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1. Introduction 

Neutron diagnostic techniques based on a new type of detector (the superheated fluid detector –SHFD) have been evaluated and found to be of particular interest for the characterisation of the neutron emission from the European tokamak machines (JET, in particular, but it could be applied to other machines, e.g., FTU). The proposal for the development of SHFD technique for tokamak devices followed from the successful application of this technique on pulsed plasma devices [1-3].

2. Experimental Model for a One-channel SHFD Detection Unit
The conceptual design of a Superheated Fluid Detector Detection Unit (SHFD-DU) was presented in [4]. As a first implementation of a neutron detection unit an experimental model for a one-channel SHFD detection unit (Fig. 1) was designed and built. It uses commercially available SHFD’s, the so-called “bubble detectors” [5]. One important feature of the proposed experimental model is the possibility of remote (distance of over 50 m) acquisition and transfer of the detector image.

The neutron flux generated by fusion plasma is detected by a set of bubble detectors placed as close as possible to the plasma neutron source (Fig. 1).

The image of the detectors containing the bubbles generated by the neutron flux is optically focused to the surface of the CCD image detector. Various combinations of lenses and optical rings are used in order to accommodate the different shapes and dimensions of the neutron detectors. The detector optical image is digitised by a 12-bit ADC converter, and then converted in a standard IEEE 1394a bit stream. These operations are done by means of a high-resolution video camera. 

The IEEE1394a electronic digital image is converted to an optical cable signal by the OL1394sc converter. This device will transmit the bit stream at 400MB/s to another OL1394sc device that in turn will convert again the signal to the standard IEEE1394a.  Finally the detector image data is transferred to a dedicated PC by means of another IEEE1394a interface.

The detection channel has been assembled and its operation successfully tested on a simulation experimental set-up (using a standard test bubble detector). 
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Figure 1. Block diagram for the experimental model of one-channel SHFD detection unit

3. Measurements of neutron fluence using Superheated Fluid Detectors (SHFD’s). Preliminary neutron measurements on the JET tokamak.

Standard bubble detector of the BD-PND [5] type have been used on the JET tokamak for neutron fluence measurements, while high sensitivity DEFENDER-type detectors [5] have been used for neutron beam imaging (radial beam profile). All measurements have been done at the end of the KM11 diagnostics line-of-sight, above the TOFOR neutron time-of-flight spectrometer (Fig. 2). The SHFD detectors have been placed in front of the vertical NaI(Tl) gamma-ray spectrometer.

The cross-section of the neutron beam is determined by the diameter of the floor-collimating hole (diameter approximately 40 mm).

The preliminary measurements carried out during the JET campaign C17 provided information on:

- The absolute neutron fluence at the detector location (by means of BD-PND detector type)

- The one-dimensional distribution of the neutron fluence across the neutron beam (one-dimensional beam profile) by means of the DEFENDER-type bubble detector.


Figure 2. Experimental setup for SHFD neutron measurements along the JET KM11 line of sight

For the JPN 68456 the neutron fluence measured by means of a set of BD-PND detectors at the position shown in Fig. 2 was estimated to be 5x104 n/cm2.
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Figure 3. One-dimensional beam profile for JPN 68447

The one-dimensional neutron beam profile for JPN 68447 is shown in Fig. 3. It can be seen that the FWHM of the beam profile is approximately 40 mm, i.e. equal to the diameter of the floor collimator hole.

4. Conclusions

As a first implementation of a neutron detection unit an experimental model for a one-channel SHFD detection unit was designed, and successfully tested.

Preliminary neutron measurements using two types of superheated fluid detectors have been done during the JET C17 campaign. They provided information about the neutron fluence and one-dimensional neutron beam profile at the end of the KM11 line-of-sight.
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