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MOTIVATION I

» Threefold motivation:

» Mirror asymmetry

» Modern shell-model calculations
» Astrophysics: X-ray bursts
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» 21Mg is a well known
proton emitter
» Used for proton calibration o
» Delayed alpha emission
energetically allowed:
» Q,(8827 keV) = 2267 keV
» Q,(8976 keV) = 2416 keV
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1.  2'Na (8.976 MeV) »20Ne (5.621 MeV) + p
= 160 (gs) + a

E(2'Na) = (919+5621+2432) keV = 8972 (18) keV
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Energy Si1, 21Mg protons
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5.: Isospin mixing (3/2 -> 72 + 0)
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Energy Si1, 21Mg protons
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» 1% or 37

» Proton, Q = 450keV

» Blue: full spectrum

» Red: gate on gas
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bursts, breakout can occur from the hot CNO cycles into the rapid proton capture process. A key breakout
route is via the sequence 'O(a, y)'?Ne(p, )*°Na. The "Ne(p, y)*’Na reaction rate is expected to be
dominated by a single resonance at 457(3) keV. The identity of the resonance has been under discussion
for a long time, with J* = 17 and 3* assignments suggested. In this study of the p-delayed proton

decay of 2°Mg we report a new, significantly more stringent, upper limit on the f-decay branch to this
Keywords: state of 0.02% with a confidence level of 90%. This makes a 17 assignment highly unlikely and favours

Explosive nuclear astrophysics
Nuclear structure

Hot CNO breakout
B-p decay of 2°Mg

a 3% assignment for which no branch is expected to be observed. The 3* state is predicted to have a
significantly higher resonance strength, and to produce a proportionately higher '*Ne(p, y)*’Na reaction
X-ray bursts rate in X-ray burst conditions.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

In explosive astrophysical phenomena in which temperatures in
excess of 0.5 GK are achieved, such as X-ray bursts, it is possible
to breakout from the B-limited hot CNO cycles into the rp process,
a series of rapid proton capture reactions synthesizing proton-
rich nuclei potentially up to the Sb-Te mass region [1,2]. It is
expected that the reaction sequence '*0(a, y)'*Ne(p, ¥)?°Na pro-
vides the main link between the two processes, with its strength
determining the conditions for ignition of the X-ray burst and the
recurrence rate [3,4]. As such, extensive efforts have been made
to determine both the '30(a, y)!"Ne and '°Ne(p, y)*°Na astro-
physical reaction rates (see Ref. [4] for a recent discussion of the
former reaction). Under X-ray burst conditions, the '*Ne(p, y)?*°Na
reaction is thought to be dominated by the contribution of a sin-
gle low-energy resonance ~450 keV above the proton-emission
threshold energy of 2190.1(11) keV in 2°Na [5]. The identity of this
resonance, and hence its inferred strength, has remained a matter
of intense debate for over two decades. Direct measurements of
the strength have been attempted using radioactive beams of '*Ne
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E-mail address: ] PWallace@sms.ed.ac.uk (JP. Wallace).
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[6-10], but so far only an upper limit of 15 meV with a 90% confi-
dence level has been determined [10].

Lamm et al. [11] studied the 2°Ne(*He, t)?°Na charge exchange
reaction, and from a DWBA analysis made a 1" (spin and par-
ity, J™) resonance assignment for the state at an excitation energy
~2650 keV in 20Na, pairing it with a 1" level at an energy of
3173 keV in 2°F. However, Clarke et al. [12] studied both the
20Ne(®He, t)2°Na and 20Ne(t, >He)2°F charge exchange reactions
and found the angular distributions to be incompatible with these
being analogue states. Rather, they noted a good agreement could
be obtained with a known 3+ level at 2966 keV in 2°F [12]. Simi-
larly, a study of the 2°Ne(p, n)*°Na reaction made a 3% assignment
for the ~2650 keV state in 2°Na [13]. Arguing from a shell model
perspective, Fortune et al. [14] pointed out that a large Coulomb
energy shift is required for the ~2650 keV level which can only
be achieved for states with a large 2s1,2 component, and is only
satisfied by the 37 level in this excitation energy region of 2°F.
The 17 state at 3173 keV in 20F is suggested as having a (sd)°p—2
configuration which would not exhibit a significant Coulomb en-
ergy shift, whereas the known 17 state at 3488 keV is considered
to have much too large a shift relative to the ~2650 keV level
in 2°Na [15]. For a 3* assignment, Fortune et al. derived a lower
limit on the resonance strength of 16 meV [14], tantalizingly close
to the experimental upper limit of 15 meV [10]. In contrast, taking
a 17 assignment, a value for the strength of 6 meV has been esti-
mated [9], which is more clearly compatible with the upper limit
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TYPE 1 X-RAY BURST

) B i na ry Sta r—syste m.: Orbit of neutron star
neutron star + light pop. 2
Sta r Neutron star

Accretion

» Transfer of material to the
neutron star = X-ray

emission due to high T Se 2% i
» Explosive H and He oA e .

burning (HCNO and Caen

break-out to A>20) e
» Burst time: seconds to

minutes
» Time between bursts:
hours to days VORTEN VINTHER LN APRI 20T




