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2.5 Nuclear Data Measurements for 40-90 MeV Neutrons at TIARA*
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Experimental activities at the 7Li neutron source of TIARA, Japan Atomic Energy Research
Institute, Takasaki Establishment are reviewed briefly. Experiments on l)double-differential charged
particle production cross sections for 40-90 MeV neutrons and protons, and 2)neutron elastic
scattering and non-elastic cross sections are described as well as the frame of the research.

1 .Introduction
Nuclear data for intermediate energy region are required for the development of large and intense
accelerator facilities, and dosimetery for high energy particles in acceleartor facilities and cosmic
space. To reply the requirement, a 7Li(p,n) quasi-monoenergetic neutron source for 40-90 MeV region
was installed at TIARA of Takasaki Establishment, Japan Atomic Energy Research Institute (JAERI)
using a K=l 10 AVF cyclotron [1].

Using the source, experiments on "Basic data for accelerator shielding" have been conducted
since 1992 by the members of universities and JAERI under the framework of "Universities-JAERI
Joint Research Project" [2]. Experiments were carried out on nuclear data, neutron detector calibration
as well as shielding benchmark experiment. Thick target neutron yields were measured too for
energetic light and heavy ion beams provided by the cyclotron.

In 1997, the 2-nd phase research program "Particle production by the nuclear reaction of
neutrons and charged particles" has started as a three-years-projects [2].
Under the program, four research works have been carried out:
l)Particle production by neutron reactions,
2)Particle production by charged-particle reactions,
3)Development and characterization of neutron detectors, and
4)Particle transport in media and human-bodies.

The subjects 1) and 2) aim at the microscopic nuclear data studies, and measurements have been
carried out on differential particle-production cross sections by neutrons and protons to validate the
nuclear reaction codes and models, and to find systematic behavior of cross sections which will be
useful for nuclear data evaluation. The subjects 3) and 4) are for integral measurements and
benchmark experiments. These data are indispensable to evaluate particle transport and the radiation
effect in accelerator systems.

In the subject 1, two experiments for neutron-induced reactions have been undertaken for 55, 65
and 75 MeV neutrons; a)double~differential cross sections of light charged-particle emission (n,xz)
reactions, and b)elastic-scattering and non-elastic cross sections. In the subject 2), double-differential
cross sections for proton-induced light charged-particle emission (p,xz) reactions have been measured
for 68 MeV and 42 MeV protons. Data for proton induced reactions are of interest because they
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provide information on nucleon induced reactions and useful to derive model parameters for neutron
induced reactions which are more difficult to study with high energy resolution and statistical accuracy.
Therefore, measurements of (n,xz) and (p,xz) reactions were done for common elements to enable data
comparison. Further, in (n,xz) and (p,xz) experiments, charged-particle spectrometers were designed to
have large pulse-height dynamic range to measure almost all light charged particles up to a-particles.
It is important to study emission cross sections and the reaction mechanism.

This report describes the outline and typical results of the experiments 1) and 2). Details of each
experiment and results have been described separately in Refs. 3-11.

2. Experiments of Neutron Induced Reactions
The experiments for neutron induced reactions are done at the LC-0 course of the TIARA

cyclotron facility shown in Fig. 1. Details of the neutron source is described in Ref. 1. A clean neutron
beam is provided in the Light Ion Room 3 through a clearing magnet and a =3m thick collimator
between the 7Li target and the experimental room, where experimental apparatus are setup. Figure 2
illustrates the experimental setup for neutron induced reactions. As shown in the figure, the charged-
particle spectrometer and neutron scattering apparatus are setup in tandem along the neutron beam for
efficient utilization of the neutron beam.

2.1 (n,xz) Experiment [3-5]
Up to now, measurements have been carried out for (n,xp), (n,xd), (n,xt) and (n,xcc) reactions of

C, Al, Fe, Ni at 55, 65 and 75 MeV. First experiment for C, Al at 65, and 75 MeV was done using
conventional spectrometers [3], but recently measurements employ a three sets of three-elements
counter telescope to achieve a wide dynamic range. Each telescope consists of a BaF2 scintillator, PEPS
Si detector and a low-pressure proportional counter for wide dynamic-range operation. Using the
system and applying energy loss correction, particles of several MeV can be detected while further
study is required for reliable energy loss correction [4,5].

Typical results are shown in Fig.4 together with the recently released LA-150 data library [12].
No other experimental data are available for comparison. The library seems to reproduce experimental
data fairly well while there are rooms for improvement. Systematic comparison with proton induced
data will be done.

2.2 Elastic scattering and non-elastic-scattering cross section
As shown in Fig.2, measurements were done using five NE213 detectors. A TOF method was

used to select events caused by peak neutrons in the 7Li(p,n) source. However, events due to inelastic
process and still remaining non-peak components of the source neutrons have to be eliminated. Both
were done with the help of calculation using the LA-150 library [8,9]. Up to now, data were obtained
for C, Si, Fe, Zr and Pb at 55, 65 and 75 MeV. Non-elastic cross sections were obtained with different
setup employing a transmission geometry [6].

Figure 5 shows typical results for differential elastic-scattering cross sections together with LA-
150. The present data cover much wider angular ranges with better angular resolution than those by
the UC-Davis group [7,X]. This was enabled by taking advantage of wide experimental room at
TIARA. LA-150 shows good agreement with the present data while it underestimates at very forward
angles for Pb and 1'c. This argument is consistent with the results of non-elastic cross section
measurement. The present data indicated that nucleon scattering cross section data in the cascade
codes and the HILO libraries are greatly different from the experiment [7,8]. The present data,
therefore, will be useful for refinement of the data base and optical model potential parameters.
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3. (p,xz) measurement
The experiment is carried out at HB 1 course (Fig.l) using the setup in Fig.3. The detector

consists of two Si-SSDs (30|J.m and 500 |J.m thick), and a Csl scintillator with Photo-diode read out to
cover a wide particle energy. Care was taken to reduce the backgrounds due to slit scattering in
forward angles. Measurements were done for (p,xp), (p,xd), (p,xt) and (p,xa) reactions of C, Al , Ni at
42 and 68 MeV, and are planned for Zr and Bi.

In Fig.6, (p,xd) data for C and Al at 68 MeV are shown, compared with LA-150 and the data by
Bertrand & Peelle [13]. There is good agreement between the experiments if the difference in incident
energy is considered but LA-150 are in large difference; it tends to overemphasize the high energy part
in particular at forward angles. Similar trend was observed for neutron induced reactions [3-5], which
should be traced further though comparison of (p,xz) and (n,xz) data.

4. Summary and Future Plan
The project research on "Particle production by the nuclear reaction of neutrons and charged

particles" will finish this year. Until now, as described above, many experimental data were obtained
under the project and will contribute to establish data bases and models or computer codes. Further,
experimental techniques developed will also contribute to extend experimental activities.

Following the present subjects, a new project on dosimetry of high energy particles will start
next year in which experiments and analysis related to radiation effects of high energy particles will be
undertaken. The wide range charged-particle spectrometers developed in the project research will be
useful also in the new projects.

A plan for neutron experiments is in progress too at Cyclotron and Radio Isotope Center of
Tohoku University. A K=130 AVF cyclotron under construction will be used for production of
neutrons up to ten's of MeV and applied to neutron physics and nuclear data studies. High current
operation enabled by negative ion extraction will achieve intense neutron beams useful for the studies.
A beam swinger system and a long flight path with a bright neutron detector system will also
contribute to high resolution data for spectroscopy of secondary neutrons and neutron scattering.

By combining activities of facilities, further activities are expected on high energy nuclear data.
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Fig. 1 The layout of TIARA cyclotron facility
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Fig.2 The experimental setup for
neutron induced reactions.
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Fig.3 The experimental setup (upper) and charged
particle spectrometer (below) for (p,xz) experiment.
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Fig.5 Neutron elastic-scattering cross sections for 75, 65 and 55 MeV neutrons.
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Fig.6 Double-differential (p, xd) cross sections at 68 MeV.
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