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B. Bilgierf , L. Cáceresg, R. B. Cakirlif , H. Fujitah,
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O. Kamaloug, H. C. Kozerf , L. Kucukf , T. Kurtukian-Nietoc,
F. Molinaa,i, L. Popescul, A. M. Rogersm, G. Susoyf ,

C. Stodelg, T. Suzukih, A. Tamiih, J. C. Thomasg

aInstituto de F́ısica Corpuscular, CSIC-Universidad de Valencia, E-46071
Valencia, Spain

bDepartment of Physics, Osaka University, Toyonaka, Osaka 560-0043, Japan
cCentre d’Etudes Nucléaires de Bordeaux Gradignan, CNRS/IN2P3 - Université
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A study of the β decay of the proton-rich Tz = -2 nucleus 56Zn has been
reported in a recent publication. A rare and exotic decay mode, β-delayed
γ-proton decay, has been observed there for the first time in the fp shell.
Here we expand on some of the details of the data analysis, focussing on
the charged particle spectrum.
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1. Introduction

The β decay of the Tz = -2 nucleus 56Zn has been studied recently
[1]. Among the interesting results, a rare and exotic decay mode has been
observed for the first time in the fp shell, the β-delayed γ-proton emission.
Here we provide more detail of the data analysis, not discussed in Ref. [1],
that is important for the proper determination of the β-decay strengths. We
focus on the determination and subsequent analysis of the charged-particle
spectrum measured by the Double-Sided Silicon Strip Detector (DSSSD).

2. The experiment

The β-decay experiment was performed at GANIL using a 58Ni26+ pri-
mary beam of 3.7 eµA, accelerated to 74.5 MeV/nucleon and fragmented
on a 200 µm thick natNi target. The fragments were selected by the LISE3
separator and implanted into a DSSSD (300 µm thick), surrounded by four
EXOGAM Ge clovers for γ detection. The DSSSD had 16 X and 16 Y
strips, defining 256 pixels. The DSSSD was used to detect both the im-
planted fragments and subsequent charged-particle decays, by employing
two parallel electronic chains of different gain. An implantation event was
defined by simultaneous signals in both a silicon ∆E detector located up-
stream and the DSSSD. The implanted ions were identified by combining
the energy loss signal in the ∆E detector and the Time-of-Flight (ToF) de-
fined as the time difference between the cyclotron radio-frequency and the
∆E signal (see Fig. 1). Decay events were defined as giving a signal above
threshold (50-90 keV) in the DSSSD and no coincident ∆E signal.

Tz = -2 

56Zn 

Fig. 1. ∆E versus ToF identification plot showing the position of the 56Zn implants.

3. The DSSSD charged-particle spectrum

The correlation time is defined as the time difference between a decay
event in a given pixel of the DSSSD and any implantation signal that oc-
curred before and after it in the same pixel and also satisfied the conditions
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required to identify the nuclear species. This procedure ensured that all
the true correlations were taken into account. However many random cor-
relations were also included producing, as expected, a large constant back-
ground. The correlation-time spectrum for 56Zn including all the decays (βs
and protons) is shown in Fig. 2a.

The DSSSD charged-particle spectrum was formed as it follows. First
a spectrum containing both true and random correlations was formed by
setting a gate from 0 to 1 s on the time correlation (Fig. 2a). A background
(bg) spectrum formed only of randoms was created by selecting time corre-
lations from -40 to -10 s. The two spectra were then normalized to the time
bin used, and the DSSSD spectrum in Fig. 2b was formed by subtracting
them. This procedure is similar to that of Ref. [2], with the difference that
there the gate for the bg spectrum was chosen from 1 to 2 s. Using a larger
time gate (30 s) we have increased the statistics of the bg spectrum, which
has the advantage of reducing the fluctuations arising from the subtraction
of the two spectra. This is important in a case such as 56Zn where the
number of counts is low. Moreover, the choice of an interval on the left of
the time peak ensures that only randoms are included in the bg spectrum.

The DSSSD spectrum was calibrated using an α-particle source and the
peaks of known energy from the decay of 53Ni [2]. Most of the strength
in Fig. 2b is interpreted as β-delayed proton emission. The resolution is
limited by the summing with the coincident β particles, which also affects
the lineshape of the peak. Monte Carlo simulations were performed for a
Silicon DSSSD strip, using the 4.9.6 Geant4 code. The radioactive sources
were located in an extended area in the middle of the detector, with an
implantation profile obtained from LISE calculations. Protons of a given
energy Ep were emitted at the same time as β particles following a distri-
bution determined by the Fermi function (β-decay event generator), with
end-point energy corresponding to Qβ − Ep − Sp (where Sp is the proton
separation energy in the daughter nucleus). At the event generation level
a widening of 70 keV FWHM was imposed, corresponding to the DSSSD
experimental resolution. As an example, the result of the simulations for
a single level at EX = 1.7 MeV (Ep = 1.1 MeV) is shown in Fig. 2c. To
a good approximation the lineshape is given by a Gaussian plus an expo-
nential high-energy tail. This result is an additional confirmation of the
procedure widely used in Ref [2]. The lineshape obtained from the simula-
tions, which was also checked with the well isolated 57Zn peak at Ep = 4.6
MeV, was then used to fit the experimental spectrum (Fig. 2b). The shape
was kept fixed (i.e., the Gaussian-exponential joining and the slope of the
exponential), while the parameters of the Gaussian (height, mean, sigma)
were fitted to the experimental proton peaks. This procedure allows one to
determine the intensities of the proton peaks properly and hence obtain the
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β-decay strengths.
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Fig. 2. a) Time correlations between each decay and all the 56Zn implants. The 0 to

1 s and -40 to -10 s gates are indicated by the red and blue regions, respectively. b)

DSSSD charged-particle spectrum for decay events correlated with 56Zn implants.

The peaks are labeled according to the corresponding excitation energies in 56Cu.

c) Monte Carlo simulations of the level at Ep = 1.1 MeV.
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