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Type la (or thermonuclear) Supernovae [SN Ia]
Classical Nova Outbursts [CN] WD

X-Ray Bursts [XRBs]: NS
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Supernovae: the Mother of all Stellar Explosions

Frequency: 1 supernova every ~30 yr per Galaxy

* Thermonuclear supernovae (SN la): exploding white dwarfs in
binary systems (no remnant left) == =

* Core collapse supernové I1, SN Ib/c): exploding massive,
single stars (M > 10 M) (neutron star or black hole remnant)

vV~ 10% km/s, Lpgy ~ 101% Lg, E ~ 105 erg, M; > Mg

. SN 1994D (SNIa)
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Thermonuclear Supernovae

Defined by the lack of H and the presence of a prominent,
blueshifted absorption Si 11 feature (around A6150) in the spectrum

* homogeneity: ~70% of all SN la have similar spectra, light curves
and peak absolute magnitudes: unique progenitor????
mmmp thermonuclear disruption of mass-accreting white dwarfs
* SN la: main Fe factories in the Universe (> SN II)
* Scenario: not fully understood

- Single degenerate scenario: WD + ‘Normal’ companion
(H or He accretion)
- Double degenerate scenario: WD + WD
(He or C-O accretion)
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Thermonuclear Supernovae: Nucleosynthesis

Supernovae are crucial for life... But never get too close!

10°F l l l l —| Parikh, JJ, Seitenzahl & Ropke,
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Novae have been observed in all wavelengths (but detected in y-rays
only at E > 100 MeV) — -

The Classical Nova ID Card
Moderate rise times (<1 — 2 days): o
8 — 18 magnitude increase in brigthness §

Lpes ~ 104 = 10° Lg

Stellar binary systems: WD + MS
(often, K-M dwarfs) R

Recurrence time: ~1 - 10 yr (RNe) — EEEE.
105 yr (CNe) | -
Frequency: 30 £ 10 yrt e
Observed frequency: ~5— 7 yr! ==
E ~ 10% ergs R
Mass ejected: 10 — 10" Mg it e L
(..,103 km S-l) ,. ; o B Noua__Cygni 1975 ... '
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The Classical Nova Nuclear Symphony

Classical Novae: ~100 relevant isotopes -- =
(A<40) & a (few) hundred nuclear

THE CLASSICAL NOVAES

}  GUIOMAR NOVAES
FLIOS

L BEETHOVEN
PULN CINCERT
k. I Mmoi 1
' 2 FiAND SORATAS
. NOS 5 i 15
PLAN] CONCER

reactions (T

~ 100 — 400 MK)
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Nova Cygni 1992

Novae as unique stellar explosions for tNOVA PROJECT

‘electric classical prog”

which the nuclear physics input is (will
be) primarily based on experimental
Information (JJ, Hernanz & lliadis,
Nucl. Phys. A 2006)
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Nuclear Uncertainties
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~7350 nuclear reaction network calculations

Main nuclear uncertainties: [*°F(p,o)*O, 2>Al(p,y)?°Si, °P(p,y)31S]
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Observational Constraints

In situ observations (highly risky...)
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v-Ray Emission from Classical Novae

Isotope Lifetime Disintegration Nova type
ol 3 93 sec B*-decay CO & ONe
140 102 sec B*-decay CO & ONe
150 176 sec B*-decay CO & ONe
BN 862 sec B*-decay CO & ONe
18F 158 min B*-decay CO & ONe

Be 77 day e—capture CcO
22Na 3.75 yr B*-decay ONe
Al 1.0 Myr B*-decay ONe

* 14150, 17F (13N): Expansion and ejection stages
* SN, 18F: Early gamma-ray emission (511 keV plus continuum)
* 'Be, %°Na, 2°Al: Gamma-ray lines
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18F

* y-ray signature: ‘8F decay (T,, ~ 110 min) provides a source of
gamma-ray emission at 511 keV and below (related to electron-

positron annihilation).

But! Uncertainties in the rates i
translate into a factor ~ 5 - 10 R
uncertainty in the expected fluxes! < _ . 1.15 M, CO
£ 24 h
§ 107
i’ 478 keV
é 107
10° } 48 h
170 keV feature
GOomez-Gomar, Hernanz, JJ, & . /\/,J )

0.1 1.0

Isern (1998), MNRAS D=1 kpc E[MeV]
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Positron Emission Tomography (PET)
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Nucleosynthesis
In Type | X-Ray Bursts

Santa Fe, NM
NS mmmd T .., > 10° K, p;o ~ 10°g.cM™

Detailed nucleosynthesis studies require hundreds of isotopes, up to
SnSbTe mass region (Schatz et al. 2001) or beyond (the flow In
Koike et al. 2004 reaches 1%°Xe), and thousands of nuclear

Interactions

H/He mixed bursts: Main nuclear reaction flow driven by the rp-
process (rapid p-captures and g*-decays), the 3a-reaction, and the ap-
process (a sequence of (a,p) and (p,y) reactions), and proceeds away
from the valley of stability, merging with the proton drip-line beyond
A = 38 (Schatz et al. 1999)
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~ 50,000 post-processing calculations
606 isotopes (*H to 113Xe) and 3551 nuclear processes
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TABLE 20

NucLEAR PROCESSES AFFECTING THE ToTAL ENERGY
OutpuT BY MORE THAN 5% AND AT LEAsT ONE IsoTOPE

TABLE 19

SUMMARY OF THE MoST INFLUENTIAL NUCLEAR PrOCESSES, AS COLLECTED FROM TABLES 1-10
Reaction Models Affected

PCev, )0 e, F08, K04-B2, K04-B4, K04-B5

BNe(er, pPP'Na® oo, K04-B1°

B, PP e K04-B5

BN [T 7) S FO8
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R T 1o S SR K04-B7
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138 n(ev, p)' %S so1®

Reaction Models Affected
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FCu(p, NOZn S01
OSAs(p, )%0Se v, K04, K04-B2, K04-B3
OBr(p, ¥V Koo S01
"Br(p, %) KT K04-B7
1038n(ex, p)'*Sh............... S01




Thank you for your attention!
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