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USE OF THE WNR SPALLATION NEUTRON SOURCE AT LAMPF TO DETERMINE
THE ABSOLLrrE EFFICIENCY OF A NEUTRON SCINTILLATION DEIIECTOR

P.A. Staples t, J.J. Egan, G.H.R. Kegel, M.L. Woodring, D.J. DeSimone
Department of Physics and Applied Physics

University of Massachusetts Lowell
Lowell, Massachusetts 01854 USA

P.W. Lisowski

MS H803, P-17

Los Alamos National Laboratory
Los Alamos, New Mexico 87545 USA

ABSTRACT

Prompt fission neutron spectrum measurements at the University of Massachusetts
Lowell 5.5 MV Van de Graaff accelerator laboratory require that the neutron detector
efficiency be well known over a neutron energy range of 100 keV to 20 MeV. The efficiency
of the detector, has been determined for energies greater than 5.0 MeV using the Weapons
Neutron Research (WNR) white neutron source at the Los Alamos Meson Physics Facility
(LAMPF) in a pulsed beam, time-of-flight (TOF) experiment. Carbon matched polyethylene
and graphite scatterers were used to obtain a hydrogen spectrum. The detector efficiency was
determined using the well known H(n,n) scattering cross section. Results are compared to the
detector efficiency calculation program SCINFUL available from the Radiation Shielding
Information Center at Oak Ridge National Laboratory.

(Neutrons, time-of-flight, H(n,n) standard cross section, detector efficiency, neutron sources)

I. INTRODUCTION

Prompt fission neutron spectrum measurements at Separately, carbon-matched polyethylene, (CH2), and

the University of Massachusetts Lowell 5.5 MeV Van de graphite, (C), scatterqrs were used to scatter neutrons to
Graaff accelerator laboratory require that the neutron the detector for acquisition of a time-of-flight (TOF)
detector efficiency be well known over the energy range spectra. A 235U fission chamber was used for neutron
from 100 keV to 20 MeV. While there are various beam normalization. After subtraction of the Carbon

methods for measuring neutron detector efficiencies. 2'3 spectra the well known H(n,n) scattering cross section
An ideal situation is a "white" neutron source that varies was used to determine the absolute efficiency of the
slowly over the energy range, allowing for the efficiency neutron detector.
to be measured over the energy range of interest in one
experiment. This situation is present at the WNR white II. EXPERIMENTAL METHOD
neutron source at the Los Alamos meson Physics Figure 1 shows the WNRexperimental area. The
Facility (LAMPF). 4 measurements were made at the 30°, 40 m flight path of

The intensity of the neutron beam from the WNR the WNR target-4 neutron TOF facility at LAMPF. The
neutron source makes it difficult to place the neutron facility uses the 800 MeV pulsed proton beam from
detector in the beam without saturating the detector. To LAMPF incident on a 7.5-cm long, 3.0-cm diameter
reduce the incident neutron beam intensity the neutron tungsten target to produce a "white" source of neutrons
detector was placed at 23.3 degrees offbeam axis. up to 600 MeV from a spallation reaction. 4 The proton

beam consisted of 150 ps wide pulses separated by 3.6

t Present address: MS H803, P-!7, Los Alamos _ts with about 3x10 s protons in each pulse. The
National Laboratory, Los Alamos NM 87545.
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macroscopicduty factorof LAMPF gave a rateof about hydrogenTOF spectrum,resulting from the subtraction
8000 of these protonpulsesper second, of the graphite spectrum from the polyethylene

For this experiment, the neutron beam was spectrum, used to determine the energy de_ndent
collimated to a diameter of 8.3 cm, oermanent magnets efficiency of the neutrondetector.
were used to deflect charged particles from the beam. Figure 4 shows the efficiency curve for the
The fission chamber with the 23Su fission foil was neutron detector. The data points show the efficiency
located at 43.34 m from the tungsten target, and the that was measuredat the WNR facility and the solid line
scattering samples were located 46.92 m from the shows the calculated efficiency using the SCINFUL_
tungsten target. The scattering samples consisted of code. The excellent agreement between the
carbon matched polyethylene (CH2) and graphite (C) measurement and calculation of the neutron detector
disks, 5.083 cm in diameter, the polyethylene sample efficiency, over the energy region of interest, is
contained 3.819 moles of hydrogen. The 23SUfission apparent.
chamber was used for neutron fluence normalization
and neutron beam profile measurements. The 23Sufoil IV. CONCLUSION
had a mass of 302.0 _g/cm: of 23Su. A mask of 5.083 The reductionin neutronbeam intensityprovidedby
cm diameter was used to block fission fragments from a simple scattering arrangement enabled the
the foil that occurred "outside" the diameter of the measurement of the absolute efficiency of the neutron
scatteringsamples, this enabledfor a quick and accurate detector used for fission neutron spectra measurements
determination of the neutron fiuence through the over the energy range from 5 to 50 MeV in an
scattering samples, uncomplicated manner. The WNR target-4 neutron

The neutron detectorwas a 10.82 cm diameterby sourceprovides a neutron sourceover an energy range
1.27 cm thick right circularcylinder filled with BC-501 not availableat most laboratoriesand remains a valuable
liquid scintillator,andwas viewed by an RCA type 8854 resource for intense neutron beams covering a large
photomultiplier,s'6 The neutron detector was located energyrange foruse by the nuclearphysics community.
1.627 m from the scattering samples at 23.3° relative to
the beam axis. This location ensured that the neutron
detector was outside of the main neutronbeam. A thin
plastic detector or "paddle" was placed between the
scattering samples and the neutron detectorto veto data
events causedby protonrecoil events in the detector.

III. RESULTS and ANALYSIS
The fission chamber data was corrected for a

detection inefficiency of fission events induced by
neutron energies below 14.1 MeV.7,s The 235Ufission
foil was removed and the alpha activity counted to
determine the mass of the foil. The results of a mass
spectroscopic analysis provided by ORNL was used to
identify contaminant mass contributions in cases where
individual alpha particle peaks could not be resolved.
Figure 2 shows the measured incident neutron spectrum
at the 30° 40 m flight path. The spectrumwas corrected
for events due to these contaminants.9 In addition,
events due to chargedparticle producingreactions in the
stainless steel foil backing material were taken into
accountduring the dataanalysis.

The neutrondetector data was analyzed off-line
to subtract a time-uncorrelatedbackground, correct for
dead time and then grouped into energy bins. The
polyethyleneand graphite runswere normalizedto equal
incident neutron flux using the 235Ufission chamber
data over the energyregion from 5 to 50 MeV. Typical
acquisition times for each of the measurements was
approximately24 hours. Figure 3 shows the measured
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