


Gamma-ray lines from classical novae

Some of the history

Clayton and Hoyle 1974

Nova explosions may be accompanied by detectable levels of radioactivity. Positron annihilation and
nuclear de-excitation following decays of N, "0, %0, and *Na lead to gamma-ray line fluxes whose
measurement will clarify the model.

Clayton 1981 7Be gamma-ray line

Leising and Clayton 1987 18F, 34mCl, monte carlo

Hernanz+ 1997a Jean+ 2000 Hernanz+ 2004
Hernanz+ 1997b Hernanz+ 2001a Hernanz+ 2005
Gomez-Gomar+ 1998 Hernanz+ 2001b Hernanz+ 2006
Hernanz+ 1999a Hernanz+ 2002a Senziani+ 2008
Hernanz+ 1999b Hernanz 2002 Hernanz 2012

Hernanz+ 2000 Hernanz+ 2002b Hernanz 2014



Thermonuclear runaway at
base of envelope,
convection, expansion ...

1000—3000 km/s 101 em

X(p,Y)Y(B*V)Z(p,y) = 3N, 1°0, 8F, 22Na

e.g., Starfield, Truran, Sparks 1978



Uncertainties (diagnostics!)

e i % =
Nucleosynthesis r=10"cm My, =2x10""Mg

seeds
cross-sections p Much great work
-

peak

Convection /

must get e+ near surface
might preserve some fragile e* emitters

Annihilation mode
early — line: direct and singlet state Ps
late —line and cont Ps

r = (36005)(3000 km/s) M, ~2x 107" Mg
Asphericity



Annihilation mode Convection/Asphericity
Kercek et al. 1998, 140
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3m2 UltraFlex

N

Primary Lunar Orbit Insertion LOI-1 and LOI-2 are centered around
_ consecutive perilunes
Moon Inertial Z LOI-3 i centered around

perilune 3 days later

[ final science orbit

\ ; ' incoming
trajectory

Lunar Inertial Frame V




Lunar Occultation Explorer
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LOX is Low-Risk, High-Heritage

3m? UltraFlex Solar Array ACS Thrusters BAGEL Detectors,
(4x Top, 4x Bottom) 45 units baselined with

23-cm spacing, can
accommodate up t

350 kg Instrument Mass
>3750 cm?
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Data
(Count Differences)

¢ | P Gamma-Ray Spectrometer (Proxy)
¢ Broadband Spectrum Acquisition = Cadence

® 1.29x1086 Spectra
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INTEGRAL/ABIS

Enhanced Sensitivity w/ Tops

106 second (Cost to Light Curve Parameterization)
30 Sensitivity
Baseline Configuration







SNela Light Curves

Emergent Gamma-Ray Emission Spectra
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Gamma-Ray Light Curves

C1(0.1-0.3 MeV): Dominated by Compton continuum; 56Ni lines early post-explosion
C2(0.3-0.7 MeV): Strong Compton continuum; some line emission including e*-e- annihilation
L1(0.7-2 MeV): Dominated by 56Co lines; moderate Compton continuum

L2 (2-4 MeV): Dominated by 56Co lines; weak Compton continuum




Event Rates
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Distance [Mpc]
N100 (Seitenzahl, 2013) Model @ 50 days Post-Explosion

RsNers = 0.24 x 1074 yr~! Mpc™3

Horiuchi & Beacom (2010)




SNela Light Curves

1.0

Probe Thermonuclear Physics of SNela

¢ Fundamental Parameter Proxies: KE, Total Mass, %6Ni Mass
¢ Volumetric Distribution of 56Ni (temporal evolution)
¢ Nuclear Flame/Structure

Diversity

¢ Population Statistics of Fundamental Parameter Proxies
® Census of SNela Sub-Classes — %6Ni Mass, Total Mass, Explosion Energy
® Census of SNela Environments (Galactic Age, Morphology)

Standardize the Standard Candle

¢ Nuclear Diversity <= Optical Diagnostics

e Gamma+UVOIR: Removal of Circumstellar & Interstellar Effects
¢ SNela Core (nuclear), Atmosphere (optical/IR), External




Nova LOX
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Quoted (SN la) sensitivities (10°s) are based on ~166 such differences
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Persistent Lines

‘Be 478 keV
22Na 1275 keV

Fim=1.3x10®%cm2s1
Fin=8x107 cm2 s
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INTEGRAL/BIS

Observation Interval: 108 second
Spectrum Acquisition: 20 sec
Threshold Significance: 30
Baseline BAGEL Configuration
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