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The contribution of the slow neutron capture procésprocess to the solar'®°Ta™ abundance has been
investigated on the basis of new experimental information. Measured neutron capture cross setiftag of
and the corresponding Maxwellian averagady) rates were important for defining tisabundance of®°Ta™,
and the result of a recent photoactivation experiment was providing an estimate of its half-life at the tempera-
tures of thes-process site. Following theprocess network with stellar evolutionary models from the premain
sequence through the asymptotic giant branch phase, it was found that the pr&filieBdsurvives the high
temperatures during He shell flashes because of the fast convective mixing, which provides an efficient means
for transporting freshly synthesized matter into cooler, outer zones. Accordi¥§iig™ appears to be pre-
dominantly ofs-process origin.
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. INTRODUCTION of the corresponding®°Ta™ yield, since the reaction path

180TgM s the rarest stable isotope found in the solar sysiollows the valley of 8 stability and is, therefore, directly
tem, representing only 0.012% of natural tantaiwhich in a_cceSS|bIe to Ia_boratory studle_s. Also fror_n the astrophysical
turn is the rarest chemical element in natp, and it is the ~ Side the associated He burning scenarios are comparably
only isotope that is stable in the isomeric state. The attempti@Ple and easier to model than the explosive scenarios re-
to Understand how this isotope was produced in the universePonsible for the andp processes. . o
has encountered numerous difficulties, triggering a tantaliz- 1N€ S-process reaction path in the region BfTa" is
ing series of investigations. In the course of these studies, aff<¢/ched in Fig. 1 and shows that the main reaction flow
common processes for synthesizing the heavy elements, thiick arrows is completely bypassing®Ta, since **Hf
s, 1, p, and eventually the process, have been investigated 2PPears to be the first unstable hafnium isotope. Neverthe-
with varying success. less, marginal feeding 6f°Ta™ can be achieved in two weak
Apart from the difficulties to model the different sce- branchings of the main reaction path. The decay of the 8

narios, the production off°Ta™ was also questioned by the isomeric state it8Hf, which is weakly populated in neutron

17
possibility that it may be easily destroyed in the hot stellaréapture of "™Hf, has been suggested by Beer and Weld

o - 4 ; d has been shown by Kellogg and Nornjdhto account
interior by thermally induced depopulation to the short-lived 2" o 8Ghm ;
ground state. Since the finBl°Ta™ abundance reflects a fine for about 20% of the®’Ta" abundance. The population of

- this 18Hf isomer at the termination of thg-decay chain at
balance between nuclear and stellar parameters, it is consig—_ 180 was found negligibly small, thus excluding a possible
ered to represent an important test for nucleosynthesis mo%\'dditionalr-process contributi0|[14],
els of the heavy elements. .

_ _ _ While the's contribution via the'®Hf decay is fixed by
Among the various nucleosynthesis mechanisms, She the partial cross section ¢f%Hf feeding the 8 isomer, the
process is certainly most suited for a quantitative descriptioRecond branching suggested by Yokoi and Takahggjhis
mostly determined by the stellar conditions of ghprocess
site. These authors pointed out that the 7¢tate at 214 keV
*Electronic address: franz.kaeppeler@ik.fzk.de in 17Hf, which is thermally populated in the hot stellar pho-
TCorresponding author. Email address: klaus.wisshak@ik.fzk.deton bath, is unstable ang-decays to'’°Ta. In spite of the
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P process sample could afterwards be used for the measurement of the
neutron capture cross section in the energy range from 10 to
R h R - 100 keV described in Refl18] and in the accompanying

18037 |— 181y £ 1827 frmmed 183Y7 frmme- Paper I[19].
The results of both experiments bear important conse-

2 - quences for the origin of®°Ta™ and for testing current

178y, "1'3'0""'\181“_182“ s-process models. Since the schematic classical approach
i g

[20] turned out to fail in describing the abundances near
magic neutron numbers and in certain branchifi@d, it
181Hf became obvious that this heuristic model is particularly unfit
to account for the weak and delicate branchings®a™
While the production via thé®Hf™ isomer is not affected by
the stellar environment, the second branching depends
strongly on temperature because the population of the
FIG. 1. The reaction path of tteprocess in the Hf/Ta/W region. zB'unStable eXQ'_tEd states }_ﬁg'_” is determined l_)y t_herma”y .
Though the main reaction patthick arrows is bypassing!®Ta™ induced transitions. The |mprovgd glgglt_ogc_twatlon experi-
this rare isotope is produced via minor branchings due to neutroﬁqent[l{s’1ﬂ showed that the half-life of"Ta" is reduce(_:i to
captures ont’°Ta and decays of a weakly populated isomer in ‘€SS than 10 yr for temperatures in excess 15;55‘%
1804f, The sketch refers to the stellar situation, whéf becomes E:-(I;Blﬁéemiﬁegm]u(;‘élén gglt;ro(zifu fgé)m Iglsi\tleeg?tefi?esjﬁfaorlgrable
unstable againgg decays from thermally excited states. physical conditions characteristic for the classical approach,
back decay td7°Hf, this leads to a small but significal®Ta  i.€., temperatures ofg=2.5+0.4 and a duration of 1gr,
abundance that acts as a seed for neutron captufé&ray. ~ because®ra™ is sufficiently populated in thermal equilib-
In contrast to the first branching, this route depends strongl*"“m [22). In order for'*Ta™ to survive, however, the abrupt
on temperature, indicating that tA¥Ta™ abundance may be reeze-out of temperature and neutron den'sn_y assumed in the
interpreted as a sensitive stellar thermom@gér The uncer- ~ classical approach appears to be not realistic.
tainty of this second route t&°Ta™ is difficult to quantify For the more complex stellaprocess model, however,

180T M ; ; ; _
ot Shouk o b arger than  factor ofize belo: Since 1 2 ofF a1 s conpleely afferent s curenty s
the second branching opens only at relatively high temper P P P Y

i s effici ¢ ducingfTaM is | dized b FPetweerA=90 and 200 is produced during recurrent thermal
ures, 1ts etmciency for producing=ia IS j(renopar 12€0 DY instabilities during the asymptotic giant bran@&GB) phase
the possibility that the freshly producé’Ta™ may be im- in the evolution of(1.5—3M,, mass star§23—25. In this

mediately destroyed by thermally induced depopulation tQcenario, about 95% of the neutron irradiation occurs under
the short-lived ground staf@]. Direct decays being strictly 5qjative conditions during the interpulse phase between
forbidden by selection rules, this depopulation can only b&nermal instabilities via thé3C(a,n) %0 reaction at compa-
achieved by excitation of an intermediate state with decayamy low temperatures ofs=1, when'7*Hf and 18°Ta™ are

channels to the ground state. Many attempts have been maggih stable. Accordingly, only a minor fraction &i°Ta™ is
to locate the position of the lowest intermediate state becaus&oduced via the decay &fHf™.
this determines the fate 6f°Ta™ Only if this state appears ~ During thermal instabilities, however, temperatures of
above or near 1 MeV excitation energi?’Ta™ may well  T,=2.5-2.8 are reached for a few years, resulting in a sec-
survive at typicals-process temperatures. ond neutron burst due to the activation of file(«,n)?Mg
A variety of photoactivation experiments have been perreaction. At these higher temperaturé&Hf becomes un-
formed, either by exposing natural Ta to photon fields ofstable, thus opening the neutron capture sequence'ffa
bremsstrahlung facilitie§7-10 and strongy-ray sources to ®9Ta™ Since the prolific energy production in these He
[6,11 or by using Coulomb excitation techniqugs2,13.  shell flashes creates a convective zone with turnover times of
However, these efforts were hampered by the use of naturéss than a weeR6], freshly produced®Ta™ is effectively
Ta samples, resulting in limitations of the experimental senimixed into cooler regions where it survives and from where
sitivity that did not allow one to identify any mediating state it is eventually mixed into the stellar envelope.
below an excitation energy of 1.5 MeV. Experimental data Calculations using theoretically calculated Ta cross sec-
were also missing for the neutron capture rates that detetions and neglecting a possible thermal destructio&fa™
mine the neutron induced destruction and production ofind that about 50% of the soldf°Ta™ abundance can be
180TaM in the s process. The available theoretical cross secaccounted for by this stellar modg21]. Obviously, any at-
tions differed by factors of 2—85,14,15. tempt for a more realistic and quantitative description of the
In an attempt to improve the nuclear physics part of thiss-process origin of this isotope has to consider the important
pending situation a Munich-Stuttgart-Darmstadt-Karlsruhethermal effect on the lifetime 0f°Ta™ and must be based on
collaboration shared the loan of the world supply of enrichech reliable experimental value for the stellar, y) cross sec-
180Ta™ This sample consisted of 150 mg tantalum oxidetion. This improved nuclear physics input is mandatory for
powder with a*®Ta™ content of only 5.5%. Nevertheless, it solving this long-standing astrophysical puzzle and for inter-
allowed to improve the sensitivity of previous photoactiva- preting the*®Ta™ abundance as a constraint for the tempera-
tion experiments by a factor of 5000, resulting in the discov-ture profile and the convective turnover time scale during He
ery of several new mediating stat¢46,17. The same shell flashes on the AGB.

— 176Hf _— 177Hf_ 178Hf
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Apart from the negligible-process yields mentioned be- branched reaction flow in the mass region<0@< 209 of
fore, the p and/or v process may have contributed to the the so-callednain sprocess component:
production of¥Ta™ as well. Since both processes are re-

lated to supernovae, thermal depopulation is of minor impor- . 56 |
tance in these cases due the short time scale of the explosion. o'NL= T L+ ()2t
Thep process is related to the explosive Ne-O burning phase 70 j=56

where temperatures @5 =2-3 arereached. The high energy
part of the thermal photon distribution gives rise to succesin this way, the solar systegw)N curve could be success-
sive (7y,n) reactions, driving the reaction path to the proton-fy|ly reproduced with the fit of only two parameters, the
rich side by about 5 mass units until the rapidly increasingraction G of the solar iron abundanch® required as a
neutron separation energies favor the competipgp) and  seed, and the mean neutron exposwE37]. The assump-
(v,a) channels. tion, that the neutron exposure follows an exponential dis-
Hence, thep-process reaction network remains relatively tribution appeared justified since it was shown to result as
close to stability. At freeze-out, the primary reaction productshe natural consequence of repeated He-shell flashes dur-
decay byg* and electron capture transitions and account foling the AGB phase due to the partial overlap of subse-
the rare proton-rich species. guent thermal pulsel38].
Though thep process contributes an almost negligible  The model was also modified to account for branchings in
fraction of the heavy element abundances and thdfia™  the neutron capture paf89]. Such branchings occur at un-
is shielded from the maip-process yields by its stable iso- stable nuclei that exhibit comparable neutron capture and
bar 8%, a small but significant®®Ta™ abundance may re- p-decay rates. Apart from the respective stellary) rates,
sult from direct(y,n) reactions on the abundafitTa. Stud-  the branchings are described by two parameters, a constant
ies of this scenario led to somewhat contradictory resultsneutron densityn, and the respectivg-decay rate. There-
While Rayetet al. [27] found that'8Ta™ is depleted under fore, the resulting abundance patterns are determined by the
the conditions of explosive Ne/O burning, a significant over-stellar neutron fluxn, X vt and/or by the effective stellar
production of!8Ta™ was calculated with models describing half-lives. Since the latter are known to depend on tempera-
the p process in SN1987428] and in type Il supernovae in ture T and electron densityr, in many cases, branching
general[29]. analyses are important for constraining these main param-
The v process suggested by Woosletyal. [30] considers  eters of thes-process sit¢20,33.
that inelastic neutrino scattering and subsequent neutron With respect to the origin ot®°Ta™, increasingly refined
evaporation may affect the abundance pattern when the irattempts were made using information derived from analyses
tense neutrino flux of a supernova explosion interacts wittof several other branching®1,40,4] for a quantitative de-
the outer layers. Though first results indicated that thisscription of the flow pattern of Fig. 1 and, hence, for the
mechanism may fully account for the origin éf°Ta™, a  s-process abundances of tie=180 isobars. At first, these
more comprehensive analysis of the nuclear reaction aspectsitempts seemed to be superseded by the result of the Stutt-
e.g., by considering the relative population of short-livedgart photoactivation experimefit6], which yields a'®Ta™
ground state and quasistable isomer, showed that only lalf-life of less than 1 day in the temperature range obtained

small fraction could be produced in this wi/7]. with the classical model, i.e., between thermal energies of
kT=28 and 33 keV[21,43. Nevertheless, Loewg?22]
Il. sPROCESS ANALYSES showed in a detailed study of the Hf-Ta-W branchings that
considerable amounts t°Ta™ could, actually, be explained
A. The nuclear physics by the classical model since a sufficient population probabil-

The Maxwellian averaged cross sectionsi®a™ deter- ity of **°Ta"is always maintained by thermally induced tran-
mined in Paper | represent the most crucial input for theSitions. _ _ _
following analysegsee also Refg[18,31)). These data are ~ Over the past years, there was, however, increasing evi-
complemented by stelldn, y) rates adopted from Ref32]. dence that the classical approach failed to provide a consis-
The requiredg-decay rates are from Takahashi and Yokoi €Nt description of the investigated branchifgg,40,41,43 _
[33], and the temperature-dependent half-life 189Ta" is obviously because the time dependence of neutron density

treated according to the results of Betital. [16,17. and temperature at freeze-out was completely neglected. This
led to an overestimation of treprocess temperature, result-

ing in an enhancement of th@decay branch from”*Hf to
179Ta [33] and consequently not only to a higfTa™ abun-
The phenomenological or classical picture of $higocess  dance but also to unacceptably higw yields.

[34,39 provided an appealing analytic solution based on the If the classical model was found to reproduce tf&a™
assumption of a steadyprocess with constant temperature abundance, the concomitassprocess contribution td8Ww

and neutron density. By assuming an exponential distributiofi5,6,21 was always much too high to comply either with a
of neutron exposures the set of differential equations descritsmooth p-process pattern or with recently calculated
ing the neutron capture chain could be solved analyticallyp-process yields, which are reported to range between 50%
[36], yielding a simple expression for the productsadibun-  [28] and 100%[29,44,45. If these yields are considered as
dance and stellar cross section, which characterizes the umell, the resultings-process contribution to solat®dw

B. Classical approach
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should not exceed about 30%, a limit very hard to reconcilebranching is closed an#¥°Ta" is depleted to the level de-
with the reproduction of thé®°Ta™ abundance by the classi- fined by the branching at®®Hf™. The final neutron burst
cal s process. from the ?°Ne(a,n)*®Mg source occurs subsequently during
This dilemma remains if the temperature would be con-a relatively short periodAt< 10 yr) at a peak temperature of
strained to keep the contribution to*®4W below 30%. In  T;~3 reached in the bottom layers of the convective pulse
this case the classical model would require an electron denturing the maximum extension of the thermal instability. The
sity of n2°> 10 (in units of 1G° cm™3), in contradiction to the  enormous energy produced by the Beaction causes large
allowed range 4 n2®< 10 obtained from the Dy-Ho-Er re- temperature and density gradients in the convective zone

gion [21]. (0.2<Tg=3 and 16< p=<10%g cni’3, respectively.
This strong gradient implies that—according to the result
C. Stellar s-process scenarios for the production of8Ta™ of the photoactivation measuremgt]—the effective life-

. , time of 18Ta™ varies by more than 15 orders of magnitude
Detailed stellar model calculations have shown that subp . een the top and the bottom of the convective zone. It is
i 8 m H .
sr:antlalnamolunts of T c?n be produced in ISW _rbn;ss, evident that high temperatures prevail only in a relatively
thermally pulsing stars on the asymptotic giant bra(tR- 5 70ne near the bottom of the convective He shell, where
AGB starg [16,21,3]. In agreement with observations, He e 5 hrocess takes place. It is only there tA#ira™ can be
shell burning |r} Su%h stars with masses betweeMzga.&nd efficiently destroyed via thermally induced transitions to the
3Mg accounts for the mais-process componer[lzo,. 6,48. hort-lived ground state. As long as the turnover time is short
The necessary neutron supply results from the interplay ofyynared with the actual half-life, most of the produced
the dominant*C(a,n)*°0 reaction and a comparably weak 1sorzm resides in the outer and cooler zones of the convec-

- ) - .
contribution from the?’Ne(a,n)?*Mg reaction. tive region. This fraction survives unaltered until it is mixed

The spectra of TP-AGB stars show an excesspfocess  intg the stellar envelope by the subsequent third dredge-up
elements but do not exhibit the Mg excess expected 'Bpisode.

2Ne(a,n)®®Mg were the main source of neutrorig7].
Therefore, most neutrons are assumed to originate from a
thin, 13C enriched layer of about 18M, in mass and con- D. Convection in He shell flashes
taining (2% “_TG)M@ of %C [25]. This *C pocketresults So far, this important question has not been addressed in
from the injection of a small amount of protons gyfficient detail[26]. For a more reliable answer, extensive
(~10"°Mo) into the He shell at the epoch of the third dredge ca|culations were performed using the stellar evolution code
up. After a few hundred years, the He shell heats up angRANEC [24,52 for describing the appropriate physical
these protons are captured by the abund&@tin the reac-  conditions in the convective pulse.
tion sequencé?C(p, 7)**N(B8*»)**C. These calculations describe the evolution of the internal
Since attempts for modeling the formation of th&C  structure of AGB stars with initial masses ranging between
pocket on the basis of a fully hydrodynamical treatment are;Mm and 3Vi,. The most recent updates of the microphysics
yet not quantitative enoug¥8,49, the parametrized pre- (e.g., opacity, equation of stateave been included. In par-
scription of the convective region outlined in Rg25] has  ticular, a time-dependent mixing algorithm is used to treat
been adopted. Though this approximation may be too schenixing episodes characterized by short time scales, as those
matic in some respects, it provides a consistent description @fenerated by thermal pulses along the AGB. Convective ve-
the s-process abundance pattg@1i,50,51. locities are evaluated by means of the mixing length theory.
All 13C nuclei in the pocket are consumed under radiative The corresponding results are displayed in Fig. 2, where
conditions during the interpulse time of a few*@ars, thus  the upper panel exhibits the temperature in the convective
providing about 95% of the-process neutron exposure at shell of a typical thermal pulse in a8, star of solar com-
comparably low temperaturékT=8 keV) and neutron den- position. This figure refers to the epoch of maximum power
sities (n,=< 10" cm™3). When thiss-process enriched layer is production in the He shell flash. The calculated convective
engulfed into the next convective instability, a sufficiently velocities presented in the lower panel show that the convec-
high temperature is reached at the bottom of the He burningve turnover time is somewhat less than 1 h. After maxi-
zone (Tg=3) to marginally activate thé’Ne source. This mum, the temperature in the convective zone decreases,
short burst of=5 yr reaches peak neutron densitiesmgf  while the convective turnover time increases. When the bot-
<10%%m™3. Though this second burst represents only a fewtom temperature drops down to X3.0° K, the mixing time
percent of the total neutron exposure, it is crucial for definingscale is still less than few hours.

the observed abundance pattern of seveqalocess branch- Hence, the crucial transport time from the hot synthesis
ings. In particular, the time dependence of this second burstone to cooler layers is found to be always much shorter than
determines the freeze-out of the final abundances. the enhanced decay rate §°Ta™ suggested in Ref[16]

In this scenario, the production 6#°Ta™ becomes rather (which approaches the 8.15 h half-life of the ground state
complex because of the two phasessqgfrocess nucleosyn- only at even higher temperaturesf= 3.3). Therefore, the
thesis, which are characterized by significantly differentthermal coupling of isomer and ground state via the interme-
physical conditions. At the low temperatures during the in-diate state aE,=1.0 MeV reported in Ref§16,17 has prac-
terpulse period, when neutrons are produced by thécally no consequence for tiseprocess production df°Tam
13C(a,n)*0 reaction,!”Hf remains stable. Hence, théHf  in thermally pulsing, low-mass AGB stars.
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g 6x108 [ E FIG. 3. Time evolution of abundancéss mass fractionsluring
L - . the 2°Ne(a,n)?®Mg neutron burst for a typical advanced pulse of
>ﬁ 4x108 F E the standard model st§2Mq,Z=(1/2)Z, solid line§. Compared
- . to the evolution of the neighboring Hf isotopes, which are in reac-
ox108 b tion equilibrium, the variations of’°Ta, 18Ta™, and 8% are due
N . to the branching at”*Hf. Since the®°Ta™ yields for stars of dif-
il BT EFETETEE BT BT A ferent mass and metallicity are very similar, the average over Ga-

0.015 0.02 0.025 0.03 0.035 lactic chemical evolution is not expected to differ significantly from
R (Ry) these resultgsee text. The dashed line corresponds to the bottom
temperature of the convective regigright scalg, which reflects
FIG. 2. The temperature in the convective shell of a typicalalso the behavior of the neutron density.
thermal pulse in a8l star of solar composition. The correspond-
ing calculated convective velocities in the lower panel show that theHe shell flash is illustrated in Fig. 3. While the neighboring
convective turnover time is a few hours only. The scale on theHf isotopes are in reaction equilibrium and remain almost

abscissa starts at the bottom of the convective shell. unchanged, the branching &fHf causes thé”°Ta and'®WwW
L60m o abundances to follow the temperature and neutron density
E. 1#%Ta™ production in TP-AGB stars profiles (with a certain delay due to thg-decay half-life of

The production and survival o¥°Ta™ was followed in  the 214 keV level int’*Hf). As a consequence of the com-
detail during the He shell flashes of the AGB phase by di-plex interplay between temperature, neutron density, A&nd
viding the convective zone into 25 meshes of equal extendecay, this behavior is less evident for #§€ra™ abundance.
sion, where the physical conditions could be considered corNevertheless, the initial¥°Ta™ abundance, which results
stant per each time step. The time behavior of each mesh wé®m the neutron exposure by tHéC source during the in-
obtained from the stellar evolution model, which accountsterpulse phase and from previous He shell flash episodes,
also for the respective changes from pulse to pulse along thacreases during the flash from 57% to 80% as shown in
AGB evolution [25]. The nucleosynthesis was followed in Fig. 3.
each mesh separately, and the resulting abundances were pe-Starting from the situation illustrated in Fig. 3 the
riodically mixed according to the typical turnover times of s-process production off°Ta™ has been studied for a range
the convective zone. The effective half-life 8°Ta™ was  of stellar masse$l.5<M/Mg=<23) and metallicities(0.01
adopted from Refs[16,17 since the inverse population of <Z/Z,<1). It turned out that the®°Ta™ yields are fairly
the isomer by thermal excitation of the ground state wasndependent of stellar mass and metallicity, in particular for
shown to contribute only at temperatures abok&  stars withZ=0.01, which are known to contribute most ef-
~ 27 keV[22], i.e., above the temperature range of the stelficiently to the solars abundances between Ba and Pb
lar model considered. [53,54. Since all investigated models predictéfra™ abun-

As expected from the short turnover time, these calculagdances between 80% and 86% of the solar value, this range
tions showed that—in contrast to the half-life problem—thedetermines the average over galactic chemical evolution.
experimentaln, y) rate of¥9Ta™ has a much deeper impact It is important to note that th#%W problem is completely
on the final abundance. Since therocess yields in the mass avoided in this model. Because the branching'@Hf is
region aroundA=180 are to good approximation inversely closed at the low temperatures during the interpulse period
proportional to the respective Maxwellian-averaged crossvhen the'3C source is operating, it is completely bypassed
sections, the smaller experimental rate implies a correspondyy 95% of the total neutron exposure. Accordingly, only
ing increase of thé®°Ta™ production as compared with the ~5% of solar*®\W are produced in AGB stars on average.
previous study based on theoretical cross sectigfip The remaining uncertainties for the production'&fTa™

The contribution to thé®°Ta™ abundance resulting from in thermally pulsing low-mass AGB stars originate essen-
the neutron burst by th&Ne source averaged over a typical tially from the temperature-dependegfidecay rate of "Hf
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and from the theoretically calculatéd, y) cross section of related to He-shell burning in thermally pulsing, low-mass
17°Ta. Reducing theg-decay rate oft”Hf by a generous AGB stars.

factor of 2 translates into a reduction of the finfdPTa™ Attempts to model the abundance 8fTa™ in the s pro-
abundance of 26%, which means that tH&Hf branching cess must properly account for the complex interplay of tem-
would be practically negligible. On the other hand, doublingperature, density, and neutron flux on the various reaction
the rate yields already a strong overproduction. The 32%hains. Therefore, the phenomenological or classical ap-
uncertainty quoted for the recommended cross section gfroach, which neglects the important freeze-out effects of the
179Ta [32] was found to cause a 25% change of the finalstellar environment by assuming constant temperature and
180TaM abundance. Clearly, an experimental access to botheutron flux, is not sufficient for this purpose. This picture is
guantities remains a challenge for an improved description ofilso problematic because it leads to unacceptably igin-

the s-process nucleosynthesis 8fTa™. tributions to ¥4, which is known to be of almost pune
Nevertheless, already the present results strongly suggestigin.

a dominants-process origin of'8Ta™ related to He shell These difficulties are avoided if the-process yield of

burning in low-mass AGB stars. 180Ta™M is studied by means of a stellar model for He shell

burning in thermally pulsing low-mass AGB stars. By due
consideration of the physical environment during He shell
flashes, including the convective turnover time and the re-
Alternative production mechanisms f&°Ta™ have been lated temperature gradient, the abundance evolution of
discussed for scenarios of explosive nucleosynthesis. In the 18°Ta™ was followed on a fine grid throughout the duration
processTa™ can be formed front®Ta in the strong neu- of the He shell flashes. In this way, it turned out that typically
trino wind from core collapse supernovfg0]. The original  80% of the observed®Ta™ can be produced by this sce-
claim that all'8Ta™ can be accounted for by excitation of nario. While the final'®Ta™ abundance is still somewhat
181T3 above the neutron threshold due to inelastic neutrinelependent on the theoreticdPTa cross section, the calcu-
scattering was significantly reduced after the involved reaclated lows abundance of®W is well compatible with the
tion channels were considered in defdiV]. The remaining dominantp-process origin of this isotope.
contribution is less than 20% and is compatible with the With respect to alternative production sites'8fTa™ we
s-process predictions. However, this result is still affected byfind recently reduced yield from the process related to
the highly uncertain’ temperatures of this scenario. The sec-explosive nucleosynthesis in core collapse supernovae as
ond alternative is related to theprocess, which is expected well as the smalk-process component to be in fair agree-
to occur in supernova envelopes, when the outgoing shockient with thes-process prediction. With respect to the full
front is heating the Ne-O layer beyond the ignition tempera+eproduction of thé®°Ta™ abundance in thp process, there
ture for explosive burning. Complete production §fTa™  are discrepant claims from recent calculations, which need to
has been claimed29] from (y,n) reactions on'®'Ta, but  be investigated furthg29,45. Given the intriguing sensitiv-
significantly smaller yields were found when all partial crossity of the ¥°Ta™ abundance with respect to the physical con-
sections were considered consistenif}p]. The difficulty ~ ditions of the various scenarios, the origin of this isotope
with the p-process yields is the fairly large uncertainties of continues to challenge the respective models, now that the
the involved reaction rates of a factor of 3 on average. nuclear physics parfbesides thel’®Ta(n,y)8Ta" ratg
seems to be settled satisfactorily.

IIl. OTHER PRODUCTION MECHANISMS
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