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1. Introduction
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To observe spatial distribution of neutron fluxes from a source to experimental setups requires special neutron detectors, the so-called "monitor" detectors or simply monitors. One of the main requirements placed upon the devices of this type is as small attenuation of an incident beam by the detector as possible. The number of neutrons captured or scattered by the detector window material should be minimal. To meet this condition requires detectors with low detection efficiency and with as small flux attenuation by entrance and exit windows as possible (ideally, with zero attenuation).
Within the framework of projects to create new promising detectors by the detector group of FLNP JINR a two-dimensional position-sensitive neutron monitor has been designed. This device is a gas-filled (He3) detector with a sensitive area of 100(100 mm2. The detector coordinate resolution determined during the measurements at the IBR-2 reactor is 4(4 mm2, the design beam attenuation by the detector is no more than 5%. The signal readout is carried out using delay lines. The detector has been developed for operation at beams of the FRM-II research reactor (Germany).

2. Description of the device

The detector is a multiwire proportional chamber. 

The overall dimensions of the chamber are 320x320x23 mm3, the thickness of entrance and exit windows is 1 mm. This thickness value has been chosen on the one hand to minimize the influence on an incident neutron flux, and on the other hand to make it possible to endure mechanical loads under changes of atmospheric pressure. High voltage of positive polarity is fed via an MHV connector. Five BNC connectors serve for signal output. The detector has 2 gas connectors of the "Swagelock" type and this permits the use of the detector in a flow-operating mode as well.

In the chamber volume two cathode and one anode planes are positioned. Each of the electrodes is a glass fiber laminate frame with a cut window with wound fine wires of gold plated tungsten. The thickness of anode wires is 10 (m and of the cathode wires – 50 (m.

The anode wire spacing is 2 mm. A common bus connects the anode wires. The cathode wire spacing is 1 mm and the cathode wires are connected together in pairs and brought out to the delay line, each unit of which delays signals by 2.9 ns. Distance between the cathodes is 12 mm; the anode is positioned in the middle.
The principle of operation of the given type of devices is as follows. Neutrons interact with the converter gas producing charged particles, which, in their turn, ionize the gas. If an electric field is applied, the cloud of secondary electrons moves to the anode. A small size of the anode and a high voltage of a field in the vicinity of the anode may result in strike ionization of the gas. The electronic cloud having increased in an avalanche-like manner gathers on the anode, and the ions formed in the process move to the cathodes. When moving, electrons and ions induce a charge on the anode and cathodes. By measuring the charge from the ends of a delay line and using the difference in signal arrival time the position of a point of interaction of neutrons with gas can be determined with an accuracy greater than the wire spacing.
To detect neutrons, the chamber volume is filled with a mixture of neutron converter gas He3 and quenching gas CF4. (For high fluxes N2 can be used as a neutron converter). The quenching gas is necessary to reduce the path length of charged particles formed as a result of interaction of neutrons with the converter, as well as to suppress secondary effects. The total pressure of the gas mixture is 1 atmosphere. To accelerate measurements in the scattered beam, the partial pressure of He3 was 50 mbar.

3. Electronics
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Fig.2. Principle scheme of the electronics for 2D monitor PSD

The data acquisition electronics comprises the following components: NIM crate with PS715 and NHQ206L blocks, personal computer with a data processing board (1) and            5 high-speed preamplifiers. The preamplifiers are fixed on the detector case. The schematic diagram of DAQ electronics is presented in Fig. 2.
{the direction perpendicular to the direction of the anode wires has been chosen as the    X-axis, the Y-axis is correspondingly parallel to it}
A high voltage to the detector is applied from the NHQ206L block. Signals from the cathodes (X1, X2, Y1, Y2) and from the anode (via a blocking capacitor) come to the corresponding preamplifiers, and then, being amplified, to the PS715 constant-fraction       five-channel discriminator.

From the discriminator signals are sent to the PCI data acquisition board developed in FLNP JINR. A reactor start signal, by which the neutron energy is determined in the time-of-flight (TOF) mode, also comes to the PCI-board.

4. Experimental data

The measurements of the detector characteristics were carried out at the IBR-2 reactor. The detector geometrical characteristics were measured: its coordinate resolution and efficiency homogeneity. The coordinate spectrum of beam N6 of the IBR-2 reactor was obtained as well.
The coordinate resolution was measured in the following way. The detector with a cadmium mask was placed in a direct beam. The mask was a cadmium plate 1 mm thick with the cut slits 0.5 mm wide. The slit spacing was 10 mm. The obtained spectra were summed over the Y-axis (with the resulting integrated spectrum over the X-axis). The peaks were approximated by the Gauss distribution, full width at half maximum was determined. At a voltage of 2900V the maximum dispersion was 2.9. The peak spacing (10mm) was           ~19.3 channels. Thus, the resolution in the center of the detector is no worse than 3.7 mm. This value was calculated as follows: for the Gauss distribution the peak full width at half maximum is equal to the dispersion multiplied by 2.355. By multiplying the peak width by the channel scale factor, the coordinate resolution is obtained.
The integrated coordinate spectrum obtained with a slit mask is presented in Fig.3. The difference in the height of peaks of individual slits is a result of inaccuracy in mask fabrication (slit width is 0.5(0.2 mm). 
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Fig 3. Integral spectrum along the X-, axis obtained with vertical slit mask.



Gas mix: 50mbar He3 + 950mbar СF4. Time: 1 hour 16 minutes.

HV: +2800V
The differential inhomogeneity of the detector efficiency was estimated at various voltages. A paraffin brick placed in a direct beam was used as a neutron source.
To determine differential inhomogeneity, the following technique was used. First, the sensitive area of the detector was determined, and maximum (Nmax), minimum (Nmin) and mean (Nmean) number of counts in the channel for this area was calculated. The value D1 was determined as the ratio of the maximum deviation to the mean deviation over the whole sensitive area of the detector.

D1= Max ((Nmax ( Nmean), (Nmean ( Nmin)) / Nmean 

Figure 4 shows the integrated spectra at uniform illumination along the axes. A significant efficiency modulation along the Y axis described in the literature (2) can be seen. This modulation is mainly responsible for an increase of efficiency inhomogeneity. By choosing electronics parameters and changing voltage across the anode, it can be brought to 5% or even less. The modulations along the X axis are caused by stroboscopic effects in the process of changing over from analog signals to digital and can be eliminated by increasing the channel size.
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Fig. 4. Uniform irradiation of the detector in a scattered beam. Integrated spectrum along the X axis is on the left and the integrated spectrum along the Y axis is on the right. Gas mix: 50mbar He3 + 950mbar СF4. 
Anode voltage: +2850V. Measurement time – 1 hour 35 min. Without regard for edge effects
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Figure 5 demonstrates two-dimensional spectrum obtained on beam 10 of the IBR-2 reactor. The average load of the detector during measurements was 2(105 neutrons per second. However, the neutron flux was of pulsed character, and the detector efficiency was estimated at 3%.
For visual evaluation of the detector performance a cadmium mask with letters "ЛНФ""(“LNF” - Cyrillic abbreviation of Frank Laboratory of Neutron Physics) and its image obtained with the help of the detector are given in Fig.6.
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Fig. 6. Measurement of illumination using a cadmium mask "ЛНФ"

Gas Mix: 50 mbar He3 + 950 mbar СF4. Measurement time: 15 min. 

Anode voltage: +3300В

5. Results

As a result of the performed work a two-dimensional position-sensitive detector intended to measure neutron beam profiles in a real time mode has been designed and constructed. Its characteristics are presented in Table 1.

The equipment and the experience gained in the process of carrying out of this work make possible to start the development of new two-dimensional position-sensitive detectors of larger area with the improved coordinate resolution. 

Work has been performed with the support of RFBR grant 04-02-17-391, BMBF (Germany), and the state contract of the Ministry of Industry, Science and Technologies of   RF 02.452.12.7025. 
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Table 1. Parameters of 2D position-sensitive monitor of thermal neutrons

	№
	Parameter
	Description

	
	Detector type
	Two-dimensional position-sensitive detector

	
	Working area
	100(100 mm2 

	
	Efficiency
	10-3-10-6% (for neutrons with a wavelength of 1 Å depending on a gas mixture) 

	
	Coordinate resolution
	4x4 mm2, is determined by full width at half maximum (FWHM) of intensity distribution at the detector during neutron exposure with a true beam size of no more than 0.2 mm (FWHM)) 

	
	Load (planned)
	up to 100 kHz (maximum count rate, below which miscalculations because of addressing errors, dead time and electronics saturation do not exceed 10% of true count rate)

	
	Channel homogeneity
	<30%(available) <5% (desired)

	
	Case material
	aluminum D16T

	
	Entrance window
	aluminum 1 mm

	
	Working gas
	3He + CF4 

	
	Total pressure
	1 atm

	
	Preamplifiers: 

· power supply 
· polarity of input signal 

· polarity of output signal

· connector
	12V, 90 mA

positive or negative, Zin=50 Ohm

negative, Zout=50 Ohm

BNC

	
	High voltage
	up to +3.5 kV  

	
	Connectors
	MHV, BNC

	
	Anode
	gold plated tungsten wire 10 (m in diameter, spacing – 2 mm 

	
	Cathode
	Tungsten wire 50 (m in diameter, spacing – 1 mm


Fig. 5. Real profile of bunch N10 on IBR-2 research reactor. 


Gas mix: 50mbar He3 + 950mbar СF4. 


Anode voltage: +3300V. Measurement time 15 minute





Fig.1. 2D monitor of thermal neutrons
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