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The 22Ne(oz,y)ZGMg and 2’Ne(a,n)**Mg reactions play an important role in astrophysics because they
have significant influence on the neutron flux during the weak branch of the s-process. We constrain the
astrophysical rates for these reactions by measuring partial o-widths of resonances in 26Mg located in the
Gamow window for the 22Ne + « capture. These resonances were populated using 22Ne(®Li,d)26Mg and
22Ne(”Li,t)*6Mg reactions at energies near the Coulomb barrier. At these low energies c-transfer reactions
favor population of low spin states and the extracted partial o-widths for the observed resonances exhibit
only minor dependence on the model parameters. The astrophysical rates for both the 22Ne(a,y )*Mg
and the *2Ne(a,n)*Mg reactions are shown to be significantly different than the previously suggested
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1. Introduction

The 22Ne(a,n)*>Mg reaction is one of the two main neutron
sources for the s-process - a slow neutron capture process that is
responsible for the formation of about half of the elements beyond
Fe [1,2]. Due to the negative Q-value (—478 keV), this reaction is
activated at relatively high temperatures (>0.2 GK). As a result, it
plays an important role in more massive stars, where higher tem-
peratures and densities are readily available during the final phase
of the core helium burning process, and the 22Ne(o,n)?>Mg reac-
tion dominates the neutron production. These higher mass stars
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are expected to be the sites for the so called weak s-process, which
produces isotopes with mass up to A = 90.

The effectiveness of the 22Ne(o,n)*>Mg reaction as a neu-
tron source is influenced by the Z*Ne(«,y)*®Mg radiative cap-
ture process. This reaction has a positive Q-value, which enables
it to be active during the entire He-burning phase, and thus it
reduces the amount of 2’Ne, that is mostly produced through
the N(a,y )18F(BT,v)!180(r,y )?*Ne reaction sequence, before the
22Ne(a,n) reaction comes into effect. Hence it is important to con-
strain the rates for both of these reactions.

Uncertainties for the 22Ne(c,n)*>Mg and 2%Ne(a,) )**Mg reac-
tions at stellar temperatures are still large and dominated by the
uncertainties associated with the properties of the resonances lo-
cated within the Gamow window. Several direct measurements of
the excitation functions for the #2Ne(cr,n)>*Mg reaction are avail-
able [3-7]. Two resonances play particularly important role at tem-
peratures around 0.3 GK, dominating the reaction rate. These are
the resonances at 11.32 MeV and 11.17 MeV excitation energies in
26Mg. The (,n) strength of the 11.32 MeV resonance was obtained
in several direct experiments, but the results are not consistent,
ranging from wy(q.n) = 83(24) neV [7] to 118(11) peV in the most
recent study [4], to 234(77) peV in [3]. On the contrary, direct
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measurements of the («,y) strength for the 11.32 MeV resonance
produced consistent results. Resonance strengths of 36(4) peV was
obtained in [8] and 46(12) peV in [9], with a weighted average
of 37(4) peV. The situation with 11.17 MeV resonance (or reso-
nances) is even more complicated. A resonance at 11.15 MeV was
suggested in [3], but it was not observed in [4] and the upper limit
for its resonance strength is given instead (<60 neV) [4]. It was
conclusively demonstrated later that this state cannot contribute
to the a-capture reaction because it has unnatural spin-parity 1%
[10]. However, new resonances in the vicinity of 11.17 MeV have
recently been observed [11-13] and the contribution of these new
states to the or-capture on 22Ne reaction rates is a source of uncer-
tainty.

There are many experiments that used indirect methods to
obtain information on the properties of the levels in 26Mg
which could contribute to the astrophysically important 22Ne(o,n)
and %?Ne(a,y) reactions. The resonance reaction rates of the
22Ne(a,n)*>Mg and %2Ne(a,y )* Mg reactions are proportional to
the partial o-widths of the resonances in 26Mg. The 22Ne(Li,d)
o-transfer reaction has been used in the past to populate the lev-
els of interest in 26Mg [3,11,14]. The most recent and very detailed
work [11] utilized a 5Li beam of 82.3 MeV for the 22Ne(®Li,d) reac-
tion, along with an «-particle beam of 206 MeV to populate states
in 26Mg using («,ct7) inelastic scattering. The authors of Ref. [11]
also summarize the results of several previous studies. An exten-
sive amount of research has been performed previously using other
various techniques to obtain data on the resonance energies of
26Mg such as neutron capture studies on 2°Mg (reactions such
as »Mg(n,y)*®Mg and 2>Mg(n,tot)) [12,15,16], 25Mg(p,p/)*®Mg
[17,18], 26Mg(d,d")*®Mg measurements [18], and 26Mg(o,c7)*6Mg
measurements [11,19]. 26Mg(y,y/)?Mg measurements [10,20,21]
have also been performed using polarized and unpolarized y rays
in order to obtain information on the spin-parities of the levels
of 26Mg. The y-decaying states in 26Mg were studied recently in
Ref. [13] where the excitation energies of the resonances within
the Gamow window have been constrained with high precision
and spin-parity assignments were suggested for some states.

It is difficult to evaluate the astrophysical importance of reso-
nances in 26Mg observed using indirect techniques without knowl-
edge of the spin-parities and the « partial widths of the populated
resonances. The angular distributions of the (°Li,d) reactions are
not very sensitive to the transferred angular momentum. More-
over, there is a strong dependence of the spectroscopic factors and
angular distributions upon the specific parameters of the optical
model potentials used in the Distorted Wave Born Approximation
(DWBA) analysis of the «-transfer reactions at high energies of
the Li beam (~10 MeV/A) [22]. The 2Mg(cr, o) reaction [11]
may be used to characterize states in 2°Mg. However, due to high
level density in 26Mg at excitation energies around 11 MeV, unique
identification of states populated in different reactions is not al-
ways possible.

The present work explores the 22Ne(®Li,d) and 22Ne(”Li,t) reac-
tions to obtain data on resonances in Mg in the Gamow win-
dow. Unlike previous studies, we performed these reactions at
center-of-mass energies close to the Coulomb barrier. While angu-
lar distributions are even less sensitive to the transferred angular
momentum at these low energies, we expected to decrease the de-
pendence of the results on the optical potentials and to inhibit the
levels that require large transferred angular momenta - the high
spin states. Such states usually play a minor role in the astrophys-
ical processes.

The «-transfer reactions at energies close to the Coulomb bar-
rier have been performed previously [23-26]. It was demonstrated
that this approach produces reliable results in determining the par-
tial ce-width for the near «-threshold resonances [24].

2. Experiment

The 22Ne(®Li,d) and 22Ne(’Lit) reactions were measured us-
ing a 1.0 MeV/u 22Ne beam delivered by the K150 cyclotron at
the Texas A&M University Cyclotron Institute. It corresponds to
the 22Ne + SLi center-of-mass energy of 4.7 MeV and 5.3 MeV for
the 22Ne + “Li, which is below the Coulomb barrier of ~6 MeV.
At these sub-Coulomb energies, the dominant reaction yield is at
backward angles in the center-of-mass frame. The inverse kinemat-
ics provides favorable conditions for the detection of deuterons and
tritons with reasonable energies of few MeV/u at small forward
angles. The lithium targets were LiF of ~30 ug/cm? thickness on
~10 pg/cm? Carbon backing, enriched to 95% of the SLi isotope,
and the ’Li targets were made using natural Li. The energy loss of
the 22Ne beam in the targets were mainly responsible for the final
energy resolution of 95 keV in the deuteron and triton spectra.

We used the Multipole-Dipole-Multipole (MDM) spectrometer
[27] to observe deuterons scattered at 5° in the lab frame. The de-
tection, identification and tracking of light recoils (deuterons and
tritons), filtered by the MDM, is provided by the modified Oxford
focal plane tracking detector [28] with the CsI(Tl) scintillator ar-
ray installed at the end of Oxford detector for this experiment for
better particle identification.

A silicon detector, collimated to have an opening of 0.5° was
placed in the target chamber at an angle of 31° relative to the
beam direction. It was used for absolute normalization, to monitor
the possible target degradation, and to measure overall efficiency
of the MDM spectrometer and the focal plane detector. Using the
22Ne + SLi elastic scattering and also elastic scattering of 8 MeV
deuteron beam on gold target, it was established that the efficiency
of the setup was 87%.

3. Results

Fig. 1 shows a deuteron energy spectrum from the
22Ne(6Li,d)%Mg reaction and a triton energy spectrum from the
22Ne(7Li,t)*®Mg reaction measured at 5 4+ 2° lab. angle. The
fields of the MDM spectrometer were set to magnetic rigidity
of deuteron/triton ions with energies that correspond to popula-
tion of states in the Gamow energy window for the 22Ne(c,n) and
22Ne(ar,y ) reactions, between 10.7 and 11.5 MeV of 26Mg excita-
tion. The triton missing mass spectrum from the 22Ne(”Li,t)?Mg
reaction was obtained with the aim of a general comparison with
the higher statistics deuteron spectrum from the 22Ne(®Li,d)*6Mg
reaction. Using the reconstructed energies and angles of the
deuteron/triton particles, the Q-value of the reaction was calcu-
lated and converted to the excitation energies of 26Mg (Fig. 2).

Four states have been observed in the missing mass deuteron
spectrum from the 22Ne(6Li,d)?*Mg reaction. The triton spectrum
is consistent, while the counting statistics are worse due to shorter
measurement. The excitation energies, center-of-mass cross sec-
tions (at 5° in the lab.) and the extracted partial «-width (depend-
ing on the assumed spin-parity assignment) for the observed states
are given in Table 1.

The 26Mg excitation energy spectra from both (°Li,d) and (”Li,t)
reactions shows a similar dominance of a resonance at 11.32 MeV
and serves as an indication of the dominance of the same «-cluster
transfer reaction mechanism. Out of the 4 resonances observed
within the Gamow window, only the state at 11.32 MeV is above
the neutron decay threshold.

The dominance of the 11.32 MeV peak within the Gamow win-
dow agrees with the most recent 22Ne(®Li,d)*Mg data [11]. In
contrast, there is no evidence for the 11.17 MeV resonance that
was observed as an equally strong state in Ref. [11]. A peak at
11.32 MeV was also observed in 22Ne(6Li,d)*®Mg at 32 MeV of SLi



H. Jayatissa et al. / Physics Letters B 802 (2020) 135267 3

45— 22Ne(6Li,d)26Mg (a)
40 =
35—
30 —

25—

Counts

20—

6.4 6.6 6.8 7 7.2 7.4 7.6 7.8
Lab. Energy, MeV

C 22Ne('Lit**Mg ()

Counts
(o]

OT\\‘\11&111l111l111l111l11\‘\\
6.8 7 7.2 7.4 7.6 7.8 8

Lab. Energy, MeV

Fig. 1. Energy spectrum of (a) deuterons and (b) tritons from the 22Ne(®Li,d)26Mg
and 22Ne(”Li,t)* Mg reactions respectively.
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Fig. 2. The excitation energy spectrum of 26Mg reconstructed from the missing mass
deuteron energy spectrum observed in 22Ne(5Li,d)2 Mg reaction. The o and neutron
decay thresholds are shown with vertical dashed lines.

beam [3], but the 11.17 MeV resonance is also absent. We provide
a stringent upper limit for the partial o-width of the 11.17 MeV
state in this work.

The state at 11.08 MeV from the present study has been pre-
viously reported by Talwar et al. [11] at 11.085(8) MeV. The 10.95

MeV state was also present in both of the previously mentioned
(6Li,d) studies at 10.95 MeV in [3] and 10.951(21) MeV in [11], as
well as in Ref. [14] at Ex = 10.953(21) MeV.

The state at 10.83 MeV from the present study has also
been seen in two previous (°Lid) studies, in Ref. [14] at E, =
10.808(20) MeV and in Ref. [11] at 10.822(10) MeV.

4. Analysis

Analysis of the «-transfer reaction cross sections was per-
formed using Distorted Wave Born Approximation (DWBA) with
code FRESCO [29]. We used global optical potentials taken from
[30] for the 22Ne + SLi channel and from [31] for the *Mg + d
channel (shown in Table 2). The potential parameters for the o +d
form factor were taken from Ref. [32]. The 22Ne 4+« wave function
was generated by the Woods-Saxon potential with the shape pa-
rameters given in Table 2, and the depth was fit to reproduce the
binding energies of the states (see discussion below).

To satisfy the Pauli exclusion principle, the minimum 2N + L
values for the c-cluster in 26Mg are 8 and 9 for positive and neg-
ative parity states respectively, where N is the number of radial
nodes and L is the relative angular momentum of the cluster wave
function. We have chosen 2N + L =12 and 11 for positive and
negative spin-parity assignment respectively, but the final partial
o width of the states in 26Mg is insensitive to this choice. The spe-
cific shape parameters for the form factor potentials also have little
influence on the partial widths. This insensitivity to the parameters
of the form-factor potentials is a rather evident consequence of a
peripheral nature of the «-transfer reaction at sub-Coulomb en-
ergy. Another consequence of sub-Coulomb energy is rather weak
dependence of the extracted partial width on the parameters of
the optical model potentials, especially when absolute normaliza-
tion is performed as a ratio to the elastic scattering cross section.

Note that all of the 26Mg states discussed in this work are
above the «-decay threshold. Therefore, DWBA calculations of the
o-transfer to the continuum are, in principle, required. We use the
bound-state approximation instead. The same approach was used
in Ref. [24] and demonstrated to work well. For a bound state, an
o-particle Asymptotic Normalization Coefficient (C) can be intro-
duced. It is related to the reduced width as in Eq. (1a), where w is
a reduced mass, R is a channel radius, W is a Whittaker function,
S = S,(kR) is a shift function, and P = P,;(kR) is a penetrability
function. Eq. (1a) is evaluated at certain small binding energy be-
tween 0.1 and 1.0 MeV. Eq. (1b) relates the reduced width to the
partial @ width and is evaluated at the actual center-of-mass en-
ergy of the resonance, keeping the reduced width y? the same in
both cases [34]. Partial o-widths are calculated for several binding
energies and then extrapolated linearly to the actual energy of the
resonance (to negative binding energies). This extrapolation results
in small width correction that does not exceed 20%.

The partial o widths (T'y) for the 4 observed resonances were
calculated using the Eq. (1b). The reduced widths were evaluated
by the Eq. (1a) using the ANC values (C2) which were determined
from the ratios of the FRESCO DWBA calculations to the experi-
mental cross sections.

2R 2
= 212 . 7/zds (12)
neW? QKR T+ Y28
2y?2P
o=—1 (1b)
1+y dE

Only the 11.32 MeV resonance contributes to the 22Ne(a,n) re-
action since it is neutron unbound. For this state, the width is
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Table 1

Excitation energies, adopted excitation energies, adopted resonances energies in center-of-mass, measured 22Ne(®Li,d)26Mg cross sections and partial o widths for the states
in 26Mg observed in this work. The widths are given for 0%, 1=, and 2% spin-parity assignments. The preferred spin-parity assignments are boldfaced (see text). Expt. column
gives the power of ten. The statistical (first) and systematic (second) uncertainties are given for cross sections and partial o widths.

Eex Adopted E.x E, Exp. CS4 I Ty Expt.
(MeV) (MeV) (keV) (ub/sr) (eV)
11.30(2) 11.3195(25)? 706.6(25) 82467 o+ 61+04+10" -5
1- 13+£014+02° -5
2+ 30+£02+05° -6
1117 11.1717(30)° 557.0(30)° <08 ot <3 -9
1~ <6 —-10
2+ <13 —11
11.08(2) 11.0809(40)° 466.2(40)° 264373 ot 134+ 01 +03 -9
- 0.7
1 2.5+0.3%] -10
2+ 57+0.711% -1
10.95(2) 10.9491(8)° 334.4(8)° 3948 o+ 1.5+0275% 13
- +0.75
1 3.0+0.3%07 ~14
+1.0
2+ 6.4+0.6%)% -15
10.83(2) 10.8226(30)° 207.9(30)° 2434 0+ 53+0.711) —-21
_ 0.3
1 1.0+0.1%93 -21
2+ 21+03+04 —-22
2 Adopted from the most recent direct measurement of 2Ne(a,y) by Hunt et al. [9].
b The partial widths are the weighted averages between the (°Li,d) and (’Lit) measurements from the present work.
C

Adopted from Lotay, et al. [13].
d

Experimental cross section is normalized to 22Ne(®Li,5Li) elastic scattering at 31° lab. (118° c.m.) which was calculated using global optical model potential given in

Table 2 (70 mb/sr, 70% of Rutherford). Uncertainty associated with the specific choice of optical model potentials is included into the systematic error budget.

Table 2

Optical model parameters used in the FRESCO calculations for the 22Ne(°Li,d)26 Mg reaction. The radii ry are given such that Ry = rxxAlT/3.
Reaction Vo Iy ar Wi Wp Iy ay rc Vso Iso aso Ref.
channel (MeV) (fm) (fm) (MeV) (MeV) (fm) (fm) (fm) (MeV) (fm) (fm)
22Ne + SLi 109.5 1326 0.811 51.307 1534 0.884 130 [30]
26Mg + d 93.293 1.149 0.756 1.394 1339 0.559 1.303 [31]
” 10.687 1.385 0.715 3.557 0.972 1.011
22Ne +d 79.5 125 0.8 10.0 125 0.8 125 6.0 125 0.8 [31]
o+d 85.0 1.25 0.68 125 [32]
2Ne + « 138.7 123 0.6 125 [33]

taken as a weighted average of the (°Li,d) and (7Lit) measure-
ments. The Iy found using the (’Li,t) measurement for the 11.32
MeV state agrees within error bars with the widths obtained for
the same state using the (6Li,d) measurement. The partial «-width
is largest for J* = 0% spin-parity assignment and decreases with
increasing transferred angular momentum. Moreover, the reso-
nance strength, calculated by multiplying the partial o-width by
the spin statistics factor (2] + 1), is also largest for the J7 =0V
spin-parity assignment. The systematic errors in Table 1 are dom-
inated by the uncertainties associated with absolute normaliza-
tion and theoretical uncertainties associated with parametrization
choices for the DWBA calculations.

No more than 2 counts can be attributed to a possible state
(or states) in the 11.16-11.18 MeV energy range observed in recent
experiments [11-13] (see Fig. 2). Using the resulting experimental
cross section of 0.8 pb/sr, an absolute upper limit for I', of the
11.17 MeV state is calculated as 3 neV, assuming 557 keV c.m. and
0t spin-parity assignment. Adopting a tentative spin-parity of 2+
[13] for this state would result in a limit of 13 peV.

The reaction rates of the 22Ne(a,n)**Mg and 2?Ne(a,y )*’Mg
reactions are proportional to the resonance strengths that are de-
termined by the I'y, spins and the branching ratios of the reso-
nances in 26Mg in the Gamow window. For low energy resonances
(T'¢ « Ty, Ty ), the resonance strength for neutron unbound states
can be written as in Egs. (2), whereas for neutron bound states

that contribute to the («,y) reaction, the resonance strength is
then wy(,y) ~ 2]+ 1Ilg.

I
OV~ 2]+ 1) (2a)
14Ty /Ty
Ty
~ (2 1) —— 2b
WY (a,y) 2]+ )1+Fn/Fy (2b)

Combining the results of this work with the new experimen-
tal data for the (SLi,d) reaction obtained at energies above the
Coulomb barrier [35] a stringent constraint on the spin-parity as-
signment for the 11.32 MeV resonance can be obtained. The main
result of Ref. [35] is the direct measurement of the neutron to y
branching ratio for the 11.32 MeV state - I'y/T', = 1.14(26) [35].
Using the weighted average between direct *’Ne(c, ) measure-
ments (wY(,y) = 37(4) peV), the I'y of the state can be calculated
using Eq. (2b). It is 79(13), 26(4), and 16(3) peV for L = 0, 1 and
2, respectively. The 'y, for the 11.32 MeV state from the present
study (Table 1) is in agreement within error bars (1.10°) with the
widths calculated from the direct ?’Ne(c, ) measurements but
only for the £ =0 case - yielding the likely 0T spin-parity as-
signment for the 11.32 MeV state. The ¢ =1 assignment would
produce 2.80 discrepancy, and the £ =2 would lead to 5.00 dis-
crepancy. Therefore, 07 is the highly favored spin-parity assign-
ment, but the 1~ still cannot be excluded and all other spin-parity
assignments are safely excluded for the 11.32 MeV state in 25Mg.
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The weighted average wy(q,y) =37(4) peV for the 11.32 MeV
state from previous direct measurements [8,9] along with I'; /T, =
1.14(26) from Ref. [35] in Eq. (2), results in a neutron decay
strength wy(q,n) = 42(11) peV. This is within 1.70 of the mini-
mum strength for this resonance obtained in Ref. [7], but certainly
disagrees with all other direct measurements. If the T’y (for ¢ =0)
from the present measurement and the I';/T"y, from Ref. [35] are
adopted, the wy(,n would be 32(7) peV, in good agreement with
the former approach (which results in wy(y ny =42(11) peV). How-
ever, this new («,n) resonance strength for the 11.32 MeV state is
lower than previously reported values and results in significant re-
duction of the 2?Ne(«,n)?°Mg reaction rate.

The overall effect of the new constrains for the partial a-widths
of the resonances in the Gamow window on the reaction rates
is demonstrated in Fig. 3. We show the ratios of the new rates
to the recommended rates from Longland, et al. [36]. For the
22Ne(ar,n)?*Mg reaction (Fig. 3(a)) the dashed curve represents
the rate calculated using the 11.32 MeV resonance strength of
32 peV (for 0 assignment) and 10% of the upper limit of the
resonance strength for the 11.17 MeV resonance for the 2% as-
signment suggested as tentative in Ref. [13]. The strength for the
higher lying states were adopted from [4]. The conservative up-
per/lower limits (light gray band) correspond to 20 up/down de-
viation for the 11.32 MeV resonance strength and to the upper
limit (if 0%) and zero strength for the 11.17 MeV resonance respec-
tively (assuming that 11.17 MeV resonance decays only by neutron
emission). The narrow-resonance approximation was used. For the
22Ne(a,y )*®Mg reaction we used only the states given in Table 1.
Note that the upper limit for the strength of the 1117 MeV res-
onance obtained in this work is such that for the 22Ne(c,y )6 Mg
reaction it makes little difference if the state is included or not.

It is still true even if we make the assumption that only y-decay
contributes to the de-excitation of this state. The conservative un-
certainty band (gray region) corresponds to 20 deviation and si-
multaneously extreme assumptions for the spin-parity assignment
- all four states are 0T for the upper limit and all states but 11.32
MeV are 27 states for the lower limit. The weighted average of the
direct measurements was used for the («,y) strength of the 11.32
MeV state - wY(a,y) = 37(4) neV. It is consistent (within 1.10)
with the value of 29(6) peV that is obtained using Eq. (2b), the
I'y measured in this work and the I'y/T', ratio from [35]. The
dark gray band in Fig. 3(b) is a more realistic, 10 uncertainty
with spin-parity assignments for all states except for 11.32 MeV
taken from [13] - 2¥/17/2% /0% for the 10.83/10.95/11.08/11.32
MeV states respectively. Using the data on the partial o-widths
obtained in this work it becomes possible to tightly constrain the
22Ne(ar,y )*6Mg reaction rate, provided that the spin-parities of the
resonances listed in Table 1 are reliably defined. This highlights an
urgent need to firmly establish the spin-parities of the states in Ta-
ble 1. The more sophisticated Monte Carlo analysis for the reaction
rates that takes into account the results of this work, includes the
states observed in other studies, and also provides a comparison to
the other “recommended” reaction rates is given in [35]. It is gen-
erally consistent with the rates shown in Fig. 3, except for the low
energy part of the (o,n) rate below 0.25 GK, where the 11.112 MeV
state, observed in Ref. [12], potentially dominates the reaction rate.
This resonance cannot be resolved from the 11.08 MeV state in our
work, making it difficult to provide stringent limits on its strength.
We do not include this state in our calculations, but one should
not forget that this state may play a major role at temperatures
below 0.25 GK.

5. Conclusion

The 22Ne(®Li,d)*®Mg and 22Ne(’Li,t)*®Mg reactions were stud-
ied with an aim to identify states in Mg that contribute to the
22Ne(a,n)*>Mg and 2*Ne(a,y )*®Mg reaction rates that are impor-
tant nuclear physics inputs for the weak branch of the s-process.
Unlike other similar studies, we explore the reaction at ener-
gies close to the Coulomb barrier, thus making the interpretation
of the results less model dependent. It was confirmed that the
1132 MeV level in Mg provides the dominant contribution to
the 22Ne(a,n)*>Mg reaction rate at temperatures around 0.3 GK.
The analysis of the data from the present work, combined with
the new results of Ref. [35] and previous direct measurements
of the #2Ne(«a,y )*?Mg reaction showed that the most probable
spin-parity assignment for this state is 0%, but 1~ still cannot
be excluded. The TI', values for this state were calculated (for
spin-parity assignments 0%, 1~ and 2%). While the a-particle re-
duced width of the 11.32 MeV state appears to be large, indicating
importance of the «-clustering for this «-capture reaction, it is
still significantly smaller than most direct 22Ne(a,n)>>Mg experi-
ments indicate. Conversely, the partial o-width for the 11.32 MeV
state obtained in this work is in good agreement with the di-
rect 22Ne(a,y )*Mg measurements and the T'/T'), ratio obtained
in Ref. [35].

The partial o-width for three more states within the Gamow
window for the 22Ne(a,) )*®Mg reaction - 10.823 MeV, 10.949
MeV, and 11.081 MeV were obtained (assuming 0", 17, and
2% spin-parity assignments). These values provide additional con-
strains on the 2>Ne(,y )?®Mg reaction rate. Moreover, no evidence
for a resonance (or resonances) in the vicinity of 11.17 MeV has
been observed. As a result, a stringent upper limit for a partial
o-width of resonances in this region was obtained. This is impor-
tant in the context of recent experiments, in which several natural
spin-parity resonances have been observed in the vicinity of 1117



6 H. Jayatissa et al. / Physics Letters B 802 (2020) 135267

MeV [11-13]. Detailed discussion of implications for nuclear astro-
physics will be presented elsewhere.

Another important result of this work is uncovering of evident
disagreement between the results of this indirect study with the
direct 22Ne(«,n)>>Mg measurements and conversely good agree-
ment with the direct 22Ne(c,y )2 Mg measurements and the recent
branching ratio study of Ref. [35]. This highlights the importance
of repeating direct studies of the 22Ne(«,n)*®Mg reaction to resolve
this discrepancy.
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