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The neutron capture cross sectiondfLa has been measured relative to that'®Au by means of the
activation method. The sample was irradiated in a quasistellar neutron spectriim=f@5 keV generated via
the “Li( p,n)’Be reaction with the proton energy adjusted 30 keV above the threshold. Maxwellian averaged
neutron capture cross sections were calculated for eneigles5—-100 keV. The new value fokT
=30 keV is found to be 3160.8 mb, 18% lower and considerably less uncertain than the previously rec-
ommended value of 38:42.7 mb. With these results thee andr-process components could be more accu-
rately determined, making lanthanum a reliabl@ndr-process indicator in stellar spectroscopy.
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[. INTRODUCTION ponents, they are therefore considesqutocess indicators.
(i) They also determine the shape of the ovesgdtocess
Stellar nucleosynthesis models have been steadily imabundance distribution, which allows one to constrain the
proving since the concept of neutron capture reactions ircharacteristic parameters of the steligsrocess site.
stars as the origin of the heavy elements was established by As far as the first aspect is concerned, lanthanum has the
Burbidge, Burbidge, Fowler, and Hoy{&] and Cameroh2]  advantage that it is practically monoisotopic, since the sec-
four and a half decades ago. By postulating $herocess as ond stable isotopé3®La contributes less than 0.1%. Hence,
a sequence of neutron captures occurring on a slower timiéhe solars-process abundance of lanthanum can be defined
scale than the typical half-lives fg8 decay of unstable nu- by an accurate capture cross sectiot8Ea. Subtracting the
clides along thes path, this concept of the canonicapro- s component from the total solar abundance will then also
cess has had a great deal of success in reproducing the ghrovide a reliable-process abundance fraction, which is re-
serveds-process abundances in the universe. Current modelsjuired, e.g., for characterizing the element patterns observed
which have been built from the groundwork set forth byin very metal-poor starg4]. On the spectroscopical side, La
these seminal works, are moving ever closer to decipherings well suited for studying the composition of stars which
the physical conditions duringprocess nucleosynthesis that exhibit eithers- or r-process enhanced atmospheres. This is
occurs in thermally pulsing asymptotic giant braf&GB)  true because La exhibits many clear but unsaturated spectral
stars[3]. lines, for which accurate oscillator strength$ have been
Isotopes with closed neutron shells, known as the neutroreported recently[5]. On one hand, lanthanum is an
magic isotopes, are of special importance in thgrocess s-process indicator of thsl=82 abundance peak, and repre-
reaction chain. Because of their very low, {) cross sec- sents together with barium, cerium, praseodymium, and
tions, they act as bottlenecks in the chain of neutron captureeodymium the so-calledeavy-s (hs) elements. Compared
reactions, in particular at neutron numbé&is-50, 82, and to thelight-s or “Is” component, usually expressed by the
126. Though difficult to measure, an accurate assessment sfrontium, yttrium, and zirconium abundances, the Is/hs ratio
the cross sections at magic neutron numbers is important fgrovides a measure of the total neutron exposure character-
the quantitative interpretation of the bottleneck effect inizing the heavy element abundance distributions produced in
these regions. There are two main aspects of this effectifferents-enhanced stars. On the other hand, lanthanum be-
given as follows. comes also the best indicator of thgprocess in metal-poor
(i) These isotopes build up to large abundances, which arstars, which prevail at times when low-mass stars have not
more easy to observe by stellar spectroscopy. Since thelrad time to evolve up to the AGB phase and to pollute the
large s abundances dominate the respectiyerocess com- interstellar medium withs-process material. In these cases,
the heavy elements show only theiprocess component.
Since europium represents an element with dominating
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=log(Fe/H)-log(Fe/H),.) Because of the difference in time TABLE I. Summary of irradiation parameters.
scales of thes process, which is ascribed to He burning in

slowly evolving low-mass stars, and therocess, which is o - Flux
ascribed to the supernova explosions of quickly evolving  Mass lradiation ime Measuring timedivergence
massive stars, th&r ratio is an important key to understand- Activation (mg) W) () (%)
ing galactic chemical evolution of the heavy elements. Beq a1 12.40 22 24 20.5
sides La, barium is also used to determine the hs componepj, 11.92 47 10 11.2
but barium lacks the advantage of beifrgarly monoiso- LA3 12.63 17 2 29

topic such as lanthanum. Though easily observed spectra-
scopically, the analysis of the Ba lines suffers from saturatioriCalculated as the difference in the flux measured by the two gold

effects, hyperfine splitting, and uncertajifi values. foils divided by the average flux.
An example of these difficulties is the analysis of the very
metal-poor star HD 140283 withFe/H]= —2.4. From the The samples were 7-mm-diameter disks that were cut

spectroscopic analysis of the line at 455.4 nm, its isotopidrom a metallic lanthanum foil of natural composition. The
pattern of barium was first interpreted to exhibit a solsr ( use of an additional lanthanum oxide sample was turned
+r) composition[7], but then recently recognized as being down, since the oxide (L®;) and the hydroxide
of purer-process origir{8]. Since it can be easily identified (La[ OH];) form white powders, which makes it difficult to
even in faint objects, lanthanum is a preferable alternative taefine the stoichiometry and thus the mass of lanthanum in
use in such studies of thegr ratio in old, metal-poor stars. the sample. Lanthanum is known to oxidize quickly in air.
The importance of the second aspect refers, for exampl&herefore, the sample was polished and stored in an
to the average time-integrated neutron flux of the maimargon atmosphere in order to remove and prevent surface
s-process component, which describes the hespyocess impurities.
abundances in the mass ranges90<209 [9,10]. Of the For the irradiation, the lithium target was evaporated onto
isotopes with magic neutron number 82, only the effect ofa 1-mm-thick, water cooled copper backing. The sample was
142Nd has been studied in sufficient detfdll]. A similar  then placed in close geometry with the lithium target such
bottleneck effect in this mass region may also result from arthat the entire sample was inside the neutron cone. During
improved 3%a cross section. the irradiation, lanthanum was again kept in an argon-filled
In spite of the spectroscopic advantages of lanthanum as@ntainer to prevent any oxidation during the experiment that
key element for characterizing both tegrocess and the  may lead to sample deterioration and deformation. The mea-
process in different classes of stars, the required accuracy sfirement was carried out relative ¥’Au as a standard. To
its neutron capture cross section is not adequately met at treecomplish this, the sample was sandwiched between two
present. The previously reported Maxwellian averaged crosgold foils, each having a diameter of 7 mm as well. Through-
sections akT= 30 keV show large discrepancies, with val- out the activation, the neutron yield was continuously moni-
ues ranging from 11.612] to 50 mb[13]. This work is tored and recorded with &Li-glass detector positioned 97
aimed at measuring th&%La capture cross section with the cm away from the target along the beam axis. The monitor-
necessary accuracy for a quantitative assessment of thieg is needed in order to later correct for fluctuations of the
physical conditions during nucleosynthesis in this importanneutron fluencéSec. IlI).
part of thes-process path. The following sections describe The measurement consisted of three activations, therefore
the measurement of the capture cross sectioi*dfa (Sec.  allowing the experimental parameters to be varied. The irra-
II) and the data analysis procedui®ec. Ill). Results and diation times ranged from 17 to 47 h, and the measuring
astrophysical implications are discussed in Secs. IV and imes varied between 10 and 24 h. The most important pa-
respectively. rameter that was varied was the positioning of the gold foils
relative to the lanthanum sample. This parameter is charac-
Il. EXPERIMENTAL TECHNIQUE te_rized by_the flux divergence, which is calcula;ed as the
difference in the flux measured by the two gold foils divided
The activation measurement dA%La was carried out at by the average fluxSec. Ill). The reason for varying the
the Karlsruhe 3.7-MV pulsed Van de Graaff accelerator. Therradiation parameters was to study their effects on the mea-
neutron spectrum was produced via thei(p,n)’Be reac- surement and the associated errors. The parameters of the
tion by bombarding a 3@sm-thick metallic lithium target of irradiations are listed in Table I.
6 mm diameter with protons of 1911 keV, 30 keV above the Following the irradiations, the induced activities of the
reaction threshold. The resulting neutron spectrum is a corgold foils and of the La sample were counted in a low back-
tinuous distribution in neutron energy and has a high energground environment, using a 39-erigh-purity Ge detector
cutoff at E,=106 keV. The reaction kinematics restrict the in a well defined geometry. The sample-detector distance of
emitted neutrons to a forward cone with an opening angle o¥6 mm was reproducible withict 0.1 mm. Figure 1 shows
120°. The angle integrated spectrum peaks at 30 keV anthe y-ray spectrum emitted by the lanthanum sample during
nearly reproduces a Maxwellian neutron spectrum with ahe 22 h measuring time following activation LA3. All fea-
thermal energy okT=25+0.5 keV [14]. Hence, the reac- tures present in the diagram are attributed to the decay of
tion rate measured in such a spectrum represents the prop&La, and the foury-ray lines used in the analysis are indi-
stellar cross section to very good approximation. cated. Table Il lists the decay parameters of these four lines,
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15000 ] TABLE lll. Compilation of calculated correction factors.
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E H g 487.02 0.9898 0.998
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Z 5000 AN ] 1596.2 0.9944 0.999

3 M M\Jj Blokey ] 1980 411.80 1.0000 0.995
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200 400 GOPRA\?O%Né%O(ng(Zk%?/)MOO 1600 1800  num housing, together with the lead shield and sample
¥ holder was carefully modeled. Monoenergeticdays corre-

FIG. 1. They-ray spectrum emitted by the lanthanum Samplespondlng to the four transitions under investigation were first

after irradiation as measured by a germanium detector. The “negenerated in _sepa_rate runs at the samplg position and the
energy deposited in the Ge crystal was histogrammed. The

used in the analysis are indicated in the plot. Details of the irradia~ ,
tions are described in the text. complex decay scheme of tHé%Ce levels was considered,
including all transitions with intensities higher than 1%8].

as well as the parameters of theray line used to analyze The summing correction factor for each transition was
the gold foils. obtained by comparing the intensity of the line in the mo-
noenergetic simulated spectrum to that in the complex decay
spectrum. In all cases, the total number of generated events
was 16. As expected, the summing effects were found to be

The net countsC, registered in the Ge detector for a small because of the small solid angle subtended by the de-
given Characteristiq-ray line can be expressed as tector. The Summing corrections are given in Table Il

The total number of activated nuclaiis given by

IIl. DATA ANALYSIS

C,=AK,e,

yerhyfwfmS,, @

A=d,Nofy, 2
whereA denotes the total number of activated nuclei at the
end of irradiation,K, the correction factor fory-ray self- where®, = [®(t)dt is the time-integrated neutron fluk|
absorption,e? the efficiency of th.e Ge detector, amdthe  the number of sample atoms per Gnand o the spectrum
y-ray intensity per decay. The time factofg=e ™ and  ayeraged neutron capture cross section. The correction factor
fm=(1—e""m), as discussed by Beer and'pfeeler[15],  f_accounts for the variation of the neutron flux with time
account for the fraction of nuclei that decay during the wait-ang corrects for the decay during activatid®]. The neu-
ing timet,, after irradiation and during the measurement timetron flux is determined by the activation in the gold foils on
tm; A is the decay constant of the respective product nucleusoth sides of the lanthanum sample via E2). The refer-
S, is the correction factor corresponding to the summingence value chosen for thé®’Au cross section was 586
effects in the Ge crystal. +8 mb, which was measured by Ratynski ancpgeler[14]

The corrections fory-ray self-absorptiorkK,, were calcu-  ysing the same neutron spectrum. By averaging the induced
lated with the absorption coefficients of Storm and Israelyctivities of the gold foils, one is able to correct for target
[16] listed in Table Ill. The correction factor for the Summing geometry’ neutron scattering, and Se|f-shie|ding_ By combin-
effect in the Ge detectolS,, was explored by means of ing Egs. (1) and (2), and using the average neutron flux

Monte Carlo simulations using theeanT4 toolkit [17]. For  through the gold foils, one can calculate the sample cross
this purpose the Ge crystal, with its dead layers and a|Um'sectionoeXp.

TABLE Il. Decay properties of the product nuclei.
IV. RESULTS AND DISCUSSION

Product Halt-life y-ray energy”  Intensity per deca The final **%La(n,y)'*%a cross section was adopted from
nucleus d (keV) (%) the result of the third activation with the smallest systematic
140 5 1.6781 0.0003 328.76 2080.3 uncertainty:oeyp, = 33.2£0.7 mb. Throughout the analysis,
48702 45506 the four strongest linefTable 1) of the decay of'*°La were
815.77 23302 studied. Though their intensities were found to be perfectly
1596.2 05.4 1.5 consistent with each other, only the line at 487 keV was
considered for the final analysis. This line was chosen be-
198, 2 6952+ 0.0002 411.80 95601 cause it is the closest in energy to the 411.8-keV line of gold
that was used to determine the neutron flux, and therefore
@Data extracted from the NUDAT database, version 2{B. any systematic deviation in the efficiency calibration of the
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TABLE IV. Compilation of uncertainties. uncertainty. Therefore, in the third activation, the gold foils
were placed as close to the sample as possible to reduce the
Source of uncertainty Uncertaint9o) difference in flux between the gold foils and correspondingly
Au La the associated uncertainty. The uncertainties in the time fac-
. tors, which would arise from the uncertainties in the half-
Gold cross sectidh 15 . . . o .
_ lives of the product nuclei and in the waiting and measuring
Sample thickness 0.1 0.2 times, were negligible.
Time factorsfy ,fm, T Negligible Negligible The results obtained in the different activations and from
Counting Stgnsuéé 05 0.4 analyzing the varioug-ray lines of 1*%a are well compat-
Self-absorptllo.h <0.05 <0.03 ible with the uncertainties listed in Table 1V, thus confirming
Detector efficiency rati 1.4 that systematic effects had been properly corrected.
y-ray intensity per decdy 0.5 13 In an astrophysical environment the neutron spectrum cor-
Divergence of neutron flux 0.7 responds to a Maxwellian energy distribution
Combined total uncertainties 2.2

d~E e En/kT, (3)

#The uncertainty of the gold reference cross section is not included
in the final uncertainty since it cancels out in most applications ofSjnce the experimental neutron spectrum is similar in shape

relevance for nuclear astrophysics. to a Maxwellian distribution wittkk T= 25 keV, the measured
“The uncertainties are specific to the 411.8 and 487.0 kedy  cross section represents a good approximation for this ther-
lines of gold and lanthanum, respectively. mal energy. But becausE®La is a neutron magic nucleus,
‘Estimated as 25% of the flux difference measured with the twahe energy dependence of its neutron capture cross section
gold foils. may well be different from that of the gold standard. In that

case a correction for the cutoff energy in the experimental

Ge detector would have the smallest effect on the calculatiospectrum at 106 keV14] has to be applied before the cross
of the cross section. section can be used in an astrophysical context. The first step

The experimental uncertainties are summarized in Tabl&vas to normalize the cross section provided online by the
IV. The values listed for lanthanum are specific to the 487-NEA Joint Evaluated Project in the Joint Evaluated File
keV line, but the uncertainties are representative of all thdJEF [19] to the present result. The evaluated cross section
lines studied. For a comparison, Table V shows the computewas preferred over the statistical model calculation used in
cross sections that were calculated using each of the fouRef. [20] since it considered the available experimental in-
lines in the y-ray spectrum following the third activation. formation on the energy dependence explicitly. To obtain the
Also listed are the cross sections that resulted from the analpMaxwellian averaged cross sectiomv)/v, the normalized
sis of the 487-keV line in the~ray spectra of the first two Cross section vs neutron energy was folded with a Maxwell-

irradiations. ian distribution according to the definition
Besides the gold cross section, another significant uncer-
tainty arises from the detector efficiency. This uncertainty f - o(E,)E e E'KTdE
was calculated from the error band of the fitted detector ef- (ov) 2 Jo e "
ficiency, and is limited by the activity uncertainties of the e N - : (4)
calibration sources. The uncertainties introduced by the rela- T m fo E.e En/KTdE,

tive y-ray intensities are also significant. This contribution
might be regiuce_d by future Improvements of these Values\ivherea(En) is the differential cross section aiig, the neu-
The uncertainty in neutron flux at the position of the sample
. . tron energy{14].
was estimated to be 25% of the difference between the two 7 . .
Assuming a 10% uncertainty for the corresponding cor-

flux values measured with the gold foils. In the first two _ . . a
activations, it was found that this error dominated the overal[SCtiON. One Obta'n$fv>/vT_35'7io'8 mb for the Max-
wellian average akT=25 keV.

) ] ) o Starting from this result, the normalized cross section can

TABLE V. Cross sections obtained in activations 1-3 and byqy pe ysed for determining the Maxwellian averages for
analyzing the differeny-ray lines measured in activation 3. the entire range of-process scenarios, covering the tempera-
ture range from a few keV up to 100 keV. This wide range of

Activation y-ray energy Cross section temperature§20] is required for describing all possible sce-

(keV) (mb) narios, including the advanced hydrostatic nucleosynthetic
LAL 487.02 35319 phases in massive stars and the explosive nucleosynthesis
LA2 487.02 333 1.2 taking place during a supernova explosidi]. The tem-
LA3 487.02 33.2-0.7 peratures typical of the maisprocess component, related
LA3 328.76 33.40.9 to He shell burning in thermally pulsing low-mass AGB
LA3 815.77 32607 stars, are particularly important in this respd@?—24
LA3 1596.80 32.40.9 (see Sec. ¥ . o

The Maxwellian averaged cross sections are given in col-

8Adopted cross sectiofsee text umn 2 of Table VI. In order to calculate the respective un-
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TABLE VI. Maxwellian averaged*%a cross sections. TABLE VII. s-process yields and-process residuals.

{ov)lv(mb)? Isotope Abundancérelative to Si= 10°)
Thermal energy Temperature trend Temperature trend Solar S process r process
kev) from Ref.[19] from Ref.[20] 13¢cs  3.7%10! 539x102+7.0% 3.1810 1+6.7%
5 104.0 96.1 %Ba  2.96x10°1 7.75x1072%x7.1% 2.1%10 1+8.9%
8 76.3 70.1 B¥Ba  5.04x10°! 3.30x10°'x7.3% 1.7410 1+23.0%
10 65.8 60.4 B9 a2 4.46x101 3.26X1071+2.7% 1.20KX1071+10.4%
15 50.0 47.6 139 gb 277X10°1'*+7.3% 1.6%X10 '*+13.1%
20 41.3 40.8 141pp 167107t 8.13x10 2+2.7% 8.5K 10 2+5.3%
23 37.7 375 “Nd  1.00x10°' 3.16x10°2+1.9% 6.8410 2+2.1%
25 35.70.8 35.7:0.8 YNd  6.87x10°2 1.89x10%+1.7% 4.9 10 ?*+1.9%
30 31.6:0.8 32.6 ¥Sm  3.9% 102 82510 %+1.7% 3.1K10 %2+1.7%
40 26.0 28.1 _ _
50 22 4 o5 5 :ThIS gxperlment. L .
60 19.8 238 Obtained with previous®3La cross sectiofild].
80 16.3 22.1
100 14.1 20.4

tron exposure at low temperaturekT(~8 keV) and low
neutron densitiesn,<10" cm %), the resulting abundances
. ) ) ) are modified by a second burst of neutrons from the
certainties, one would need the error in the differential crosszNe(a’n)stg reaction, which is marginally activated dur-

section, which is not provided in the evaluatid®]. There- o the next convective instability, when high peak neutron
fore, any additional errors are omitted except for the 25-keVijansities ofn.=10° cm™2 are reached &T~ 23 keV. Al-
n= .

value and for the value at 30 keV, which is commonly usedy,,,gh this second neutron burst accounts only for a few
for comparison of astrophysican(y) rates. For the extrapo- yarcent of the total neutron exposure, it is essential for ad-

lation (f)rom 25to 3Q keV an additional systematic uncertaintyjusting the final abundance patterns of tigrocess branch-
of 1.2% was considered. In column 3 of Table VI we ha"eings. However, sincé®%La is an unbranched isotope with a

listed the Maxwellian averaged cross sections obtained Wit%omparably small cross section, it is only marginally affected

the temperature trend from the statistical model cade- by the small exposure contributed by tH&Ne neutron
SMOKER [25] as quoted in Ref[20]. Both trends deviate g rce  and its abundance changes only by a few percent
from a 1b behavior, which would predict a Maxwellian av- during this high temperature phase.

eraged cross section & =5 keV of 80 mb, whereas the  AGB models were found to exhibit remarkably similar
JEF evaluation and the statistical model yield 104 mb and 964 hditions for a range of stellar masses &M/M,<3)

mb, respectively. and metallicities ¢ 0.4<[Fe/H|<0). The actual efficiency

The calculated Maxwellian averaged cross sectiokTat ¢, neytron capture nucleosynthesis depends on metallicity,
=30 keVis 31.620.8 mb, significantly smaller than the rec- o the choice of the amount dfC that is burnt, and on its

qmmer_lde(_j value of 3842.7 mb_[20] adopted _from an ear- nrofile in the intershell region, i.e., what has become known
lier activation[26]. Compare_d with other previous measure- 5 11 13¢ pocket[3]. Since the formation of this pocket is
ments, the present result is found in agreement with, bufjiicyit to describe in a self-consistent way, current calcula-
much more precise than, the £28.1 mb value reported in o of AGB nucleosynthesis have still to be based on a
Ref. [27].. Of the rather uncertain experimental results r-plausible parametrization. The calculatiofikl] and their
ported prior to 1980, only the 2658 mb value of Ref[28]  resent update based on the new La cross sections refer to
is compat_lble with the _pr_esent value, _whlle no agree-yeq average of models for M, and M,,, a metallicity
ment within the uncertainties is found in the remaining g 57 . and the standard®C pocket[3,24], which has been
caseq13,12,29. shown to match the solar mamprocess component fairly
well.

The main result of the new cross sections is that ghe
component of the lanthanum abundance predicted by these
With the present Maxwellian averaged cross sections otalculations increases from 62% to 73%. This implies that

139 a, ans-process analysis has been performed using stelldanthanum is an even betterprocess indicator than had
models for thermally pulsing low-mass AGB staP2]. This  originally been thought. It was found that the improved cross
scenario describes the masrcomponent in the mass range section affected only the abundance 8fLa itself without
90<A<204 and is characterized by the subsequent operany noticeable effect on the abundances of the following
tion of two neutron sources during a series of helium shelisotopes in the neutron capture chain, in contrast to a feature
flashes. First, thé*C(a,n)®0 reaction occurs under radia- observed for the case dfNd [11].

tive conditions during the intervals between convective ther- The calculateds component of'*3a exhibits a clear de-
mal pulses. While thé>C reaction provides most of the neu- pendence on the different choices of the temperature trends

8ased on the experimental result of this work.

V. ASTROPHYSICAL IMPLICATIONS
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T T T trend of the neighboring isotopes much better than the pre-
vious value.

In terms of the classica-process approach, the present
. result would imply an increase of the sokicomponent of
139 a to slightly more than 100% compared with the 83%
r 1 obtained with the previous valj&1]. This solution is clearly
ruled out, since it contradicts any plausibleprocess
' % expectation.
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. VI. SUMMARY

e
T
|

° The stellar neutron capture cross section *8fLa has
I ° ° | been measured via the activation method for 25 keV thermal
0 e e L energy. In _total, three. activations were perfo.rm.ed to verify
MASS NUMBER the corrections for various systematic uncertainties, thus pro-
viding a much better accuracy in the determination of the
FIG. 2. Ther residuals in theA=139 mass region. The new Maxwellian averaged cross section with a four times smaller
result for *%.a (solid squarg is in better agreement with the uncertainty than that assigned to the previously recom-
?gﬂooth trend of the neighboring odd isotopes than the previougnended valu¢20]. The present result allowed us to resolve
%La value. the persisting discrepancy in the data reported from different
) ) experiments. Based on the updated cross sectiors d@ben-
of the Maxwellian averaged cross sections. If the Maxwell-4ance component of®La could be determined with a
ian averaged cross sections listed in column 3 of Table VI ar@|early improved accuracy of 3%. Consequently, theom-
used in the stellar model calculations, galeomponent of the  ponent can be defined with an uncertainty of 10% although
lanthanum abundance increases to 77%. This 4% differenggs rejative contribution was considerably reduced. This re-
is due to the different cross section shape vs neutron energy,it makes lanthanum an even betieandr-process indica-
obtained with the JEF evaluati¢a9] and with the one pro- oy for stellar spectroscopy, defining th@rocess abundance
vided by the statistical mod¢P0]. This remaining discrep- patterns in old, metal-poor stars in the transition fromo
ancy calls for an accurate measurement of the differentiad yrocess enrichments during galactic evolution and con-
cross section, which is currently planned at the n-TOF faciltraining the neutron exposures reflected in spectroscopic ob-

ity at CERN via the time-of-flight method. This project will seryations of carbon-rich areenhanced evolved stars.
complement the present activation measurement to provide

more complete data for an accurate assessment of the Max-
wellian averaged cross sections at all relevagrocess
temperatures. We thank D. Roller, E.-P. Knaetsch, and W. Seith for their

From the revised abundance of*%a the corresponding support during the measurements as well as G. Rupp for his
improvement of the-process contribution can be defined asexcellent technical assistance. This work was supported by
the difference from the solar abundanbe=Ng—Ng. This  the Joint Institute for Nuclear Astrophysi¢3INA) through
expression, which neglects a possible but, in this mass reNSF Grants Nos. PHY-0072711 and PHY-0228206 as well as
gion, smallp-process contribution, was used to obtain the by the Italian FIRB-MIUR Project “The astrophysical origin
abundances of the odd isotopes in the mass region arourad the heavy elements beyond Fe.” The hospitality of Fors-
139 a listed in Table VII. The corresponding pléFig. 20  chungszentrum Karlsruhe is gratefully acknowledged by
illustrates that the new abundance of*a fits the smooth  S.0. and S.D.
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