Journal of Physics: Conference

Series
PAPER « OPEN ACCESS You may also like
6 1 20 - The universality class of random searches
- 1 I 1 in critically scarce environments
Alpha-particle production in the "He+'“~Sn gl seare anulomerls et
. . al.
collision
- Using an Arduino to demonstrate
Faraday’s law )
To cite this article: R. Lichtenthéler et al 2020 J. Phys.: Conf. Ser. 1643 012093 /F*rgit;g';ze"ay F M Cabreira, WP S
- Two-neutron transfer as a tool to study
pairing correlations in nuclei
A. Barioni, G. Kaur, J. Alcantara-Nunez et
View the article online for updates and enhancements. al.
- = how sustainability
The v : intersects with
Electrochemical ,

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.137.172.68 on 12/05/2024 at 18:14


https://doi.org/10.1088/1742-6596/1643/1/012093
https://iopscience.iop.org/article/10.1209/0295-5075/97/50005
https://iopscience.iop.org/article/10.1209/0295-5075/97/50005
https://iopscience.iop.org/article/10.1088/1361-6552/ab1ce1
https://iopscience.iop.org/article/10.1088/1361-6552/ab1ce1
https://iopscience.iop.org/article/10.1088/1742-6596/2340/1/012040
https://iopscience.iop.org/article/10.1088/1742-6596/2340/1/012040
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsstIyPKFn6M1nN07arEdn72pmDVk88iJgTOEcpjxaA1hj67MPjfgzmu5e8g6KvyFDYa9iGgMmJM_vRm2AFRB0UbbQPmhs-TQ4UxNIGkI6fwWPqabNO3j_93voQtPB3DPu94favzw_ym_KRSApv8iqWzGEX5UGyRRqoG_HaQKEDDs_kh_QDMGxVN98VbGHtOIwHJo9P89xQYNZYjOlWdRFlpn_4T6VCKP-Cwwh2mZtVDeZqIDYUuE8bbhCEJ79kNXa5MK0tmtLymTeXpIzUixHSFJDA4znsMyJs618QwHHQ-N_0MI6iF1J1Mbzd5vw_sqWFqbJAw18iHr5_MfVuGMeNo5qQZzA&sig=Cg0ArKJSzPFrynZ3r2yT&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

27th International Nuclear Physics Conference (INPC2019) IOP Publishing
Journal of Physics: Conference Series 1643 (2020) 012093  doi:10.1088/1742-6596/1643/1/012093

Alpha-particle production in the “He+'?"Sn collision.
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Abstract. Alpha particle energy distributions in the °He+'2°Sn collision have been measured
at 7 bombarding energies above the Coulomb barrier. A phenomenological analysis of the
centroids of the experimental distributions was performed and compared with the expected
alpha-particle energies from breakup and neutron transfer reactions. Q-optimum conditions
were determined using the Brinks formula for the di-neutron transfer reaction. A comparison
of the measured alpha-particle production cross-sections with Continuum Discretized Coupled
Channels (CDCC) calculations for breakup is presented.

1. Introduction

Light nuclei usually have small breakup energies compared to heavier nuclei. Stable light nuclei
such as %7Li, “Be and others have breakup energies in the range 1.5-2.5 MeV which are small
compared to breakup energies around 7 MeV usually found in heavier stable nuclei such as
Carbon and Oxygen. As we move away from the stability valley we find even more weakly
bound nuclei such as He, ''Li, ''Be with breakup energies below 1 MeV or even lower values
such as 0.13 MeV for the proton rich ®B. In addition, some of these so called exotic nuclei present
a ‘halo‘ structure formed by the loosely bound nucleons around a more bound core. Owing to
their low binding energies and low angular momentum, the wave function of the valence nucleons
usually extends to large distances from the central core. As a consequence, exotic nuclei usually
have a larger total reaction cross-section compared to similar stable projectiles, even at low
bombarding energies [1-7]. The reaction channels which are contributing to the enhancement in
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the reaction cross section is still an open question. Projectile breakup, incomplete fusion, total
fusion and neutron transfers [8] are candidates.

In this contribution we present data on the '2°Sn(®He,a)X reaction at energies above the
Coulomb barrier [9]. The alpha-particles emitted from this reaction were detected at fixed
laboratory angles for 7 different ®He beam energies and their energy distribution was analysed.

2. Experiment

The experiment was performed at the Pelletron accelerator of the University of Sao Paulo using
the RIBRAS (Radioactive Ion Beams in Brasil) system to produce the °He secondary beam. A
"Li primary beam of about 300 nAe impinged on a 16 um Be primary target. The SHe particles
produced by the “Be(7Li, ®He) transfer reaction were collected and focused by the first solenoid.
The acceptance cone of the first solenoid comprises angles between 2 deg < § < 6 deg (see Figure
1) [10-12].
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Figure 1. RIBRAS scheme.

The secondary beam can be focused either in chamber 2, where a secondary target and
detectors can be mounted, or in chamber 3 after the second solenoid. In chamber 2 the beam
is usually contaminated with particles from the degraded primary beam as well as other light
particles such as alphas, protons, deuterons and tritons which have the same magnetic rigidity.
To improve the beam purity a degrader foil can be placed in the central chamber allowing a
further selection by the second solenoid. This procedure usually improves the beam purity to
more than 95% compared to 16% in chamber 2 in the case of “He beam.

The detection system consists of silicon detector telescopes E(1000um)-AE(25um) capable
of identifying the mass, charge and energy of the particles emerging from the target. Two
secondary targets were used in the experiments, a 3.8 mg/cm? 2°Sn target and a 4mg/cm?
Gold target to normalize the cross-sections.

Two experiments have been performed, one in chamber 2 where an excitation function at 60
deg was measured and another in chamber 3 at 22.2 MeV. In the latter a 2 mg/cm? Gold foil
was used as degrader in chamber 2 to provide a differential energy loss and subsequent selection
by the second solenoid.

In Figure 2 we show an E-AFE spectrum obtained in scattering chamber 3.
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The spectra have been calibrated using an ' Am alpha source and the He elastic scattering
peak energy as determined from the solenoid current [13]. The residual energy E and AE signals
have been summed to obtain the total energy axis as in Figure 2.
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Figure 2. AE-E; spectrum for the reaction *He + 29Sn at 22.2 MeV and 36° [9] using the
two solenoids of RIBRAS.

One sees the elastic scattering peak well separated from the alpha-particles produced in the
12091 (SHe,a )X reaction.

3. Results
The resulting alpha-particle energy distributions obtained at 60 deg at different bombarding
energies is shown in Figure 3 (left). In Figure 3 (right) we show the same distributions
transforming the energy of the alpha-particles (x-axis) to Q-value of the di-neutron transfer
reaction '29Sn(°He,«)'?2Sn. There is a unique relation between E, — @, given the two-body
kinematics of the transfer reaction. The Q-centroids of the distributions are shown by the black
arrows.

The alpha-particle energy distribution at 22.2 MeV and differential cross-sections at three
angles are shown in Figure 5 left and right respectively. An excitation function of the energy
integrated alpha-particle production at 60 deg is shown in Figure 6.

4. Discussion

We see from Figure 3 that the centroids of the energy distributions are located at energies
considerably larger than the values predicted by projectile breakup (Ep, ~ %E(; me) where Egppe
is the bombarding energy. The Q-value centroids are located around Q=0 shifting to negative
Q-values as the bombarding energies increase. Theoretically, Q=0 is expected as the optimum-
Q in the case of zero angular momentum (/; = 0) neutron transfer reactions. A more precise
value of Q-optimum can be obtained from the well known Brink‘s formula [15] which depends
on the angular momentum transferred in the collision. In figure 4 we plot the 22Sn excitation
energy as a function of the square of the transfer angular momentum as obtained from Brink‘s
formula using the experimental centroids of the Q-optimum for each bombarding energy. The
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Figure 3. Alpha-particle energy distributions at 60 degrees for different He bombarding
energies (left). The same with the energy axis transformed to Q-value for the di-neutron transfer
reaction 120Sn(°He, a)1225n (right) [9].
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Figure 4. Excitation energy versus the square of the final angular momentum of the di-neutron
in the 2°Sn(°He,a)122Sn transfer reaction for two different initial angular momenta A; = 0 (red
squares) and A; = 1 (black dots) [9].

excitation energies have been obtained directly from the energy distributions Eeze = Qgs — Qav
where Qg5 = 14.01 MeV and (4, are the centroids of the distributions from Figure 3.

We see in Figure 4 that, for di-neutron initial angular momentum (A; = 1, black dots) a linear
relation is obtained between excitation energy and the square of the final angular momentum.
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Figure 5. Projection of the alpha-particle energy distribution at Egp.=22.2 MeV (left),
differential cross-sections at three angles (right) compared to 4b-CDCC calculations.
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Figure 6. Alpha-particle cross-sections measured at 60 deg for different bombarding energies
compared to 4b-CDCC and DWBA transfer to continuum (TC) calculations

The moment of inertia that comes out from this plot is close to what is expected for a 2n-2°Sn
rotating system driven by the di-neutron momentum transfer in the collision.

It is clear from Figures 5 and 6 that the measured alpha-production cross sections are much
larger than the 4b-CDCC breakup predictions [14] indicating that a process other than pure

projectile breakup is taking place.
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5. Conclusions.

Cross sections for alpha-particle production in the He + 20Sn collision at energies above
the Coulomb barrier have been measured. A kinematical analysis of the a-particle energy
distributions in terms of the Q-value for the two-neutron stripping reaction '2°Sn (% He, a)'?29n
was performed. The results show that the a-particle energy distributions are centered at Q-
values around zero (optimum Q-value for neutron transfer) going to negative values Q ~ —5.5
MeV, as the bombarding energy increases from 17.4 to 24.5 MeV. These Q-values show that
the recoil system 2°Sn+42n is formed in highly excited states in the continuum. Using Brink’s
formula for Q-optimum transfer, we interpret the decrease in the reaction Q-value as being
due to a corresponding increase in the transferred angular momentum. We found that the
final excitation energies follow a linear relation with the square of the final angular momentum,
indicating that some kind of di-nuclear rotating system could be formed.

The measured a-particle production cross sections are very large indicating the presence of
reaction mechanisms other than pure projectile breakup. In order to confirm the present results,
further measurements would be required to obtain information on the recoil nuclei and its final
angular momentum.
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