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Abstract

An intrinsic time resolution of 0.99 * 0.08 ns FWHM has been
measured for commercially available 7.6 cm x 7.6 cm Nal(T1) scintil-
lator detectors with fast photomultiplier tubes. This time resolution
allows almost complete discrimination between neutrons and y-rays over

a short flight path. Application of this technique to the reaction
690 Mev Bkr + Ag is discussed.






There is presently a considerable interest in the measurement of
the multiplicity distribution for heavy-ion continuum y-ray spectra.
Accurate measurements of the first and higher order moments of the
multiplicity distribution are needed for studies of angular momentum

1)9

transfer in deep-inelastic reactions Similar measurements are

needed as well for studies of high spin states populated in compound-
nucleus reactionsz).

One of the problems inherent in such measurements is the
correction for neutron contamination of the y-ray eventsg), A solu-
tion to the probliem is to employ liquid scintillation detectors and
pulse-shape discrimination to separate neutrons from y-rays. This
technique, however, may not always be desirable due to the poor energy
resolution and Tow y-detection effeciency of available liguid
scintillators. An alternative approach is to employ thallium
activated sodium iodide NaI(T1) scintillator detectors and discrim-
inate between neutrons and y-rays by their flight timesa)e To be
able to measure in a reasonable amount of time the y-multiplicity
distribution in coincidence with deep-~inelastic fragments, it is
important to use large scintillators with good timing characteristics
so that the flight path necessary for adequate n-y discrimination can
be minimized to obtain a large particle-y coincidence efficiency.

To determine the feasibility of using a time-of-flight
discrimination technique over a short flight path with fairly large
detectors and commercially available phototubes and electronics, we
investigated the intrinsic time resolution of our Nal(T1) scintil-

lators which are coupled to fast photomultiplier tubes. Essentially



the resolution was measured in a fast-slow coincidence experiment
between two identical detectors as depicted in fig. 1. Each detector
consisted of a single 7.6 cm x 7.6 cm polycrystalline NaI(T1)
scinti11ator* integrally mounted to a 6.8 cm diameter 12 stage head-
on photomultiplier tube with a plano-concave window and semi-
transparent bialkaline photocathode which was operated at a potential
of -2.0 kV. These fast low-noise Amperex 2312B photomultipliers have
an intrinsic risetime of 2.5 ns and when coupled to the scintillator
give an anode signal for the 1332.5 keV 6000 y-ray photopeak with a
risetime of less than 8.0 ns and a signal-to-noise ratio of 100/1 or
better. The single-channel-analyzer (SCA) discriminators were set in
the energy spectrum around the 60Co photopeaks and a slow coinci-
dence between the two SCA units was used to gate the time-to-amplitude
converter (TAC) output for pulse-height analysis. The TAC was started
by a signal from the constant-fraction-discriminator (CFD) of the
first Nal(T1) detector and stopped by a signal from the CFD of the
second Nal(T1) detector after being accurately delayed for a time
calibration.

The resulting time spectrum is illustrated in fig. 2. An overall
time resolution of 1.40 * 0.08 ns at the full-width-half-maximum
(FWHM) was measured indicating a FWHM resolution per detector of
0.99 + 0.08 ns. The full-width-tenth-maximum (FWTM) resolution per
detector was 2.32 ns. This result was obtained with LBL constant-

5)

fraction-discriminators ™’ where the zero-crossing of the discriminator

*Manufactured by the Bicron Corporation.



bipolar waveform was set at 20 percent of the input signal amplitude
and with a short input delay time of 2.0 ns (25 percent of the anode
signal risetime). This fraction and delay time were chosen to
optimize the time resolution. The CFD thresholds were set at -350 mV
corresponding to approximately 200 keV in the energy spectrum. With
the above resolution one should be able to separate neutrons with
energies up to the neutron binding energy from y-raysover a short
flight path.

To test the time-of-flight discrimination technigque with our
detection system, we measured the time spectrum for the Nal(T1)
scintillators in coincidence with heavy-fragment events detected in a
silicon AE-E surface barrier detector telescope for the reaction

84Kr + natAg at the Lawrence Berkeley Laboratory Super-

690 MeV
HILAC. The detector array consisted of 8 fast NaI(T1) scintillator
detectors (previously described) located 24 cm from target, 459

apart in the hemisphere above and at 45% to the reaction plane.

Each detector was shielded with 1.2 cm of lead to reduce Compton scat-
tering into adjacent counters. The resulting Z-y TAC spectrum gated
on a crude window in energy and mass and without corrections for
differences in the fragment velocities or walk in the electronics is
shown in fig. 3 for a single NaI(T1) detector. Even in this first
order analysis a reasonable separation in time between y-ray and
neutron events in the scintillator 1is observed.

In conclusion we have investigated the timing characteristics of

fairly large NaI(T1) scintillators with fast photomultipliers. We



find the time resolution sufficient to allow easy separation of
neutrons from y-rays by time-of-flight techniques.
This work was supported by the Nuclear Science Division of the

U. S. Department of Energy under contract No. W-7405-ENG-48.
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Figure Captions

Fig. 1. Electronic setup for Nal(T1) scintillator detector timing
studies.

Fig. 2. Time spectrum for y-y coincidences detected in two NaI(T1)
scintillator detectors with fast photomultiplier tubes.

Fig. 3. Gated Z-y TAC spectrum for 690 MeV 8

Kr + Ag reaction
showing n-y separation by time-of-flight with a 24 om flight

path.
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