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We have implemented a 47r BaF2 detector system at the Oak Ridge Electron Linear 
Accelerator (ORELA) for making (n,r) measurements of interest to nuclear astrophysics. 
This new detector 1~411 allow us to work with smaller samples and to avoid potential 
problems with the pulse-height weighting technique used in other systems. Also, our first 
measurements with this system demonstrate that as a result of the excellent time-of-flight 
(TOF) resolution at ORELA and the good pulse-height resolution of the detector, the 
background from sample-scattered neutrons will not be a serious problem in most cases. 

1. Introduction 

Recent stellar models of the s-process have for the first time come reasonably close to 
reproducing the observed s-process isotopic abundances[ 11. Because of the lower temper- 
atures (kTx6-12 keV) indicated by these new models, new measurements are needed for 
many isotopes of interest to the s-process. Also, there are several stable isotopes of very 
small natural abundance along the s- and p-process paths for which very limited or no 
measurements of the (n,?) cross sections have been made because the several gram, iso- 
topically enriched samples necessary for the measurements are very expensive. The main 
reasons for developing the detector described herein were to reduce the measurement time 
so that the many low-energy measurements that are needed could be made more quickly, 
and to  reduce the size of the sample needed so that measurements on a larger number of 
rare samples would be possible. 

.A 47r BaF2 detector was chosen because it is significantly more efficient than the C6D6 
detectors typically used in past measurements and because potential problems associated 
with the so-called pulse-height weighting technique[2,3] are avoided. However, due to 
the relatively large sensitivity of a 47r BaF2 detector to the background from neutrons 
scattered by the sample, it was thought that such a detector would not be suitable for 
measurements at  a facility such as ORELA[4]. But, as we will show, the excellent TOF 
resolution obtainable a t  ORELA together with the good pulseheight resolution of BaF2 
makes it possible to overcome this background in most cases. 
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Figure 1. TOF versus pulse-height spectrum for '42Xd for the energy region around the 
2.528 keV resonance (s-wave). Note that there are new resonances on either side of the 
one a t  2.528keV which have never been reported previously and which have a different 
shape in the pulse-height spectrum. 

2. Detector details 

The detector modules and much of the electronics, etc. were inherited from a previous 
experimentf5l. The 4n detector consists of 12 hexagonal modules which are 14 cm long 
by 8.7 cm wide. Two groups of six detector modules each were arranged in cylindrical 
geometry with the axes of the detectors parallel to the direction of the neutron beam at a 
distance of 21.69 cm from the ORELA neutron source. The complete detector was then 
28 cm long by approximately 8.7 cm thick and, with the sample located inside the central 
hole of the detector, covered nearly 90% of 4n. A liner of 'OB-enriched B4C mixed d h  
epoxy, approximately 4 cm thick, was placed in the center of the detector. 

3. Results 

Some of the data from our first measurements on samples of 142*144Nd and Ig7Au are 
shown in figures 1 - 3. Figure 1 shows a small portion of the two-dimensional data taken 
with a 2.77-g sample of 142Nd203. It demonstrates that the good pulse-height resolution 
of BaF2 together with the excellent TOF resolution at  ORELX can be exploited to obtain 
good signal-to-noise (S/N) ratio in the region of (n,?) resonances. 

By using the multiplicity information of the y-ray cascade the S/N ratio can be improved 
further. This is illustrated in figure 2, where the TOF data for different multiplicities, 
over approximately the same energy range as in figure 1 are plotted. The S/N ratio is the 
worst for events where all the energy was deposited in a single detector (multiplicity 1) 
and improves dramatically for higher multiplicities. 

In figure 3, small sections of the TOF data taken with a 0.53-g sample of 144Sd203 
and a 1.65-g sample of Ig7Au, respectively are shown. The data for '&Nd in the region of 
the broad resonances has been smoothed (over 21 channels) to reduce the statistical fluc- 
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Figure 2. TOF spectrum for I4%d summed over all pulse-heights above the 2.25 MeV 
bias. The data are plotted in dependence of the event multiplicity for almost the same 
energy range as in figure 1. 

tuat ions. The solid curves represent the data after the sample-independent backgrounds 
have been subtracted. The dotted curves show the background due to sample scattered 
neutrons. The pulse-height shape of this background was determined via measurements 
made with a carbon sample. The normalization for this background at each TOF was 
obtained by using the pulse-height region above the peak due to the (n,?) reactions in 
the samples. This same technique has been used, for example, on data from the similar 
BaFz detector at Karlsruhe[4]. 

The data in figure 3 show that although the total efficiency of a BaFz detector of this 
size for capturing scattered neutrons[4] is about lo%, the size of prompt component of 
this background is much smaller. Hence, by virtue of the excellent TOF resolution at  
ORELA, the S/N ratio in the resolved resonance region is very good for most resonances. 
The data in fig. 3 demonstrate that this background can be sizable for resonances having 
a large scattering-tscapture ratio (rn/r7 sz several hundred for the 1.277- and 1.975-keV 
resonances in 144Nd) but that the background is measurable and that it should be possible 
to  determine accurately the capture areas for even these resonances. The data for the 
1.628-keV resonance (Pn,W7 M 30) in 144Nd as well as for gold show that in most cases 
this background is so small that our detector is expected to yield good results. 

4. Improvements 

Although these first measurements demonstrate that the detector works very well, there 
is room for improvement in several areas. Increasing the thickness of the detector, for 
example by adding a second cylindrical layer of 12 detector modules around its central 
part, is the most important change that needs to be made. Because the current detector 
is too thin, a significant amount of the y-ray energy escapes for resonances with ”hard” 
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Figure 3. TOF spectrum for 144Nd and lg7Au (see text for details). 

cascade spectra. This effect is evident in figure 1 where the three resonances visible have 
different pulse-height shapes. This can lead to a systematic uncertainty in the measured 
cross section because the yield above threshold is no longer independent of the details 
of the capture cascade. Other needed changes include, improving the collimation of the 
neutron beam and the shielding of the detector, implementing an evacuated beamline 
through the detector with an automated sampIe changer, and improving the data acqui- 
sition so that pulse-height spectra can be measured for the individual detector modules 
and so that data can be taken in event mode. When these improvements are completed, 
we expect that this detector will be extremely useful for s- and pprocess measurements. 
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