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Introduction

Cross section data on neutron-induced charged-particle-emission reactions are of
prime importance in evaluation of radiation damage and nuclear heating in reactors. However,
at energies between 3 and 10 MeV, where the threshold of many charged particle emission
reactions lie, the experimental data base is rather scarse and there are significant discrepancies
of available results of various authors. In addition, previous measurements of these reactions
in this energy range were made using activation techniques. This method, though easier in
practice, is feasible only in certain cases where the residual nuclei reached by charged particle
emission are unstable. Also, such measurements do not allow energy spectra and angular
distributions to be obtained for the emitted charged particle. Though numerous charged
particle detectors are developed and used in the neutron energy region of ~10-14 MeV, they
are rarely used at energies <10 MeV because of their low solid-angle and counting efficiency.

In recent 7-8 years, we have successfully used a grid ionization chamber, in systematic
studies of (n,o) reactions [1-4]. The grid ionization chamber (GIC) has many advantages in
charged particle measurements, such as the high geometrical efficiency, the capability of
energy-angle determination and particle selection. In order to extend our investigations to
(n,p) reactions, we have constructed a new twin GIC. It was designed at the Frank Laboratory
of Neutron Physics, JINR, Dubna, Russia. The new GIC can bear higher gas pressures. In
addition, the volume of the new GIC is smaller and this reduced the amount of the necessary
working gas.

1. Twin Grid Ionization Chamber

Figure 1 shows the schematic structure of the chamber. The high gas pressure chamber
has a cylindrical stainless steel shell 28.2 cm in diameter and 27.2 cm in height. It consists of
two parallel sections with a common cathode. The anode plates are 0.1-0.2 mm thick
aluminium foils. The grids consist of parallel gold-coated tungsten wires 0.1 mm in diameter
spaced 2 mm apart.

Schematic view of cathode is shown in Fig.2. Samples are mounted on the rotating
disk, fixed between two aluminium plates, that have the orifices 48 mm in diameter, which
corresponds to the size of the samples. This constraction allows only two samples to be
expose. Since there are five positions on the rotating disk, ten samples, back to back, can be
placed on it simultaneously, such as investigated samples, an a-source, a background plate,
28] (to determinate the absolute neutron flux) etc. The rotating disk is connected with a knob
outside the chamber by gear transmition. Therefore, during the experiment, it is possible to
change the sample without changing working conditions in the GIC.

The anode and cathode signals for charged particles emitted from a sample placed on
the cathode and stopped by the counting gas before reaching the Frisch grid can be
represented by the equations [5]:
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where V., V., G., G, are the cathode and anode signal pulse heights and the ratio constants,
respectively, k, =G, /G, , E is the energy of the emitted charged particle, d is the spacing

between the cathode and the Frisch-grid, X is the distance from the origin to the center-of-
gravity of the ionization track, @ is the angle between the normal to the electrodes and the
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particle track. Information about the energy and angle can be obtained from ¥, and V,,
respectively.

Fig. 1. Schematic view of the chamber. Fig. 2. Schematic view of cathode.
1 - stainless steel shell, 2 - shield, 1 - rotating disk

3 - anode, 4 - Frisch grid, 5 - cathode 2 - sample

6 - teflon spindle, 7 - teflon leg 3 - gear transmition

8 - connectors, 9 - rotator, 10 - valve

2. Experimental Set-up
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Fig. 3. Block diagram of the experimental setup.

Figure 3 shows the electronics of our experiment.
The diagram illustrates the output signals from the cathode and anodes of the chamber
as they pass through preamplifiers, main spectroscopy amplifiers, delay line, linear gate,
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analog-digital converter, two-dimensional data acquisition system and are received by
computers. The anode and cathode signals can be obtained simultaneously. Then, two
dimensional spectra of the emitted particles are obtained.

3. Investigations of the Working Conditions of the Chamber

We measure the anode pulse-height of a-particles from an >’ Am or Pu o-source (a
compound o-source of 2*U, Z*Pu, ®Pu and **Cm) and tritons from °Li(ny,t)*He as a
function of E.¢/p at different pressures, where £, is the field strength between the cathode and

the grid, and p is the pressure of the working gas. Figure 4 shows the saturation curves in
krypton with 2.73% COs.
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From the curves it is seen that the good working voltages FE, is about 25-
30 V/mm/atm. For argon with 3.78% CO,, the required E../p is just a little smaller (20-
25 V/mm/atm).

Figure 5 illustrates the dependence of the peak position for the a-source on the ratio of
the field strength between the anode and the grid to the field strength between the grid and the
cathode (E.¢/E.g) for an equal cathode voltage. Figure 5 shows that the optimum condition is
E,/Eg>1.4. For the presented structure of the grid (parallel 0.1mm diameter wires 2 mm
apart), it is 1.372 according to theoretical calculation. This value was 1.6-2.0 during our
measurements.

The distance between the cathode and the grid is 45 mm and the distance between the
grid and the anode is 25 mm. In such arrangement the grid shielding inefficiency is about
2.36%.

The gas pressure is determined from the range of the measured particles in the working
gas and the cathode to grid distance. The pressure must be high enough to ensure that the
particles are stopped before reaching the grid.

Using high voltage equipment (+5000 V) and krypton as a working gas, we can

measure protons with the energy £, up to 6 MeV and o-particles with the energy E, up to
20 MeV.
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Fig. 6(b). Two-dimensional spectrum of compound a-source.
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Fig. 6(c). Angular distribution of the a-source.
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In order to test the chamber, the energy spectra and angular distributions of a
compound o source (**U, **Pu, **Pu and **Cm) and the recoil proton spectrum are
measured. Figure 6 shows the two dimensional spectrum (a), and the corresponding anode
spectrum (b) of the a source at 1.2 atm in krypton. The energy resolution is about 2%. Figure
7(c) shows angular distributions of the o source. In order to obtain the recoil proton spectrum,
a polyethylene film was used as a target and it was bombarded with 4.1 MeV neutrons. The
recoil proton anode spectrum (without background) in Fig. 7 is a rectangle as expected.
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Fig. 7. Anode spectrum of recoil protons.

S. Experiments of (n,a) and (n,p) Reactions
5.1. Experimental Arrangement
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Fig. 8. Experimental arrangement.

The experiments were carried out at the 4.5 MV Van de Graaff Accelerator in Institute
of Heavy Ion Physics in Peking University. Figure 8 shows the experimental arrangement.
Nearly monoenergetic neutrons were produced via the D(n,d)He reaction using a deuterium
gas cell. When it is filled with a 3 atm deuterium gas and the deuteron beam is 2-3 pA, the
neutron yield is about 10°/s. The NE213 liquid scintillation detector and a long counter (BF)
are used as relative neutron flux monitors. A **U sample placed in the chamber was used to
determine the absolute neutron flux.

5.2 Determination of Absolute Neutron Flux

The recoil proton spectrum can be used to determine the absolute neutron flux with
Monte-Carlo simulation in (n,p) reactions. As a comparison, we used 2*U as a target to
determine the neutron flux in analogous conditions. A BF; long counter was used as a relative
neutron flux monitor in experiments. Results on the absolute neutron flux determined by
different targets are normalized to BF; count and are shown in Table 1.



Table 1. Comparison of measured neutron flux

integrate neutron flux ®@, | BF; count ©,/BF;
(1/sr)
€rTor error error
polyethylene film | 2.05-10"" | 3% 1692000 | 5% 121-10° | 6%
34y 1.33-102 | 3% 10862000 | 3% 1.23-10° 6%

In Table 1, the absolute neutron flux is determined with the help of a polyethylene film by
calculation the recoil proton number and cross section of H(n,p) at 4.4 MeV. The flux
determined with ***U is calculated using the fission fragment number and cross section of 28U

(n,f) at 4.4 MeV. The results are in good agreement within the error range.

5.3 Energy Spectra, Angular Distribution and Cross Section Measurements

Fig. 9(a) Two-dimensional spectrum of **K(n,ct)**Cl reaction at E,=5.5 MeV.
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Fig. 9(b). Two differential cross sections of **K(n,0)**Cl at E,=4.4610.25 MeV (36.9 degree,

lab system).
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Fig. 9(c). The angular distribution of **K(n,c)**Cl reaction at E,=5.5 MeV

Energy spectra, angular distributions and cross sections can be obtained from the
measurement. Figure 9(a) shows the two-dimensional spectrum of a-particles for the
3K (n,0)*Cl reaction at E,;=5.5+0.2 MeV. It can be clearly seen that there are two groups of
particles, the first group corresponds to the ground state and the second to the first two
excited states. Figure 9(b) shows two differential cross sections of *K(n,a)**Cl at
E,=4.4610.25 MeV (36.9 degree, lab system). Figure 9(c) shows the angular distributions of
3K (n,t)**Cl at E,=5.5+0.2 MeV. The curve in this picture is fitting by y=a+bx-+cx’ [6].
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Fig. 10(a). The two-dimensional spectrum
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Fig. 10(b). The two-dimensional spectrum
for forward (0-90°) triton measurement at
E,=4.42 MeV.

Figure 10(a) is the two-dimensional spectrum for forward (0-90°) a-particles at
E,=3.67 MeV, from which the kinematical effect can be seen. Figure 10(b) shows the two-
dimensional spectrum for forward (0-90°) triton measurement at E,=4.42 MeV.



Fig. 11(a). The angular distribution for the
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SLi(n,t)*He reaction at 3.67 MeV Li(n,t)"He reaction at 4.42 MeV

Figures 11(a) and 11(b) illustrate the measured angular distributions for tritons at

E.=3.67 and 4.42 MeV [7].

The experimental results have shown that the twin ionization chamber can be

successfully used for studies of the (n,at) and (n,p) reactions.

The authors wish to thank the van de Graaff accelerator laboratory for their help

during the experiments and are also indebted to Prof. Xia Songjiang (Peking university, China,
designer of double parameter data acquisition system), A.V.Androsov and Yu.N.Voronov
(Dubna, JINR Russia, constructor of GIC) and A.Zak (Lodz University, Lodz, Poland) for
high voltage system discussion.
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I'nenenos F0.M. u mp. E13-2000-89
JByXCEKUHOHHAs MOHM3ALMOHHAd Kamepa
U1 Mcchenosanus (n, p)-, (n,o)-peakui

[na uccnenoBaHus peakuuii (n, p), (n,a) Ha GLICTPBIX HEHTpoHax ObL1a co3na-
Ha HOBas ByXCEKLMOHHas MOHM3alMOHHAsA KaMepa. Beutn Hcenenosadbl paGouue
ycnosus Kamepbl. C NMOMOILBIO 3TOH MOHM3AUMOHHOH KaMepbl ObUIH MOJTy4YeHbl
9HEPreTHYECKHE CIIEKTPBI, YIJIOBBIE PACTIPEAE/ICHUS U ceyeHus (n, p)-, (n,o)-peak-
UM Wi psaa saep.

Pa6ora Bemonnesa B JlaGopatopuu HedTpoHHO# ¢u3uku uM. U.M.Dpauka
[0)75:178

CooGuienne OGbenMHEHHOTO HHCTHTYTA SIepHbIX MccrefoBaHuit. dy6Ha, 2000

Gledenov Yu.M. et al. E13-2000-89
Twin Ionization Chamber for Studies of (n,p) (n,a) Reactions

For investigation of the fast neutron induced (n,p), (n,) reactions the new
twin grid ionization chamber was constructed. The working conditions of the
chamber were investigated. Using the ionization chamber, the energy spectra, an-
gular distributions and cross sections of the (n, p), (n,a) reactions were obtained
for some nuclei.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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