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Classical novae emit X-rays

1) X-ray fireball in first hours of explosion, never observed

2) Shock waves heat plasma and accelerate particles weeks-
months after explosion

3) Hydrogen-burning white dwarf - “Super-Soft Source”

4) When accretion restarts, the gas hitting WD surface gets 
shocked and heated to X-ray temperatures 
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Classical novae emit X-rays

White dwarf

Accretion disk
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ASASSN-18fv = N Car 2018 = V906 Car

ASASSN-18fv and η Car nebula imaged by Joseph Brimacombe

Discovered 2018-03-20.32 UT 
by the ASAS-SN survey

http://www.astronomy.ohio-state.edu/asassn/index.shtml


  

SMARTS

SALT - SAAO

Aydi et al. in prep.
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X-ray observations of V906 Car
 Swift (0.3–10 keV): fast repointing 
-> can do long-term monitoring

 NuSTAR (3–78 keV): high 
sensitivity to hard X-rays 

XMM-Newton: high-resolution 
spectroscopy (0.33–2.1 keV) with 
X-ray gratings + high sensitivity at 
0.3–10 keV



  

Multiavelengths emission from V906 Car



  

Swift lightcurve



  

Swift/XRT lightcurve of V906 Car



  

Swift/XRT lightcurve of V906 Car
kT  >6 keV 6 keV 1 keV

0.7 keV



  

Swift/XRT lightcurve of V906 Car

N_HI= 6x1021  0.3x1021 0.2x1021
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Late-time XMM obs. to get abundances



  

XMM/EPIC+RGS spectrum of V906 Car
day 275



  

XMM/EPIC+RGS spectrum of V906 Car
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XMM/EPIC+RGS spectrum of V906 Car
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Ejecta includes a lot of WD material
CNO cycle is a catalytic cycle, fusion in nova does not enrich 
ejecta in CNO elements, just alters relative abundances



  

Ejecta includes a lot of WD material
so we can infer the WD composition! The absence of strong 
Mg and Ne emission suggests it's a CO WD, rather than ONe

day 275



  

Two NuSTAR epochs



  

NuSTAR spectra of V906 Car
day 57

day 36

day 36:
kT = 8.6 +-0.9 keV
nHI = 19 +-1 x10^22 cm^-2
F = 2.7 x10^-12 ergs/s/cm^2 

day 57:
kT = 4.3 +-0.2 keV
nHI = 2.6 +-0.2 x10^22 cm^-2
F = 3.5 x10^-12 ergs/s/cm^2

Overabundance by number 
w.r.t. solar:
C=0
O=29
N=345 

no non-thermal emission
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NuSTAR observations of novae
 Five novae observed so far:

●  V745 Sco (WD+RG) - detected (Orio et al. 2015)

●  V339 Del - not detected (Mukai et al. in prep.)

●  V5668 Sgr - not detected (Mukai et al. in prep.)

●  V5855 Sgr - detected while still γ-ray bright 
(Nelson et al. 2019)

●  V906 Car - detected while still γ-ray bright

Spectra consistent with thermal emission in all cases

http://adsabs.harvard.edu/abs/2015MNRAS.448L..35O
http://adsabs.harvard.edu/abs/2019ApJ...872...86N


  

Ejecta mass: Hubble flow model

VmaxVmin



  

Ejecta mass estimate
from NuSTAR absorbing column



  

Ejecta mass estimate
from NuSTAR absorbing column

Shell ejected on day 24



  

Shocks in novae

● Accelerate particles producing GeV γ-ray             
(and synchrotron radio) emission

● Heat plasma emitting hard X-rays

Simultaneously observing thermal and non-thermal 
emission from shocks we can constrain particle 
acceleration efficiency (Vurm & Metzger, 2018)!

https://ui.adsabs.harvard.edu/abs/2018ApJ...852...62V


  

Fermi/NuSTAR flux ratio on day 36
Steinberg & Metzger (2018) argue, that the shocks in novae 
are radiative: emit most of their energy in X-rays and 
spend 2% of energy or less on particle acceleration  

●  Measured Lγ/Lx~80, not 0.02!

●  What we see with NuSTAR is not the shock 
responsible for the GeV emission

●  NuSTAR data are consistent with a very bright 
emission Lγ/Lx~0.01... if it's soft (kT~0.5 keV):

https://ui.adsabs.harvard.edu/abs/2018MNRAS.479..687S


  

Summary
● No sharp transition from hard to SSS emission 

● Ejecta has highly non-solar abundances, includes a 
lot of WD material

●  CO WD (no Mg, Ne emission) 

●  Ejecta mass 10-5 - 10-6 Msun

●  Most of it ejected 24 days after explosion

●  Hard X-rays confirm the presence of shocks

●  Surprising Lγ/Lx~80 ratio



  

Thanks!



  

NuSTAR observations of V906 Car



  

NuSTAR observations of V906 Car



  



  

GeV and MeV emission from novae
Review by Hernanz (2014 ASPC, 490, 319) 

●  E>100 MeV continuum emission detected from 
14 novae by Fermi                                              
(AGILE saw one)

●  MeV emission                                                         
from radioactive                                                   
decay predicted,                                                        
but not found

http://adsabs.harvard.edu/abs/2014ASPC..490..319H
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