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We have developed a new type of monoenergetic neutron source at KUTL using the inverse kinematics. The 1H(13C,n) reaction was chosen as a candidate, and its feasibility test was performed. The preliminary result is reported.
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1.  Introduction
There are various types of accelerator-driven neutron sources that are widely used in basic science and applications. In the energy region covered by tandem Van de Graaf accelerators, light-ion induced reactions on light element targets, such as the D(d,n) and T(d,n) reactions, are popular as the nuclear reactions to produce monoenergetic neutrons. However, these reactions cannot produce monoenergetic neutrons in the energy region between 8 and 14 MeV, because of the breakup of the projectile and/or the target nucleus. Therefore, only few neutron cross section data are now available in this "gap" energy region, whereas the data in this energy region are required in several applications, e.g., the development of D-T fusion reactors.

Recently, new types of monoenergetic neutron sources with heavy ion (HI) beams have been proposed as one of the candidates to fill in the "gap" region and the feasibility has so far been investigated.1-3) Among these studies of the 1H(HI,n) reaction, a neutron source with the 1H(11B,n) reaction were practically used for measurements of activation cross sections in the 9 to 13 MeV region4) and the usefulness was demonstrated.

At Kyushu University Tandem Laboratory(KUTL), we have started to develop a monoenergetic neutron source in the "gap" region by using the 1H(HI,n) reaction. The 1H(13C,n) reaction was chosen as a candidate suitable for KUTL from consideration about the performance of accelerator, and its feasibility test was performed. The preliminary result is described below. 

2.  Neutron Source
[image: image1.wmf])

A1

(

    

          

          

1

 

 

1

 

0

 

　　

　

-

=

ò

e

dx

e

x

A schematic drawing of the H2 gas cell fabricated for the 1H(13C,n) neutron source is shown in Fig.1. It is made of stainless steel and has the effective size of 30 mm long and 30 mm in diameter. The entrance window is made of tantalum foil of 3 μm in thickness and 12 mm in diameter, and a 0.2 mm-thick tantalum disk is used as the beam stopper so that associated background neutrons and γ rays may be reduced as much as possible by using high Ζ materials. Escape of the electrons produced by beam bombardment on the entrance window is suppressed by the permanent magnets.
3.  Experiment
3.1  Experimental procedure

A test experiment was carried out using 59.3 MeV 13C6+ beam. The average beam current was about 10 to 40 enA. The pressure of H2 gas in the gas cell was 2 atm. The energy of neutrons produced at 0° was predicted to be 7.2 MeV by using a simulation code6). Neutron yields were measured at angles between 0° and 35° in step of 5°, by using a 7.6-cm diameter and 15.2-cm thick NE213 scintillator coupled to a photomultiplier tube (Hamamatsu R1821-01) placed 2 m downstream from the center of the H2 gas cell. An active radiator proton recoil telescope (ARPRT) developed by our group was also used for the measurement at 0° to check the absolute yield. The ARPRT was located 20 cm far from the center of the gas cell. For comparisons, we have also measured neutrons generated from the D(d,n) reaction using the same gas cell. The incident deuteron energy of 4.3MeV was chosen so as to give the same neutron energy as the 1H(13C,n) reaction.
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3.2  Experimental results 

3.2.1  Neutron Yields
The measured neutron yields for three angles are summarized in Table l. These experimental yields were about 50% as small as the yield calculated with the number of incident 13C ions, the pressure of H2 gas, and the 13C(p,n) cross section5)
4.  Summary and Conclusion
This preliminary experiment with 59.3 MeV 13C6+ beam demonstrated that the 1H(13C,n) reaction could produce the "kinematically collimated" monoenergetic neutrons with 7.2 MeV at 0°. The present work is the first step toward completion of the monoenergetic neutron source using the 1H(13C,n) reaction at KUTL. In the future, further optimization of the design will be necessary for enhancement of neutron yields and reduction of backgrounds in order to satisfy several requirements for practical use.
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Appendix
A1.  How to write Appendix
You should place an appendix section next to the above references. In the appendix section, numbering of equations, figures and tables should be reset and a character "A" should be put in the head of each number. For instance,

Also, a character "A" is necessary in the head of the section number.
� EMBED Equation.3  ���


















































































































































Table 1 Summary of measured neutron yields


Angle[degree]�
0.0�
10.0�
20.0�
�
Yields[107n/sr/μC]�
2.50�
1.88�
1.65�
�
Statistical error[%]�
0.3�
0.4�
0.5�
�
Systematic error[%]�
5.0�
5.0�
5.0�
�
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Fig.1  Schematic diagram of two-body kinematics for the 1H(HI,n) reaction.
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