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The main-sprocesscomponentwhich produceghe s abundancegrom Sr to Pb/Bi, occursin
low-massthermallypulsing AGB stars. In this scenariothe 13C(a, n)180 reactionwhich burns
radiatively at T~ 0.9- 10® K during the interpulseperiod, constituteshe major neutronsource.
A secondvealer neutronsource the2?Ne(a, n)?®Mg, is partially activatedduringthe corvective
thermalpulses whenthe maximumtemperaturet the bottomof the He-burning shellreaches
valueof T~ 3-10° K. Usingimprovedstellar(n, y) crosssectionsandstellar AGB modelswith
a full reactionnetwork we reporton an updatedreproductionof the solar main-scomponent.
We alsopresenthe statusof a measuremertf the 2°°Bi(n,)?19Bi9 crosssectionwhich aimsat
reducingthe uncertaintieso about2%, andimproving theaccurag of thealundancegrediction
attheterminationpoint of the s—path.
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Figure 1: Thes—processbundancalistribution from stellarmodels which bestreproducehesolarsystem
main-scomponenwith updatedcrosssections.We useda standard'*C-poclet, a metallicity of [Fe/H] =
—0.3andanaveragebetweerM = 1.5M andM =3 M. Thefull circlesarethes-onlynuclei. We adopted
emptysquaressymbolsfor 128Xe, 152Gd and18%Er, trianglesfor 176Lu and1870s, and opencircle symbol
for 189Ta (seetext for explanations).

1. s—processin low mass AGB stars

AsymptoticGiantBranch(AGB) starswith M < 4M,, arethe site of the mains processWe
investigatethe s—processcontritution to the variousisotopesof this region usingthe FRANEC
codewith afull network, from hydrogento leadandbismuth,whichincludes(n, y), (n, a), (n, p)
crosssectionsand-decayrates all updatedy thelatestexperimentakesults.In apreviousstudy
it wasshawn thatthe main componentanbe reproducedy a standard-3C-poclet, a metallicity
of [Fe/H] = —0.3,andan averagebetweerM = 1.5M_ andM =3 M, ([2, 9]). For the neutron
capturenetwork, the crosssectionsby [4] wereused with updatedexperimentaldataandtheoreti-
cal estimategsee[9] for furtherdetails). The solarisotopealundancesidoptedor referencevere
themeteoriticvaluesby [1].

In this work, the recommendedn, y) rates[3] wereadoptedcomplementedby recentmea-
surement®n °1Sm[18], Eu[5], °Ni [6], Kr [8], Si[11], CI [10], Pt[16], 8Sr[15], 1*°La[31] and
[20], ©2Ni [19], Pm[25], Xe [24], Cd[32], Hf [34], Lu [33], andusingthe 1"®Lu/1"®Hf branching
from [30] aswell asunpublishedesultsfor the crosssectionsof 19F, 2INe, 22Na, ?’Al, 46Ca,1%%Eu,
160Gd, 5°Co, 6365Cu, 7981Br, 8Rb (M. Heil, priv. comm.). Theratesof (n, a) and(n, p) aretaken
from [23] for the heary isotopesandfrom variousauthorsfor thelight isotopeq9]. For (3-decay
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Table 1: Main-sprocesgredictionfrom AGB stellarmodel(in % of the solarabundances).

El thiswork from[2] | EI thiswork from[2] | EI thiswork from[2]
Cu 1.3 1.0 Cd 63.4 52.0 | Ho 8.0 7.8
Zn 0.8 0.9 In 38.5 35.0 Er 18.3 17.0
Ga 4.4 4.5 Sn 64.3 65.0 | Tm 12.7 13.0
Ge 5.4 6.0 Sb 24.8 250 | Yb 39.5 33.0
As 3.6 4.6 Te 17.9 17.0 Lu 20.0 20.0
Se 8.6 8.9 I 5.3 5.3 Hf 55.1 56.0
Br 8.7 9.0 Xe 16.7 17.0 Ta 45.3 41.0
Kr 16.2 19.0 | Cs 14.5 15.0 w 62.0 56.0
Rb 20.2 22.0 | Ba 83.4 81.0 Re 16.2 8.9
Sr 94.3 85.0 La 69.2 62.0 | Os 9.8 9.4
Y 98.7 92.0 | Ce 80.8 77.0 Ir 15 14
Zr 85.8 83.0 Pr 50.6 49.0 Pt 6.4 5.1
Nb 87.2 85.0 | Nd 56.9 56.0 | Au 6.0 5.8
Mo 51.0 50.0 | Sm 31.0 29.0 | Hg 64.2 61.0
Ru 33.9 320 | Eu 5.7 5.8 T 67.1 76.0
Rh 15.5 140 | Gd 11.1 15.0 Pb 51.5 46.0
Pd 34.3 46.0 | Tb 8.5 7.2 Bi 5.7 4.9
Ag 14.8 20.0 | Dy 14.5 15.0

we used[26], with exceptionof 7°Se[13] and7®Lu [14]. For the1"5Lu and'"®Hf branchingsan
improvedtreatmenthasbeenapplied[30].

In Figure 1 we shav the solar s—processatundancedistribution normalisedto the s-only
nucleust®®Sm. The solaratundancesrefrom [17], with the exceptionof Zr, which wasadopted
from [12]. Thefull circlesarethes-only nuclei. We adopteddifferentsymbolsfor 128xe, 152Gd,
and1®4Er, which have anotnegligible p contritution (10 % for Xe), for 178Lu, along-livedisotope
(3.8 x 1019 y) which decaysinto 176Hf, for 1870Os, which is affectedby the long-lived decayof
187Re (5 x 10 y), andfor 18°Ta, which receves also contritutions from the p-processandfrom
v-interactionsn massve stars.Theerrorbarsaccountor theuncertaintie®f thesolarabundances
alone.Themajordifferencedetweerthis andpreviouswork [2] referto the Xe isotopesfor which
we adoptedhesolarvaluefrom [24], andfor the6Lu/*"8Hf branching(se€[30] for adiscussion).
Somediscrepanciesor 116sn, 154Gd, 16%Dy, 17%vp, and 1°?Pt suggesthat bettercrosssections
including their stellarenhancemenftactor (SEF)[23], are importantfor isotopeswith A = 150
in orderto obtain moredetailedbranchinganalyses.The derived s—processcontritutionsto the
solaralundancesrereportedin Tablel. The updateds—processcalculationswill be compared
with a GCEmodel[27, 28, 29], which considerghe chemicalevolution of starsin the massrange
betweenl and8 solarmassesn threegalacticzones(halo, thick, andthin disk) over the galactic
history Subtractingthe s—processcontritutions from the solar alundancesyields an improved
determinatiorof the r-procesgsotopicandelementablundancedistribution in the massrangeA
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Figure 2: Thes—procesgathin theregion of Pb/Bi. Thestableisotopesareindicatedin blue.

> 90, which hasa profoundimpacton r-procesgredictionsandin particularon the spectroscopic
analyse®f very metal-poorstarswith stronglyenhanced-processsignatures.

2. Cross section measurement of 299Bi(n, y)%1%Bi9

209Bj is the last stableisotopein the s—path, beforethe region of the a-unstableisotopes.
Neutroncaptureon 2°Bi feedsthe short-lved groundstateof 22°Bi (t, /2 = 5.013d), which decays
to 21°Po(tl/2 =138.38d), aswell astheisomer?%Bi™ whichis a-unstablewith along half-life (3
x 10° yr). Thetotal 2°°Bi(n, y) crosssectionwasrecentlymeasureditthe CERNn_TOF facility
[7]. The partial crosssectionto the groundstateis known with anuncertaintyof about6 % [21].
A reductionof this uncertaintyis necessaryo understandhe regycling via a-decayof 213211pg
andthe correspondingiccumulatiorof s—processnaterial(Figure2). Moreover, a moreaccurate
isotopicabundancen thisregionwill consolidatehereliability of the Th andU chronometers.

The measuremenf this crosssectionis carriedout by the activation method,which is well
suitedto determinevery small crosssectionsat magic neutronnumber The neutronactivation
methodconsistsof two steps: neutronirradiation of the sampleandthe countingof the induced
actwvity. In our casethe measuremergresentsomedifferenceswith respecto typical activations:
becausehe y line producedfrom the B-decayof 21%Bi is too weak, the inducedactiities can
not be detectedvia y-spectroscop with Ge detectors. Therefore,we followed the a-decayof
210po with a low-backgrounda-detector Bi samplesl0 mm in diameterand 3 micrometerin
thicknesswere preparedoy evaporationof a high-purity Bi metal. During the irradiations,the
Bi sampleswere sandwichedetweengold foils for definingthe flux via the gold crosssection
standardThe measurememwascarriedoutin aquasi-Maxwelliameutronspectrumwith kT =25
keV by emplagying the ’Li(p, n)’Be reactionat Ep = 1921keV. This protonenegy is just above
the reactionthreshold to obtaina kinematicallycollimatedneutronbeamin a forward conewith
an openingangleof 120°. In this way, disturbingscatteringof the primary neutronbeamin the
vicinity of thesamplds avoided. Theirradiationswerecarriedoutusingthe3.7MV Vande Graaf
acceleratoat Forschungszentrurdarlsruhe. A schematicsetupis givenin Figure3. A 6Li glass
detectorwasusedto monitor the neutronflux during the experiment. This permitsus to estimate
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Figure 3: Schematicsetupof theactivationmeasuremerdtthe Vande Graaf acceleratar

thecorrectionfactor f,, whichtakesaccounbf the a decayoccurringalreadyduringtheactvation.
Figure4 shavs the a-spectrunmfrom thefirst irradiationaftera countingperiodof threedays.
Furtheractivationsarerequiredto confirmtheresult. It is alsoplannedto performthis mea-
suremenvia AcceleratoMassSpectrometryAMS) for aconsistenassessmerf theuncertainty
As shawvn in Tablel1 the mains componenprovides58% of the solarPb and 7% of the solarBi,
accordingo theadoptedstellarmodel. Additional contritutionsfrom the strongs componenhave
to beadded.Thetotal s—processontritution to solarPbamountgo 86.5%andto 19% of the so-
lar Bi. Thestrongcomponents producedby AGB starsof low metallicity, andhasbeenobtained
with a Galatic ChemicalEvolution (GCE) model[28]. In goodapproximationthis contritution
correspondo the productionof a stellarmodelof M™ = 3 M. and[Fe/H] = —1.3[21].
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Figure4: The a-spectrunof theactivatedBi sample.
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