
 

 

 University of Groningen

High-precision (p,t) reactions to determine reaction rates of explosive stellar processes
Matić, Andrija

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Matić, A. (2007). High-precision (p,t) reactions to determine reaction rates of explosive stellar processes.
s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 26-05-2023

https://research.rug.nl/en/publications/19893f04-40a4-4f56-bfba-448cfc9589e6


Chapter 7

Summary and conclusion

The aim of this study was to investigate the nuclear structure of 22Mg and26Si. These two
nuclei play a crucial role in stellar reaction processes at high temperatures, which occur,
e.g., in X-ray bursts and nova explosions. Using the nuclear structure information obtained
for these two nuclei, we have calculated the stellar reaction rates for the following reactions:
18Ne(α,p)21Na,21Na(p,γ)22Mg, 22Mg(α,p)25Al, and25Al(p,γ)26Si.

The experimental study of the24Mg(p,t)22Mg and28Si(p,t)26Si reactions has been per-
formed using the Grand Raiden spectrometer of the Research Center of Nuclear Physics
(RNCP), Osaka, using a 100 MeV proton beam. Taking advantageof the new dispersion-
matched WS beam line, we obtained the unprecedented energy resolution of 13 keV (FWHM)
for the 24Mg(p,t) and28Si(p,t)26Si reactions. This excellent resolution allowed us to re-
solve 62 levels in22Mg and 38 levels in26Si. From these levels 12 and 14 levels were
resolved for the first time in22Mg and26Si, respectively. Most of these levels are located
in astrophysically important excitation-energy regions.The importance of high-resolution
spectrometry can be judged from our measured energy spectrum for 26Si, where we could
clearly separate the 4.8056(25) MeV and 4.8270(25) MeV levels, which were hitherto un-
resolved in previous26Si experiments. The unresolved combined peak was until now used
as a calibration point for the determination of the excitation energy of higher lying levels.

The calibration of the energy spectra obtained for the24Mg(p,t)22Mg and
28Si(p,t)26Si reactions was performed using high resolution22Mg γ-spectrometry data
from Ref. [16]. With these new data available for the low-lying states below the proton-
emission threshold, we could avoid a systematical error introduced by the data listed by
Endt [46]. In the present work we reduced the uncertainty forthe determination of the
excitation energy of levels in22Mg and26Si to 1 keV and 2 keV1, respectively. This good
accuracy allowed us in particular to decrease the uncertainty for the calculated rate for the
18Ne(α,p)21Na reaction to less than 15%.

Other important parameters for the rate calculations are the spins, parities and reso-
nance strengths of particular resonances. Until now, thereare only two direct measure-
ments of the resonance strengths for excited states in22Mg. Both studies have been per-

1For some of the weak levels the accuracy is much less.
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formed using a secondary ion beam; the first at TRIUMF for the21Na(p,γ)22Mg reaction
[17, 18, 19], and the second at Louvain-la-Neuve for the18Ne(α,p)21Na reaction [20, 21].
As was mentioned in Section 5.1, we did not succeed to obtain unique spin-parity values
for excited states in22Mg and26Si. These missing parameters have been inferred from the
well-known structure of mirror nuclei22Ne and26Mg, respectively. We need to mention
that this method carries a substantial uncertainty associated with such mirror assignments.
Nevertheless, our analysis provides a big step forward in the rate calculation of the relevant
nuclear processes.

With accurate determination of the excitation energies of states in22Mg and26Si we
decreased the error in calculating the stellar reaction rates originating from the error in the
excitation energy. Furthermore, our data provide an essential calibration point for the deter-
mination of the excitation energy of states populated by reactions using unstable ion beams.
The direct reaction mechanism of the (p,t) reaction at the present bombarding energies leads
to predominant population of natural-parity levels. Consequently, it is necessary to perform
other experiments as12C(16O,6He)22Mg and29Si(3He,6He)26Si in order to complete the
information on the level structure of22Mg and26Si, respectively. For example the impor-
tant role of unnatural parity states has already been shown for the25Al(p,γ)26Si reaction,
where the main contributions are coming from the 1+ and 3+ resonances.

This work presents the first results ever for the reaction rate of the important22Mg(α,p)-
25Al reaction, based on experimental data. Our calculated rates for the21Na(p,γ)22Mg and
25Al(p,γ)26Si reactions are similar to previous results [18, 28, 29]. This similarity can
be attributed to the use of the same proton spectroscopic factors in all calculations and
resonance energies which are not very much different. In contrast, our calculated rate
for the 18Ne(α,p)21Na reaction is up to a factor of 5 times larger than previous results
[12, 20, 21, 64]. The difference comes from the newly measured 22Mg levels above the
α-emission threshold.

The direct measurements of the rate for the18Ne(α,p)21Na,22Mg(α,p)25Al and25Al(p,γ)-
26Si reactions, at excitation energies up to 2 MeV above theα-emission thresholds, has not
been possible until today because high-quality and relatively intense radioactive beams of
22Mg, 25Al, and 18Ne have not yet been produced. The production of high intensity ra-
dioactive beams needs to be accompanied with improvement ofα-detection techniques.
This development is required to measure the weakα-branching ratio which is difficult be-
cause of the small kinetic energies of the emittedα particles.

An experimental technique, which can be used for the determination of branching ratios
for the proton-decay andα-decay of excited states in unstable nuclei has been described
by Davidset al. [6, 15]. The same technique can be used for the study of the decay of
excited states in22Mg and26Si above theα-emission threshold. Also in this case, the (p,t)
reaction can be performed in inverse kinematics to populatestates in22Mg and26Si above
theα-emission threshold. The outgoing tritons and22Mg or 26Si recoils can be momentum-
analyzed in a single magnetic spectrometer. For example, the coincidence measurement of
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the tritons and the residual nuclei21Na and18Ne after proton-emission andα-emission,
respectively, can be performed.






