
4. My current and future work
4.1 Neutron generator characterisation at the National Physics Laboratory (UK)

• Computational support for the experiments

• Comparison of calculated and measured neutron flux and spectra

• Result of characterisation: MCNP model and neutron source which reproduce

results of experiments

1. Introduction
Neutrons are emitted both in DD and DT fusion reactions
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Number of emitted neutrons is proportional to produced energy

• Time resolved neutron monitors → fusion power

• Time integrated neutron detectors→ fusion yield

Absolute power/fusion yield measurements → absolute calibration

2. Calibration procedure

• Detector response to well characterised neutron source

measured

• Relations between detector responses to calibration source

and plasma neutron source calculated

• From measurements and calculations→ calibration factors

• Target accuracy is typically 10 %

Absolute calibration of the power detectors is necessary

• Large fusion powers (MW or GW) – balance of plant, cooling

• Tritium accountancy

• Some experiments require accurate information about fusion

power or yield for absolute calibration of their measurements

3. Computational tools

• Monte Carlo particle transport: MCNP/MCNPX + modified

versions of these codes

• Activation calculations: FISPACT

• Variance reduction and deterministic particle transport:

ADVANTG

• Nuclear data libraries: FENDL, JEFF, ENDF, TENDL

4.2 Calculations in preparation for JET DT neutron calibration

• Preliminary calculations of detector responses

• Evaluation of the effects that the remote handling system has on the detector responses

4.3 JET DT neutron calibration

• Comparison of measured and calculated detector responses

• Calculation of the correction factors in order to minimise the effects of uncharacteristic

conditions during the calibration

• Calculation of the calibration factors for detectors

4.4 Investigations performed in parallel to these tasks

• Neutron source uncertainty (both from calibration source and plasma source)

• Detector response uncertainty

• Correction factor uncertainties (source position, remote handling system, MCNP model, etc.)

• Result: Assessment of the uncertainty of the calibration factor

Most of these calculations are performed in support of the calibration of JET fission chambers and

activation detectors.

4.5 Some side projects

• Testing different codes for DT neutron generator simulations (ENEA-JSI subroutine, DDT, 

MCUNED), comparison with existing experimental results

• Dose-rate calculations in a PWR type nuclear power-plant

• Variance reduction in complex geometries
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Neutronic calculations in support of absolute measurements of fusion power in large tokamaks

Figure 1: MCNP model 

of the neutron generator

Figure 2: Calculated neutron spectra in some directions 

for 100 keV D beam on TiT2 target (model from Figure 1)

Figure 3: Effects of the remote handling

system on the neutron flux (252Cf source)

5. Anticipated results of my PhD thesis
• Assessment of the uncertainties in the calibration of JET neutron

detectors

• Development of general guidelines for power detector calibration in

large tokamaks

6. Possible collaborations
Fusion neutronics

• Fusion power calibration of tokamaks

(large enough to have significant neutron

production)

• DT neutron generators – absolute

calibration, streaming experiments, etc.

• Tokamak plasma as a neutron source

• Tokamak plasma diagnostics based

on neutron emission

At JSI TRIGA fission reactor

• Radiation hardness testing with

neutrons and/or gamma rays

• Testing neutron detector response

at well characterised conditions

Figures 4 and 5: JET fission chambers (left) and CAD model 

showing irradiation position of the activation system in JET

Figure 6: Plasma as a 

neutron source

Figure 7: Model of TRIGA reactor
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