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Figure 1 Importance of radioactive nuclei in astrophysics. Nuclides involved in nucleosynthesis processes (e.g., the rp-process and
r-process) are shown along with stable nuclides and the particle driplines. Representative astrophysical environments for the processes are
also indicated.
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› Threefold motivation: 
› Mirror asymmetry 
› Modern shell-model calculations 
›  Astrophysics: X-ray bursts 
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1 Physics motivation for studying the decay of 20Mg
20Mg is situated at the proton-dripline as the lightest isotope in the Magnesium

chain (Z=12). Along the N=8 chain it is situated between the unbound 19Na and 21Al
with 22Si being the most proton rich bound nucleus. 20Mg β-decays in allowed decays to
1+ states in 20Na with a total half life of 90.8(24) ms.

Figure 1: β-decay of 20Mg as compiled in the latest evaluation.

The physics motivation for studying 20Mg is three-fold:

1. Determination of the spin and parity of a level situated at 2.645(6) MeV in 20Na,
or 450 keV above the 19Ne+p threshold. This resonance is situated in the Gamow-
window for the 19Ne(p,γ)20Na reaction in the breakout from the hot CNO cycle.
Its properties have been under intense scrutiny during the past 20 years. The most
likely spin values for the this state are 1+ and 3+. In the former case the state can
be populated in allowed decays of 20Mg.

2. Studying the mirror-symmetry by comparing to the decay of 20O to 20F.

3. 20Mg is the lightest bound T=2 nucleus and its decay properties can therefore be
reliably calculated with modern Shell-Model calculations. This allows e.g. to study
the quenching of the Gamow-Teller strength.

These three points will be further discussed in the following.

1

› Break out sequence from 
the hot CNO cycle: 

› Determination of Jπ for 
2.645(6) MeV resonance: 
1+ or 3+? 

› Fed in beta decay of 
20Mg: allowed or second-
forbidden? 

15O(α,γ )19Ne(p,γ )20Na
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P' —DE LAYED-PROTON DECAY OF 'Mg 265

isobaric analogs.
The evaluation of (o) ', on the other hand, is

model-dependent. Recent shell-model calculations'
predict a value of (o)'-0.2V for this superallowed
decay, confirming earlier estimates of (o)' based
on the Nilsson formalism. ~ From Eq. (3}, uncer-
tainties in this estimation of (o), even of the or-
der of 50%, would affect the transition strength by
only -5% and the subsequent logft by -0.02.
Lanford and Wildenthal have calculated' a logff

for the decay of "Mg to the T = ~ level in ~Na of
3.26. Based on this, absolute branching ratios and
partial half-lives can be derived for P' decays to
proton-emitting states. These branching ratios
are shown in column 4 of Table II. Lack of P-de-

cay data to bound states in "Na precludes a worth-
while discussion of isospin mixing in its analog
state.
Intensity ratios for bound levels are taken from

the mirror "F-"Ne decay, "and are renormal-
ized to the total decay strength to these levels as
deduced from the total proton intensity. The re-
sulting branching ratios are also given in Ta,ble II.
In addition to these three allowed P-decay transi-
tions, Harris and Alburger~ reported an upper
limit for the negatron branch leading to the 2.790-
MeV state in "Ne. Rolfs et al.~ have subsequent-
ly reported J'=-,' for this state, consistent with
its assigned mirror in "Na. Hence there is a lev-
el at 2.80 MeV in "Na potentially fed by first-for-
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FIG. 6. Proposed decay scheme for 'Mg. The excitation energies above 5 MeV in Na are taken from this work
(except the 8.970-MeV state). P+-decay branching ratios and log ft values are also indicated.

21MG – KNOWN DECAY 
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› 21Mg is a well known 
proton emitter 

› Used for proton calibration 

› Delayed alpha emission 
energetically allowed: 

›  Qa(8827 keV) = 2267 keV 
›  Qa(8976 keV) = 2416 keV 

 
 

6.56 MeV 

2.432 MeV 
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Qp = 1416 (6) keV : 21Na(8827) è 20Ne(4968) + p 

Qp = 1626 (17) keV : 21Na(8303) è 20Ne(4247) + p 
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P' —DE LAYED-PROTON DECAY OF 'Mg 265

isobaric analogs.
The evaluation of (o) ', on the other hand, is

model-dependent. Recent shell-model calculations'
predict a value of (o)'-0.2V for this superallowed
decay, confirming earlier estimates of (o)' based
on the Nilsson formalism. ~ From Eq. (3}, uncer-
tainties in this estimation of (o), even of the or-
der of 50%, would affect the transition strength by
only -5% and the subsequent logft by -0.02.
Lanford and Wildenthal have calculated' a logff

for the decay of "Mg to the T = ~ level in ~Na of
3.26. Based on this, absolute branching ratios and
partial half-lives can be derived for P' decays to
proton-emitting states. These branching ratios
are shown in column 4 of Table II. Lack of P-de-

cay data to bound states in "Na precludes a worth-
while discussion of isospin mixing in its analog
state.
Intensity ratios for bound levels are taken from

the mirror "F-"Ne decay, "and are renormal-
ized to the total decay strength to these levels as
deduced from the total proton intensity. The re-
sulting branching ratios are also given in Ta,ble II.
In addition to these three allowed P-decay transi-
tions, Harris and Alburger~ reported an upper
limit for the negatron branch leading to the 2.790-
MeV state in "Ne. Rolfs et al.~ have subsequent-
ly reported J'=-,' for this state, consistent with
its assigned mirror in "Na. Hence there is a lev-
el at 2.80 MeV in "Na potentially fed by first-for-
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FIG. 6. Proposed decay scheme for 'Mg. The excitation energies above 5 MeV in Na are taken from this work
(except the 8.970-MeV state). P+-decay branching ratios and log ft values are also indicated.

 

2.  21Na(8827) è 20Ne(4968) + p 
3.  21Na (8976) è20Ne (5621) + p 

è 16O (gs) + a 

4.  21Na (8827)è17F (gs) + a 
5.  21Na (8976) è 17F (gs) + a 

16O + a 

21MG – NEW DECAYS 

5.: Isospin mixing (3/2 -> ½ + 0)  
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Etude spectroscopique des noyaux 21Mg, 25Si et 26P 124

moins confirmée par les résultats obtenus pour les deux autres noyaux étudiés.
S’agissant de la partie de Gamow-Teller de l’interaction faible, elle conduit à l’ali-
mentation de tous les autres états des noyaux fils. La comparaison des résultats ex-
périmentaux aux calculs théoriques est donnée par la somme des valeurs de B(GT )
déduites des quantités log (ft). Un aperçu global de la répartition de la force de
Gamow-Teller est donné pour les trois noyaux dans les figures 2.47 à 2.49. A la dif-
férence des figures précédentes, on a reporté ici les résultats des calculs théoriques
dans leur ensemble, c’est-à-dire en tenant compte de toutes les transitions, indépen-
damment de leur intensité.

Fig. 2.47: Répartition de la force de Gamow-Teller dans la
désintégration β de 21Mg. La somme des quantités B(GT ) est
représentée en fonction de l’énergie des états peuplés dans le noyau
fils. La valeur expérimentale est comparée à la prédiction théorique
de B. A. Brown [14] ainsi qu’à la valeur issue de l’étude de la
désintégration du noyau miroir 21F [10].

Dans le cas de 21Mg, l’accord est très satisfaisant jusqu’à une énergie d’excitation de
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•  From dissertation of 
Jean Charles 
Thomas, Bordeaux 

•  Theory by B. A. 
Brown  

•  Next step! 
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1 Physics motivation for studying the decay of 20Mg
20Mg is situated at the proton-dripline as the lightest isotope in the Magnesium

chain (Z=12). Along the N=8 chain it is situated between the unbound 19Na and 21Al
with 22Si being the most proton rich bound nucleus. 20Mg β-decays in allowed decays to
1+ states in 20Na with a total half life of 90.8(24) ms.

Figure 1: β-decay of 20Mg as compiled in the latest evaluation.

The physics motivation for studying 20Mg is three-fold:

1. Determination of the spin and parity of a level situated at 2.645(6) MeV in 20Na,
or 450 keV above the 19Ne+p threshold. This resonance is situated in the Gamow-
window for the 19Ne(p,γ)20Na reaction in the breakout from the hot CNO cycle.
Its properties have been under intense scrutiny during the past 20 years. The most
likely spin values for the this state are 1+ and 3+. In the former case the state can
be populated in allowed decays of 20Mg.

2. Studying the mirror-symmetry by comparing to the decay of 20O to 20F.

3. 20Mg is the lightest bound T=2 nucleus and its decay properties can therefore be
reliably calculated with modern Shell-Model calculations. This allows e.g. to study
the quenching of the Gamow-Teller strength.

These three points will be further discussed in the following.
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Under astrophysical conditions of high temperature and density, such as for example found in X-ray
bursts, breakout can occur from the hot CNO cycles into the rapid proton capture process. A key breakout
route is via the sequence 15O(α,γ )19Ne(p,γ )20Na. The 19Ne(p,γ )20Na 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 Jπ = 1+ and 3+ assignments suggested. In this study of the β-delayed proton
decay of 20Mg we report a new, significantly more stringent, upper limit on the β-decay branch to this
state of 0.02% with a confidence level of 90%. This makes a 1+ assignment highly unlikely and favours
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 19Ne(p,γ )20Na reaction
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 β-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 15O(α,γ )19Ne(p,γ )20Na 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 15O(α,γ )19Ne and 19Ne(p,γ )20Na astro-
physical reaction rates (see Ref. [4] for a recent discussion of the
former reaction). Under X-ray burst conditions, the 19Ne(p,γ )20Na
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 20Na [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 19Ne

* Corresponding author.
E-mail address: J.P.Wallace@sms.ed.ac.uk (J.P. Wallace).

1 Present address: James Madison University, Department of Physics and Astron-
omy, Harrisonburg, VA 22807, USA.

[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 20Ne(3He, t)20Na charge exchange
reaction, and from a DWBA analysis made a 1+ (spin and par-
ity, Jπ ) 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 20F. However, Clarke et al. [12] studied both the
20Ne(3He, t)20Na and 20Ne(t, 3He)20F 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 20F [12]. Simi-
larly, a study of the 20Ne(p, n)20Na reaction made a 3+ assignment
for the ∼2650 keV state in 20Na [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 3+ level in this excitation energy region of 20F.
The 1+ state at 3173 keV in 20F is suggested as having a (sd)6p−2

configuration which would not exhibit a significant Coulomb en-
ergy shift, whereas the known 1+ state at 3488 keV is considered
to have much too large a shift relative to the ∼2650 keV level
in 20Na [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 1+ assignment, a value for the strength of 6 meV has been esti-
mated [9], which is more clearly compatible with the upper limit

0370-2693/$ – see front matter  2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.physletb.2012.04.046

› Bβ(2,65MeV) < 0,02% 
 
›  In-flight method 

› Small beta response 
 
› Can’t separate α’s and 
protons 

› Beta summing 
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› Binary star-system: 
neutron star + light pop. 2 
star 

› Transfer of material to the 
neutron star = X-ray 
emission due to high T 

› Explosive H and He 
burning (HCNO and 
break-out to A>20) 

› Burst time: seconds to 
minutes 

› Time between bursts: 
hours to days 


