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ABSTRACT

The neutron capture cross sections of Dyle3 and Erl64 have been mea-
sured to analyse the s-process branching at Dyl63 - Hol63. The repro-
duction of the s-process abundance of Erl64 via this branching is
sensitive to temperature kT, neutron density, and electron density n,.
The calculations using information from other branchings on kT and e

the neutron density n
s-process.

give constraints for n at the site of the
e

INTRODUCTION

In order to obtain information about the site of the slow neutron
capture nucleosynthesis (s-process) which means knowledge oi the
astrophysical parameters of temperature, neutron flux and mass den-
sity branchings of the synthesis path at beta unstable nuclei have to
be examined. The Dyl63 - Hol63 branching is unique as it provides in-
formation on all three important astrophysical parameters: s-process
temperature, and neutron and electron density. The sensitivity to the
electron density is especially interesting as it allows for a calcu-
lation of the mass density in the He-shell, the presumed site of the
s-process.

MEASUREMENTS

The neutron capture cross section measurements on Dy1.63 and Erl64
were carried out at the Oak-Ridge Linear Accelerator (CRELA) and the
Karlsruhe 3.75 MV pulsed Van de Graaff (VDG). The Dyl63 cross, section
measurement was determined using the time-of-flight technique. The
measurements were performed both at ORELA and the VDG. The excellent
agreement of the two data sets is a secure check of systematic uncer-
tainties (Fig.l). The Erl64 cross section was determined with the
activation technique at the VDG by counting of the K x-ray activity
of Erl65 (10.3h) relative to the activity of the 412 keV gamma line
of Aul98 (2.69d). The gamma activity was recorded with a gamma-x Ge-
detector (efficiency: 7.2% ; resolution at 1.33 MeV: 1.6 keV) with
good response at the very low x-ray energy of Ho as well as at the
energy of the Aul98 line. More details about the time-of-flight faci-
lities and the activation technique can be found elsewhere1'2. The
sample characteristics and the results are summarized in Tables T-II.

ANALYSIS

Under the stellar s-process conditions Dyl63, a stable isotope or. the
synthesis path b=r.o:ies radioactive so that competion between beta de-
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cay and neutron capture allows for an s-process synthesis of Erl64
via neutron capture of Hol63 and subsequent beta decay of Hol64 to
Erl64. The surprising fact that Dyl63 in stellar interiors might be
radioactive is due to the small Q-value between Hol63 and Dyl63 of
only 2.3 keV3'* which makes possible bound state beta decay and
facilitates excited state beta decay. The dependency of Dyl63, Hol63,
and Hol64 half-lives on temperature kT and electron density has
been treated in ref.5'* In order to reproduce the Erl64 s-process
abundance (solar minus p-process abundance estimated via Erl62) the
half-lives of Dyl63, Hol63, and Hol64 and the capture cross sections
of Dyl63, Hol63 and Erl64 are the indispensable input parameters for
our branching calculation. As the astrophysical parameters, tempera-
ture and neutron density, are known from other branchings1 the elec-
tron density could be adjusted to yield the s-process abundance of
Erl64. Fig.2 shows the o-times-abundance Ns curve at the site of the
Dyl63 branching to illustrate our calculations. Fig.3 gives the range
of allowed values for kT, n and n .
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Fig.l Effective cross section for Dyl63(n,y). The curve is a statis-
tical model fit to the data1 with the indicated values for s-,p-,and
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a-wave strengtn runctions, radiation widths and level spacings. Cir-
cles are data from ORELA, triangles from VDG.
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Fig.2 The product of capture cross section o and s-process abundance
Ms as a function of mass number. The symbols are empirical data. The
solid line is the s-process calculation with the exponential distri-
bution of neutron exposures. At Pb and Bi an additional exposure com-
ponent has been added.3 At the branchings kT, n , and n are adjus-
ted to reproduce Gdl52, Erl64, 0sl86, and Ptl92.n0nly inethe case of
Erl64 is the branching sensitive to the electron density n .
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The curves circumscribe allowed ranges of n. and kT for three
different neutron densities.The variation of n is due to the vari-
ous uncertainties in the Dyl63-Hol63 branchingeand the range of kT=
18-28 keV and n =(0.8-1.8) lO'/cm3 from the other branchings.1



781

CONCLUSIONS

There is a simple relation between electron density and the mass den-
sity p in the He-shell of a red giant star which is the presumed
site of s-process nucleosynthesis. We can assume that He is totally
ionized and the electrons are still not deg«nerate. Therefore n =
ipNo (No: Avogadro's number) is a measure of the mass density
in the He-shell. The mass densities found (2600-13000 g/cm3) are
higher than currently assumed (2000 g/cm3), bur. still compatible for
example with Ulrich's s-process model of a 5Mfl star

7(p£3500 g/cm3).

Table I Sample characteristics and Maxwellian averaged capture
cross section o at the thermal energy kT=30 keV.

Sample Diameter Weight ?„ Isotopic O(mb)
tmtn) (mg) composition at kT=30 keV

Dy20, 15

Er-metal 6

907.39 96.85 Dyl63 1153±44(VDG)
1130+45CORELA)

8.30 1.61 Erl64 714+61(VDG)

Table II Dyl63(n,Jf) resonance capture areas. The stated uncertain-
ty is statistical only.

Eo
leV) (meV)

Eo
(eV) (meV)

2651
2657
2665
2675
2681
2686
2700
2713

19.4+1.9
66.6+0.8
12.2+1.7
35.2+2.1
34.9±2.1
17.6+2.0
24.1±1.7
65.7+0.7

2732
2743
2758
2768
2776
2781
2785
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