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ABSTRACT 

A sixteen-sepment NaI(T1) multiplicity gamma ray detector is used at the Rensselaer Polytechnic 
Institute Gaerttner LINAC Laboratory for neutron cross section measurements. This detector consists of 
an annulus of NaI(T1) divided into two sets of 8 pie-shaped segments, each se-ment optically isolated and 
viewed by a photomultiplier. The neutron beam passes along the axis of the detector and impL?ges upon a 
sample placed in the center. Time-of-flight data are taken as a function of the number of sections which 
detect a gamma and which is defined as the detected multiplicity. This detector can simultaneously 
acquire neutron scattering, capture and fission data by placing suitable limits on the total detected gamma 
ray energy deposited in the detector. Scattering and capture measurements have been performed on 
samples of holmium, erbium, and tungsten and experimental results are presented. The experimental 
multiplicity for capture is analyzed by assuming the single particle model, stochastically calculating the 
gamma ray cascades fiom neutron capture, and transporting each gamma ray into the detemor using the 
Monte Carlo method The detection efficiency for neutron capture is over 90% and is relatively insensitive 
to different isotopes of the same element or different spins of the compound nuclear resonances. A status 
report on experimental and analytical activities at the Laboratory is presented. 

EXPERIMENTAL METHOD 

A sixteen-segment Nal(T1) gamma multiplicity detector has been developed for neutron cross 
section measurements. This detector has been described earlier [ 1 ] and will only be briefly discussed here. 
Figure 1 shows a cutaway view in which the two sets of optically-isolated 8-segment pie-shaped NaI(T1) 

Figre 1. Sixeen-segment NaI(Tl) muitipiicn). damor.  

detectors surround a sample in the middle of the detector. The neuron beam is coilimated along rhe axis 
of the detecror and neutron-induced gamma ray data are taken as a f;ncrion of the number of segments 
which receive 2 100 keV of e n e r g  deposited provided the total e n e r g  deposited into all 16 se-mm.rs 
exceeds a pre-selected threshold level. Capture data are t a k a  in two modes: resonance-mer?. 
measurements record events with a total-energy-deposited threshold of E!od 2 1 MeV, while rhemni 
measuremenrs require 2 1 MeV. The higher threshold of thermal measurements is used to suppress 
the beta-decay background firom iodine acnvation in the NaI(T1). Scattering data are taken with a total- 
energy-deposited window of 360 to 600 keV, where the scattered neutrons are detecred by caurie  in 3 

B,C annulus inside the detecror. 10 
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This detector is located at a 25m flight station. Samples are cycled into the detector by an 8- 
position sample changer. ~n electronic clock with a resolution of 3 1 . 3  ns is used to measure the neutron 
time-of-flight. The clock is coupled to an HP 1000 computer which records all the dam controls t h c  

sample changer and essentially runs the experiment. The electron L B A C  typically operates with an 
electron energy of 60 MeV and with pulse widths &om 40 to 100 ns for resonance energy measurements. 
and 1 us for thermal measurements. 

The time-of-flight data are first subjected to a "wnsinency check" in which data are only 
accepted when the recorded detector counts and beam monitor counts MI within a range of statistical 
flumations. Data are then dead-time corrected and summed. To determine capture yields, i.e., the number 
of captures per incident neutron, the neutron flux and detector efficiency must be determined. The flux is 
measured with a "B4C sample and a total-energy-deposit window of 360 to 600 keV, and detector 
efficiency is determined by saturated capture in a low-energy resonance. Capture yieid data are analyzed 
with the ORNL Bayesian code S A W  [2]  or the b e l l  code REFIT 131 to obtain R-matrix resonance 
parameters. 

DETECTOR MULTIPLICITY 

The detector response is modeled by sampling capture gamma ray cascades for electric and 
magnetic dipole and quadrupole transitions using the Weiskopf single particle model, including hindrance 
factors [4], and transporting the gamma rays through the detector with the MCNP Monte Carlo code [ 5 ] .  
Energy deposition in each segment is determined for each cascade, and events are scored when at least 
one section has 1. 100 keV deposited in it and all 16 segments have 1. 1 MeV or 2 2 MeV, 
respectively, for resonance or thermal capture measurements. The resulting multiplicity spectra can be 
compared with experimental spectra. The calculation also determines efficiency as the &action of non- 
zero scores. 

Fi,we 2 shows the calculated efficiency for detecting neutron capture in, l6'H0, ' T r ,  I6'Er, 
IS2W, IS3W, IwW, and IS6W with ET,,& 2 1 MeV. The error bars are 1-sigma statisticai errors fiom the 

:.+re -.m. 2 C-icuiared d e m o r  emciency for vanous --a marenair rhreshold a m p  = i 0 MeV 

Monte Carlo caicuiarions. The hindrance factors were chosen as the best match to the oleasured 
multiplicity specna. The eficiencies range from a low of 90.5% for '0'Ho to 95.7% for "'W Tnus the 
multipiiciry derecor is a nigh efficiency detector which is reiatively insensitive to the d i k a c e s  Li 
nuclear cascades resultlng from neutron capture in different isotopes. 
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Figure 3 compares the average detected multiplicity <v> for calculated and measured spectra 
born nrurrm cappire in Ho. Er, and W. The measured multiplicities were daermined by averaging data 
h m  several resonances and sample thicknesses. The calculated multiplicities include hindrance factors 
which have been adjusted within the range of published values to agree as closely as possible with 
measured multiplicity specrra. Caicuiated averase rnuitipiicities for tungsten are s,ystematically higher 
than those born measurements. 

Figure 3. Calculated and measured average detector muhplicity for vanous target mtmals, tbr&ld energy = i .O MeV 

The single particle model is most representative physically in the cases of nearly closed nuclear 
shells. None of the isotopes examined are near one of the "magic numbers" of protons or neutrons 
indicating closed nuclear shells. Hindrance factors are used to account for collective effects and, in the 
case of the rare earths holmium and erbium, account for strong electric quadrupole character of neutron 
capture radiations. The application of hindrance factors was not successfuI in the calculations made for 
tungsten. The reason for the systematic difference between calculated and measured tungsten multiplicity 
is presently under investigation. 

In Figure 3, the tungsten calculations show the same trend as the data with respect to larger 
multiplicities for '*;W than other tungsten isotopes. For both erbium and tungsten, different isotopes of 
the same element show different multiplicities. This fact can be used to identify the isotope causing a 
resonance. These calculated efficiencies and multiplicities serve as a guide for the interpretation of 
experimental dara. 

EXPERIMENTAL ESLLTS 

Caprure (Erors 2 1 Melet7 and scanering (360 keV<E1,&600 kek? measuremess have been 
performed simuitaneousiy in mngsren rnetaiiic sampies ranging in &ic,Lness iiom 0.3 :o 20 311s i i mil = 
0.001 in). The data have been summed over ail muitipliciries ana the results are pioned in Figure 4 for 5 
mil thick tungsren over the neutron e n e r g  range &om 3 to 30 eV. Tne capture data (soiia line.) have been 



normalized to saturated capture in the 4.16 eV resonance In '**W; the scatterkg data (dashed line) have 
not been normalized but. for the sake of plorring, have becn arsuiied to have the same eZciency as 
capture. 

The 3.16 cV resonmce in iu2W is 3% scc3t~eni-i~ md ihe ?.h3 eV resonance in '"W 1s . -.5% 7 

scattering, and this IS evident in the relatively snali scattering peaks. 73e 27.1 eV resonance in '*'W is 

about 2506 scatrering and this is reflected in the relative sue of &le scattering and capture peaks. Tnere is 
a strong scattering resonance in '*'W at 18.8 eV which is sarurated and this leads to the complex doublet 
in capture which results from strong multipie swnering in rhe sample. In addition, the "'W resonance ar 
21 . I  eV falls very close to the 18.8 eV rescpnaace, sa &bat h e  line skapes fm these two resonances in 5 mi1 
tungsten are complex: the thinner sample data separate these resonances into more distinct peaks. 

Figure 5 shows the counting speanm for different multiplicities &om the 7.65 eV resonance in 
W; these data are for the 5 mil sampie- Background has been subtracted &om these results so ;hat 

Figure 5 shows net capture coats in each multiplicity. An average multiplicity. such as that shown in 
Figure 3, is formed by an area-weighted average over all resonances, such as that shown in Figure 5. 
within the same isotope. Note that the most probable multiplicity shown in Figure 5 is v=3- followed 
ciosely by v=4, v=2, etc. Correspondingly, the averagQmeasued mulriplicity for '*'W, as shown in Fi-me 
3, is <v> z 3.5. 
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Figure 5 .  Muitiplicity specua for 5 mil thick W near 7.65 kV resonance. 

CONCLUSION 

Tne sixreen-segment NaI(T1) multiplicity detector is a high-ediciency. hi&-resolution detec:Gi 
well suited for neutron coss  section measuremem in the Iow-mer? resonance regton. 11 n a y  aiso 52 
used for fission cross section measurements. 
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