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Abstract: Fluorine is one of the most interesting elements in nuclear astrophysics. Its abundance can
provide important hints to constrain the stellar models since fluorine production and destruction
are strictly connected to the physical conditions inside the stars. The F(p,a)!®O reaction is one
of the fluorine burning processes and the correction evaluation of its reaction rate is of pivotal
importance to evaluate the fluorine abundance. Moreover, the 19F(p,oc)16O reaction rate can have
an impact for the production of calcium in the first-generation of Population III stars. Here, we
present the AsFiN collaboration efforts to the study of the 1F(p,a)!°O reaction by means of direct
and indirect measurements. On the direct measurements side, an experimental campaign aimed to
the measurement of the F(p,ag )!°O reaction is ongoing, taking advantage of the new versatile
arrays of silicon strip detectors, LHASA and ELISSA. Moreover, the Trojan Horse Method (THM)
was used to determine the F(p,a0)!°O reaction S(E)-factor in the energy range of astrophysical
interest (Ec;, =~ 0-1 MeV), showing, for the first time, the presence of resonant structures within the
astrophysical energy range. THM has been also applied for the study of the F(p,a,)'°O reaction;
data analysis is ongoing.

Keywords: nuclear reaction; nuclear astrophysics; nucleosynthesis; reaction rate; AGB stars; silicon
array; indirect measurement

1. Introduction

Fluorine production occurs in the He-rich intershell region of Asymptotic Giant Branch
(AGB) stars, coinciding with the region where s-process elements are synthesized. Conse-
quently, fluorine is transported to the stellar surface alongside s-process elements during
convective dredge-up episodes. This makes the abundance of fluorine a valuable diagnostic
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tool for understanding AGB stellar models and nucleosynthesis processes, particularly
aiding in the analysis of s-process mechanisms under AGB star conditions. Hence, compre-
hending the synthesis of fluorine is crucial for advancing our understanding of s-process
nucleosynthesis in AGB stars [1,2].

The issue lies in the deficiency of current models to account for the F overabundance
observed in low-mass AGB stars [3]. A potential solution could emerge from a reassessment
of the nuclear reaction rates governing the production and depletion of this element
within these stellar environments. One of the main processes responsible for the fluorine
destruction is the 1°F (p,zx)160 reaction, which takes place in the H-burning shell [4]. A recent
study was conducted by Palmerini et al. [5] considering extra mixing within the AGB stars
and the new evaluation of the "F(p,x)'°O reaction rate [6,7]. Their findings revealed
a reduction of about 50% in the surface abundance of '°F, with respect to calculations
performed considering reaction rates reported in the Nuclear Astrophysics Compilation
of Reaction Rates (NACRE) [8]. In the H-burning shell, fluorine is also burned by the
19F(p,'y)zoNe reaction, which has been considered up to now less efficient compared to the
(p,x) channel. A recent paper pointed out that the (p,7)/(p,«) ratio of about a factor ten
times higher than that reported in the NACRE compilation [8] could explain the abundance
of ¥Ca observed in ultra-metal-poor stars such as SMSS0313-6708 [9]. Indeed, a breakout
from the CNO cycles, characterized by the leakage from the CNO cycle to the NeNa
cycle via the F(p, v)*°Ne reaction, is influenced not only by the abundance of 1°F but
also by the reaction rates of the 1°F(p,7)?*’Ne reaction and the competing “F(p, «)'®O
reaction [10,11]. This theoretical calculation has been corroborated by the measurement
performed by [11] where the F(p,7)?*’Ne reaction rate showed an important increase in
the (p,7)/(p,a) ratio with respect to the NACRE recommended one. It is worth noting that
the NACRE reaction rate for the (p,a) reaction channel was obtained extrapolating only a
non-resonant contribution at low energies of astrophysical interest.

Although crucial, the astrophysical S(E)-factor remains significantly uncertain at
astrophysical energies [12], emphasizing the necessity for improved measurements. In
particular, the F(p,x)'°O reaction rate is the sum the rates related to the three open
channels, namely (p,ao), (p,«x) and (p,x,), where the 160 is left in its ground state, first
excited state (6049.4 keV, 07) and second excited state (6129.89 keV, 37), respectively. In
addition, from close examination of the data available in the literature, it can be asserted
that taking into account only the (p,ap) channel, as mentioned in [3,13,14], until a few years
ago, the only data present in the studies [15-18] in the E , = 0.46-2.54 MeV energy domain
were the extrapolated S(E)-factor values reported in NACRE [8], while almost nothing was
known from experiments on the (p,a) and (p,a,) rates at very low energies.

In the last years, some experimental efforts were made to improve the situation,
especially for the (p,ap) [19] and (p,&,) [10] channels. In this review, we will describe the
contribution of the AsFiN collaboration to the study of the F(p,a)'°O reaction by means
of direct and indirect measurements.

2. Direct Approach: The LHASA Detector

As mentioned, a direct measurement of the 1F(p,a)!°O reaction was recently carried
out in the energy range E; ;. = 0.2-1 MeV [19,20]. In the energy region E. ;. > 0.8 MeV,
the new results are consistent with the data in the NACRE compilation. However, for ener-
gies below 0.8 MeV, the data from [19] align with those from [15], yet they are approximately
1.4 times higher than the data reported by [16], as illustrated in Figure 1. Due to this large
discrepancy with respect to the previous data, in correspondence of the peaks centred at
681 and 738 keV in the centre of mass system, a new direct measurement was planned to
focus on the energy range of E. ;. = 400-900 keV, and to derive the astrophysical S(E)-factor
with the aim of resolving the discrepancies that exist between the previously available data
sets in the literature.
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Figure 1. Available direct data for the F(p,u()'®O reaction. The empty red circles show the data
of [15], the empty blue squares the data of [16], the green triangles the data of [17], the black stars the
data of [20] and the black circles the data of [19].

The experiment was conducted at INFN—Laboratori Nazionali del Sud in Catania,
Italy. The 15 MV Van de Graaf Tandem accelerator provided a !°F beam with energies
ranging from 9 to 18.5 MeV, a spot size of 1 mm on the target, and intensities of approx-
imately 1-5 nA. Thin self-supported polyethylene (CH,) targets, about 100 pg/cm? in
thickness, were positioned at 90° to the beam direction and were frequently replaced to
prevent degradation.

The detection setup, reported in the Figure 2, consisted of 6 YY1 silicon strip de-
tectors with a thickness of 300 um [21]. The detectors were mounted in a lamp-shade
configuration forming an array called LHASA (Large High-resolution Array of Silicon
for Astrophysics) [22]. LHASA was optimized to detect emerging alpha particles over a
wide angular range (from 10° to 32°) and positioned 10 cm from the target. To suppress
significant fluorine and carbon scattering, a thin aluminum shield (15 um thick) was placed
in front of the LHASA detector. This setup introduced a 4 MeV threshold for a-particle
detection and an overall energy straggling of approximately 40 keV. However, this did not
pose a problem for the experiment, as kinematic calculations indicated that alpha particles
from the 'H+'°F interaction would have a minimum energy of 7 MeV.

Energy calibration was performed by means of °Li elastic and inelastic scattering in
the 12-20 MeV energy range through the interaction with Au and C target and by using a
28Th a-source. The calibration was checked with an open-source Monte Carlo simulation,
made fully independent of the data, based on GEANT4 tracking libraries and the n-body
event generator called GROOT [23] within the ROOT framework [24]. The result shows
excellent agreement and demonstrates the quality of the calibrations, as reported in Figure 3
where the black dots represent the simulated points superimposed on the experimental
data at 18.5 MeV.
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Figure 3. Comparison between experimental data (coloured points) and simulated one (black points)
for the beam energy of 18.5 MeV (see text for details).

For extracting the cross-section, it is needed to determine the number of particles in
the beam, the number of particles in the target and the number of interactions. The first
two parameters were measured by means of a Faraday cup placed behind the target and a
monitor detector placed at 45° with respect to the beam axis, at a distance of 70 cm from
the target. Integrating over the number of reactions in each strip of the LHASA detection
array, the angular distribution for the 'F(p,a0)!°O reaction is determined. One example
of such procedure is presented in Figure 4. In the angular distribution for 725 keV in
the center-of-mass system, the experimental points (blue symbols) are overlapped with
a sum of the first 5-order Legendre polynomials (red line). The number of reactions was
determined by integrating over the scaled sum of Legendre polynomials. Having all
quantities, the 1F(p,a0)'°O cross-section together with the astrophysical S(E)-factor are
calculated. A detailed description of the experimental setup and data analysis can be found
in [25,26].
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Figure 4. Angular distribution for 725 keV in the center-of-mass system. The experimental points
(blue symbols) are overlapped with a sum of the first 5-order Legendre polynomials (red line).

3. Indirect Approach: Trojan Horse Method

The study of the F(p,a)!®O has also been tackled using the experimental indirect
Trojan Horse Method (THM) (see [27-29] for recent reviews). This well-established indirect
technique allows for the measurement of nuclear reactions relevant for astrophysics down
to the sub-Coulomb low-energy region typical of astrophysical environments. By selecting
the quasi-free (QF) contribution from the reaction yield of a suitable 2 — 3 body reaction
a4+ A — c+ C+s, THM allows to determine the cross-section of a two-body process
x+ A — ¢+ C, at astrophysical energies devoid of Coulomb and centrifugal barrier
suppression, as well as electron screening effects. The Trojan Horse (TH) nucleus a is
selected to have an high probability for a cluster configuration x @ s. The three-body
reaction is induced at energies higher than the Coulomb barrier, in order to induce the
break-up of 4 inside the nuclear field. Then, the transferred particles x induces the two-body
process of astrophysical interest, while s is spectator to the two-body process. Despite the
high value of the beam energy, the x + A — ¢ + C reaction is induced at the low energies
of interest, thanks to the effect of the TH nucleus binding energy.

The Trojan Horse reaction is usually described in plane wave impulse approximation
(PWIA) formalism, where the three-body cross-section is factorized as in the following equation:

Bo HOES
dE.dQ.dQc

do

o KF- | ®(pxs) |2 10
c.m.

(1)

where KF is the kinematical factor, | ®(pxs) |? is the squared modulus of the Fourier
transform of the radial wave function describing the x — s relative motion. do /dQ|HQES is
the half-off-energy-shell (HOES) differential cross-section for the A(x, ¢)C process.

The center of mass energy of the two-body process is calculated in post-collision
prescription as Ecm. = E.c — Q, where Q is the Q-value of the A(x, c)C reaction and Ec is
the relative ¢ — C energy. The two-body cross-section is HOES since the transferred particle
x is virtual and the mass-shell equation is not satisfied, that is, Ex # k,zc /(2my) [30].

For multiresonant reactions, as for the 19F(p,o¢)160 case, the modified R-matrix ap-
proach of [6,31] has been developed. Assuming that the two-body reaction A(x, ¢)C occurs
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via isolated non-interfering resonances, the cross-section that describes the binary process
is given in PWIA by the following equation:

Kp(Exa) /2P (kecRec) Mi(pxaRea) YcVea |2 2
pec Di(Exa)

where NF is a normalization factor, J; is the spin of the i-th resonance, kf(Ex A) =

V24ec(Exa +Q)/h (Q is the reaction Q-value, Ey4 the x — A relative energy), P, the
penetration factor in /; - wave, Ry4 and R ¢ the channel radii. M;(pyaRy4) is the amplitude
of the transfer reaction which replaces the square root of the penetration factor in the entry
channel, D;(E, ) is the standard R-matrix denominator for the one-level multi-channel
case. 'Véc and ’y; 4 are the reduced widths for the i-th resonance and are the same that
appear in the standard R-matrix calculation. By fitting the experimental THM cross-section,
the reduced widths of the measured resonances can be obtained and used to deduce the
A(x,c)C cross-section. Normalization is achieved by extending the indirect measurement
to higher energies where direct measurement are available together with the resonances
parameters. Over the past few decades, THM has been utilized extensively in the inves-
tigation of charged-particle reactions, along with neutron-induced reactions, which play
crucial roles in various astrophysical scenarios (see [32—42] for recent results and reviews).

_de NEY (2] + 1) x
dEgadQ, &

3.1. YF(p,w)'*O via THM

The F(p,a)!°0 reaction has been studied applying the THM to the three-body reaction
2H("Fa 'O)n where the deuteron was selected as the TH nucleus for the (p @ n) configu-
ration. As described by the diagram in Figure 5 the 1°F-d interaction induces the deuteron
break-up allowing the transfer of the proton that interacts with the '°F to induce the two-body
process while the neutron spectator does not interfere with the two-body process.

>

19 F 20 Ne*
160
Figure 5. Scheme of the TH reaction 2H(™Ex *O)n in QF kinematics.

3.1.1. Experimental Setup

The THM measurements have been dedicated to the study of the F(p,a()'®O channel
with the emitted 1°0 in the ground state. Two experiments were performed. The first
experiment was carried out at LNS-INEN, Catania where a 50 MeV 19F beam was delivered
onto a CD; target (~100 ug cm~2) [6]. In order to improve the experimental resolution,
the second experiment performed at INFN-LNL, Legnaro with a 55 MeV °F beam was
delivered onto a CD, target (95 ug cm™2) [7]. Beam energies were selected in order to
overcome the Coulomb barrier of the entrance channel.

The experimental setup and data analysis procedure were quite similar for the two ex-
perimental runs. In what follows, explicit reference will be made to the second experiment.
In Figure 6, a sketch of the experimental setup is shown. The detection system consisted of
two telescopes, each made of an ionization chamber (IC) and a position sensitive silicon
detector (PSD), and two individual PSD detectors. Telescopes were optimized for 1°O detec-
tion, while PSDs were used to detect alpha particles. The angular position of the detectors
were selected to maximize the QF contribution. Each PSD allows for the measurement of



Universe 2024, 10, 304

7 of 15

both energy and impact position of the detected particles allowing for the measurement
of the emission angle. Typical intrinsic resolution of a PSD is about 0.5% for energy and
300 um for the position. The energy and angle of the third undetected particle, the neutron
in the present case, were calculated by means of energy and momentum conservation laws.
All the variables of interest were calculated from the energy and emission angle of the
detected particles. These for example include the Q-value of the three-body as well as the
Q-value and the center of mass energy of the two-body process. The acquisition of the
event was triggered by the coincidence between the telescopes and any of the other two
PSDs located on the other side of the beam axis.

\PSD3

Icl PSD1
o, dl”™
.
IC2

19F beam

'PSDZ

Figure 6. Sketch of the experimental setup.

3.1.2. Selection of the Reaction Channel and Mechanism

The selection of the reaction channel, that is 2H(**F.ag 1°O)n, was performed following
the standard AE-E technique. Moreover, the Q-value of the three-body process has been
evaluated and compared with the theoretical one for the H(®F.ag 1°O)n channel (see
Figure 7). Events belonging to the most prominent peak are selected for the following anal-
ysis. Further tests have been performed, such as the comparison between the experiment
kinematical loci and that one obtained by a Monte Carlo simulation.

The applicability of THM and the cross-section factorization in PWIA are possible only
if the reaction proceeds through a quasi-free breakup mechanism [27]. In order to verify the
population of the reaction channel of interest by QF breakup mechanism, the momentum
distribution of the neutron (spectator) is studied.

Following the procedure described in [43], the experimental momentum distribution
has been extracted and compared with the theoretical one, which, for the deuteron, is given
by the square of the Fourier transform of the Hulthén function.

The experimental distribution (black dots) and the theoretical one (red line) are shown
in Figure 8. Within the experimental errors, a good agreement between the experimental
data and the theoretical distribution is found. This result represents a strong experimental
evidence of the population of the ZH(*Fag '°O)n reaction by QF mechanism. Thus, events
for neutron momentum p, < 30 MeV/c were taken into account for the extraction of the
19F(p,oc0)160 two-body reaction S(E)-factor [44].
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Figure 7. Experimental three-body Q-value. The main peak is due to the reaction channel of interest
ZH(YF« 10)n. The arrow indicates the theoretical value.
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Figure 8. Experimental momentum distribution (full dots) compared with theoretical distribution,

given by the square of the Hulthén wave function in momentum space (red solid line) (adapted
from [7]).
3.1.3. Extraction of the Astrophysical S(E)-Factor

According to the data selection described in the previous paragraphs, in Figure 9, the
QF three-body coincidence yield as a function of the center of mass energy of the two-body
process E. ;. is shown. This energy is given by the following equation:

Ecm. = Esp_ — Q2 3)

where Eis_, in the 1°0 — a relative energy and Q; is the Q-value of the F(p,a()'°O
process.
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The experimental data are characterized by several resonances due to the population
of Z0Ne excited levels. In Table 1, the 20Ne resonances considered in the THM data analysis
are listed.

It is worth noting that the resonances inside the energy range of astrophysical interest
(Ec.n. <300 keV), at energies 113 keV and 251 keV, have been observed for the first time,
allowing for the evaluation of their astrophysical impact [6,7]. The only direct measure-
ment that reached the high energy tail of the astrophysical region was provided in [19]
(Ec.m. = 0.2-0.6 MeV), where the smooth increase of astrophysical factor and the analysis of
the angular distributions suggests the possible existence of resonances at E; ;. < 300 keV.

21.5_
S
n}
Q
—
3]
-/
=
G
o
ol| 5
n |G
T |
£
[S]
=
o L
Ollllllllllllll | —

0 02 04 06 08 1
E.n (MeV)

Figure 9. THM triple differential cross-section of the 19F(p,/xo)léo reaction. The vertical error bars
consider the statistical uncertainty only. The horizontal error bars are due to the size of the integration
bin. The black line interpolates experimental data [7].

Table 1. 20Ne resonances considered in the THM data analysis.

E* (MeV) J* Ecm. keV
12.957 2+ 113
13.095 2+ 251

132224 or

132244 1- 380

13.226 4 3t

135294 2+ 696

13.586 2+ 739
13.642 2+ 798

" unresolved peaks.

Following the procedure described in [7] the contribution of each resonance was
disentangled using a multi-Gaussian fit. Then, angular distribution of each resonance was
evaluated to obtain the THM angular integrated cross-section. Since THM does not provide
the cross-section in absolute value, THM data have to be normalized to direct measurements.
This was performed considering the energy region above 600 keV where THM data overlaps
with direct measurement [20]. The non-resonant background contribution was considered
as in [19].

In order to extract the reduced widths of the populated resonances, THM data were
fitted with Equation (2). Given that the same reduced widths are present in both modi-
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fied and standard R-matrix equations, the resonance parameters obtained by fitting the
experimental THM cross-section were subsequently considered in the standard R-matrix
calculation. This enabled us to obtain the astrophysical S(E)-factor for the 19F(p,oco)mO
reaction at low energies of astrophysical interest.More details on the analysis procedure are
provided in [6,7].

4. Direct Data and THM Data: Comparison

In Figure 10, the astrophysical S(E)-factors measured with the two described exper-
imental approaches are shown. In particular, black dots represent the THM S(E)-factor
where the error bars are due to the combined statistical and systematic error (see [7] for
more details). The direct data are reported with red dots and corresponding error bars that
account for 0.5% in the horizontal axis, while the vertical bars display the total error equal
to 12-15%. A detailed description of the uncertainty sources can be found in [25]. These
data sets exhibit a trend well in agreement with the recent data published in [19] and can
be used to normalize the THM data, demonstrating an excellent agreement between the
two approaches.

—
O L
= 301 . THMcam
= B 4 LHASA data
S -
—_— L

E

[&] — -
W20 |
7] L

[ -

:_H{f H{HH{J H{

P T R R B
00 0.2 0.4 0.6 0.8 1

Ecm (MeV)

Yy

Figure 10. Comparison between the THM data (black dots [7]) and the direct data obtained with the
LHASA detector (red dots [25]). The excellent agreement is a clear demonstration of the consistency
and solidity of the direct and indirect approaches.

As previously stated, the error bar affecting the wg reaction rate cannot be directly
transferred to the total reaction rate, an unknown fraction of the total cross-section being
unconstrained. Specifically, the °F(p,x-)!°O experimental data stops at about 600 keV,
as reported in Figure 11, where experimental data from [17,18,45,46] are reported. Below
0.6 MeV, only a non-resonant contribution is still considered in the astrophysical models,
making those calculations only a lower limit for the real reaction rate. An R-matrix fit of
the available experimental data provided by [47] (red line in Figure 11) shows an increase
in the S(E)-factor in an energy range of astrophysical interest if a resonant contribution due
to the 13.095 MeV state of 2°Na is considered. In this framework, new measurements of the
a are required to investigate possible resonant contribution at low energies.

In the following, we present an overview of the experimental campaign performed by
the AsFiN collaboration in order to shed light on the a,; channel contribution for the total
astrophysical S(E)-factor of the 'F(p,a)'®O reaction. Indeed, taking advantage of the good
results obtained with direct and indirect measurement for the g channel, we conducted
two experiments focused on the measurement of the 19F(p,o¢ n)l6O reaction cross-section.
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Figure 11. S(E)-factor of the 19F(p,ocn)160 reaction as a function of the center-of-mass energy. Ex-
perimental data are from [17] (open diamonds), [18] (open stars), [45] (open circles) and [46] (open
squares). The red solid line represents the result an R-matrix fit of data, considering the contribution
of the 13.095 MeV state of 22Na. Dashed blue line represents the R-matrix fit without the contribution
of the mentioned 2°Na state [47].

4.1. Direct Approach: LHASA + ELISSA Detectors

Due to the very small energy separation between the (p,a) and (p,x,) channel of
interest (<100 keV), good energy resolution is a crucial parameter for the measurement.
In order to check the possibility to resolve and identify the different channels of the reaction,
a preliminary study was performed with the GROOT simulation code [23]. The results
of the simulation are reported in Figure 12, for the beam energy of 15 MeV, where it is
possible to recognize the target reaction, the ?F(p,a)!®O with the three open channels
(p,xo), (p,ar) and (p,&, ), and also two other reactions coming from the carbon in the target,
the F(12C,a)?” Al and the F(12C,d)?°Si reactions. The carbon scattering due to the fluorine
beam is also shown, while the scattered protons have a maximum energy of 3 MeV and
are not displayed in the picture for clarity. The simulation takes into account the energy
and position resolution considering beam energy spread, target thickness and detector
resolution and clearly demonstrate the possibility of our setup to distinguish between the
different expected channels.
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Figure 12. Monte Carlo simulation for the expected reaction channels. See text for details.
The experiment was performed at IFIN-HH, Magurele (Romania), the 3 MV Tandetron

accelerator provided the °F beam with an energy range from 7 to 15 MeV with a diameter
of the spot size on target of 1 mm and intensities around 1-5 nA. Thin self-supported
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polyethylene targets (CH,) of about 50 pg/cm? were placed at 90° with respect to the beam
direction and were frequently changed to avoid degradation. The thickness of the target
guaranteed a good energy and position resolution reducing as much as possible the energy
spread due to the straggling. The emerging « particles were detected by the LHASA array
coupled with the ELISSA (Extreme Light Infrastructure Silicon Strip Array) [48,49] detector
system, which was able to measure energy and angle of emission with high precision.
Indeed, the ELISSA detector array used for this experiment consists of one ring of 12 X3
position sensitive silicon strip detectors with four front strips [21] that secure an excellent
kinematical identification of the induced reactions. The detection system used, shown in
Figure 13, ensured a wide angular coverage (from 8° to 50°) and was placed at 5 cm from
the target. The calibration procedure consisted of mounting equally spaced grids in front
of the X3 detectors to perform the position calibration and using a thorium alpha source for
energy calibration below 4 MeV, while for energy calibration up to 20 MeV a °Li beam at
different energies impinging on a gold target was used. The analysis of the experimental
data is still in progress.

Figure 13. Picture of the experimental setup used for the experiment. A scaled version of the full
ELISSA array (one ring on top) was coupled with the LHASA array (down in the picture).

4.2. Indirect Approach via THM

The study of the F(p,a~)!°O reaction has been tackled also applying the THM.
The experiment has been performed at LNS-INFN, where the Tandem accelerator provided
a 55 MeV F beam delivered on a CD, target, 100 pg/cm? thick. The detection setup
was very similar to that one used for the (p,p) channel. Two telescopes made of an IC
plus a 1000 pm PSD were placed at forward angles and symmetrically with respect to the



Universe 2024, 10, 304

13 of 15

References

beamline. Four more PSDs were positioned at larger angles, two on each side of the beam
line. ICs have been optimized for 1°O detection, while PSDs were optimized for a particles.
Detectors were placed in order to cover the QF kinematical region. The experiment will
allow us to extract the astrophysical S(E)-factor in a wide energy range, down to zero
energy, covering the astrophysical energy region where currently only a non-resonant
extrapolation is considered [8], but where the contribution of a resonance is expected [47]
(see Figure 11). The experiment will also allow the study of the (p,«,) channel and to
investigate the contribution of a possible resonance at 11 keV, as recently highlighted in [10].
Data analysis is ongoing.

5. Conclusions

In an attempt to solve the discrepancy between the available data in the literature
for the PF(p,a0)!°O and the lack of data reported in the NACRE compilation for the
19F(p,oc )10 reaction cross-section, here, a new study was conducted by the AsFiN group
with both direct approach using devoted detector arrays such as LHASA and ELISSA
and indirect THM measurements. The presented results clearly show a new astrophysical
S(E)-factor for the (p,xg) channel, covering the energy region of interest for stellar evolution
models, while the on the base of the good results obtained, a new campaign of both direct
and THM measurements have been performed to study the a,; channel at low energies,
down to the astrophysical energy region, making us confident to provide a comprehensive
evaluation of the 1F(p,a)!°O reaction rate and its astrophysical impact, with particular
reference to the ratio (p,7)/(p,x) between the two fluorine destruction channels.
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