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Introduction: DTT phases & neutron/RE diagnostics
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Neutron and runaway electron (RE) generation 

will be monitored in DTT from First Plasma 

throughout the Early Operational Phase (Phase 1)

Enable assessment of neutron budget

Support early disruption and RE mitigation 

experiments

Develop interlock and control strategies

Benchmark MCNP models for neutronics 

studies



Introduction: DTT Phase 1 neutron & RE diagnostics
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• Strategy implemented through planned installation of the following set of phase 1 diagnostics:

- Neutron activation system (NAS)

- Neutron Yield monitors (NYM) 

- NE213 scintillator

- C6F6 scintillators

- Runaway Electron Imaging and Spectroscopy system (REIS)

Time-integrated / time-resolved neutron yield

(in-situ calibration)

Lost RE 

In-flight RE

• Additional diagnostics foreseen in later operational phases: Time-of-Flight spectrometer, 

neutron/gamma-ray camera and Cherenkov probe
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NAS - Overview
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- Foils activated by (n,γ) reactions 

- Foils activity measured by HPGe 

detector

- Neutron Yield determined 

combining measured activity and 

MCNP simulations constrained by 

in-situ calibration

• Metallic foils moved by pneumatic system between irradiation end close to plasma and 

gamma-ray counting station.

• Proximity to plasma 

→ unaffected by changes in tokamak hall

• Thickness-tunable efficiency

→ suitable for low-yield regime measurements
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pipes	
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NAS - Layout
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IE	supporting	structure	

IE	supporting	
structure	

Irradiation End (IE)
Port 1 (Sector #01, Sector #11



NAS - Performance
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MCNP calculation of neutron 

spectra at foils position

	
HPGe counts 

vs. thickness of 

indium foil

Assumptions

Acquisition time = 3600 s

Foil to HPGe distance = 10 cm

HPGe relative efficiency = 50% 

Irradiation time = 25 s

Foil diameter= 9 mm

Requirements → 3% statistical error

Detector counts in ROI based 

on HPGe response function

FISPACT-II calculation of induced activity



NYM - Overview
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• Active detectors working in count mode located at four positions in the DTT torus hall

• Time resolved neutron yield measurement enabled via in-situ /cross calibration

• Measurement of:

- DD + DT neutrons (total yield monitor)

- Separate DD and DT neutrons: designed 

for DT measurements (burn up monitors) 

but also suitable for DD

• Phase 1 installation: subset of 

detectors with highest efficiency



NYM - Total yield monitors
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• Former FTU gas detectors embedded in moderating units exploiting nuclear reactions 

induced by thermal neutrons:

- No selectable energy threshold

- Low sensitivity to gamma/hard x-rays

	  

Six  BF3 proportional counters   10B (n,) reaction

	

	
Fission chamber and moderating unit

BF3 and moderating unit

Sixteen 235U Fission chambers    235U (n, f) reaction

- Moderating units: mixture of lead and polyethylene

- 4 detector sets: 4×10-2 g; 4×10-3  g; 4×10-4 g;  4×10-5 g

- Moderating units: polyethylene and boron plastic

- 3 low sensitivity + 3 high sensitivity detectors

Phase 1



NYM - burn up monitors - Layout 
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• Liquid/solid state detectors: 

- Selectable energy threshold

- Also sensitive to gamma/hard x-rays

Single crystal diamond (sCD)

PHS 

- Two 10-pixel matrices:

- 4.5 mm x 4.5 mm x 200 μm

- 4.5 mm x 4.5 mm x 50 μm

- DT neutrons: 12C(n,α)9Be reaction

- DD neutrons: elastic scattering on 12C nuclei

- DD/DT neutrons/gamma-rays discriminated by threshold

Liquid scintillator

- EJ301 1.5 cm   × 1 cm thick

- Neutron elastic scattering on hydrogen nuclei

- DD/DT neutrons discriminated by threshold

- Gamma-rays discriminated by pulse shape

PHS

Phase 1



NYM - Performance
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MCNP calculation of n/ 

spectra at detector position  
Results checked against 

requirements

• BF3s extend performance downwards 

by three orders of magnitude 

• Time resolution < 100 ms

• Statistical error: < 3%

• Count rate: < 105 cps (BF3/FC); 

 < 106 cps (EJ301/sCD)

• FCs cover within requirements 

the full DTT yield rate range.

• EJ301/ sCDs can cover almost uniformly the DTT range but with larger 

statistical error (10%) due to due to sensitivity to DD neutrons

→ Shielding included in the design to reduce DD contribution with minimal 

impact on DT counts 

→ Shielding included in the design to shift operating range to higher neutron 

yield rates

Counts at given yield rate/time 

resolution evaluated by means of 

detector response functions



RE monitors - NE213 scintillator - Overview
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• Large NE213 scintillator (5’’× 5”, former FTU detector)  hosted in one of the torus hall NYM 

benches

• RE detected by measuring the hard x-rays produced by RE interactions with tokamak 

structures (thick target bremsstrahlung) 

• working in current mode → continuous 

signal due to:

- Neutrons

- Neutron-generated gamma-rays

- RE-generated hard x-rays

NE213 liquid scintillator

• The detector will be cross-calibrated with NYM in RE-free discharges → NE213 & NYM time 

traces will: 

- Overlap when there are no RE

- Deviate from each other when RE are present
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RE suppression via low gas prefill and 

feedback-controlled constant/increasing ne

[B. Esposito et al., 2017, PPCF 59 014044]

RE generation through decreasing ne in Ip flat-top 

RE detection with BF3 and NE213 during RE generation/suppression experiments in FTU

RE monitors - NE213 scintillator - performance



RE monitors - C6F6 scintillators - Overview
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• Four detectors (12.7 mm   × 12.7 mm thick ) 

one for each NYM bench, working in count 

mode → toroidal resolution

• Almost Hydrogen-free → Low neutron 

sensitivity

• 10 cm-thick polyethylene attenuator 

included in the design to further reduce the 

neutron flux

• Excess of hard x-rays due to RE detected by 

comparison with NYM as for NE213



RE monitors - C6F6 scintillators - Performance
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Full Power 

Scenario

10 cm polyethylene attenuator can be used from day 0; 

current mode operation can be considered at full power



RE monitors - REIS - Overview
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• Infer RE population parameters (number, energy, pitch angle) and RE beam position 

from measurements of synchrotron radiation emitted by in-flight RE



RE monitors - REIS - layout
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• A version of the REIS without visible camera is available and currently installed in WEST

• REIS measurements at WEST used as testbed for overall diagnostic setup, acquisition and 

real-time processing

• The current REIS will be adapted for DTT with the following new features: 
- Cooling system

- Double vacuum window

- Real-time data acquisition system
DTT Port 3 sector #9 



RE monitors - REIS - Performance - WEST 

discharge # 62373 
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Combined analysis of REIS spectra and visible camera images to determine RE number, energy, pitch angle 

and radial position  → SOFT simulations (Synchrotron-detecting Orbit Following Toolkit) constrained by 

experimental data 
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RE monitors - REIS - Performance - WEST 

discharge # 62373 



Conclusions

19Daniele Marocco | ICFDT8  | 19-21 October 2026

• A comprehensive set of neutron and runaway electron diagnostics is planned for installation in 

DTT from Phase 1 and its desing is on-going

• The diagnostic set includes: 

- Neutron Activation System (NAS) for robust and flexible reference neutron-yield 

measurements, supporting cross-calibration and validation of MCNP models

- Neutron Yield Monitors (NYM) for time-resolved, pulse-by-pulse neutron yield 

measurements, supporting plasma operations

- Scintillators for monitoring runaway-electron losses through hard X-ray emission

- REIS for measurements of in-flight runaway-electron beam properties and position

• A framework for performance analysis has been established and first results indicate that the 

proposed diagnostics can meet the needs of DTT Phase 1 operation



Thank you for your attention
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