
Chapter 81
Radiative Alpha Capture on 7Be
with DRAGON at Energies Relevant
to the νp-Process
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Abstract The origin of the p-nuclei, has been a long-standing puzzle in nuclear as-
trophysics. The νp-process is a candidate for the production of the light p-nuclei, but
it presents high sensitivity to both supernova dynamics and nuclear physics. It has
been recently shown that the breakout from pp-chains through the 7Be(α, γ)11C re-
action, which occurs prior to νp-process, can significantly influence the reaction
flow, and subsequently the production of p-nuclei in the 90 < A < 110 region.
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Nevertheless, this reaction has not been studied well yet in the relevant tempera-
ture range - T=1.5–3 GK. To that end, the first direct study of important resonances
of the 7Be(α, γ)11C reaction with unknown strengths using DRAGON was recently
performed at TRIUMF. The reaction was studied in inverse kinematics using a ra-
dioactive 7Be (t1/2 =53.24 d) beam provided by ISAC-I and two resonances above the
11Cα-separation energy - Qα = 7543.62 keV -weremeasured. The experimental de-
tails, in particular how the recoil transmission and BGO efficiencies were accounted
for considering the large cone angle for this reaction, will be presented and discussed
alongside some preliminary results.

81.1 Introduction

The nucleosynthesis of heavy elements in the neutrino-driven wind of core-collapse
supernovae has gained a lot of attention in recent years. Assuming that the ejecta of
the supernova are proton-rich, as has been shown in simulations [1], the ν p-process
operates synthesizing the nuclei with A > 64 [2].

However, the particular scenario appears to be very sensitive to both supernova
dynamics and nuclear physics input. In a recent study of the uncertainties of the
aforementioned factors, Wanajo et al. [3] found that the breakout from the hot pp-
chains through the 7Be(α, γ)11C, which occurs prior to the onset of the ν p-process,
influences the reaction flow and eventually the final abundances of nuclei in the
90 < A < 110 region.

Nevertheless, most of the reactions related to breakout processes have not yet been
studied well, since they involve unstable nuclei. More specifically, for 7Be(α, γ)11C,
there are five known resonances in the relevant energy window for T=1.5–3 GK that
regulate the astrophysical reaction rate but only two of them have known strengths
[4–6]. In order to improve the reaction rate at energies relevant to the ν p-process,
a new direct measurement of 7Be(α, γ)11C, focusing on resonances with unknown
strengths was recently performed at TRIUMF using the DRAGON recoil separator.

81.2 Experimental Details

The DRAGON recoil separator [7] has four main components: (a) the windowless,
differentially pumped, recirculated gas target, (b) the γ-ray detector array consisting
of 30 BGO detectors, (c) the electromagnetic separator and (d) the recoil detection
system.

The 7Be(α, γ)11C reaction also poses a great challenge for DRAGON as far as its
acceptance in the light mass regime is concerned. The maximummomentum cone of
the recoils far exceeds its acceptance and for this reason, simulations using GEANT3
were performed to investigate the transmission of the recoils as well as the BGO
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array efficiency. Since DRAGON measures reaction yields, resonance strengths are
extracted by:

ωγ = 2Y ε

λ2
cm

m4He

m4He + m7Be
& Y = Nrecoils

Nbeam × ηBGO × ηsep × ηDSSSD × fq
(81.1)

Where ε is the target stopping power and fq is the charge state distribution of the
recoils The aforementioned simulations provide the efficiencies of the separator and
the BGO array (ηsep & ηBGO ).

The reaction was studied in inverse kinematics using a radioactive 7Be beam
(t1/2 =53.24 d) provided by ISAC impinging on the 4He filled gas target. The most
intense charge state of 11C (q=2+) was tuned through the separator and the recoils
were detected using a double-sided silicon strip detector (DSSSD). To further in-
crease the beam suppression, identification of real events was carried out using the
BGO array signals in coincidence with the DSSSD.

81.3 Preliminary Results

Two resonances corresponding to states of 11C were studied (Ex= 8.654 MeV& Ex=
8.699MeV). Unfortunately, the radioactive ion beamwas contaminated by the isobar
7Li, nevertheless some encouraging results were obtained. Figure 81.1 Left shows
a clean separator time-of-fight spectrum, which however suffers from low statistics.
The 7Be content in the beam was extracted using TRIUMF’s Resonant Ionization
Laser Ion Source (TRILIS) [8] and was around 107 pps during the experiment.

Fig. 81.1 Preliminary results from the resonance at Ex =8.699MeV. (Left) Separator time-of-flight,
time a recoil takes to travel through DRAGON which starts by a γ-ray signal in the BGO array and
stops by a hit in the DSSSD& (Right) BGO γ-ray hit pattern, γ-ray signals in the BGO array versus
their position along the beam axis with respect to the target center. Coincidence events are gated
only on the Separator time-of-flight and include all DSSSD triggers, while the other two include
DSSSD, BGO energy and TRILIS signal cuts
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81.4 Conclusion and Future Goals

A first attempt to study the astrophysically important 7Be(α, γ)11C reaction was
recently performed using the DRAGON recoil separator. Given the challenging na-
ture of the reaction, detailed simulations are necessary to obtain reliable resonance
strengths and this first measurement can be used as a benchmark to further improve
them. A new measurement of the reaction with a more intense and pure radioactive
7Be beam is expected in the near future.
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