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sections. From the latter, astrophysical Maxwellian-averaged (n, y) cross sections (MACS) and reaction
rates are extracted, which in turn are used in large astrophysical network calculations to probe the
production mechanism of 3°Ta. These calculations are performed for two scenarios, the s-process

Keywords: production of 180:181Ta in Asymptotic Giant Branch (AGB) stars and the p-process nucleosynthesis of
Nuclear level density 180Ta™m in Type-II supernovae. Based on the results from this work, the s-process in stellar evolution
y-ray strength function is considered negligible in the production of 8°Ta™ whereas '8'Ta is partially produced by AGB stars.
(n,y) cross sections ) The new measurements strongly constrain the production and destruction rates of 13°Ta™ at p-process
Maxwe“la“'a"_emged Cross sections temperatures and confirm significant production of nature’s rarest stable isotope 8°Ta™ by the p-process.
Nucleosynthesis © 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction While the situation for 189Ta is not clear, it was shown that for
1381 3 the photodisintegration of seed nuclei is not efficient enough
A small number of naturally occurring neutron-deficient nu- but that neutrino (v) captures during the p-process in Type-II su-
clides with Z > 34, referred to as p-nuclei, cannot be produced by  pernovae may be responsible for its galactic enrichment [2-4].
neutron-capture processes [1]. Instead, these stable nuclides with A peculiar feature of 18°Ta is that it is the rarest isotope found
74 < A <196 are thought to be produced by the photodisinte-  in the solar system, with an isotopic abundance of only 0.012%
gration (p-process) of slow-neutron capture (s-process) and rapid-  existing in a J™ =9~ isomeric state at an excitation energy Ey =
neutron capture (r-process) seed nuclei [1]. However, for 138La and 77 keV with a half-life of ~10'5 yr.
180Ta, for instance, the p-process is not sufficient to explain their The '8°Ta production mechanism invokes controversy since cal-
observed solar abundances and additional processes are invoked. culations show that several nucleosynthesis processes, sometimes

exclusively, can reproduce the observed 89Ta abundance [5], mak-

. . . ing it a particularly interesting case to study. The s-, r- and
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clusively explained by the p-process [2,6,7]. In explosive envi-
ronments, neutrino captures and scattering reactions, which in-
clude 8%Hf(v,, e)189Ta and 81Ta(v, v'n)!80Ta, have also been pro-
posed to significantly contribute to its synthesis [2,5,8-10]. Addi-
tionally, the s-process has been invoked to explain the produc-
tion of '89Ta, mostly via branching in 179Hf through the reac-
tion 7°Hf(8~)1"°Ta(n, y)'®Ta and/or 7°Hf(n, y)'8Hf" (8~)18Ta
[11-13].

Since the astrophysical sites for the nucleosynthesis of 180Ta
remain unknown, a combination of the above processes is unde-
niably possible. However, the significance of individual processes
cannot be clearly determined, as a result of the uncertainties on
the reaction rates for 180Ta due to the unavailability of experi-
mental data, e.g. the radiative neutron capture rates of 179180Ta
isotopes or other nuclear ingredients needed to constrain these
rates, such as the nuclear level density (NLD) and y-ray strength
function (ySF) [3]. No NLD and ySF data existed below the neu-
tron separation energy (S,) for 189Ta, while for '31Ta no data were
available for Ex < 5.8 MeV until very recently when comprehen-
sive measurements were published for 180:181.182T3 [14,15]. The
NLD is described as the average number of nuclear energy lev-
els as a function of excitation energy Eyx [16,17], while the ySF
gives a measure of the average transition probability for an elec-
tromagnetic de-excitation of the nucleus [18]. In the absence of
direct cross section measurements, both properties are critical for
constraining the radiative neutron capture cross section within the
Hauser-Feshbach formalism [19] which is implemented in the nu-
clear reaction code TALYS [20].

In this letter, the recently measured NLDs and ySFs in
180,181,182, [14] are used to determine the 17%180:181Ta(n, /) cross
sections of astrophysical interest. From these, the Maxwellian-
averaged cross sections (MACS) are obtained and used in stellar
evolution calculations to investigate the role of the s-process in
the nucleosynthesis of 18%-181Ta, The p-process nucleosynthesis for
18073 js studied on the basis of the Type-II supernova (SNII) model.

2. Experiments and analysis

In this work, the results of experimental NLDs and ySFs for
180,181,182T7 [14] are being used, and only a brief summary is pro-
vided on the measurements of these quantities. >He and deuteron
beams impinge on a natural self-supporting '81Ta metallic foil of
0.8 mg/cm? thickness. The reactions with deuteron beams are
with i) 12.5 MeV for '®'Ta(d, py)'®?Ta and 81Ta(d,d’'y)!®!Ta,
and with ii) 15 MeV for '8'Ta(d, ty)'8°Ta and !81Ta(d, d’'y)!®!Ta.
34 MeV 3He beams were utilized for '8!Ta(3He, 3He’y)'®!Ta and
181Ta(3He, ay)'®0Ta. The light-charged ejectiles in coincidence
with y-rays were detected with the array of 64 AE — E silicon
particle telescopes SiRi [21]. The y-rays were recorded using the
high-efficiency multi-detector Nal(Tl) array CACTUS [22]. The NLDs
and ySFs were measured for each of the six distinct reactions
which populated excited states in 180:181,182,,

The measured particle energies in SiRi were converted to Ex of
the residual 189-181.182T3 pyclej from reaction kinematics, Q-values
and energy losses. The y-rays were measured in coincidence with
CACTUS. The respective Ey versus y-ray energy (E, ) matrices are
extracted from the particle-y coincidence events. The Oslo Method
[23] is applied to the matrices to extract simultaneously the NLDs
and the y SFs, through several iterative methods. The main steps of
the Oslo Method include: 1) unfolding the continuum y-ray spec-
trum based on the known detector multiple response functions
[24] 2) extraction of primary y-rays from the unfolded y -ray spec-
tra using the iterative procedure called the first generation method
[24] 3) simultaneous extraction of the NLD and the y-ray trans-
mission coefficients from the primary y-ray matrix, and 4) the
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normalization of the NLD and the y-ray transmission coefficient
using the average s-wave neutron resonance data [23,25]. Detailed
discussions of the Oslo Method are found in refs. [22-25]. The to-
tal NLD at the neutron separation energy, p(Sp), was extracted
from measured s-wave spacing using three different models, the
Back-shifted Fermi-Gas (BSFG) [26], Constant Temperature+Fermi
Gas (CT+FG) [20], and Hartree-Fock-Bogoliubov plus Combinatorial
(HFB) [27] models. The range of results from these models and
their normalizations provide the upper and lower limits in the
NLDs and y SFs.

3. (n, p) cross sections

The experimental NLDs and ySFs from each reaction, tak-
ing into account their uncertainties, are now used as input pa-
rameters into the TALYS [20] reaction code (version 1.9). The
181Ta(n,y)182Ta, 180Tags,m(n7y)181'ra' and 179Ta(n7y)180'1'ag5,m
cross sections, o (E,), as a function of incident neutron energies
have been calculated. The calculations are based on the Hauser-
Feshbach statistical emission model [19] which assumes that the
capture reactions occur by means of a compound nuclear system
that reaches a statistical equilibrium. The key ingredients to the
calculation of (n, y) cross sections are nuclear structure properties
i.e. mass, deformation, low-lying level scheme, Ey, J™, NLDs, ySFs
and optical model potentials. The neutron capture reaction cross
section a,ffy (Ep), as simplified from Eq. (1) of Ref. [28] is given
by

X2

YT T . —
Ty D@+ 1)

> @I+ DTYE, J).
]ﬂ

(1)

The neutron transmission coefficient, TX(E, J7), is significantly
larger than the y-ray transmission coefficient, T)‘,‘(E, J™), above
Sn, and depends on the total angular momentum J, parity 7,
and energy Ex of the compound system. The target and pro-
jectile spins are given by subscripts I and n. The relative wave
number mx? = 0.6566/[m - E4(MeV)] barn, where m and EX
are the reduced mass of the I* +n system and the center-of-
mass energy at a level w, respectively [28]. The y-ray trans-
mission coefficient, Tﬁ (E, J®), in Eq. (1) for the decay of the
compound nuclear state J™ into any combination of final ac-
cessible states is given by the sum of T;,_(Ey) over discrete
states w plus the integral of Tx;(E,) over the nuclear level
density p(Ex — Ey) in the continuum, for a given multipolarity
XL.

The global neutron optical model potential of Ref. [20,29] was
used for all nuclei under discussion, as well as the Hofmann-
Richert-Tepel-Weidenmiiller (HRTW) model [30] for width fluc-
tuation corrections in the compound nucleus calculation. Shown
in Fig. 1, are the resulting '31Ta(n, y)'82Ta, 80Ta™(n, y)!81Ta and
179Ta(n, y)'8%Ta™ cross sections. The newly obtained experimental
181Ta(n, y)182Ta cross sections, using the BSFG, CT+FG (1 & 2) and
HFB normalizations in Fig. 1 (a) show good agreement with each
other and with previous Time-of-Flight (ToF) [31,32] and activation
[33] measurements.

The experimental 18°Ta™(n, ) cross sections from Ref. [34] are
also shown for comparison and agree well with the present cross
sections (Fig. 1 (b)). While no comparative experimental data ex-
ist, the 17°Ta(n, y)'8%Ta™ cross sections (Fig. 1 (c)) are in good
agreement with those predicted using microscopic NLD models
[35]. The agreement between our results and direct measurements
validates that experimental NLDs and y SFs can be used to success-
fully obtain (n,y) cross sections and has reliably been used over
different mass regions [36-38]. This brings further evidence that
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| Table 1
e The Maxwellian-averaged (n,y) cross sections of 17%180.181T3 The available
i:;,‘} } KADONiS MACS [41] at s-process temperatures are also provided.
*
r \‘:?é Reaction (E) Present exp. KADONIS [41]
N (a) (keV) (mb) (mb)
el T 3 179Ta(n, y)180Tat®t 30 2006.0 + 497.0 1334.0 £422.0°
7 10°F *e% 215 707.0 +233.0
5: [ ~HFB norm. 179Ta(n, y)180Tam 30 56.0 5.0
= - =BSFG norm. 215 34.0+8.0
| ='CT+FG1 norm. 179Ta(n, ) 180Tags 30 1950.0 £ 492.0
- CT+FG2 norm. 215 679.0 +226.0
-, 18% 182-
* “Ta(ny) ~Ta, Bokhovko et al. : 180Tam(p, 3)181Ta 30 1461.0 +122.0 1465.0 + 100.0
2" Ta(n,y)"*Ta, Kononov et al. - \‘:\@3@ 215 565.0 + 48.0
107 181Ta(n y)mTa Llndner .etla'l | o “.;‘E. 1807585 (1, ) 1817 30 1495.0 +127.0
215 458.0 +46.0
181Ta(n, y)'82Ta 30 857.0 + 64.0 766.0 +15.0
215 258.0 +23.0
2 Only theoretical estimate available.
1/2 N
= A
= Na(ov)t (T)=|— ———X
£ ¥y @ (nm) (KT)32G(T)
¥ N @+, Bt Ex @
L 180T gm i ) 1eT 31y By 181 AN Z On,y (En)En exp ( - )dE
(n,y) " Ta, from (*"He,’He'y) " Ta AN (2]1 +1)
10T aM(n,)"*"Ta, from (d,d'y)'**Ta 15MeV ‘-k\\,‘
-7 aM(n,y)"*"Ta, from (d,d'y)'**Ta 12.5MeV \| where N4 is the Avogadro’s number and k is the Boltzmann con-
o ’ stant. The temperature-dependent normalized partition function
Ta'(ny), Wisshak etal. o G(M) =Y, @I} +1)/2J9+1) exp(~EY /kT) can completely spec-
ify the state distribution of the target. When u =0, Eq. (2) gives
the reaction rate for the target in its ground state (i.e. laboratory
reaction rates). The thermonuclear reaction rates were computed
(©) for the astrophysical temperatures Tg in GK (Tg = T/10° K) rang-
ing from 0.0001 < Tg < 10. For targets in thermal equilibrium,
= . where the principle of detailed balance is valid [28], the reverse
3 NS X photo-neutron emission rates 180:181.182Ta(y, n) are also obtained.
" \\\\\ The astrophysical MACS (o'v)n,y /vr, where vr is the relative ther-
% | ' N mal velocity vr = /2kT/m, were calculated for each data set of
all the 179:180.181T3(n 1) reactions, at the s- and p-process ther-
e 1800 m 180 mal energies of kT =30 keV and kT = 215 keV, respectively. The
- "Ta(ny)'"®Ta", from (He,ay)"*'Ta MACS were calculated for each a,ffy (E,) obtained from the indi-
_79p a(n )180Tam from (d t‘Y)180T A vidually measured NLDs and y SFs. The individual MACS for each
e ’ f th tions 1791801817, bined through
100, L ... L L of the (n, y) reactions a(n, y) were combine roug

107 10" 1
Neutron energy En (MeV)

Fig. 1. The 179:180.181T3(n, ) cross sections (bands) extracted from the experimen-
tal NLDs and ySFs. The '81Ta(n, y)'82Ta cross sections determined using the BSFG,
CT+FG (1 & 2) and HFB models and their normalizations [14] are compared to pre-
vious ToF [31,32] and activation [33] measurements (a), and the '3°Ta™(n, y) cross
section to ToF measurements [34] (b).

this technique can be used when no direct measurements of cross
sections are possible [4,39,40]. The (n, y) cross sections from the
experimental NLDs and y SFs obtained using the different reaction
channels, are consistent with each other. This is indicative of the
robustness of the Oslo Method but also that the results are inde-
pendent of beam type and beam energies.

In hot stellar environments, the target nucleus is not confined
to its ground state but exists in a distribution of thermally excited
states w. At high temperatures T, the relative thermal velocities vr
and excitation energies EX of nuclei obey a Maxwell-Boltzmann
distribution and the thermonuclear reaction rate for neutron in-
duced reactions, in units of cm® mol~! s=1, is given by [28]

https://reader.elsevier.com/reader/sd/pii/S0370269319301674..9C415EF36CF038C7ECC5ACF895A9A9A02D30B8BB9D24B2A242DDD26F15

the weighted averages and are shown in Table 1, together with
the available KADoNiS (v0.3) MACS [41] at s-process tempera-
tures.

4. Nucleosynthesis application

Here, it is not the intention to give a complete review of the
180T3 nucleosynthesis in different astrophysical sites, but rather to
re-estimate, in light of the newly determined '7°Ta(n, y)!180Tag5™,
180Ta85m(n, )181Ta and '81Ta(n, y)'82Ta rates, the 18°Ta and 181Ta
yields originating from the s-process in Asymptotic Giant Branch
(AGB) stars and the p-process in massive stars exploding as Type-II
supernovae. Both processes are studied below.

4.1. S-process production of 139Ta™ and 181Ta

For the s-process production of 180Ta™ and 181Ta, we have per-
formed stellar evolution calculations to follow the complex produc-
tion of 189Ta during the thermally pulsing AGB phase. AGB models
have been computed with the STAREVOL code [42,43] using an ex-
tended s-process reaction network of 411 species and the same

3/20/19, 9:51 AM
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2.5

Fig. 2. Surface overabundances [X/Fe] = log,o[X/Xo] — logo[Fe/Fep] as a func-
tion of the atomic mass A for all nuclei (dotted squares) or s-only nuclei (solid
squares) at the end of the AGB phase, i.e. after the 29th thermal pulse, of the 2 Mg
[Fe/H] = —0.5 model star. Highlighted are the '89Ta™ (red triangles) and '8!Ta (blue
triangles) overabundances and their uncertainties associated with the reaction rates
studied in the present work as well as those affecting the '79Hf(8~)!7°Ta decay
rate (see text for more details).

input physics as described in Ref. [44]. We focus here on a stan-
dard 2 Mg [Fe/H] = —0.5 model star known to produce the main
s-process elements ranging between A =90 and A = 204. In the
present calculation, a diffusion equation is used to simulate the
partial mixing of protons in the C-rich layers at the time of the
third dredge-up. Following the formalism of Eq. (9) of Ref. [44],
the diffusive mixing parameters adopted in our calculations are
Dpin = 10° cm?/s and p = 5, where Dy, is the value of the
diffusion coefficient at the innermost boundary of the convective
envelope and p is an additional free parameter defining the slope
of the exponential decrease of the overshoot diffusion coefficient
with depth.

When not available experimentally, the cross sections were
calculated within the statistical Hauser-Feshbach model with the
TALYS reaction code [20,45]. The TALYS calculations were also
used systematically to deduce from the laboratory neutron cap-
ture cross sections the stellar rates by allowing for the possible
thermalization of low-lying states in the target nuclei. We note
that at low temperature, the non-thermalization of the isomeric
states of 26Al, 85Kr, 15In, 176Lu and '8°Ta is introduced explic-
itly in the reaction network [12,46]. Despite some studies pre-
dicting the thermalization of the '8°Ta ground and isomeric states
at a temperature exceeding 25 keV [47,48], we assume here that
both states are not thermalized at the temperatures found in our
2 Mg [Fe/H] = —0.5 model star. The temperature- and density-
dependent B-decay and electron capture rates in stellar conditions
were taken from Ref. [49] with the update of Ref. [50]. Most im-
portantly, the factor of about 3 for the uncertainties associated
with the '7°Hf(87)17°Ta, as well as the 20-30% impact on the
179Ta(EC)'79Hf decay rate are taken into account following the un-
certain log ft transition rates considered in Ref. [50].

The '8%Ta nucleosynthesis by the s-process is known to be sen-
sitive to the 179Hf B-decay rate, the 17°Ta neutron capture cross
sections and the potential depopulation by thermal photons of the
isomeric state via intermediate states to the short-lived ground
state. We analyze now the sensitivity of the '8Ta production in
our 2 Mg [Fe/H] = —0.5 model star for the different nuclear and
B-decay rates affecting directly the synthesis of 18%:181Ta, We show
in Fig. 2 the resulting surface overabundances of elements heavier
than Fe at the end of the AGB phase, ie. after the 29th thermal
pulse. While 81Ta is relatively well produced with respect to the

https://reader.elsevier.com/reader/sd/pii/S0370269319301674..9C415EF36CF038C7ECC5ACF895A9A9A02D30B8BB9D24B2A242DDD26F15
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Fig. 3. Upper (solid line) and lower limits (dashed line) of the 18°Ta™ (red lines) and
181Ta (blue lines) overabundances [X/Fe] inside the star, just below the convective
envelope, as a function of the mass coordinate M, after the 26th thermal pulse of
our 2 Mg [Fe/H] = —0.5 model star. The upper and lower limits are associated with
the reaction rates uncertainties from the present work as well as those affecting
the 179Hf(8~)179Ta decay rate (see text for more details). The convective envelope
extends above M; =0.665 Mq.

overall surface enrichment of s-only nuclei with an overabundance
of about 1.7-2 dex, '89Ta is seen to be strongly underabundant
by a factor of about 100 in comparison with s-nuclei. As shown
in Fig. 3, illustrating the profiles of 189Ta™ and !3Ta inside the
star, '80Ta™ is not present in the envelope (M, > 0.67 Mg), but
its abundance peaks at about 2 dex in a thin layer below the
convective envelope. This region lies just below the bottom of
the thermal pulse where the temperature is high enough to fa-
vor a significant decay of 7°Hf into '7°Ta followed by a neutron
capture, with the neutron stemming from the 22Ne(cr, n)*’Mg re-
action, hence a production of '89Ta. Note that at a temperature 0.1
Ty, the 17°Hf(8~)"7°Ta decay timescale is about 2 Gyr while at 0.3
T, it falls to about 25 yr. However, the neutron captures take place
below the thermal pulse where 22Ne has been produced from the
previous thermal pulse. Consequently this 13°Ta-rich region is not
engulfed in the convective pulse, nor by the third dredge-up bring-
ing the ashes of the interpulse and pulse nucleosynthesis up to
the surface. Similar results concerning the absence of 18Ta sur-
face enrichment are found for AGB stars with an initial mass of 1.5
to 3.5 M. For this reason, contributions of low-mass AGB stars
to the 189Ta galactic enrichment can be expected to be relatively
negligible.

4.2. P-process production of 189Ta

Now we study the p-process nucleosynthesis on the basis of
the Type-II supernova model, as described in [2,6,51], i.e. a model
for a Zg 8 Mg helium star (main sequence mass of about 25 Mg)
evolved from the beginning of core He burning to the super-
nova explosion. We consider the 25 layers in the O/Ne-rich zone
with explosion temperatures peaking between 1.7-3.3 Tg respon-
sible for the production of the p-elements. Their total mass is
about 0.75 M. The deepest layer is located at a mass of about
1.94 Mg, which is far enough from the mass cut for all the nu-
clides produced in this region to be ejected during the explosion.
All nucleosynthesis calculations have assumed here the absence of
neutrinos.

Fig. 4 shows the overproduction factors [X/Xo] resulting from
the explosive nucleosynthesis in the 0.75 Mg O/Ne-rich lay-
ers of the 25 Mg star. The 189Ta(y,n)'7°Ta destruction and
181Ta(y, n)180Ta production rates (estimated from the detailed
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Overproduction factors [ X/XO]

80 100 120 140 160 180 200
4

Fig. 4. P-nuclide overproduction factors [X/X] obtained for the Z = Zg 25 Mg
model star with TALYS rates and the new Ta production and destruction rates. The
180T3 value corresponds to the total ground state plus isomeric overabundances. The
shaded region delineates a factor of 3 around a mean value. For more details see
[2,3].

balance relation) and their associated uncertainties used in the
present simulation correspond to the present experimentally con-
strained values (see Sect. 3). Only these rates are modified in the
simulation and different combinations considered to estimate their
impact on the nucleosynthesis. The resulting uncertainties are seen
in Fig. 4 to give rise to a rather small error bar on the '8Ta over-
production factor. As shown in Table 1, the new experimentally
constraints essentially affect the 17°Ta(n, y) MACS by increasing it
by a factor of about 1.5 with respect to the only previously avail-
able theoretical estimates (KaDoNiS). Such an increase also impact
the reverse '8Ta(y,n) destruction rate leading to a decrease of
the '80Ta™ by a factor 1.35 with respect to the yields that would
have been obtained with the KaDoNiS rates.

The final '8°Ta overproduction is clearly compatible with the
p-process enrichment of the other p-nuclei (even neglecting the
neutrino effects). Two major effects may still affect the total abun-
dance of 180Ta given in Fig. 4. The first one concerns the possible
increase of the 189Ta production by neutrino captures [2,10]. For a
total neutrino luminosity L, =2.3 x 10°% ergs s~!, and neutrino
temperatures of T,, =2.8 MeV and Ty, = Ty, , = 4.0 MeV [10],
we find that the '8°Ta abundance is increased by a factor of 1.3,
and for a luminosity ten times larger, L, = 2.3 x 10°3 ergs s~!, by
a factor of 4. The charged current capture on '80Hf is found to be
the major contributor, while the neutral current on '81Ta leads to
a contribution twice smaller than the charged current one, as also
found in Ref. [10]. Obviously, the impact of this extra production is
still subject to all the uncertainties related to the neutrino physics,
and in particular to the neutrino luminosity, temperature, oscil-
lation and interaction cross sections. Note however that the recent
measurement of the 18°Hf Gamow-Teller strength significantly con-
strain the 180Hf(v,, e7) rate [9].

A second effect arises from the freeze-out of the thermal equi-
librium between the isomeric and ground states of '8Ta at tem-
peratures below ~ 0.3-0.4 Tg [3,47,48]. The 180Ta yields displayed
in Fig. 4 are obtained under the assumption that '8°Ta remains
equilibrated until the photoreactions responsible for its produc-
tion and destruction freeze out. The abundance left over in the
isomeric state critically depends on the temperature at which the
ground and isomeric states stop thermalizing. For a critical temper-
ature of 0.3-0.4 T, about 40% of the total 139Ta abundance initially
produced during the p-process ends up in the long-lived isomeric
state, and consequently contributes to the galactic enrichment (for
more details, see Ref. [3]). The conclusion that '8°Ta is essentially
produced by the p-process is considered to be robust, and to hold
irrespective of the intricacies and uncertainties related to the rates

https://reader.elsevier.com/reader/sd/pii/S0370269319301674..9C415EF36CF038C7ECC5ACF895A9A9A02D30B8BB9D24B2A242DDD26F15

of the main photodisintegrations responsible for its production and
destruction, to the thermal equilibration of '8%Ta, or to the details
of the SNII models, at least in their spherically symmetric one-
dimensional approximation.

5. Summary

In summary, the 180.181.182T3 NLDs and y SFs obtained experi-
mentally [14] are used as input parameters in the TALYS reaction
code to calculate the 1791801813 radiative (n,y) cross sections.
From these, the Maxwellian averaged (n, y) cross sections (MACS)
and reaction rates of astrophysical interest are obtained. The com-
patibility of the new measurements with other experimental data
supports the approach to use statistical properties i.e. NLDs and
ySFs to estimate radiative capture cross sections, MACS and re-
action rates. The latter are used in s-process calculations in AGB
stars and p-process simulations in Type-II supernovae to investi-
gate the nucleosynthesis of '8°Ta. The newly constrained reaction
rates from this work show that the s-process contribution in low-
mass AGB stars to the production of '8°Ta galactic enrichment is
negligible and that '8'Ta is partially produced by AGB stars. The
p-process nucleosynthesis of nature’s rarest stable isotope !3°Ta
in Type-II supernovae using new constraints from the current ex-
perimental measurements is significant and therefore suggests the
p-process to be the fundamental production mechanism of 180Ta™
in the universe. Detailed calculations in additional models stars
both for AGBs and SN progenitors will further help in understand-
ing the overall 8°Ta enrichment of the galaxy.
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