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What is Fusion Power?

Deuterium and Tritium
Heat it up

Maintain the plasma (control instabilities)
Get fusion energy

Radiation losses
14 MeV neutrons

Lots of scattered neutrons

DT fusion power: DT fusion Q value ⋅ number of DT fusion reactions / time
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How is Fusion Power currently measured?

Counting fusion products

Alphas are confined

Neutrons escape (direct and scattered)

3.5 ⋅ 1017 n/s for 1MW fusion power

Locate fast neutron counters outside the vessel: fission chambers

3.5 MeV

14.1 MeV
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The neutron activation system

Fission chambers count ‘everything’

(scattered neutrons as well)

Inside reference needed: activation foils
(time-integrated ”direct” neutron flux)

Detectors cross-calibration
(in-vessel neutron calibration campaigns)

Activation foil calibration
(heavy Monte Carlo simulations,
as frequently as possible)
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Fusion power measurements at JET

JET energy records from DT campaigns:

Fusion power from neutron rate
7-10% accuracy, Δ𝑡 = 10ms

Unique method available
for DT plasmas

Similar approach
also adopted at ITER
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Do we need a second method?

Accurate fusion power measurements are critical
Most essential diagnostic to assess a fusion reactor performance
Multiple independent measurements are valuable for:

Validation of scientific results
Licensing future tokamaks operations
Reduce fusion power uncertainties
Operate closer to legal limit: higher efficiency
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The main problem: background

Already installed detector (fast ions): not optimised for our purposes
Intense background was observed up to ∼ 10MeV

Signal can be divided by background based on energy!

No direct neutrons: 90 cm long LiH attenuator
4.7 ⋅ 10−5 neutron transmission
0.1 gamma transmission

Neutron-induced prompt-gammas
can saturate detector

solution needed
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From counts to absolute measurement

The detector LoS is collimated

Small portion of the plasma observed

Less count rate could be due to:

decrease in fusion power
plasma out of sight

Requirement:
informations on plasma profile
Assumption:
DT neutrons and gammas
have the same profile

Infos from JET Neutron Camera
Tomography on NC data

profile ∀ discharge
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Results: spectrum

Total gamma-ray spectrum
(89 DT DTE2 JET discharges)
DT signal modelled using R-Matrix
(Tilley et al. 2002)
Background empirically described
(exponential + polynomial)
Relative yield 𝛾1/𝛾0 was found
(1.09 ± 0.25)
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Pros and cons

standard method (n)

10% achieved uncertainty
from 40 years experience at JET

Intense signal
(1016-1020) neutrons/s at JET

Time-consuming neutron in-vessel
calibration

novel method (γ)

20% improvable uncertainty
at first attempt

Intense neutron induced
background

No need of in-vessel
calibration

Sole method for
future aneutronic fuels

Apply the method to other DT machines?
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Future applications: ITER

Multiple LoS Radial Gamma-Ray Spectrometer
Requirements on fusion power:

10% accuracy, 1018 n/s, 1 s time resolution
Preliminary results

Assuming BR is known

Good above 2 ⋅ 1017 n/s
Suitable for ITER requirements
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Thank you!
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