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Coulomb excitation of ®°Ta
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The existence of a low energetic intermediate sti® in *¥°Ta which provides a coupling of the stable
isomer and the radioactive ground state was investigated by means of Coulomb excitation. Natural tantalum
foils were irradiated by protons with incident energies between 3.0 and 3.7 MeV, andv\pinticles in the
energy range 1220 MeV. Subsequently, the foils were counted for the induced ground state activity of
180Ta. From the thick target yields an IS between 0.6 and 2.2 MeV excitation energy was inferred. The
population of the IS in the stellar environment of th@rocess depends critically on the prevailing tempera-
tures. Current stellar models suggssprocess temperatures below 8.10° K which lead to a negligible
population of intermediate states above 1.2 MeV. Thus, the present data do not allow stringent conclusions
about the destruction df°Ta under these conditions, but aprocess origin seems still possible. Furthermore,
the experiments support the existence of a new isoméf“Re. [S0556-28188)01209-4

PACS numbe(s): 25.70.De, 26.26:1, 27.70+q, 97.10.Cv

. INTRODUCTION abundance, temperatures Bif=3x 1% K are required. At
these temperatures the question arises whether the freshly
Discovered in 1802 by Eckeberg in Sweden, the elemengroduced nuclei are destroyed in the hot stellar environment
tantalum was found to be the rarest elem@02 relative to  before being ejected into the interstellar medium.
silicon =10°) containing also the rarest stable isotope in the ~An effective destruction mechanism could exist if ther-
universe,'®Ta. These minute traces 6f°Ta owe their ex- mally excited levels in'®Ta act as intermediate statés)
istence to a long lived isomer,(#=1.2x 10" yr) which re-  for induced transitions from the isomer to the ground state,
sults from theAK =8 forbiddeness of the direct transition to resulting in a depopulation of the stable isontsee Fig. L
the 8.15 h ground state. The odd-odd nuclé¥f§a is there-  Obviously, this depopulation depends critically on the exci-
fore the only isotope occurring naturally in an isomer. tation energy of the IS. For an IS located below 1 MeV
Compared to other rare odd-odd nucleP®/°V  excitation energy&°Ta would not survive the high tempera-
=0.24%, B8 .a*1La=0.092%), the abundance ratio tures during thes process and sizabk contributions to the
180Ta/18'Ta is about an order of magnitude smaller reflectingsolar system abundance would not be expected.
the difficulty to synthesize this nucleus. Not surprisingly, the  Previously, intermediate states at 2.8 and 3.6 MeV with
origin of this isotope is still under discussion. Among otherlarge integrated photoabsorption cross sections were reported
more speculative scenari¢$—4], the nucleosynthesis may by Collinset al.[6]. However, neither these irradiations with
be dominated by neutron capture in th@rocess occurring bremsstrahlung6], nor nuclear spectroscopic methddsg]
in AGB stars[5]. In order to produce®°Ta in solar system were hitherto successful in detecting lower lying IS. In this
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FIG. 1. Decay of*®“Ta in the stellar environment of treeprocess. If thermally excited states with decay channels to isomer and ground
state exist, the stable isomer will be effectively depopulated at high temperatures.
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FIG. 3. y-ray spectra taken with the 5% HPGe detector after the

i irradiation at 13.86 Me\W energy. The background is reduced by

almost three orders of magnitude by the coincidence withKthe

. __rays. This eliminates the background activity froffGa atE,
FIG. 2. Scthfemtahtlclskedtlcr:.of thf;targf_t lsetup and of the activity_g3 3 ey and allows us to isolate the fedfTa? decays

measurement for the irradiation with particies. (<10 h™Y). All remaining y lines are due to the decay ¢f°Re

o o and are partly marked to demonstrate the sensitivity of the measure-
regard, activation by Coulomb excitation éf°Ta offers a  pent.

promising alternative. Irradiations of natural tantalum foils

with sulfur ions resulted in an increasé’Ta? activity at _ .

low bombarding energies, compatible with the assumption ofvant energy window for thé®Ta decay between 50 and
an IS below 1 MeV[9]. Similar results were obtained in a 100 keV, the efficiency of both detectors was practically
corresponding Coulomb excitation experiment with'®O eqqal, corresponding to t_he solid angle Wlth respect to the
beams[10]. Since these results were hampered by backactivated part of the Ta fqns. In fact, the thinner detector had
ground from transfer reactions, the present work aims at af{e advantage of a significantly lower Compton background.
independent confirmation of the low lying IS by Coulomb Because of the extremely small isotopic abundanctdra,

excitation experiments with protons andparticles. the observed count rate was dominated by background reac-
tions which masked the Hf x rays and the sgftays from
18 o] H
Il. EXPERIMENTAL TECHNIQUE AND DATA ANALYSIS the 8T8 decay. To reduce this background, the ground

state activity was measured by the coincident detection of the
The present measurements were based on the activati®3.3 keV y and the HfK, x rays emitted in the EC decay
method. Following the irradiation of metallic tantalum foils (see Fig. 1 The efficiency of the arrangement in Fig. 2 was
(99.9% purity and natural compositiprthe depopulation of calibrated with standard sourceé’am and 1°°Cd) yielding
the isomer was detecting out of beam via the indut®@a®  a coincidence efficiency oé=10.005)% for these events.
activity. Before and after each counting period, the spectra of the two
detectors were stored independently to record the count rate
A. Irradiations with « particles of other activated impurities for later pile-up corrections.
The resultingy-ray spectra of the 5% HPGe detector ob-
tained in the irradiation at 13.86 MeV are shown in Fig. 3.
The irradiations were performed at the cyclotron of theAll spectra are given for a counting period of 12 h. The
Physikalisch-Technische  Bundesanstalt ~ Braunschweigpper part illustrates the situation without coincidence re-
(PTB). The a particles had incident energies in the rangequirement. Obviously, the signature of th&°Ta® decay is
12—-20 MeV, well below the Coulomb barrier Eg completely masked by background activities resulting from
=24 MeV). The water-cooled tantalum foils were part of a @ induced reactions of*Ta and on small sample impurities
Faraday cup for the measurement of the integrated beam cugf 1 to 10 ppm. Especially the line at 93.3 keV from the
rent (see Fig. 2 The foil thickness ofd=0.05 to 0.09 mm 5Ga decay {(;,=78.3 h), which was produced via
was sufficient for stopping the particles completely. Typi- °*Zn(a,n) reactions and subsequgsit decay, is hindering
cal beam currents of 817 uA were applied since higher the detection of the most intenseray from the!8°T&® decay
currents could not be tolerated due to problems with targetsee Table)l By the coincidence requiremefrniddle), this
cooling and blister formation on the surface of the foils. The ®’Ga activity is eliminated. However, the sensitivity is suffi-
measured beam current was digitized and stored in time insiently improved only if an additional energy window is set
tervals of one minute for later analysis. The beam energyn the 55 keVK, x rays (bottom). Compared to the mea-
was determined from the fields of two deflection magnetssurement without coincidence requirement, the background
According to the induced activity, irradiation times betweenis reduced by two to three orders of magnitude, allowing also
10 h and 12 min were chosen for different incident energiessmall signals €10 h™ 1) to be detected. The half-life of the
After the irradiations, the tantalum foils were placed in vy line at 93.3 keV could be verified to range between 4 and
close geometry between two high purityP) Ge detectors 12 h. From this information and from the unique energy
of 5 and 60 % efficiency, respectively. However, in the rel-signature (55 93.3 keV), they line at 93.3 keV was iden-

1. Experimental setup and activity measurement
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TABLE |. Photons from the (EQ8™) (t;,=8.152:0.006 h  The summing correction could be neglected becausé the
[11]) decay of **°Taf. rays were strongly absorbed in the tantalum foils.
The results are given in terms of thick target yields

Emitted photons E, [keV] I, [%] Reference
N8O 1 1 C
Hf L 7.0-10.7 23.0:3.0 [11] Y= = —Cp 3
W L 74-114  0.65-0.17 [11] Nofp  Nafp 1Pl fmfue A
Hf K, 54.611 20.40.8 [11] _
Hf K, 55.790 35.71.3 [11] where C/A denotes the weighted average @fvaa/A%Ka
W K, 57.981 0.170.03 [12] and CKMV/AKCN. The number of incident particles,N,
W Ka 59.318 0.2¢:0.05 [12] was inferred from the integrated beam current. The correc-
Hf Kg 63.2 15.6-0.6 (11] tion factor f, accounts for the decay of the activated nuclei
W Kpg 67.155 0.09%0.016 [12] during irradiation(for a definition see Ref13]).
W Kg, 69.342 0.0250.004 [12]
y EC 93.331 4.5+0.16 [11] B. Irradiations with protons
vB~ 103.6 0.81-0.24 [11]

The proton irradiations were carried out at the 3.75 MV
Karlsruhe Van de Graaff accelerator with incident energies
of 3.00-3.70 MeV. The energy was determined from the
magnetic field of a bending magnet. Again, the bombarded
Eantalum foils were water cooled and mounted in a Faraday
cup similar to the one used for the-particle irradiations.

tified unambiguously to result from thé®Ta? decay.
Though other coincidences, e.g.y,Kz) pairs, were too
weak to be observed, any misinterpretation can certainly b

excluded. : i o ) .
Accordingly, the beam current, which was limited in this
2. Data Analysis iradiation to~50 wA, was digitized with a current integra-
. s o tor and stored in time intervals of one minute.
The number of activated®Ta? nuclei is given by The detection of the inducetfTa? activity was carried
out in complete analogy to the measurements described in
180 Cyk, the last paragraph because large background activities, espe-
N = CpCsum 1

cially *F and ®’Ga, had to be suppressed. Since the 5%
HPGe detector was not available, a larger 30% HPGe detec-
with C,  being the number ofy,K ) coincidencesl , the tor had to be used giying rise to slightly more Compton

e background. The efficiency fory{K,) coincidences was
measured t&=10.85)%.

| 'yPKl KafmeEAy’Ka

absolute decay intensity of the 93.3 keMransition(Table
), Px=0.809(7) the capture probability fdf-shell elec-
trons[11], andly_=0.744(12) theK,-emission probability

[12]. The time factord; denote the corrections for the decay
during the measurementf {=LT/RT[1—e *RT], where The results of the irradiations are given in terms of thick
LT,RT are life and real time, andl the decay constant of target yields and are summarized in Table Il together with
180T28) as well as during the waiting time between the endthe characteristics of the respective irradiations. Although
of irradiation and the start of counting {=e w). The the background could be reduced te-50 h™ %, no signal
remaining quantities are the efficieneyfor (y,K,) coinci-  was observed when the tantalum foils were bombarded with
dences, the correction factév, x for photon absorption in  protons. Also, thex-irradiations withE, =16 MeV did not
. yield a detectable’®°Ta9 activity due to an exponentially
increasing background from th¥'Ta(a,n)*®Re reaction.
To keep the total count rate and the pile-up effect at a toler-
able level, the irradiation time had to be reduced, thus dimin-
ishing the sensitivity of the measurements greatly.
All upper limits in Table Il are given in terms of a 90%
A,k :f n(x)e Hei(E)(A=X e~ ref(Ex )Xdx 2) confidence level14] which reflects the detection limit of an
“ actual signal. The systematic uncertainties of the limits are
summarized in Table III; they are largest for thefficiency
and for the self-absorption and pile-up corrections. The
larger pile-up uncertainties refer to irradiations at the highest
a energies, where sizable count rates were obtained. For
rotons, the pile-up correction was negligible. The relatively
arge uncertainties for self-absorption apafficiency origi-

Ill. RESULTS

the tantalum foil, the pile-up correctidﬂp=Cg'Cﬁ“ for y
and K, x rays, and the summing correctioy,,,, for the
respective cascades.

The correction for self-absorption is given by

whered is the foil thicknessx the distance perpendicular to
the surface of the foiln(x) the statistical weight for photons
originating from a layer atx,x+dx), and uss=ku, the
effective absorption coefficient for isotropic photon emis-
sion. Depending on foil thickness and photon energy, th

experimental enhancemelt- 1.45-1.60 resulted in correc- nate from the close counting geometry since even small dis-

tions factorsh, k= 0.5-0.6. Sinceu(Ex ) # u(E,). Ak, lacements of the sample produce large effects. The statisti-
and A, were not equal either and had to be considerea| uncertainty refers to the obtained signals and dominates
independently. the total uncertainty in all cases, particularly for the irradia-

The pile-up correction was based onlines of induced tions at low energies. All other uncertainties are of minor
activities which were monitored throughout the activations.importance.
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TABLE Il. Characteristics of the irradiations and measured yields.

Projectiles Energy Irradiation Average Thickness Yield
time current Ta foil
[MeV] (h] [nA] [mm] [107%9]
«a particles 12.03 6.80 14.3 47 1.120.35
13.00 9.82 14.3 72 2.671.49
13.86 5.58 12.8 59 2.060.53
13.89 10.86 14.0 60 4.660.91
14.90 9.70 15.3 61 9.871.86
15.45 5.63 13.6 47 9.@¢12.52
16.05 4.08 8.4 70 <27.4+4.3 (sysh
17.03 1.38 9.8 70 <34.2+5.1 (sysh
18.00 0.50 13.8 91 <44.4+5.9 (sysh
20.08 0.20 14.1 91 <224+ 26 (sys)h
protons 3.70 15.42 50.1 46 <(6.03+0.51)x 102 (syst)
IV. DISCUSSION arbitrarily to the data at 13.9 MeV. Since the nuclear excita-

tion function is much steeper, the compound nucleus reaction
can certainly be ruled out. Direct contributions to the
The coincident photon detection in these experiments al¢a, o' n) reactions were estimated with the coupled channels
lowed for the clear identification of th&°Ta? decay. Since codeEciso4 by assuming excitation of the giant dipole and
strong background reactions on impurities in the Ta foilsquadrupole resonances and subsequent decay by neutron
were observed, nuclear reactions leading'Ta® cana  emission. For the relevant incident energies these contribu-
priori not be excluded. However, the number of energetitions can also be neglect¢dl5]. Thus, the only mechanism

cally possible reactions is small, and only four reactions mayesponsible for the observe@Ta? activity is Coulomb ex-
produce a'®Ta? signal, namely,%Lu(«,y), Y Hf(a,p), citation.

A. Light ions

180Ta(a,a’), and *¥'Ta(a,a’n). The reactions on the lute-  The Coulomb excitation functions are calculated from
tium and hafnium impurities can be excluded because of

their small abundances. At low bombarding energies where . oer(E)

the *8Ta8 activity was observed, nuclear inelastic scattering Yer=Niarget dE/dX(E) dE @

on ®%Ta can also be neglectéd5].

The excitation function for the formation of the com- with Nyqe denoting the number of target nucleiE/dx(E)
pound nucleus of thé®'Ta(e,a’n) reaction was calculated the stopping power for the incident iofi$7], and og, the
with the optical mode[16], and is plotted in Fig. 4dotted  Coulomb excitation cross section for a transition of t§pe
curve. The measured data as well as #2-, E3-Coulomb A numerical evaluation of the latter can be found in Aléer

excitation functions for IS at 2.0, 1.5, and 0.5 MeV are alsoal. [18], whereE1, E2 cross sections are calculated quan-
shown in this figure. All excitation functions are normalized

5 T T T T T /I’ T T T T
TABLE Ill. Compilation of uncertaintes. [ =~ T —
wonE T = 20MeV
Type and source of uncertainty Quantity  Uncertaifity) 2 s ST ey 1
N |
Systematical Irradiation E, 0.3 = e
a S AT 0.5 MeV
Ep 0.5 1012 i .
[Sa]
N, 1.5-3.6 = st s ]
Np <1.0 = A
. fb <0.1 = 1013 ,«—'/'E/// Known IS at 2.8 MeV, B(E2)=37 W.n. 4
Literature Data I, 3.5 sE / ]
I, 1.6 v
Py 0.9 Y U R VS T T U B TS R R TR
Measurement Cp 45-12.3 ALPHA ENERGY [MeV]
fu 0.1 FIG. 4. Graphical representation of the results from the irradia-
fm <0.1 tion with « particles. Included are Coulomb excitation functions to
Ak, 7.0 various assumed IS and the nuclear excitation function for forming
€ 5.0 the compound nucleus of tH&'Ta(«,n) reaction. This reaction can
Statistical C 12.9-55.3 be excluded due to the much steeper increase wiémergy. Exci-

tation of the known IS at 2.8 MeV must also be ruled out.
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FIG. 5. Allowed excitation energy and reduced transition prob- F|G. 6. Calculated Coulomb excitation functions f&8 to IS

ability for the IS compatible with the results from the irradiations compatible with the results of the irradiations (see Fig. % in

with protons andx particles. comparison to the low-energy results of RES] (solid squares
Despite the scatter of the data, the overall agreement suggests that

. . o pie )
tum mechanically, and all further orders in semiclassical ap!he ~S Yields at low energies are at least partly due to Coulomb

proximation. The uncertainties in the calculated yields,SXCitation.

which are dominated by the uncertainties in the stoppingxcitation energies. A level at 2.2 MeV can be excluded but
cross sections, are typically 5% and can be neglected in viewn IS at 1.5 MeV would still be compatible. Other limits
of the poor statistics of the data. from experiments using primary sources such a¥Co and
In principle, the excitation energy of the IS can be derived13’Cs[5,19] are not sensitive enough to provide further limi-
from the shape of the excitation function. However, since theations.
data exhibit large statistical uncertainties and are restricted to |arge reduced transition probabilities are needed to fit the
a small energy interval for the particles, the energy of the data, especially if arE3-transition is assumed. This holds
IS can only be estimated. An upper limit of approximately the more since not all decay channels of the IS lead to the
2.2 MeV is deduced from the null results at higher bombardground state. Accordingly, the reduced transition probabili-
ing energies. The best fit to the data is obtained for an IS afes in Fig. 5 are lower limits of the actuB(E\) values for
1.5 MeV, almost irrespective of the assumed multipolaritythe transition from the isomer to the IS. In this regardggh
(E2, E3) of the transition. transition seems to be more likely. But as a consequence,
The Coulomb excitation function for the known IS at 2.8 only few angular momentum can be transferred and the tran-
MeV [6] is also included in Fig. 4. Assuming &R transi-  sjtion has to proceed throughka cascade. Because of the
tion, the integrated absorption cross section of this IS wagimited number of levels at low energies, the IS is then situ-
converted into a reduced transition probability B{E2)  ated at rather high excitation energy as suggested by the best
=37 Weisskopf units. Clearly, this value is far too small tofit to the present data.
fit the experimental data, the particles being too insensitive
for exciting such high-lying levels. This holds for other mul- B. Heavy ions

tipolarities M1E1) as .W(?"' . . . . New Coulomb excitation measurements have been per-
How do the upper limits obtained in the proton irradia- formed with oxygen iong10] and with %S ions[20]. The

i 2 ; . . ;
tions compare to the result_s.of thebombardment_s. If th? latter results confirmed the previously obtained behavior of
Coulomb exutqun probability of b(.)th particles is ConSId'the excitation function. However, when the measurements
er_ed, the sensitivity Qf t_he protons increases more st_ron_g%ere repeated with an enrichéd’Ta target, the yields did
with decreasing excitation energy. Therefore, the missing v chow the expected correlation with tHTa abundance.

signal in the proton irradiation allows us to set a lower imit oo thjg implies another mechanism for producing a sig-
for. t.he.excnauon energy of the IS. Sln.ce th? excitation pro.b'nificant part of the Coulomb excitation yields measured with
ability is the larger the lower the multipolarity of the transi-

. . Lo . the natural tantalum target is currently investigated by a
tp;g?a;ritt?/e most stringent limit is found for the lowest multi- comparison with the absolute yields from a corresponding

Figure 5 summarizes the results of both experiments inatural target. Nevertheless, the overall concurrence with the
9 N P r_}esults of thew irradiations shown in Fig. 6 indicates that the
terms of an allowed range for the gxcnanon energy Of the IS'data must be, at least partly, due to Coulomb excitation.
06-22 Med\/ or O'Z? 2'|2 '_\I_/Iﬁv’ it E2, or ;3 t)l’\anSItIIOI’IS However, the sulfur data at low energies suggest the IS at
are assumed, respectively. The correspondi(igh) values fairly low excitation energy €750 keV), in contrast to the

are given on thy axis. Higher multipole orders or magnetic resuilts of thea irradiations, which yield a best fit foE,
excitation can be excluded since these assumptions would ; 5 MeV

require unrealistically large reduced transition probabilities.
Furthermore,E1 is ruled out by the null result from the 1843 vi
bremsstrahlung irradiations of Collinet al. [6] [ (Eey C. 7Re yields

=1.4 MeV)<5x10 ?"cn? keV]. For anE2 transition, this As mentioned before, the detection of th&Ta? decay
upper limit restricts also the allowed range of the IS to lowerafter irradiation witha particles was hampered by the strong
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FIG. 7. They yield from the decay of®“Re after the irradia- FIG. 8. Effective half-life of18Td™ versus temperature for in-

tions with & particles. The respective uncertainties are smaller thanermediate states at 0.6 and 1.5 MeV excitation energy. The shaded
the size of the symbols. The obvious discrepancies with respect tband corresponds to the most plausible temperature range for the
different irradiation times indicate a yet unknown isomer with as-process production oft%Ta (see text

half-life of approximately 2 h.

background activity. The dominant contribution came from At the various stellar sites which were considered for an
the EC decay of®Re (t,,=38.0d) that was produced via s-process origin oft®Ta[5] this isotope is synthesized pre-
(,n) reactions on the abundaftTa. Surprisingly, the ob- dominantly through neutron captures on its radioactive pro-
served®Re yields showed large discrepancies for differentdenitor eTa. Durlng th? Cafb"!‘ shell buming phase at the
irradiation times. This situation is illustrated in Fig. 7 for the enq of stellar evolution in massive stars 25M ©), the pre-
associated , x rays at 59.3 keV and the 903.3 kej/rays vailing temperatures of about 1 GK are high enough for an

from the decay ofRe%. Repeated activations with differ- efficient coupling of isomer and grou_nd state via the a_llready
ent irradiation times &, =12.0,13.0,13.9 MeV were found X0OWn IS at 2.8 MeV[22,23. Accordingly, all synthesized
I ’ ' 18013 nuclei are destroyed. This holds also for the nucleo-

to produce incompatible yields, the respective discrepancies o . :
becoming larger with decreasing irradiation times. Loss O§yntheS|s in carbon core burning of stars with 15 and 30 solar
activity, e.g., by absorption or sputtering, was excluded b)fn

analyzing the yields of several induced background activi-’o‘_GB stars, where the majority of the isotopes is synthe-

ties, especially aE,=12.0 MeV where the same target foil Sized(mains-process componenseems to be a more prom-

. . . . 8 . .
was used in two different activations. In fact, the discrepan!Sing Production site for®Ta. In this scenario, the process
cies were found only for thé®Re yields. The identification ©CCUrS in & thin helium shell which _bur_ns in repeated flashes
of the 18Re? was supported by the coincidence spectrafor a time span of 2006 300 years with interpulse phases of

- - - 18
where the deviations with respect to irradiation times ap_gpprOXImately 50 000 yeaf25]. During He burning,'*Ta

peared as well. Since other decays contributing toythays 'S Synthesized within a rather short period of a few years
in Fig. 7 can be ruled out, the observed effect suggests th&hen theNe(a,n)™Mg neutron source is activated at tem-
existence of a new isomer i“Re, for which a half-life of ~Peratures of 250 to 300 MK.

abou 2 h was estimated from a fit of the observed intensities, The_ te_mperaturg wi_ndow for a significasiprocess syn-
thesis is indicated in Fig. 8. At temperatures below 300 MK,

the branching in thes-process path at’*Hf is not suffi-
ciently developed. Consequently, too fe¥’Ta nuclei are
The depopulation of the stable isomer via transitions toavailable for further neutron capture synthesis. At tempera-
the IS can be expressed through an effective half-life for théures above 330 MK, however, the contribution to the
isomer. Obviously, the strength of the coupling will be very p-process nucleus®W is exceeding a tolerable limit of
sensitive to the population probability of the IS, i.e., to the~30%. Since the proper temperature conditions exist only
temperature in the stellar environment. In Fig. 8, the effecfor a comparably short time, an IS around 1.5 MeV would
tive half-life of the 9~ isomer is plotted as a function of not impede the production o¥°Ta. However, if the IS is
temperature for IS at 0.6 and 1.5 MeV excitation energy andituated below 1.2 MeV, examination of the time-dependent
with B(EX) values compatible to the results from the irra- reaction flow shows that only-25% of the solar system
diations with « particles. The curves were calculated by abundance of®Ta can be produced in this scenario, since
solving the coupled differential equations of the three levelthe temperatures in this particulssprocess model are hardly
system(isomer« IS « ground statgincluding the time exceeding 300 MK[25]. Together with thes contribution
for reaching thermal equilibrium. Compared to previousfrom the branching in'®®Hf approximately half of the solar
evaluations, this yields longer half-lives, especially forsystem abundance could then be explained in this way.
higher lying IS (for a more detailed evaluation see Refs. What are the mechanisms that might account for the miss-
[13,21)). The retardation of the EC-decay of the ground stateng half? A possible nuclear physics uncertainty is the popu-
due to the almost complete ionization was neglected sinckation probability of the isomeric state in stellar neutron cap-
this effect has little impact on the effective half-life in the tures, which has not been measured so far. Theoretical
relevant temperature window of tleeprocess. calculations of the branching ratio with the statistical model

V. ASTROPHYSICAL IMPLICATIONS
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19T a(n,y) clude the destruction reactioli°Ta(y,n), nor did they con-
—- sider the partial population of the stable isomer. Although a
coupling of isomer and ground state can be neglected due to
: the low temperatures, it is not clear what fraction of the
B B synthesized*®°Ta nuclei would be exposed to the consecu-
| tive burning stages at higher temperatures. Furthermore, the
L L amount of ¥°Ta that can be returned from these zones into
' Y1 1S at low excitation the interstellar medium remains an open question.

T or new isomer . . L
oly iy s A prqmlsmé; alternative to as- or p-process origin is the
o v 122107 yr synthesis of'®Ta in the v process via*®Ta(v,»'n) reac-
8.15h tions induced by the intense neutrino flux ejected from the
1804 collapsing core in supernovae of type[8]. Despite of the

remaining uncertainties, the process represents certainly a
FIG. 9. Population of the stable isom¥&PTa™ in thes process.  serious mechanism for the production ¥fTa.
The branching rati® is sensitive to IS at low excitation energy as
well as to additional isomers which might be populated in neutron
capture reaction@otted arrows VI, CONCLUSIONS
[5] did not include largeK mixing at low excitation energy. The existence of an intermediate state located below 2.2
Since the spins of the cascading states are the determiningeV excitation energy was confirmed by Coulomb excita-
quantity for the branching ratio, the population of states withtion of 18°Ta usinge particles. The transition from the stable
large K mixing, such as the IS, will certainly influence the jsomer to the IS was determined to be eitE® or E3.
branching ratio. Therefore,an enhanced feeding of the stable Since the excitation energy of the IS could also not be
isomer may well be possiblesee Fig. 9. This argument determined accurately in the present study, the survival of
applies also if there are yet unknown isomers'ffiTa, a  the 874 nuclei ats process temperatures remains an open
plausible possibility in view of the large spin difference be- question. The best fit to the data is obtained for an IS at 1.5
tween the 9 isomer and the 1 ground state. On the other MeV which would allow for an efficient process produc-
hand, uncertainties of the stellar model have to be considereghn of 18Ta.
as well. The calculations of Gallinet al. [25] are based on a To quantify thes process production 0*80'['3_ more thor-
star with solar metallicity. Stars with lower metallicities ex- oughly, further improvements of the nuclear physics data are
hibit higher temperatures and higher neutron fluxes, thus fadefinitely required. A repetition of the experiments with light
voring the production of *Ta. ions using an enriched metalli€®Ta sample would allow us
Aside from the possibility of an enhanceeprocess pro-  to improve the statistics and to determine the shape of the
duction, there are alternative mechanisms to account for thgxcitation function more precisely. Additional constraints for
synthesis of the remaining half or even for all of thTa.  the excitation energy of the IS are expected from a recent
In these scenarios, the existence of an IS has negligible irtepetition of the Coulomb excitation experiment with sulfur
fluence on the synthesis 6f°Ta, either due to the low tem- jons [9] using an enriched®°Ta sample[20]. Furthermore,
peratureg1,2] or to the very short time scal¢8,4]. an irradiation of an enriched®Ta sample in an intense
From a discussion of eXplOSiVG nUCleosyntheSiS ScenariOﬁremsstrah|ung Spectrum is Current|y under my] which
any sizabler-process contributions from the direct isomer to wj|| be sensitive enough to observe &2 transition. Aside
isomer decay of'®Hf™ can be neglected26]. Prantzos from the destruction of®°Ta in the stellar medium, the
et al. [4] showed that thg process in supernovae of type Il process production factors are uncertain as well. This follows
could be a promising site. However, considering that therom the existence of the largé mixing at low excitation
major part of thep nuclei may be synthesized in supernovaeenergies influencing the cascades to the stable isomer. Cur-
of type la, the overproduction factor of Prantzgisal. might  rent efforts to measure the neutron capture cross section of
be too small to account for all of th&°Ta abundance. 17%Ta will hopefully solve this problem in the near future
Spallation reactions in the interstellar medi{ith seem to [28].
be a rather speculative possibility, since it requires the exis-
tence of an enhanced low energetic component in the cosmic
ray flux. Originally, this component was introduced to ex- ACKNOWLEDGMENTS
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