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HAPPY BIRTHDAY and many more! 



The Contributions of Margarita Hernanz to Studies of the 
Classical Nova Outburst  

With a little help from her friends: 



 

As of June 2017, Margarita has 398 publications.  
They are in a wide variety of areas from theory to 
observations to instrument building. 
 
I will concentrate on the Nova studies. *  
 
Theory 
 
Gamma Ray 
 
X-ray 
 
 
 

*Full disclosure – we have 23 joint publications 



Largest hydrogen (fusion) bomb in the universe 
A consequence of accretion onto white dwarfs where 
 core matter is mixed with accreted matter and ejected 
Temperatures in the explosion sample the regime where 
 cross sections can be directly measured in the lab 
Ejecta abundances depend strongly on nuclear physics 
Core composition of the white dwarf is either: 
   CO  or ONe 
Analyses of the ejected gases show non-solar   
 abundances for ALL elements 
Possible galactic source of:   7Li,   13C,    15N,   26Al 
They are emitting VHE Gamma-rays 
*  [in case Jordi drags me off the stage] 

 

Sumnery* 



Margarita’s most cited paper (275): 

Studied both carbon-oxygen and oxygen-neon core white dwarfs using SHIVA.   
Detailed study of the synthesis of each isotope –especially the nuclear physics. 
Emphasized the production of 7Be, 22Na, and 26Al (a recurring theme!). 
Tested the effects of white dwarf mass. 
Used production plots to show which nuclei were produced by each outburst. 



1.15M  CO Results 1.15M  ONe  Results 

1.35M   ONe Results 

“Also, the presence of a massive ONe white 
dwarf could be inferred from a significant 
detection of 19F, 35Cl, and even 31P and 33S in 
ejected nova shells.” 

Initial 12C abundance is important. The more 
carbon the faster the rise to the TNR with 
less mass and lower temperatures 



Nuclear Physics Uncertainties in the production of 22Na and 26Al. 
Here they varied the nuclear reaction rates from lower to recommended to upper. 
Included important discussions of the nuclear structure of 26Al.  
They predicted increased 22Na over that from previous work– but it has still not been detected. 
Need a nearby nova.  Probably much less than 1 kpc. 



Not from the previous paper but shows how the flows among the nuclei will 
affect the final abundances.  The major cycles for hot hydrogen burning.  



Even higher mass nuclei with even 
newer rates: 
 

Si to Ca 
 

Uncertainty in rate of 30P(p,gamma) 
is important 





46 2015     Nature 518 307 H 1.000 02/2015 A E R U 
Hernanz, Margarita Astrophysics: A lithium-rich stellar explosion  
A “News and Views” about the observational detection of Li and Be 
in Nova ejecta.  



PEPSI on the  
Large Binocular 
Telescope 
R~270,000 
April 3, 2015 



Novae Form Dust –in some cases lots of dust 
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We have known since DQ Her (1934) that some classical novae form grains.   
The shape of the light curve is obvious.  Are there any grains on the earth 
that were formed by novae?  This was not their first paper on the subject but was 
a detailed study of the physics. Very Important paper. It included equilibrium  
condensation calculations: How do we form carbon grains in an oxygen rich  
environment?  O > C – O < C ?? 

ApJ 2004 



Take predicted isotopic ratios and 
compare to laboratory measurements 
of those same ratios.  Papers after this 
too. 



Here they investigate novae in low Z environments – really low Z.  They find 
that the white dwarf accretes more matter (opacity is low so energy 
produced by accretion gets radiated more easily).  Plus, they use the results 
of multi-D simulations and insert core material late in the evolution. 



Solar/(2 x 105) Solar/(104) 

Solar 

ZLMC < Z⦿  
so a CN in the 
LMC should 
accrete more 
material and 
be more 
violent than a 
nearby nova. 



LMC 1991Super Eddington for 2 weeks.  A CO nova 

Schwarz  et al. 2001 



Hydrostatic envelope models 
for post-explosion white dwarfs: 
What are the conditions necessary 
For X-ray emission? 
 
 Teff, Menv all a function of WD mass 
 
Varied the amount of mixing of core 
with envelope. 

Hydrostatic and stationary envelopes.  Steady burning 

More Theory  



<- Photobombed by 
3 observers. At least. 

How do we make the WD 
grow in mass as a result of 
the TNR? High mass 
accretion rate and no 
mixing with core. Massive 
WD helps too. 

Theory of Recurrent Novae: 



Margarita has also contributed to our understanding of  High Energy emission from 
Classical and Recurrent Novae in outburst: Gamma -ray and X-ray. 
 
 
Gamma-ray emission (“observed”) in Novae occurs under 3 different mechanisms: 
 
1. Radioactive decay: 
 

Predictions of gamma-ray emission 
as a function of time.  Need a 
nearby nova –less than a kpc. 

No detection yet 



2. Shock Emission (detected by Swift (BAT) and RXTE for RS Oph): 

Plus Hernanz and Tatischeff 2012: Baltic Astronomy, 21, 62 where they also 
Considered the Fermi/LAT detections of novae 



Large Area Telescope on FERMI 

Pair Conversion 30 times more sensitive than EGRET on Compton.   Has now detected more 
than 6 Classical and 2 Recurrent Novae at E > 100 MeV.  All novae emit VHE Gammas? 



3. Most novae are emitting VHE gammas but the exact mechanism is not yet known: 



Blue point marks the optical peak.   Not seen in V959 Mon because it was behind the Sun. 



X-ray observations: One of her first papers was in Science: 

V2491 Cyg was also seen before outburst 



The second nova studied with CHANDRA.  The first was V382 Vel (1999) –Burwitz et al. 
2002.  These were observed right after the launch. 



The CHANDRA X-ray light curve of V1494 Aql  (in its SSS Phase) 

A blow-up of the X-ray “Burst” 

Brief flux increase- 14 minutes 
Variation unexplained 
Does not look like variable absorption 



Another interesting nova 
studied in X-rays! 



 V4743 Sgr 
1) The light curve exhibits oscillations with a period ~22min 

2) After  15 ksec it begins to decline - first “hard” then “soft” 

3) By 20 ksec it has dropped to nearly zero. 





Observations very late in the outburst.  Still detected as an optically thin 
thermal plasma. Shock heating 3.5 years after outburst. 



Another nova detected in X-rays before the outburst.  It was 
variable and ranged from soft to hard.   



Observed twice with XMM – extremely variable in the first observation 
and “flat” in the second.  Detailed analysis of the X-ray spectrum 
showed that it was harder than that of V4743 Sgr. 



V2491 Cyg XMM light Curve Day 39.9 

(next observation on day 49 (10 days later)-- it was “flat”) 
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V2491 Cyg Spectrum on 4 days: Ness et al. 



A Recurrent Symbiotic that was detected marginally by the Fermi/LAT and then 
observed with the Chandra grating spectrometers about 2 weeks later.   
Clearly, a shock spectrum.  Vejec about 2400 km/s.  Not a spherical ejection. 



V745 Sco 
 a Recurrent Nova with a giant Secondary 

emitting VHE γ-Rays during its outburst in Feb/March 2014 
 

Chandra HETG Spectrum 2 weeks after discovery: 

Some of the elements: 
O, Ne, Na, Mg, Al, Si, S, Ar, Ca, Fe 

 
Lots of different ionization states. 





A bright and variable SSS nearly 2 years after the outburst.  Bright 
enough for grating spectra with XMM.  Hot white dwarf atmosphere. 

2017 





An excellent review of the results from X-ray studies of Classical 
Novae in outburst.  Lots of physical insight. 



The Contributions of Margarita Hernanz 
Conclusions: 

• A Classical Nova Outburst is the result of accretion onto a white dwarf 
• The properties of the outburst depend on  

• The mass of the white dwarf 
• The mass accretion rate 
• The chemical composition of both the white dwarf (if mixed) and the accreting 

matter 
• The luminosity of the white dwarf (its age and thermal history) 
• When mixing with the core occurs and how much mixing occurs 

• Novae should be emitting Gamma-rays via 3 different mechanisms 
• Radioactive decay from 7Be, 18F, 13N, 22Na, continuum --but we need a nearby nova 
• Shock heated gas from the explosion seen in: RS Oph, V407 Cyg, V745 Sco 
• ???  VHE Gammas from “all” novae 

• Novae are seen in X-rays before the outburst (V2491 Cyg and V2487 Oph) 
• During the outburst they range from Hard to Soft.  Studies of Soft X-ray emission allow 

the measurements of temperature and abundances. 
• They are also quite variable during certain stages as SSS 
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