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Photo-disintegration cross sections for 186W, 187Re,.188Os have been measured at energies close to the

neutron thresholds using quasi monochromatic y-ray beams from laser Compton scattering (LCS). The data

are used to evaluate the cross sections for the inverse neutron capture reactions within the

Hauser-Feshbach statistical model. The influence of the radiative neutron capture on the 9.75 keV first

excited state of 187Os which is substantially populated in stellar plasmas at typical s-process temperatures

is exmamined in connection to the 187Re-187Os cosmochronology.
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1.Introduction

The 187Re-187Os pair has been used for the estimate of the age of the Galaxy owing to the long half-life of
187Re [1]. The fact that both 186Os and 187Os can be produced only by s-process nucleosynthesis besides the

cosmoradiogenic yield of 187Os makes this cosmochronometer potentially reliable. The quantitative

interpretation is, however, complicated by the possible enhancement of 187Re-187Os transmutation rates in

stellar condition, the time dependence for the production rate of 187Re which concerns the chemical
1RS 1 Rfi

evolution of the Galaxy, the existence of s-process branchings at W and Re, and the relative

importance of neutron capture by the 9.75 keV first excited state in 187Os [2-5].

The last two issues are related to neutron captures on short lived states. Because of the experimental
1R^

restriction, direct measurements of the neutron capture cross sections on short lived nuclei such as W,
186Re and the 9.75 keV state in 187Os are very difficult. However, the neutron capture cross sections can be

evaluated from the inverse photoneutron reactions on the basis of theoretical models. In this case, the (y,n)

cross sections close to the threshold energies are important to constrain the model parameters. In the

present study, we have measured the \y,n) cross sections of 186W, 187Re and 188Os using a tunable

quasi-monochromatic y-ray beam from laser Compton scattering (LCS).

2.Experiments

The photo-disintegration experiments were performed at the National Institute of Advanced Industrial
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Science and Technology (AIST). LCS y rays were generated by interaction of a Nd:YLF Q-switch laser in

second harmonics (k=527 nm) with relativistic electrons in the storage ring TERAS. The electron energy

was varied from 450 to 588 MeV which allowed us to produce LCS y rays with maximum energies of 7.3

to 12.5 MeV. A lead collimator with a small hole in a 2 mm diameter was placed at approximately 6 m

downstream from the interaction area to form a quasi-monochromatic y-ray beam with a typical energy

resolution of 10 % in FWHM.
1 ftf\ 1R7 1 fift

The targets consisted of enriched metallic powders of W, Re and Os, and were pressed into

self-supporting tablets with a diameter of 8 mm. The tablets were then mounted into thin containers made

of pure aluminum. The LCS beam energies were set below the threshold energy of 27A1 (E&=13.\ MeV).

The present measurement was therefore not affected by the 21K\(j,ri) reaction.

Emitted neutrons were detected by sixteen 3He proportional counter embedded in double concentric

(inner and outer) rings into a polyethylene moderator cube. The inner and outer rings were at 7 and 10 cm

distance from the beam axis. The so-called ring ratio between the neutron counts of the inner and outer

detectors were used to estimate the neutron energy. Details of the experimental procedure will be found

elsewhere [6].

3.ResuIts and Discussion

Figure 1 shows the photon-disintegration cross

sections for 188Os as a function of the average

energy of the LCS beam. The energy dependence

of the photodisintegration cross section has been

determined down to the threshold. The previous

data taken with the positron annihilation source

[7] are also given in fig. 1 for comparison. It

should be noted that the non-vanishing cross

section below the {y,ri) threshold energy (7.989

MeV).

The mOs{y,ri) cross sections were calculated

Ey (MeV)

Fig. 1. Photo-disintegration cross sections of the
188Os(r,n)187Os reaction are plotted with filled

within the Hauser-Feshbach compound nucleus circles. The data from Berman et al. [7] are

model using two different sets of input parameters, also shown with open diamonds. The calculated

referred to as case I and case II. The case I cross sections are given with solid (case I) and

includes the E\ strength function determined by broken (case II) lines,

the Hartree-Fock-BCS plus quasiparticle random

phase approximation (QRPA) model [8], the nuclear level density derived from the microscopic

calculations [9], and semi-microscopic optical model potential of [10]. On the other hand, the case II

includes the Lorentzian-type £1 strength function of [11], the analytical nuclear level density formula of

[12], and the optical potential of [13]. The cases I and II are based on the significantly different models and

therefore provide a first estimate of the impact of the model uncertainties on the cross section calculation.
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Fig. 2. Calculated neutron capture cross sections

on 187Os are shown with solid (case I) and broken

(case II) lines. Experimental data are ploted with

open diamonds [14] and open circles [15].
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Fig. 3. The Fa values estimated with the

calculation corresponding to the case I (solid

line) and the case II (dashed line).

The resulting l Os(^,n)187Os cross sections are compared with the experimental data in Fig. 1. It should be

noted that the major difference between the case I and the case II is attributed to the different treatment of

the El strength function.

Based on the parameter sets described above, the cross sections of the inverse neutron capture reaction
1R7

on Os were calculated. The results are compared with the experimental data [14,15] in Fig. 2. The

neutron capture cross sections obtained from the cases I and II agree relatively well with the experimental

data.

At stellar temperatures relevant to the s-process nucleosynthesis (7M-3xl0 K), the Os first excited

state at 9.75keV is strongly populated and can significantly affect the estimate of the stellar neutron

capture rate on 187Os [16]. The correction to the cross sections due to the neutron capture on the 9.75 keV

state is usually expressed through the factor
— /187 Os)

_

where CTn*(18SOs) and <7n"(
187Os) represent the Maxwellian-averaged neutron capture cross sections of

186Os and 187Os at stellar temperatures, and (fn(
186Os) and <7n(

187Os) are the corresponding cross

sections for the ground states. The factor Fa has been previously estimated by a combination of theoretical

considerations and experimental information on the inelastic scattering cross section for the 9.75 keV

excited state in 187Os [17,18].

On the basis of the present experimental photoneutron data and the calculations shown in Figs. 1 and 2,

the temperature dependence of the Fa factor has been re-estimated (Fig. 3). At kT=26 keV, Fa equals to

0.87 for case I and 0.84 for case II. These values are close to the value of 0.81 ^Fa^ 0.83 [18] at *7>30

keV and significantly differ from the value of 1 ^Fa= 1.5 [17] at kT=30 keV based on the calculation of

Woosley et al. [16]. Together with a future study of the s-process branchings at 185W and 186Re on the
187basis of our new photoneutron data on W and Re, the present results will be used for a more reliable
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estimate of the Re-Os cosmochronometry.
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