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The main-sprocesscomponent,which producesthe s abundancesfrom Sr to Pb/Bi, occursin
low-massthermallypulsingAGB stars.In this scenario,the13C(α � n)16O reaction,which burns
radiatively at T � 0� 9 � 108 K during the interpulseperiod,constitutesthe majorneutronsource.
A secondweakerneutronsource,the22Ne(α � n)25Mg, is partiallyactivatedduringtheconvective
thermalpulses,whenthemaximumtemperatureat thebottomof theHe-burningshell reachesa
valueof T � 3 � 108 K. Using improvedstellar(n� γ) crosssectionsandstellarAGB modelswith
a full reactionnetwork we report on an updatedreproductionof the solar main-scomponent.
We alsopresentthestatusof a measurementof the209Bi(n,γ)210Big crosssection,which aimsat
reducingtheuncertaintiesto about2%,andimproving theaccuracy of theabundancesprediction
at theterminationpointof thes� path.
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Figure 1: Thes� processabundancedistribution from stellarmodels,whichbestreproducethesolarsystem
main-scomponentwith updatedcrosssections.We useda standard13C-pocket, a metallicity of [Fe/H] =

� 0.3andanaveragebetweenM = 1.5M 
 andM = 3 M 
 . Thefull circlesarethes-onlynuclei.Weadopted
emptysquaressymbolsfor 128Xe, 152Gd and164Er, trianglesfor 176Lu and187Os,andopencircle symbol
for 180Ta (seetext for explanations).

1. s process in low mass AGB stars

AsymptoticGiantBranch(AGB) starswith M � 4M� arethesiteof themains process.We
investigatethe s
 processcontribution to the variousisotopesof this region usingthe FRANEC
codewith a full network, from hydrogento leadandbismuth,which includes(n, γ), (n, α), (n, p)
crosssectionsandβ -decayrates,all updatedby thelatestexperimentalresults.In apreviousstudy
it wasshown that themaincomponentcanbereproducedby a standard13C-pocket, a metallicity
of [Fe/H] = 
 0.3, andanaveragebetweenM = 1.5 M � andM = 3 M � ([2, 9]). For theneutron
capturenetwork, thecrosssectionsby [4] wereused,with updatedexperimentaldataandtheoreti-
cal estimates(see[9] for furtherdetails).Thesolarisotopeabundancesadoptedfor referencewere
themeteoriticvaluesby [1].

In this work, the recommended(n, γ) rates[3] wereadopted,complementedby recentmea-
surementson151Sm[18], Eu[5], 60Ni [6], Kr [8], Si [11], Cl [10], Pt [16], 88Sr[15], 139La [31] and
[20], 62Ni [19], Pm[25], Xe [24], Cd [32], Hf [34], Lu [33], andusingthe176Lu/176Hf branching
from [30] aswell asunpublishedresultsfor thecrosssectionsof 19F, 21Ne,23Na,27Al, 46Ca,155Eu,
160Gd, 59Co, 63� 65Cu,79� 81Br, 87Rb (M. Heil, priv. comm.).Theratesof (n, α) and(n, p) aretaken
from [23] for theheavy isotopes,andfrom variousauthorsfor thelight isotopes[9]. For β -decay
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Table 1: Main-sprocesspredictionfrom AGB stellarmodel(in % of thesolarabundances).

El thiswork from [2] El thiswork from [2] El 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 25.0 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 1.5 1.4
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 32.0 Eu 5.7 5.8 Tl 67.1 76.0
Rh 15.5 14.0 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 79Se[13] and176Lu [14]. For the176Lu and176Hf branchingsan
improvedtreatmenthasbeenapplied[30].

In Figure 1 we show the solar s� processabundancedistribution normalisedto the s-only
nucleus150Sm. Thesolarabundancesarefrom [17], with theexceptionof Zr, which wasadopted
from [12]. The full circlesarethes-onlynuclei. We adopteddifferentsymbolsfor 128Xe, 152Gd,
and164Er, whichhaveanotnegligible p contribution (10% for Xe), for 176Lu, a long-livedisotope
(3.8 x 1010 y) which decaysinto 176Hf, for 187Os, which is affectedby the long-lived decayof
187Re (5 x 1010 y), andfor 180Ta, which receivesalsocontributionsfrom thep-processandfrom
ν-interactionsin massivestars.Theerrorbarsaccountfor theuncertaintiesof thesolarabundances
alone.Themajordifferencesbetweenthisandpreviouswork [2] referto theXe isotopes,for which
weadoptedthesolarvaluefrom [24], andfor the176Lu/176Hf branching(see[30] for adiscussion).
Somediscrepanciesfor 116Sn, 154Gd, 160Dy, 170Yb, and 192Pt suggestthat bettercrosssections
including their stellarenhancementfactor (SEF) [23], are importantfor isotopeswith A � 150
in orderto obtainmoredetailedbranchinganalyses.The derived s� processcontributionsto the
solarabundancesarereportedin Table1. The updateds� processcalculationswill be compared
with a GCEmodel[27, 28,29], which considersthechemicalevolution of starsin themassrange
between1 and8 solarmassesin threegalacticzones(halo, thick, andthin disk) over thegalactic
history. Subtractingthe s� processcontributions from the solarabundancesyields an improved
determinationof ther-processisotopicandelementalabundancedistribution in themassrangeA
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Figure 2: Thes� processpathin theregionof Pb/Bi. Thestableisotopesareindicatedin blue.

� 90,which hasa profoundimpacton r-processpredictionsandin particularon thespectroscopic
analysesof very metal-poorstarswith stronglyenhancedr-processsignatures.

2. Cross section measurement of 209Bi(n, γ)210Big

209Bi is the last stableisotopein the s� path,beforethe region of the α-unstableisotopes.
Neutroncaptureon 209Bi feedstheshort-livedgroundstateof 210Bi (t1� 2 = 5.013d), whichdecays

to 210Po(t1� 2 = 138.38d), aswell astheisomer210Bim, which is α-unstablewith a longhalf-life (3

x 106 yr). The total 209Bi(n, γ) crosssectionwasrecentlymeasuredat theCERNn_TOF facility
[7]. Thepartial crosssectionto thegroundstateis known with anuncertaintyof about6 % [21].
A reductionof this uncertaintyis necessaryto understandthe recycling via α-decayof 210� 211Po
andthecorrespondingaccumulationof s� processmaterial(Figure2). Moreover, a moreaccurate
isotopicabundancein this region will consolidatethereliability of theTh andU chronometers.

Themeasurementof this crosssectionis carriedout by theactivation method,which is well
suitedto determinevery small crosssectionsat magicneutronnumber. The neutronactivation
methodconsistsof two steps:neutronirradiationof the sampleandthe countingof the induced
activity. In ourcasethemeasurementpresentssomedifferenceswith respectto typicalactivations:
becausethe γ line producedfrom the β -decayof 210Bi is too weak, the inducedactivities can
not be detectedvia γ-spectroscopy with Ge detectors. Therefore,we followed the α-decayof
210Po with a low-backgroundα-detector. Bi samples10 mm in diameterand 3 micrometerin
thicknesswere preparedby evaporationof a high-purity Bi metal. During the irradiations,the
Bi samplesweresandwichedbetweengold foils for defining the flux via the gold crosssection
standard.Themeasurementwascarriedout in aquasi-Maxwellianneutronspectrumwith kT = 25
keV by employing the 7Li(p, n)7Be reactionat Ep = 1921keV. This protonenergy is just above
the reactionthreshold,to obtaina kinematicallycollimatedneutronbeamin a forward conewith
an openingangleof 120� . In this way, disturbingscatteringof the primary neutronbeamin the
vicinity of thesampleis avoided.Theirradiationswerecarriedoutusingthe3.7MV VandeGraaff
acceleratorat ForschungszentrumKarlsruhe.A schematicsetupis given in Figure3. A 6Li glass
detectorwasusedto monitor theneutronflux during theexperiment.This permitsus to estimate
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Figure 3: Schematicsetupof theactivationmeasurementat theVandeGraaff accelerator.

thecorrectionfactor fb, whichtakesaccountof theα decayoccurringalreadyduringtheactivation.
Figure4 shows theα-spectrumfrom thefirst irradiationafteracountingperiodof threedays.

Furtheractivationsarerequiredto confirmtheresult. It is alsoplannedto performthis mea-
surementvia AcceleratorMassSpectrometry(AMS) for aconsistentassessmentof theuncertainty.
As shown in Table1 themains componentprovides58%of thesolarPband7% of thesolarBi,
accordingto theadoptedstellarmodel.Additionalcontributionsfrom thestrongscomponenthave
to beadded.Thetotal s� processcontribution to solarPbamountsto 86.5%andto 19%of theso-
lar Bi. Thestrongcomponentis producedby AGB starsof low metallicity, andhasbeenobtained
with a GalaticChemicalEvolution (GCE) model [28]. In goodapproximation,this contribution
correspondto theproductionof a stellarmodelof Mini = 3 M� and[Fe/H] = � 1.3[21].
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Figure 4: Theα-spectrumof theactivatedBi sample.
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