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It is the full scale prototype for the Neutral Beam Injector (NBI) for the

european experimental fusion reactor, ITER. The NBI will provide the main mean

of external heating by injecting 1 MeV neutral deuterium atoms into the plasma.

The aim of the High Voltage Padova Test Facility is to study the behaviour of

electrodes under high potential differences. It features two electrodes inside a

vacuum chamber which can achieve an HV difference of up to 800 kV (DC).

Different electrode shapes are tested under different conditions (distance,

vacuum regimes, voltage supply, etc.) in order to find a way to prevent

undesiderable HV discharges, which can halt the operation of MITICA or even

damage the structure of its accelerating grids.

In the last few years hundreds of experimental sessions have been conducted,

collecting analog and spectroscopic data from various configuration. This data

provides the bases on which this work is developed.

The NBI’s beam will be obtained accelerating deuterium negative ions in vacuum

through a 1 MV potential. The ions will be subsequently neutralized by the

means of electron capture. The design and operation of a 1 MV electric field is

faced with many challenges: among these, how to prevent HV discharges

between the grid elements (either actively or passively) which can disrupt the

NBI operation and damage the structure.

HVPTF

The Challenge

Installed on HVPTF in order to

detect the bremsstrahlung X-Rays

emitted by free electrons

accelerated by the HV electric field

interacting with the solid surfaces.

Inside the vacuum chamber (left) are 

installed the electrodes (below) which are 

available in a series of different shapes.

MITICA The Device

HVPTF Analyzer The software developed ad-hoc to integrate analog data (I, V, pressure) with spectroscopic data (X-ray)

LaBr

Microdischarges

Microdischarges are identified comparing the patterns in the I and V signal versus the number of X-rays detected. Both

sets of data are used to study the physics leading up to discharges. Microdischarge identification and processing has

been automated so as to process the terabytes of data collected since 2019.

Sudden surges in electrode current that are observed during the rise of the HV. 

Differently from breakdown discharges, the potential is restored after few ms. 

The program detects discharges and visualize spectroscopic data in 

their vicinity. X-rays are shown in the form of a spectrogram (on 

top), while plots show the evolution of potential (second from top), 

current (third from top) and pressure (bottom) for easy correlation. 

All images are produced through the HVPTF Analyzer software.

Time Calibration

By cross-correlating the patterns in the I and V with the

X-ray rate a finer time calibration is performed. This

allows for precise timing around every detected

discharge.

X-Ray Detectors

Comparing I and V data 

with X-ray counts (top 

left) a time misalignment

is found. The software 

then cross-correlates the 

two (top right) and 

computes a correction. 

The process is repeated

for every discharge in the 

session in order to 

perform a fine tuned

syncronization (bottom).

Comparing the number of X-rays detected (bottom) with the 

I and V patterns, the X-ray silence during microdischarge is

studied in much finer detail than through analogic means. 

Pile-up phenomena can also be identified drawing the 

comparison between the X-ray energies and the HV value.
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Perspectives

❖ Discharge identification through X-ray counting was

demonstrated, allowing for the further refining of the

detection method.

❖ X-ray spectroscopy revealed a lack of X-ray

production during microdischarges: all possible

causes related to detector saturation were ruled out,

demonstrating a stop to the electron acceleration

process during discharges.

❖ Scintillators (LaBr and LYSO) analysis revealed limit

in their maximum detection rate and contributed to

the conceptualization of the installation of the GEM.

❖ X-ray spectra immediatly before and after

microdischarges were analyzed finding no

differences.

❖ Expand the analysis on the 200+ experimental

sessions conducted between 2019 and 2022 (and the

ones coming in the future), drawing further insight

on the physics of the discharges.

❖ Investigate the possibility of using machine learning

to recognize the conditions leading up to discharges

and prevent them.
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❖ Fast charge collection time (≃ tens of ns) allows for a more profound insight on the physical

phenomena leading to discharges.

❖ Bremsstrahlung X-rays provide information on the behaviour of the free charges rather than

the behaviour the power supplies circuit.

❖ LYSO and LaBr are radioactive, providing a tool for energy calibration through self-irradiation.

❖ GEM allows for imaging capabilities and even higher X-ray flux tolerance.

LYSO GEM 
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Update: GEM 

Installation of the GEM detector provides:

❖ Imaging capabilities, allowing to inspect where the X-

ray are produced along with their flux and energy

(image below)

❖ Enhanced sensibility to high X-ray fluxes, averting

the risk of pile-up and saturation of the detector

during high-emissivity events

❖ Shorter dead-times, allowing for further time

resolution in the future
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