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Abstract. “°K is one of the main isotopes responsible for the radiogenic heating
of the mantle in Earth-like exoplanets [1] and hence, plays a very important role
in the internal geophysical dynamics of a planet. The abundance of *°K in the
mantle and the core of such planets is not always possible to be determined by
astrophysical observations, although constraining the nuclear reaction rates of
40K during stellar evolution can also lead to constraining the present amount of
40K in these planets, which will improve our understanding on the habitability
potential of Earth-like exoplanets. This study aims to constrain the “*K(n,a)*’Cl
reaction rate, one of the two major destruction paths of “°K in stellar nucle-
osynthesis, by measuring the reverse reaction ’Cl(a,n)*’K and applying the
principle of detailed balance as we have done before for the “*K (**K(n,p)**Ar
reaction rate) [2]. During the first set of measurements we performed differ-
ential cross-section measurements of the 3’Cl(a,n;y)*°K, 3Cl(a,n,y)*°K and
YCl(a,n3y)*K reaction channels, for six different center of mass energies in
the range between 5.1 and 5.4 MeV. The experiment took place at the Edwards
Accelerator Laboratory of Ohio University. The gamma rays from the reaction
channels mentioned above were detected by two LaBr3 scintillators. Using the
swinger facility to change the angle of the beam-target system with respect to
the detection system, we were able to take measurements for the differential
cross-section at six different angles between 20° and 120° in the lab system.
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1 Introduction

Nuclei in the intermediate-mass region are of great interest for nuclear astrophysics [3], yet
there is a great experimental deficiency. The unstable isotope of “°K is one of the four main
isotopes responsible for the radiogenic heating of the mantle in Earth-like exoplanets, in fact
it dominates the planetary heat production about 5 Gyr after galaxy formation [1]. In addi-
tion, small quantities of the isotope may be present in the earth’s core. The radiogenic heat
keeps the mantle and the outer core (consisting mainly of molten iron and nickel) in a state of
turbulent convection. The heat-induced motion of the core’s outer layers generates the earth’s
magnetic field, which is essential for developing a habitable environment [4]. In addition, the
heating of the mantle controls the formation of plate tectonics, the development of the vol-
canic activity, and the recycling of carbon on a planet, by controlling the amount of heat it
will be extracted from the outer core to the mantle. The abundance of “°K in a planet depends
on the composition of the interstellar medium from which it was formed. Thus, nuclear reac-
tions that determine the amount of “°K during stellar evolution (both creation and destruction
mechanisms) are not only crucial for understanding the fundamental mechanisms of potas-
sium nucleosynthesis but may also play an essential role in understanding the habitability
potential of earth-like exoplanets.

40K is mainly created through three astrophysical processes: hydrostatic carbon shell
burning, s-process, and explosive oxygen burning in type la supernovae [6, 7]. On the other
hand, there are two main destruction paths for 40K, the (n,p) and the (n,@) reactions. In this
study, we aim to constrain the (n,@) destruction path, by measuring the time reverse reaction
(*’Cl(a,n)*K) and applying the principle of detailed balance.

2 Experimental setup

The experiment took place at the 4.5 MV tandem accelerator of the Edwards Accelera-
tion Laboratory using the beam swinger capability of the facility [5]. A DC alpha particle
beam was accelerated at energies between 5.65 and 5.95 MeV. The beam impinged into a
thin "KCI (1.1 x 10'® KCl/cm?) target that was evaporated on a thin Au layer (1.34x10'8
Au/cm?). The composition and thickness of the target were determined via Rutherford
Backscattering Spectroscopy, performed in the same facility after the experiment.

In this first measurement, we obtained the gamma rays originating from the de-excitation
of the residual nucleus, hence we were able to perform differential cross section measure-
ments for three reaction channels that corresponds to the three first excited states of *°K,
namely the 37Cl(a,n;y)*K, ¥’Cl(a,n,7)*°K and *Cl(a,n3y)*°K. The three gamma rays that
were measured, along with all the energeticaly allowed excited states of the residual nucleus
are presented n Figure 1

For the gamma-ray detection, we placed two 2"x2" LaBrs detectors radially at 16 and
17 cm from the target, respectively. Both detectors were mounted on a stand to ensure a
52° relative angle between the two detectors in respect to the target. Finally, to determine
the gamma-ray angular distribution for each of the reaction channels measured, the swinger
magnet of the facility, which allows the beam axis to rotate around the target center, was
utilized (Figure 2) enabling the measurement of gamma rays at 20°,45°, 60°,72°,95°, and
122°. Finally, to determine the efficiency of the LaBr; detectors, various gamma ray source
measurements were performed after the experiment.
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Figure 1. Energetically allowed excited states
of the residual nucleus along with the three

Figure 2. Beam swinger magnet diagram, Ed-
measured gamma rays .

wards Acceleration Laboratory.

3 Preliminary results and future perspectives

In this final section, some preliminary results are presented, along with the future plans
for this ongoing study. In Figure 3 the differential cross sections for the reaction chan-
nels 37Cl(a',n2)/)40K and 37C1(0/,n3y)4°K at four different energies and six different angles
are shown.Counting statistics is the primary source of the relative uncertainties, which range
from 4 to 8 percent for each of these measurements. Furthermore, the gamma ray angular
distributions for the two aforementioned reaction channels in two different alpha beam ener-
gies are presented in Figure 4. On the left plot, the angular distribution of the gamma rays
originating from the de-excitation of the second energy level of “°K at an alpha beam energy
of 5.85 MeV is presented. The right plot shows the angular distribution for gamma rays from
the third excited state when the target was irradiated with 5.95 MeV alpha particles. In both
cases, the function used to fit the data was the first two even terms of Legendre polynomials,
and in agreement with older measurements[8], the quadrupole radiation is dominant. The an-
gular uncertainties are due to the diameter of the detectors and their distance from the target.
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Figure 3. Differential cross sections for 3’ Cl(a,n,y)*K (left) and 3’Cl(a,n3y)*°K (right) reaction chan-
nels.
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Figure 4. Gamma ray angular distributions from gamma rays originating from *’Cl(a,n,y)*’K and
3Cl(a,n3y)*°K reaction channels.

Our future perspectives for this work include performing an additional measurement.
Along with the existing gamma ray detectors, an array of neutron detectors, namely organic
liquid scintillators, will be used. Due to their excellent neutron gamma discrimination capa-
bilities and their efficiency, we will be able to measure the 3 Cl(@,n0)*°K reaction channel,
that was impossible to measure with our current setup and 37Cl(cx,n1y)4OK. As for the latter,
the internal self-activity of the LaBrs detectors imposed difficulties integrating the corre-
sponding 29.8 keV gamma ray peak. Additionally, a code that reduces LaBr self activity,
using a Nal as a reference detector, is currently under development[9]. Once we have mea-
sured the differential cross section for all the energetically available reaction channels of
I Cl(a,n)*K, we will be able to integrate them to obtain the total cross section and finally
constrain the reaction rate of 3’Cl(a,n)*°K using the principle of detailed balance. Lastly, we
will theoretically investigate the results and the alpha optical potential using Talys code [10],
and the final results of this work will be presented in a future publication.
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