ApJ L 1996 
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•  Stellar	
  nucleosynthesis:	
  all	
  the	
  elements	
  up	
  to	
  Fe	
  –	
  except	
  H,	
  Li,	
  
Be,	
  B	
  –	
  are	
  produced	
  inside	
  stars.	
  All	
  larger	
  Z	
  elements	
  come	
  
from	
  explosive	
  nucleosynthesis	
  

•  Enrichment	
  of	
  the	
  galacIc	
  gas:	
  	
  stellar	
  winds	
  and	
  supernova	
  
(+nova)	
  explosions	
  

•  LiBeB	
  not	
  formed	
  inside	
  the	
  stars,	
  but	
  they	
  can	
  be	
  produced	
  in	
  
external	
  H-­‐burning	
  shells:	
  low-­‐mass	
  red	
  giants,	
  nova	
  explosions	
  

Origin	
  of	
  the	
  elements	
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Big	
  Bang	
  Nucleosynthesis	
  

Coc,	
  Vangioni	
  et	
  al.	
  2004,	
  ApJ	
  
Predicted	
  abundances	
  
4He,	
  2H	
  (D),	
  3He,	
  7Li	
  

WMAP	
  -­‐	
  Wilkinson	
  Microwave	
  
Anisotropy	
  Probe:	
  constraints	
  on	
  the	
  
baryonic	
  density	
  of	
  the	
  Universe	
  
(Spergel	
  et	
  al.	
  2003):	
  	
  
Ωb	
  h2	
  =	
  0.0224	
  +/-­‐	
  0.0009	
  	
  
(h=H/100	
  km/s/Mpc)	
  
	
  
η	
  =	
  (6.14	
  +/-­‐	
  0.25)	
  10-­‐10	
  (baryon	
  to	
  
photon	
  raIo)	
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Big	
  Bang	
  Nucleosynthesis	
  
Coc	
  et	
  al.	
  2004,	
  ApJ	
   Spite	
  plateau	
  

(Spite	
  &	
  Spite	
  
1982):	
  ct.	
  Li	
  vs.	
  
metallicity	
  for	
  low	
  
metallicity	
  stars	
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7Li/H	
  
•  WMAP+SBBN:	
  
(4.15+0.49/-­‐0.45)
x10-­‐10	
  
•  Obs.	
  halo	
  stars:	
  
(1.23+0.8/-­‐0.32)	
  
x10-­‐10	
  



Big	
  Bang	
  Nucleosynthesis	
  

Coc	
  et	
  al.	
  2012,	
  ApJ:	
  improved	
  and	
  extended	
  nuclear	
  network	
  	
  

•  No	
  large	
  effect	
  of	
  new	
  nuclear	
  network	
  and	
  new	
  reacIon	
  rates	
  on	
  7Li	
  predicted	
  
primordial	
  abundance	
  

•  SIll	
  large	
  deviaIon	
  from	
  observaIons:	
  calculated	
  abundance	
  higher	
  than	
  spectroscopic	
  
observa3ons	
  by	
  a	
  factor	
  of	
  ~3.5	
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Big Bang Nucleosynthesis 
update 

Coc, Uzan, Vangioni 2014, JCAP 

Predicted abundances of  
4He, 2H (D), 3He, 7Li 

versus the baryonic density Ωb  
or the baryon to photon ratio η  

 

WMAP & Planck  
 

constraints on baryonic density 
indicated 

 
Ωb h2 = 0.022184 +/- 0.00026 

(Planck) 34	
  



Models	
  of	
  chemical	
  evoluIon	
  of	
  the	
  Galaxy	
  	
  

Prantzos	
  2012,	
  A&A	
  

SpallaIon	
  reacIons	
  (GCR)	
  
	
  
GalacIc	
  cosmic	
  rays	
  (GCR)	
  <–>	
  
Interstellar	
  Medium	
  (ISM)	
  	
  
	
  
§  p,	
  4He,	
  12C,	
  14N,	
  16O	
  from	
  GCR	
  

interact	
  with	
  p,	
  4He,	
  CNO	
  of	
  the	
  
ISM	
  

§  4He	
  +	
  3He	
  “fusion”	
  à	
  6Li	
  and	
  7Li	
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Models	
  of	
  
chemical	
  

evoluIon	
  of	
  the	
  
Galaxy	
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7Li	
  

Romano, Matteucci et al. 1999, A&A 



Models	
  of	
  chemical	
  evoluIon	
  of	
  the	
  Galaxy	
  

Izzo	
  et	
  al.,	
  
including	
  
Mapeucci,	
  2015,	
  	
  
**related	
  to	
  Li7	
  
discovery	
  in	
  	
  
N	
  Cen	
  2013**	
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Synthesis of 7Li in novae 

38	
  



Starrfield	
  et	
  al.	
  1978,	
  	
  ApJ	
  

Hernanz	
  et	
  al.	
  1996,	
  	
  ApJ	
  Let.	
  

Also:	
  
Arnould	
  &	
  Nordgaard,	
  1975,	
  A&A	
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Thermonuclear	
  burning	
  of	
  H:	
  p-­‐p	
  chains	
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Nuclear	
  reacIons	
  producing	
  7Li	
   

t1/2(7Be)=53.2	
  days	
  

Cameron-­‐Fowler	
  7Be	
  transport	
  
mechanism	
  to	
  produce	
  7Li:	
  
fresh	
  produced	
  7Be	
  should	
  be	
  
transported	
  outwards	
  to	
  
cooler	
  regions	
  to	
  avoid	
  being	
  
destroyed	
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base	
  of	
  ejected	
  envelope	
  

7Be profile 

3He profile 

2x107K	
  
3x107K	
  

5x107K	
  
7x107K	
  

108K	
  

Tmax=2x108K	
  

Rwd>1011cm	
  

2x107K	
  
3x107K	
  

5-­‐7x107,	
  108	
  K	
  

Tmax=2x108K	
  
Rwd>1011cm	
  

ONe nova 
Mwd=1.15 M¤ 
M=2x10-11 M¤/yr 

Hernanz,	
  José,	
  Coc,	
  
Isern	
  1996,	
  ApJ	
  Lep.	
  

surface	
   42	
  

7Be	
  originates	
  only	
  	
  
from	
  3He:	
  enough	
  	
  
3He	
  should	
  survive	
  	
  
the	
  accreIon	
  phase	
  



CO nova 
Mwd=1.15 M¤ 
M=2x10-11 M¤/yr 

2x107K	
  
3x107K	
  

5x107K	
  

Tmax=2x108K	
  
Rwd>1011cm	
  

7x107K	
  

2,3,5,7x107K	
  

108K	
  

Tmax=2x108K	
  

Rwd>1011cm	
  

7Be profile 

3He profile 

Hernanz,	
  José,	
  Coc,	
  
Isern	
  1996,	
  ApJ	
  Lep.	
  

base	
  of	
  ejected	
  	
  
envelope	
   surface	
   43	
  

108K	
  

Larger	
  12C	
  amount	
  	
  
àfaster	
  evoluIon	
  	
  
à	
  less	
  3He	
  	
  
destrucIon	
  	
  
à	
  more	
  	
  	
  
7Be	
  produced	
  	
  	
  



Hernanz,	
  José,	
  Coc,	
  Isern	
  1996,	
  ApJ	
  Lep	
  
José	
  &	
  Hernanz	
  1998,	
  ApJ	
  

Nova	
  models:	
  theoreIcal	
  predicIons	
  
of	
  7Li	
  ejected	
  masses 
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Nova	
  Nucleosynthesis	
  and	
  chemical	
  
evoluIon	
  of	
  the	
  Galaxy	
  

Mejec(theor.) ~ 2x10-5 M�/nova 

R(novae) ~ 35 novae/yr 

Age of the Galaxy ~ 1010 yrs 

Mejec,total(novae) ~ 7x106 M� = (7x10-4 M�/yr) ≈ 1/3000 Mgal(gas+dust) 

Novae can account for the galactic abundances of the isotopes 
they overproduce (w.r.t. sun) by factors ≥ 3000 
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Novae	
  nucleosynthesis:	
  overproducIons	
  
w.r.t.	
  solar	
  

7Li, 13C,15N,17O 
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Novae	
  nucleosynthesis:	
  overproducIons	
  
w.r.t.	
  solar	
  

13C,15N,17O 
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Novae	
  nucleosynthesis:	
  overproducIons	
  
w.r.t.	
  solar	
  

ONe 

1.35M 
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In spite of several observational efforts, 7Li had never 
been detected in any nova until very recently, in 2015 
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News	
  &	
  Views	
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DetecIon	
  of	
  7Be	
  (7Li)	
  in	
  Nova	
  Del	
  2013	
  (CO	
  
nova) 

Tajitsu	
  et	
  al.	
  2015,	
  Nature	
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DetecIon	
  of	
  7Be	
  (7Li)	
  in	
  Nova	
  Del	
  2013 

•  Subaru	
  Telescope:	
  8.2-­‐m	
  diameter.	
  
Mauna	
  Kea	
  (Hawaï)	
  	
  

•  High	
  Dispersion	
  Spectrograph	
  
(HDS):	
  spectral	
  resoluIon	
  60	
  000	
  -­‐	
  
90	
  000	
  (0.0052	
  nm	
  @	
  312-­‐313	
  nm)	
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DetecIon	
  of	
  7Be	
  (7Li)	
  in	
  
Nova	
  Del	
  2013 

•  Subaru	
  Telescope:	
  8.2-­‐m	
  diameter.	
  
Mauna	
  Kea	
  (Hawaï)	
  	
  

•  High	
  Dispersion	
  Spectrograph	
  
(HDS):	
  spectral	
  resoluIon	
  60	
  000	
  -­‐	
  
90	
  000	
  (0.0052	
  nm	
  @	
  312-­‐313	
  nm)	
  

•  Able	
  to	
  disInguish	
  9Be	
  II	
  doublet	
  at	
  
313.0422	
  nm	
  &	
  313.1067	
  nm	
  from	
  
the	
  	
  7Be	
  II	
  doublet	
  at	
  313.0583	
  nm	
  
&	
  313.1228	
  nm	
  	
  

•  Blueshiwed	
  lines	
  with	
  1103	
  &	
  1268	
  
km/s	
  (also	
  H	
  and	
  Ca)	
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DetecIon	
  of	
  7Be	
  
(7Li)	
  in	
  Nova	
  Del	
  

2013 
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•  X(7Be,	
  th,	
  max.)=	
  10-­‐5.1	
  =	
  8.2x10-­‐6	
  	
  
•  X(7Be,	
  obs)=	
  10-­‐4.3+/-­‐0.3	
  	
  =	
  5.0x10-­‐5	
  

Ø  obs.	
  factor	
  6	
  larger	
  than	
  predicted	
  
	
  

v Novae	
  could	
  be	
  much	
  larger	
  contributors	
  to	
  
galacIc	
  7Li	
  than	
  expected	
  

v  InteresIng	
  way	
  to	
  detect	
  7Li	
  through	
  its	
  parent	
  	
  
radioacIve	
  nucleus	
  7Be	
  

DetecIon	
  of	
  7Be	
  (7Li)	
  in	
  Nova	
  Del	
  2013	
  -­‐	
  
Summary 
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DetecIon	
  of	
  7Li	
  in	
  Nova	
  Cen	
  2013 

Izzo	
  et	
  al.	
  2015,	
  ApJ	
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Models	
  of	
  chemical	
  evoluIon	
  of	
  the	
  Galaxy	
  

Izzo	
  et	
  al.	
  2015	
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7Li is also important for the gamma-ray emission - MeV 
range - of novae 
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Nucleus τ Type of emission Nova type 

13N 862 s 
511 keV line 
continuum (E<511 keV) 

CO and ONe 

18F 158 min 
511 keV line 
continuum (E<511 keV) 

CO and ONe 

7Be 77 days 478 keV line CO mainly 

22Na 3.75 yr 1275 keV line ONe 

26Al 1.0X106 yr 1809 keV line ONe 

Why do novae emit gamma-rays with E~1 MeV?  
Main radioactive isotopes synthesized in novae 
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Spectra of CO novae 
MWD = 1.15 M¤ 

7Be	
  

d=1 kpc 

New nucleosynthesis from José, with Iliadis et al. nucl. react. 2010-2011: 
less 18F – Chaffa et al., DeSéréville et al., … 

•  e--e+ annihilation and  
Comptonization  
continuum and 511 keV line  
e+ from 13N and 18F 
 

photoelectric absorption       
 cutoff at 20 keV 

transparent at 24-48 h 
  
•  478 keV line from 7Be decay 

Hydrodynamics & nucleosynthesis:SHIVA JH98 
MC code for gamma-ray spectra: Gómez-Gomar 
et al.1998, MNRAS; Hernanz et al 1999, ApJL 
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Spectra of ONe novae 
d = 1kpc 

New nucleosynthesis from José, with Iliadis et al. nucl. react. 2010-2011: 
less 18F – Chaffa et al., DeSéréville et al., … 

•  continuum and 511 keV line  
as in CO novae but 
photoelectric absorption       

 cutoff at 30 keV 
  
•  1275 keV line from 22Na decay 

•  1.15 & 1.25 M¤: 1.25 more 
transparent à  larger emission 
early and smaller later 

MWD = 1.15-1.25 M¤ 

22Na	
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Light curves: 478 keV (7Be) line 

Mainly in CO novae 

tmax: 5 days (1.15 M�) 

duration: some weeks 

Flux : (1-2)x10-6 ph/cm2/s 

Line width: 3-7 keV 

à 7Be decays into 7Li 

d=1 kpc 
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Gamma-rays from radioactivities: E ~ 1 MeV 

INTEGRAL (2012-) 

CGRO (1991-2000) 
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478	
  keV	
  line	
  from	
  7Be	
  decay	
  into	
  7Li	
  searched	
  but	
  not	
  found	
  
yet:	
  in	
  agreement	
  with	
  models,	
  because	
  fluxes	
  are	
  too	
  low	
  
for	
  typical	
  distances	
  of	
  novae.	
  d<0.5	
  kpc	
  would	
  be	
  required.	
  
Similar	
  for	
  1275	
  keV	
  line	
  from	
  22Na	
  decay	
  
Wait	
  for	
  new	
  missions	
  like	
  ASTROGAM	
  (Compton	
  camera)	
  



Discovery of HE (E > 100 MeV) 
gamma-ray emission from novae, with 

the Fermi satellite  
Proof of acceleration of cosmic rays in 

novae 
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Two types of gamma-ray emission from novae 
•  Radioactivity in the ejecta:  

Ø  traces nucleosynthesis directly 
Ø  photons with E ~ MeV expected  
Ø  not detected yet (CGRO/Comptel, INTEGRAL/

SPI) 
•  Particle acceleration in strong external shocks 

between ejecta and circumstellar material (or 
internal shocks within the ejecta): 
Ø  red giant wind in symbiotic recurrent nova  
Ø  “dense circumstellar matter” 
Ø  IC (leptonic) or π0 decay (hadronic) è photons 

with E>100 MeV 
Ø  detected with the Fermi/LAT satellite 
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High Energy (HE) Gamma-rays :   
E > 100 MeV, GeV 

“Fermi/LAT novae” 
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First Nova detected in (HE) gamma-rays  
Fermi/LAT - E>100 MeV 
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Abdo et al. 2010, Science 
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V407 Cyg: WD + red giant 

First nova detected in (HE) gamma-rays   
Fermi/LAT - E>100 MeV 



•  V407 Cyg: WD + red giant (wind) system (symbiotic recurrent nova)  
•  CNe: WD + MS have also been discovered by Fermi at E>100 MeV 
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DiscriminaIon	
  
between	
  hadronic	
  and	
  

leptonic	
  emission	
  
models	
  not	
  easy	
  with	
  
current	
  sensiIviIes	
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Nature,	
  2014	
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Nova	
  Mon	
  2012	
  



Fermi/LAT detection of Nova Cen 2013  
ATels #5649, 5653 10-12/12/2013 

Fermi-LAT Gamma-ray Observations of Nova Cen 2013  
C. C. Cheung (NRL), P. Jean (IRAP, Toulouse), on behalf of the Fermi/LAT 
collaboration, S. N. Shore (U. Pisa and INFN) 

Fermi-LAT Observations of Nova Cen 2013 Brightening in gamma-rays 

Classical	
  nova	
  -­‐	
  No	
  Red	
  Giant	
  companion	
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Fermi/LAT tentative detection of V745 Sco (a symbiotic 
recurrent nova): ATel #5879, 12 Feb. 2014 

Fermi-LAT Gamma-ray Observations of Recurrent Nova V745 Sco 
 
C. C. Cheung (NRL), P. Jean (IRAP, Toulouse), on behalf of the Fermi/LAT 
collaboration, S. N. Shore (U. Pisa and INFN) 

SymbioIc	
  recurrent	
  nova:	
  Red	
  Giant	
  companion.	
  Nova	
  ejecta	
  -­‐	
  RG	
  wind	
  interacIon	
  
74	
  



New Fermi/LAT nova detection: ATel #7283, 24/03/2015 

Fermi-LAT Gamma-ray Observations of Nova Sagittarii 
2015 No. 2  
 
C. C. Cheung (NRL), P. Jean (IRAP, Toulouse), on behalf of the 
Fermi/LAT collaboration, S. N. Shore (U. Pisa and INFN) 
 
F(E>100 MeV) = (1.4 ± 0.6) x 10-7 ph/cm2/s (3.8 sigma) 
 
Detectable gamma-ray emission was found ~1.5 days after the 
optical emission peak at around March 21.5, 2015, similar to  
previous cases 

Classical	
  nova	
  -­‐	
  No	
  Red	
  Giant	
  companion	
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Summary:	
  7	
  Fermi/LAT	
  nova	
  detecIons	
  	
  	
  
	
  
5	
  CNe	
  (WD	
  +	
  MS)	
  &	
  2	
  SyRNe	
  (WD	
  +	
  RG)	
  

76	
  



•  RS	
  Oph:	
  symbioIc	
  recurrent	
  nova	
  (WD	
  +	
  RG	
  companion)	
  

•  Two	
  last	
  nova	
  erupIons:	
  1985	
  &	
  2006	
  (Prec	
  =	
  21	
  yrs)	
  

•  Porb=456	
  days	
  –	
  d	
  =	
  1.6	
  kpc	
  (2.4	
  kpc)	
  

•  Expanding	
  shock	
  wave	
  sweeps	
  red	
  giant	
  wind	
  

First evidence of particle acceleration – p & e - to 
TeV energies in nova predicted before Fermi launch 
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RS Oph (2006 eruption): blast wave evolution  
RS Oph observations in X-rays with RXTE/PCA 

Sokoloski et al. Nature (2006) 

•  Early hard X-ray emission, 
decaying fast with time   
è T ~ (30-100) keV 
è Tshock (t) 
•  Shock wave decelerated 
faster than expected: evidence 
was found of particle 
acceleration (p and e), up to 
TeV energies: see Tatischeff & 
Hernanz 2007, ApJL 
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RS Oph (2006 eruption): blast wave evolution  

* 

•  Shock cooling started at 6 days, when Ts was 108K and 
radiative cooling was not important?? 
•  vshock (X-rays) * < v (IR)?? (* test particle adiabatic shock hypothesis) 
 
è accel of particles in the blast wave and escape of highest E ions from 
shock region 

•  IR: shock velocity  
 
•  X-rays: RXTE & Swift 

TaIscheff	
  &	
  Hernanz,	
  ApJL	
  2007	
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RS Oph (2006 eruption): evidence of particle 
acceleration 

Non-linear diffusive shock acceleration: model of 
Berezhko & Ellison (1999) 
 

Ø  accelerated proton spectrum and post shock 
temperatures as a funtion of ηinj  - the fraction of 
shocked protons injected into the acceleration 
process 

Tatischeff & Hernanz, ApJL 2007 
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Ø  Good agreement with X-ray 
measurements of Tshock for 
moderate CR accel. efficiency 
ηinj~10-4 - fraction of shocked protons 
injected into the acceleration process 
 
Ø  Energy loss rate due to 
particle escape  

 
~100 times larger than Lbol of 
postshock plasma  energy loss via 
accelerated particle escape much 
more efficient than radiative losses 
to cool the shock 

Tatischeff & Hernanz, ApJL 2007 
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First evidence of particle acceleration - p and e- - to 
TeV energies in a nova [prior to Fermi launch] 



AcceleraIon	
  of	
  parIcles	
  (p	
  and	
  e)	
  to	
  TeV	
  energies	
  in	
  a	
  nova	
  
-­‐	
  RS	
  Oph	
  (2006)	
  -­‐	
  demonstrated	
  for	
  the	
  first	
  Ime	
  

First evidence of particle acceleration - p and e- - to 
TeV energies in a nova [prior to Fermi launch] 

TaIscheff	
  &	
  Hernanz,	
  ApJL	
  2007	
  

•  Explains	
  why	
  the	
  observed	
  cooling	
  of	
  the	
  shock	
  started	
  so	
  
early	
  (6	
  days	
  awer	
  outburst)	
  

•  “Miniature	
  SN	
  remnant”-­‐	
  much	
  dimmer	
  &	
  evolving	
  much	
  
faster	
  	
  study	
  of	
  3me	
  dependence	
  of	
  cosmic	
  ray	
  
accelera3on	
  in	
  a	
  blast	
  wave	
  is	
  possible	
  	
  

•  HE	
  gamma-­‐rays	
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RS Oph (2006): predicted HE gamma-ray emission 

•  π0 production: (p-p coll.; hadronic) 
•  IC contribution: (e- -photons; leptonic) derived from non 
thermal synchrotron (radio) and ejecta Lej~LEdd  
è π0 production dominates   
 

RS Oph would have been detected by Fermi! 

Tatischeff, MH, 
ApJL 2007 
 
TH, Cospar 
Symposium 2008 
 
MH,Tatischeff,  
Balt. Astr. 2011 
(arXiv:1111.4129) 
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RS Oph (2006): predicted HE gamma-ray emission 

Tatischeff, MH, 
ApJL 2007 
 
TH, Cospar 
Symposium 2008 
 
MH,Tatischeff,  
Balt. Astr. 2011 
(arXiv:1111.4129) 
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•  π0 production: (p-p coll.; hadronic) from εCR and (dM/dt)RG 
•  IC contribution: (e- -photons; leptonic) derived from non 
thermal synchrotron Lsyn~5x1033 td-1.3 erg/s, (Kantharia et al.
07, radio 1.4 GHz) and ejecta Lej~LEdd = 2x1038 erg/s:  

LIC = Lsynx Urad/(B2/8π) ~ Lsyn 
è π0 production dominates   

RS Oph would have been detected by Fermi! 



SUMMARY	
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•  Discovery	
  of	
  7Li	
  in	
  novae,	
  both	
  directly	
  and	
  as	
  	
  radioacIve	
  
7Be	
  later	
  decaying	
  to	
  7Li	
  
Ø  proof	
  of	
  Cameron-­‐Fowler	
  mechanism	
  in	
  novae	
  
Ø  relevance	
  for	
  the	
  origin	
  of	
  cosmic	
  lithium	
  
Ø  beper	
  prospects	
  for	
  detecIon	
  of	
  novae	
  in	
  gamma-­‐

rays	
  (MeV	
  range)	
  
•  Novae	
  are	
  emipers	
  of	
  HE	
  (E>100	
  MeV)	
  gamma-­‐rays:	
  

acceleraIon	
  of	
  parIcles	
  because	
  of	
  the	
  interacIon	
  of	
  
the	
  ejecta	
  with	
  the	
  surrounding	
  medium	
  
Ø  external	
  shocks	
  with	
  the	
  red	
  giant	
  wind	
  of	
  the	
  RG	
  

companion	
  in	
  symbioIc	
  recurrent	
  novae	
  
Ø  internal	
  shocks	
  not	
  well	
  understood	
  yet	
  in	
  classical	
  

novae	
  	
  	
  


