UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

Disentangling unclear nuclear breakup channels of

beryllium-9 using the three-axis Dalitz plot

Smith, R.; Freer, M.; Wheldon, C.; Curtis, N.; Almaraz-Calderon, S.; Aprahamian, A.;
Ashwood, N. I.; Barr, M.; Bucher, B.; Copp, P.; Couder, M.; Fang, X.; Goldring, G.; Jung, F.;
Kokalova, Tz; Lesher, S. R.; Lu, W.; Malcolm, J. D.; Roberts, A.; Tan, W. P.

DOI:
10.1088/1742-6596/863/1/012032

License:
Creative Commons: Attribution (CC BY)

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

Citation for published version (Harvard):

Smith, R, Freer, M, Wheldon, C, Curtis, N, Almaraz-Calderon, S, Aprahamian, A, Ashwood, NI, Barr, M, Bucher,
B, Copp, P, Couder, M, Fang, X, Goldring, G, Jung, F, Kokalova, T, Lesher, SR, Lu, W, Malcolm, JD, Roberts,
A, Tan, WP & Ziman, VA 2017, 'Disentangling unclear nuclear breakup channels of beryllium-9 using the three-
axis Dalitz plot', Journal of Physics: Conference Series, vol. 863, no. 1, 012032. https://doi.org/10.1088/1742-
6596/863/1/012032

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked for eligibility: 31072017

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 01. May. 2024


https://doi.org/10.1088/1742-6596/863/1/012032
https://doi.org/10.1088/1742-6596/863/1/012032
https://doi.org/10.1088/1742-6596/863/1/012032
https://birmingham.elsevierpure.com/en/publications/08fa8144-cf39-4d74-b277-823c428a38b4

IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Disentangling unclear nuclear breakup channels of beryllium-9 using the three-axis Dalitz plot

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2017 J. Phys.: Conf. Ser. 863 012032
(http://iopscience.iop.org/1742-6596/863/1/012032)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 147.188.254.76
This content was downloaded on 12/07/2017 at 17:40

Please note that terms and conditions apply.

You may also be interested in:

New double ionization channel uncovered in four-particle Dalitz plots
M Schulz, M F Ciappina, T Kirchner et al.

Study of clustering structures through breakup reactions
Pierre Capel

Decay dynamics of N20 under the impact of fast electrons
Arnab Khan and Deepankar Misra

Three-axis MEMS Accelerometer for Structural Inspection
E Barbin, A Koleda, T Nesterenko et al.

Pioneer of quark model dies
Martin Griffiths

Ultrafast molecular dynamics of dissociative ionization in OCS probed by soft X-ray synchrotron
radiation
Ali Ramadhan, Benji Wales, Reza Karimi et al.

Systematic Analysis of Four-Particle Dalitz Plots for Double lonization
M Schulz, D Fischer, K Schneider et al.

Kinematically Complete studies on Mutual Projectile and Target lonization
X Wang, D Fischer, A Kelkar et al.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/863/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1088/1742-6596/194/8/082042
http://iopscience.iop.org/article/10.1088/1742-6596/569/1/012035
http://iopscience.iop.org/article/10.1088/0953-4075/49/5/055201
http://iopscience.iop.org/article/10.1088/1742-6596/671/1/012003
http://iopscience.iop.org/article/10.1088/2058-7058/19/3/16
http://iopscience.iop.org/article/10.1088/0953-4075/49/21/215602
http://iopscience.iop.org/article/10.1088/0953-4075/49/21/215602
http://iopscience.iop.org/article/10.1088/1742-6596/388/8/082018
http://iopscience.iop.org/article/10.1088/1742-6596/388/8/082043

11th International Conference on Clustering Aspects of Nuclear Structure and Dynamics IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 863 (2017) 012032 doi:10.1088/1742-6596/863/1/012032

Disentangling unclear nuclear breakup channels of
beryllium-9 using the three-axis Dalitz plot

R Smith!', M Freer!, C Wheldon', N Curtis!, S Almaraz-Calderon?,
A Aprahamian?, N I Ashwood!, M Barr!, B Bucher?, P Copp?,

M Couder?, X Fang?, G Goldring®, F Jung?, Tz Kokalova',

S R Lesher?, W Lu?, J D Malcolm!, A Roberts?, W P Tan? and

V A Ziman!

'School of Physics and Astronomy, University of Birmingham, Edgbaston, B15 2TT, UK.
Institute for Structure and Nuclear Astrophysics, Department of Physics, University of Notre
Dame, Notre Dame, IN 46556, USA.

3Department of Physics, University of Wisconsin - La Crosse, La Crosse, WI 54601, USA.
4Department of Particle Physics, Weizmann Institute, 76100 Rehovot, Israel.

E-mail: r.smith.3@pgr.bham.ac.uk

Abstract. The three-axis Dalitz plot has been applied to the breakup of a nucleus into unequal
mass fragments for the first time. The Dalitz plot allows clear identification of the various
breakup channels of °Be — 2a + n process. The method has allowed the branching ratio for
the 6.38 MeV level in °Be to be provisionally calculated when examining the 9Be(‘lHe,Oc)ozom
reaction. The effects of non-uniform angular distributions on the Dalitz plot must still be
properly investigated along with the effects of contaminant reaction channels. It is proposed
that this method could be used to determine the breakup branching ratio of a newly-measured
level in this nucleus.

1. Introduction

A ternary plot is a barycentric plot of three quantities, which sum to a constant value [1]. Using
the ternary plot representation, the three quantities are visualised simultaneously by a two-
dimensional position on an equilateral triangle. While working at the University of Birmingham
in 1953, R. H. Dalitz was the first person to apply the ternary plot technique to visualising
the three-body decay of sub-atomic particles [2]. Therefore, the ternary plot will henceforth be
referred to as a Dalitz plot in this context. In the centre of mass (CoM) of a decay X — a+b+c,
the energies of a, b and ¢ must sum to the decay @ value (in the non-relativistic limit). The
Dalitz plot technique is widely used in high energy physics [3].

Only in recent years has the technique been applied in nuclear physics. Such Dalitz plots
are used to determine if the Hoyle state in '?C decays through a SBeg‘s, intermediate level or
through a direct three-body process [4]. Further, interference patterns in these Dalitz plots are
used to determine the angular momentum and parity of 12C resonances [5]. There is no reason
why it cannot also be applied to breakups into unequal mass fragments such as “Be — a+a+n.

Measuring the breakup branching ratios for states in ?Be is important, since the breakup
through particular channels is correlated with the strength of the corresponding cluster
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Figure 1. Construction of the Dalitz plot for a decay of a nucleus into three particles. ¢;
corresponds to the fractional energy of particle i in the CoM of the decaying system. (a)
illustrates that if Y~ e; = constant then points must lie on the shaded triangle. (b) shows the
same plot from a different perspective and (c) illustrates how the allowed area changes from a
circle to an ellipse for decays into unequal mass fragments (see text for details).

configurations in the wave functions, which can have implications for astrophysical reaction
rates [6,7]. The n + 8Beg.s, n + ®Begr, o + 5Heg.3 and a + a + « channels are expected to
dominate for the low-lying levels. This paper demonstrates, through the use of Monte-Carlo
simulations and experimental data, that the three-axis Dalitz plot can be applied to analyse the
breakup systematics of the “Be — a4+ o + n system.

2. The Dalitz plot

Figure 1 illustrates how to plot three quantities (which sum to a constant) on a single 2D
plot. In this case, ¢; corresponds to the fractional energy of particle ¢ in the CoM of the
decaying system (¢; = E;/ Z?:l E;). Figure 1 (a) shows that by plotting three quantities in
3D cartesian coordinates, the resulting point must lie on the shaded triangle. By shifting the
viewing perspective along a line normal to the plane of the triangle and passing through the
origin, figure 1 (b) is extracted. A point on the triangle is uniquely defined by €1, €2 and €3
which are the distances of each point from each edge of the triangle. If particles 1, 2 and 3 are of
equal mass, conservation of linear momentum ensures that points can only lie within the circle
of figure 1 (¢). For unequal mass fragments, the circle becomes an inscribed ellipse. The points
where the circle or ellipse touch the edge of the triangle are denoted by a, b and ¢ and are fixed
such that 2b:b3 equals mgy:m3 (and cyclical for sides 12 and 31). The x, y coordinates of a point
on this triangle are related to €; by = v/3(e2-€1)/2 and y = (2e3-€a-€1)/2.

3. Application to beryllium-9 breakup
An experiment was performed to measure the “Be(*He,a)aan reaction, at 22 and 26 MeV beam
energies (detailed in Ref. [8]). A new resonance was recorded at 3.8 MeV, and the necessity
for reliable branching ratio measurements in order to determine the angular momentum of the
state, was highlighted. The Dalitz plot method was applied to this experimental data in order
to test if it was a valid method of calculating reliable branching ratios. The 7/27 state at 6.38
MeV was chosen as a test subject because branching ratios are already well constrained [6].
The experimental analysis is similar to that of Ref. [8], however, the specific condition that
decays proceeded via the ®Be ground state was not required. Hence, ?Be excitation spectra were
reconstructed for events which break up via any of the open channels. Events in the excitation
region between 6.1 and 6.7 MeV were selected to consider breakups of the 6.38 MeV level.

It was possible to select which final state « particles arise from the breakup of “Be. The
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Figure 2. Dalitz plots for the breakup of the 6.38 MeV level in ?Be. Darker regions indicate
more counts. (a) depicts the experimental data within an excitation cut of 6.1 < E; < 6.7, (b)
depicts a simulation of the ®Be, s (upper line) and ®Bey+ (lower line) channels and (c) shows the
simulation of decays through the 5Hegvs channel. In the case of decays through SBeg,s / 5Heg,s,
the first emitted n/« takes the majority of the decay energy, hence the event concentrations in
these regions (top centre/ bottom left and right, respectively). Sequential decays through the
broad 8Bey+ state lead to a more even distribution of energies.

energy and momentum of the undetected neutron was calculated from momentum conservation.
The momenta of the breakup particles were converted into the CoM frame of the decaying ?Be.
Their fractional energies in this frame (¢;) were used as the axes of a Dalitz plot. To force the
Dalitz plot into a circular, rather than elliptical, shape, the axes were chosen to be (4eq,, 4€q,,
€n). The resulting Dalitz plot is shown in figure 2 (a). Simulations of the three decay processes
with proper threshold dependencies, experimental resolution, but assuming isotropic particle
emission, are shown in figures 2 (b) and 2 (c).

4. Conclusions

Figure 2 (a) shows contributions from all three sequential breakup channels as simulated in
figures 2 (b) and 2 (c¢). Each decay contribution is well separated when compared with similar
studies using other types of Dalitz plots [6]. One-dimensional projections of the Dalitz plot
permitted a quantitative comparison between simulation and experiment. Provisional branching
ratios were extracted which are comparable with previous measurements [6]. The effects of non-
uniform angular correlations on each breakup stage and contaminant reaction channels need to
be considered in order to be confident of these values. Lower levels in ?Be such as the new 3.8
MeV state are much closer to the decay thresholds and it is predicted that the signatures from
each channel will strongly overlap on the Dalitz plot. Their exact manifestations will depend on
the angular distributions and it remains to be seen how separable each channel will be.

1] Brazzle B and Tapp A 2016 The Physics Teacher 54(4) 216

[2] Dalitz R H 1953 Philos. Mag. 44 1068

[3] Alff C, Berley D, Colley D, Gelfand N, Nauenberg U, Miller D, Schultz J, Steinberger J, Tan T H, Brugger H,
Kramer P and Plano R 1962 Phys. Rev. Lett. 9 325

[4] Itoh M, Ando S, Aoki T, Arikawa H, Ezure S, Harada K, Hayamizu T, Inoue T, Ishikawa T, Kato K,
Kawamura H, Sakemi Y and Uchiyama A 2014 Phys. Rev. Lett 113 102501

[5] Kirsebom O S, Alcorta M, Borge M J G, Cubero M, Diget C A, Dominguez-Reyes R, Fraile L M, Fulton B R,
Fynbo H O U, Hyldegaard S et al 2010 Phys. Rev. C 81 064313

[6] Brown T A D, Papka P, Fulton B R, Watson D L, Fox S P, Groombridge D, Freer M, Clarke N M, Ashwood N I,
Curtis N et al 2007 Phys. Rev. C 76 054605

[7] Papka P, Brown T A D, Fulton B R, Watson D L, Fox S P, Groombridge D, Freer M, Clarke N M, Ashwood N I,
Curtis N et al 2007 Phys. Rev. C 75 045803

[8] Smith R, Wheldon C, Freer M, Curtis N, Kokalova Tz, Almaraz-Calderon S, Aprahamian A, Ashwood N I,

Barr M, Bucher B, et al 2016 Phys. Rev. C 94 014320



