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Novae

Among the brightest transients in the sky
e Binary system: WD plus non-degenerate
stellar companion

e Accreted layer accumulates on the WD
surface

e Density and temperature at its base rise
Layer can undergo unstable (“runaway”)
nuclear burning once it reaches a critical
mass

e After the thermonuclear runaway, a shell of
gas is expelled
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Classification

Cataclysmic Variable: mass-transferring
binary system: WD + main sequence

secondary overflowing its Roche lobe.

Classical Nova: Thermonuclear eruption
. Embedded
(main sequence or moderately evolved) Nova: WD
accretes from
giant
companion
usually via
wind
accretion.

Recurrent Nova: A nova observed to undergo \
more than one eruption Evolves slowly: Symbiotic Novae
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Ga m ma emiSSiOn! Fermi’s Gamma-ray Novae
Los i e e

e Unexpected new class of
gamma-ray source
e Fermi's LAT first nova
Nova Cygni 2010 Nova Scorpii 2012 Nova Monocerotis 2012 Nova Delphini 2013
detection’ V407 Cygn|, MarCh (V407 Cyg) (V1324 Sco) (V959 Mon) (V339 Del)
2010
e 1/ detected + 5 candidates

@

Number of Novae

16 14 12 10 8 6 4 2
Peak Apparent Magnitude

Franckowiak et al. 2018



Gamma emission properties

E~01-1GeV

LYN 10”34 -10"36 erg / s
EY“’ 10741 -10"42 erg
Nearby novae 2 - 5 kpc
Detected for a few weeks
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Gamma emission properties

_:: Leptonic |
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Detection at VHE!
by MAGIC and e e, R
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Detection at VHE
1079 5
—~ 10710 -
o T
The observation of the August 2021 outburst of £ - g
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RS Oph

Recurrent nova, outbursts every 15-20 years
WD + red giant

d ™ 1.4 kpc

Ekin ¥ 10743 erg

Separation of 1.5 AU

900¢ ‘Ie 1o odisqiy

8 outburst 1898-2006
Fermi detected in 2021 - a

Radio synchrotron -

Relative Positi
3 &

Hot X-ray emission

5 0 5
Relative Position (mas)

Credit: ESO



Modelling RS Oph




The physical scenario

N,

or
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Ejecta moves inducing a shock in CSM
Shock velocity different regimes:

Steady: V"V, fort <10 days
Sedov: V V'V t*-13, for Y115 days
Radiative: V™ Vit*-1/2
e.g, Bode & Kahn 1985
Assume steady shock velocity ¥ 5 days

1 0 » INp 1 0 dN)
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d

— 57 (P(R,6,E)Np) + Qp(R,6, E, 1).
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The physical scenario

AN,

or
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Calculations & parameters | = o
Density
_ _ . W T g >
Shock velocity depends on density 6 j
ratio chi = (nej / n_RG)*0.5 2 . |
v § TH 1x108
Vs =1.33*V_ej/ (1.0 + 1./chi) i
. -6 -: ”'.E
o A/IRG o A/Iej - 4l
HRG = AT R% vramy “ " 4mhR® m, 20 UL e |
o ejecta T
Vej x time 8 g
.10 I I I I | 1x10°
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Injection and pOWGF Maximum energy of injected particles

Injection is made at shock position depends on each injection cell position:

., Acceleration time (B, Vsh) (Bohm diffusion)
AN _ Ae/,,E-ae/pexp[— (52) ] E > Euinefy equated to:
dEdt 0 | E<E. - N
minie/p min{t physical integration time
Shock power depends on rho(rth) and Vs(r,th)
or losses,
_ 2 3 for electrons:
L = 2T Rpyuy, -
tsyn,
Particles escape due to diffusion.
tic,

Assuming:
_ for protons:
D > Dbohm , DO << Dgalactic

t
D(E) = DO (E / 10 GeV)*0.5 cm”*2 /s PP}
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Calculations & parameters shock position
shock velocity 0 | | | |
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Calculations & parameters

Target photons
Photosphere

(Rpn/200 Re)?(Tpn /8460 K)*
(vsn /4500 km s—1)2(t/3 d)?
eph = 2.2(T,;, /8460 K) [eV]. macic coliab. 2022

upn = 0.14 [erg cm ™7

1G
Magnetic field \

B.(R) = B, (%) h
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Calculations & parameters

Target photons

Photosphere
Magnetic Field

(Rph/zoo RO)Q(Tph/8460 K)4 ! S
(vsn /4500 km s—1)2(t/3 d)?
€ph = 2,2(Tph/8460 K) [evl. MAGIC Collab. 2022

upnh = 0.14

0.5 ==

1G
Magnetic field \

By(R) = B, | =
(R)=B. (=

0 02 04 06 08 1

factor of 10
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Conclusions

Both e and p might fit the data
Ep_max ™~ 10 Ee_max

Escape by diffusion important
Substantial fraction of Ps

required to fit data
Difficult d > 1.4 kpc




Thanks!




arameter

Injection index electrons
Injection index protons

Cutoff exponent electrons
Cutoff exponent protons
Fraction of energy in electrons
Fraction of energy in protons

Diffusion coefficient

RG surface magnetic field
RG radius, au

RG mass-loss rate

WD orbit radius

Distance from Earth

Ejecta speed

Ejecta mass



