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Classical nova explosions

For = 2000 y, stellae novae = nova + supernova

1885: Observation of a stella nova in the spiral
nebula M31 (S Andromedae, Hartwig)
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1920: The "Great Debate"...distance of the spiral
bulae (Curtis, Shapl
nebulae (Curtis, Shapley) . Andromeda
1920s: a =dozen other stellae novae discovered : SR Ga_llla)l(y (M31)
in M31, all far fainter than that of 1885 § . d=25Mly

1920s: Hubble's distance scale...spiral nebulae
are galaxies!

1934: two classes of stella nova, "super-nova"
for the most luminous ones (Zwicky,
Baade, Lundmark)
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MECHANISM: Unstable thermonuclear burning of accreted matter on the
surface of a white dwarf star
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MECHANISM: Unstable thermonuclear burning of accreted matter on the

surface of a white dwarf star
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MECHANISM: Unstable thermonuclear burning of accreted matter on the
surface of a white dwarf star

FIRST MODELS:
Schatzmann 1950, 1951; Cameron 1959; Rose 1968; Starrfield 1971 (the need for CNO enhancement); ...

LATER:

Parameterized/one-zone models: Hillebrandt and Thielemann 1982: Wiescher et al. 1986:
Weiss and Truran 1990; ...

1-D hydrodynamic models: Prialnik and Kovetz 1995; Starrfield et al. 1998; Jose and Hernanz
1998; Paxton et al. 2011 ...

Multidimensional models (limited): Shara 1982, Fryxell and Woosley 1982, Shankar et al.
1992, Glasner and Livne 1995, Kercek et al. 1998, Kercek et al. 1999 (3D), Glasner et al. 2005, Glasner et
al. 2007, Casanova et al. 2010, Casanova et al. 2011 (3D)

KEY variables: Myyp, M..c; Z.cc Linitiay MIXing

NUCLEOSYNTHESIS:
MultiD models: limited in scope, networks < 15 isotopes

Still need to rely on 1D hydro models for detailed nucleosynthesis
calculations




MODELS — for nucleosynthesis = 1D hydrodynamic
— reaction networks: =100 species, H - Ca

Model 1.35 Mg
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José, Casanova, Moreno, Garcia-Berro, AP, and Iliadis (2010)



MODELS — for nucleosynthesis = 1D hydrodynamic
— reaction networks: =100 species, H - Ca
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How reliable are these nucleosynthesis predictions?



NUCLEAR PHYSICS
Nova sensitivity study (lliadis et al. (2002)) :
m input from 5 different hydrodynamic nova simulations

m Variation of each of 175 reaction rates within errors
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NUCLEAR PHYSICS
Nova sensitivity study (lliadis et al. (2002)) :

m input from 5 different hydrodynamic nova simulations

m Variation of each of 175 reaction rates within errors
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NUCLEAR PHYSICS
How are these thermonuclear rates determined?

Reaction rate per particle pair at some temperature T

8 1/2 Nﬂ oo BT
Na(ov) = (:Tmm) (KT)?72 ./ﬂ Ec(E)e dE

So...."just” measure o(E) (or estimate it from theory) and solve!

107

For reactions involved in
novae, the cross-section is

)
often dominated by a few § 10'f
contributions from narrow a
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NUCLEAR PHYSICS
How are these thermonuclear rates determined?

Reaction rate per particle pair at some temperature T

8 \2 Na  [®. . Eur
Nalov) = (ﬂ'mm) {kT}ME /ﬂ Ec(E)e dE

So...."just” measure o(E) (or estimate it from theory) and solve!

For reactions involveql in_ . A2 (2] +1)(1 + o1 T
novae, the_cross-sectlon Is opw(E) = 37 2o+ 1)(21+1) (Er —E)2+12/4
often dominated by a few
contributions from narrow
resonances

An isolated resonance
can be described by the
Breit-Wigner formula




NUCLEAR PHYSICS
How are these thermonuclear rates determined?

Reaction rate per particle pair at some temperature T

8 1/2 Nﬂ oo BT
Na(ov) = (:ﬂﬂm) (KT)>72 ./ﬂ Ec(E)e dE

So...."just” measure o(E) (or estimate it from theory) and solve!

For react::'ions involvetql in_ e (E) A2 (2] +1)(1 + o) raT
novae, the cross-section is 7 = — .

’ 4 (2j0+1)(271 + 1) (E, —E)2+T2/4
often dominated by a few 2o+ 121 +1) (Br —E)
contributions from narrow

resonances 21T 3/2
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An isolated resonance
can be described by the 2J+1 I’ I‘T
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NUCLEAR PHYSICS
How are these thermonuclear rates determined?

For these cases, the problem may be reduced to determining the
parameters of resonances

3/2 M
21 —(E .
<OoL>=| —— hzZ(wy)i exp ki)
ukT l. kT
€)1 :
WYy= .
(2J,+1)(2J,+1)
27° , These may be
I_P = > P\ V. . determined through

indirect measurements
(stable beams/targets,
high cross-sections)



NUCLEAR PHYSICS

MOST nuclear reaction rates involved in standard models of classical
nova explosions are sufficiently well-constrained.
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ion beam facility at TRIUMF, Vancouver [252]. Actually, the list of reactions whose
uncertainty still has a strong impact on nova vields has been dramatically reduced.

The main interest is now focused on measuring the challenging reactions ®F(p,a)'°0,
25 :
> Al(p.7)?°Si, and *P(p.7)*'S.

José and lliadis (2011)

1D hydro models
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Direct (recent): Chae+ 2006, de Sereville+ 2009, Murphy+ 2009, Beer+ 2011
Indirect (recent): Dalouzy+ 2009, Adekola+ 2011a, 2011b, 2012, Laird+ 2013
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18F 150 Direct (recent): Chae+ 2006, de Sereville+ 2009, Murphy+ 2009, Beer+ 2011
(p,a) Indirect (recent): Dalouzy+ 2009, Adekola+ 2011a, 2011b, 2012, Laird+ 2013

rate (cmaf(mnl "S))

Laird, AP++ (2013)
experimental rate
varied within
uncertainties

Thermonugle
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The uncertain ociated with the 48 keV resonance,
however, results in a factor of ~2 uncertainty in the final
1D hydro nova model I8F yield, which, in turn, affects the predicted maximum
detectability distance for the associated y-ray lines by
about a factor 1.4 for the models considered.

y-ray emission from novae may initially be dominated by
contributions from e+-e- following 3F(B+) (t,, = 110 m)



30p(p V)31S Indirect (recent): Jenkins+ 2006, Ma+ 2007, Wrede+
. 2007, 2009, AP+ 2011, Doherty+ 2012, Irvine+ 2013
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in constraining nova nucleosynth

The Unreasonable Effectiveness of
in the Natural Sciences

Richard Courant Lecture in Mathematical Sciences delivered at New York University,
May 11, 1959

EUGENE P. WIGNER

Princeton University

Let me end on a more cheerful note. The miracle of the appropriate-
ness of the_language of mathematics for the formulation of the laws of
physics is a wonderful gift which we neither understand nor deserve. We
should be grateful for it and hope that it will remain valid in future research
and that 1t will extend, for better or for worse, to our pleasure even though
perhaps also to our batflement, to wide branches of learning.




Classical nova explosions

Compact object:
L

max-
Ai:Iightcurve:
Torbital:
trec:

Tpeak:
ppeak:

envelope:

#Galaxy:

Ejecta:

nucleosynthesis:

white dwarf (CO / ONe)
~104-105L,,

~ days — months

~1-16h
~104-105 yr
~0.1-0.4 GK

~103-104g/cm3
~ 100 km
~30/yr

~104-10"° M,/ nova

H-Ca

Most of the thermonuclear reaction rates
involved are constrained by experiments

d=8.61ly
D,g=8-30AU

B Sirius A
. MS star
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Nova Cygni 1992 (d ~ 10 000 ly)
HST (1994)




OBSERVATIONS

mass fraction in ejecta

MoDEL H He C N O Ne Na-Fe Z

V693 CrA 19381

Vanlandingham et al. 1997...... 0.25 0.43 0.025 0.055 0.068 0.17 0.058
Model ONe3 ...t 0.30 0.20 0.051 0.045 0.15 0.18 0.065
Andred et al. 1994................ 0.16 0.18 0.0078 0.14 0.21 0.26 0.030
Model ONed ... 0.12 0.13 0.049 0.051 0.28 0.26 0.10

Williams et al. 1985.............. 0.29 0.32 0.0046 0.080 0.12 0.17 0.016
Model ONe5 ....oovviviiiinnnn 0.28 0.22 0.060 0.074 0.11 0.18 0.071

V1370 Agl 1982

Andred et al. 1994................ 0044 010 0050 019 0037 056 0.017
Model ONeT o.noveeeeaannnnn... 0073 017 0051 018 014 024 0.14
Snijders et al. 1987............... 0.053 0088  0.035 014 0051 052 0.11
Model ONET ovvoveeeeenennn... 0073 017 0051 018 014 024 0.14
QU Vul 1984
Austin et al. 1996 ................ 036 019 0071 019 0.8 0.0014
Model ONel ....ovveeeeennnnn... 032 018 0030 0034 020 0.8 0.062
Saizar et al. 1992 ................. 030 060 00013 0018 0039  0.040 0.0049
Model ONe2 ...ovveeeeeannnn... 047 028  0.041 0047 0037 0090 0.0035
PW Vul 1984

0.47 0.23 0.073 0.14 0.083 0.0040 0.0048 0.30
0.47 0.25 0.073 0.094 0.10 0.0036 0.0017 0.28

José and Hernanz (1998)



