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Abstract

A detector technique suitable for measurement of high-energy (10-1000) MeV
solar neutrons and -7 rays is discussed, A prototype instrument has been constructed for
testing, using three layers of Nal with a total thickness of 30 cm, a Cerenkov detector,
and charged particle shields. The response of this protoype to neutrons in the range
(38-720) MeV has been measured, using a neutron beam at the Los Alamos Meson
Physics Facility. Some results of these measurements are presented.

1. Introduction. Recent results from observations of high-energy (> 10 MeV)
neutrons [ll and 7 rays [2] from solar flares by the Gamma-Ray Spectrometer (GRS) on
the Solar Maximum Mission (SMM) indicate the importance of monitoring the emission
of these radiations from the Sun. Future observations will require improved instrumen-
tation. For this reason, we are investigating detector designs for high-energy neutrons
and 7 rays which are significantly better than the SMM GRS. The improvements which
we seek are in the areas of efficiency, energy resolution, and distinguishing incident neu-
trons from 7 rays. In this paper, we will report preliminary results on the measurement
of the response of a Nal scintillation detector to incident neutrons in the energy range of
38 MeV to 720 MeV. The data from this experiment are of use not only for developing
neutron detector designs but also for evaluating Monte Carlo codes in this energy range.

In the following sections we will describe the instrument used to make the neutron
measurements, the experimental setup, and some preliminary results.
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2. Instrument. A sketch of the detector system used to make the neutron mea-
surements is shown in Figure 1. The first Nal section, Dl, is a 30 cm diameter by 10
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cm thick cylinder. The second and third Nal sections, D2 and D3, are each composed
of three Nal bars making up a rectangular layer 41 cm by 30 cm and 10 cm thick. A
£ .renkov radiation detector, placed between Dl and. D2, is a cylinder of lucite 30 cm
in diameter by 3.8 cm thick. Two rectangular charged particle detectors are placed
in front of and behind the main detectors. Each is made up of Bicron BC-400 plastic
scintillator sheets of dimensions 63 cm by 40 cm by 1.3 cm thick. This prototype system
was designed to investigate certain properties of a layered scintillator calorimeter-type
detector. The main properties of interest were: the efficiency of Nal as a neutron detec-
tor, the distribution of neutron energy losses in a layered detector, the responses of a
Cerenkov detector to charged secondaries, the vetoing effects of charged particle shield-
ing on the neutrons and charged secondaries. Also of interest was how these properties
differed from the response to incident 7 rays in the same energy range. Some aspects
of the prototype instrument were influenced by what hardware was already available in
our laboratory, for example, the Nal units used as Dl, D2, and D3.

3. Experiment. The measurements described here were made at the Los Alamos
Meson Physics Facility (LAMPF) at the Los Alamos National Laboratory. The neu-
tron beam was produced from the LAMPF polarized proton beam scattering in a liquid
deuterium target. Forward scattered neutrons pass through a coUimator into the ex-
perimental area. Charged particles are removed from the beam with sweeping magnets
and 7-ray background is reduced with a Pb absorber in the collimator. The LAMPF
neutron beam has been described by Evans et al.\3}.

Three primary beam energies were available: 318, 497, and 800 MeV. In order to
produce a larger range of neutron energies, the primary neutrons were scattered in a
liquid hydrogen (LE2) target as shown in Figure 2. The elastically scattered proton was
detected in a "proton arm", which consisted of two plastic scintillator detectors denning
a 2 m time-of-flight (TOF) path, followed by a range detector. The range detector was
made up of an Al absorber layer, a plastic scintillator particle detector, a second Al
absorber, and a final particle detector.
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Figure 2,

The neutron detector only records events in coincidence with proton detector trig-
gers. As a result, the proton detector performs several functions. First, it is located at
an angle conjugate to that of the neutron detector for elastic n, p scattering. Therefore,
the proton detector defines the geometry of the scattered neutron beam. The geometry
of the scattering is chosen such that all elastically scattered neutrons corresponding to
the detected protons pass through detector Dl. Thus, the ratio of events seen in the
neutron detector to proton detector triggers immediately gives the absolute efficiency
of the neutron detector. Second, timing criteria between proton detector signals and
accelerator pulses reject events caused by 7 rays or by neutrons with less than full beam
energy. Third, the TOF measurement in the proton arm verifies that the scattered pro-
ton resulted from elastic scattering of a full-energy neutron in the LH2 target. Finally,
the range detector eliminates pion events from triggering the proton arm, since pions



with the same TOF as protons have approximately 1/5 the range. It should be noted
that proton scattering angles were chosen, such that protons could not have come from
an inelastic scattering [4]. We estimate contamination from background and inelastic
scattering to be < 5%. A list of the scattering geometries used is given in Table 1.

Table 1

Scattered Neutron Energy and Geometry

Beam
Energy
(MeV)

318
318
318
318
318
497
-497
497
800
800

Scattered Neutron
Energy
(MeV)

38
68
118
218
268
298
375
447
600
720

Neutron
Lab Angle
(degrees)

68.3
60.6
50.3
32.1
21.8
36.0
26.9
16.6
25.8
15.6

The proton arm TOF measurement was calibrated using elastically-scattered pro-
tons at a variety of angles. The neutron detector energy scale was calibrated using
ground-level cosmic-ray muons. This calibration was verified by placing the neutron de-
tector behind the proton detector and measuring the energy loss of protons with known
TOF. We estimate the accuracy of the neutron detector energy calibration to be ± 5%.

The primary data set from the experiment consists of ~ 2000 proton arm events
which satisfied the triggering requirements, for each scattering geometry. For each
event, the following information was recorded: l) the proton event timing relative to the
accelerator pulse, 2) the proton TOF across a 2 m path, 3) the energy losses in detector
segments Dl, D2, and D3, 4) the intensity of the signal in the Cerenkov detector, 5) the
logic signals in the front and back charged-particle shields, and 6) the time of the event.
Also recorded were various detector rates and beam monitor rates for housekeeping
purposes.

4. Results. The recording of individual detector signals on an event-by-event
basis permits a great deal of flexibility in the analysis of the data. The neutron detection
efficiency of the detector as a whole or of various combinations of detector sections can
be determined merely by changing the critera for event selection during data analysis.
For example, the efficiency of the Nal sections Dl, D2, and D3, taken as a unit, is
plotted versus neutron energy in Figure 3. The criteria for neutron event selection are:
energy loss of 10 MeV or greater in the Nal sections, no response in the front charged-
particle shield, and TOF signals consistent with protons elastically scattered by incident
neutrons of full energy as listed in Table 1.

The data from this experiment can also be used to generate energy loss spectra
from a monoenergetic neutron flux incident on Nal. Figure 4 shows an example of an
energy-loss spectrum for 447 MeV neutrons in the three Nal layers using the same event
selection as above.

Also of interest is the relative number of detector events that occur in a single Nal
layer ("singles") compared to those that occur in more than one layer ("multiples"). The
ratio of singles to multiples has been used to discriminate between incident neutrons and
7 rays in the SMM GRS [l]. The present detector shows a ratio of singles to multiples
(S/M) > 5 for neutrons below 300 MeV and > 2 for events below 600 MeV. This
supports the idea [l] that singles events dominate for neutron interactions, in contrast
to 7-ray induced events, where multiples dominate.

5. Discussion. The present measurements will be used to evaluate the properties
of a large, layered scintillation detector for neutrons in the energy range 20 MeV to
1 GeV. Our preliminary results indicate a high detection efficiency for such a system,
namely ~ 40 % for a 30 cm thick detector. The measured energy-loss spectrum is a
continuum with a maximum that approaches the incident neutron energy. This suggests
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that spectral unfolding techniques analogous to those used for -7 ray and neutron spectra
in organic scintillators [5, 6] can be used for neutron spectra in Nal. Conclusions as to
the effectiveness of the S/M ratio and the Cerenkov detector for distinguishing incident
neutrons from -7 rays awaits the results from Monte Carlo calculations (now in progress)
which will simulate the response of the system to if rays. The present database should
prove useful for testing the accuracy of Monte Carlo codes (such as HETC and GEANT)
when applied to neutrons in the 100 MeV regime.
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