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Motivation

« First Light Fusion (FLF) has achieved the first example of projectile-driven nuclear fusion
(Burdiak, Skidmore et al. 2022, for recent results see poster by Zoran Pesic)

« Several shots yielded particle detections with fime-of-flight (TOF) measurements
consistent with D(d, n)3He fusion neutrons

« To support FLF progress towards net energy gain, we have developed a novel and
robust Bayesian method to infer plasma conditions (neutron yield, temperature, bulk
velocity) in the low-to-mid yield regime

For further information, including papers:
https://firstlightfusion.com/science-hub




Experimental set up

PMT-scintillator
na He-3 proportional counter

38-mm bore Iigh’r gas gun “BFG”

Vacuum vessel

CAD model using PARAMAK
(Shimwell et al. 2021)
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Detector array
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Inferring model parameters from the data

 Bayes theorem is used to infer . o
parameters from the data /A
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Combining detector likelihood functions

« We form a joint likelihood function for the detector array by using a Gaussian copula
density function ¢ that accounts for correlated behaviour between detector pairs:

 We use neutronics modelling with OPENMC to determine the expected fraction of
neutrons that are common to detector pairs
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Simple analytical source & transport model

« We started with a simple parameterisation of the incident neutron field at each

detector:
d*I Yiotal 1 1(E — Ey)?
= 1 — X —— + X S(E
dE dQ . ( scatt) UE\/Eexp 5 0'5 scatt S ( )
| ]\ J
Y Y
Prompt Scattered

 The normalised scattered spectrum § is a power-law with index a

« For D(d,n)*He nuclear fusion, £, = 2.45 MeV and g = 35 \/Teff/ 1keV keV, where 7 4 is
the neutron-weighted plasma ion temperature

« We use the DYNESTY (Speagle 2020) and BILBY (Ashton et al. 2019) packages 1o
sample the posterior parameter probability densities
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or rates from the BFG shot campaign

Measured arrival
me

ead time

Inferred neutron
detection rate (95% ClI)



Parameters
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Inferred model parameters from the BFG shot campaign

Ytotal

Tup[keV] = 024738
;

Parameters

« The total yield is Y;ora1 = 54759(95% CI),
which is consistent with the results of
Burdiak et al (2022).

+ The scattered fraction is X, = 82128%
which is consistent with expectations
from neutronics modelling

 The temperature is T = 0.2139keV (c.f.
240eV from simulations)
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Summary & Future work

« FLF has recently achieved nuclear fusion using a projectile drive

« We have developed a novel and robust Bayesian approach o infer plasma conditions
using neutron time-of-flight data in the low-to-mid yield regime

« We account for pulse ambiguity and correlated behaviour between detectors

« Results so far do not constrain the neutron-weighted temperature, but improvements
in detector resolution and yield increase will enable us to do so

« We will use neutronics with OPENMC for more accurate time-of-flight and detector
response modelling

« A more complete phenomenological model that includes bulk fluid velocity will
enable experimental investigation into source anisotropy using this method
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Thank you for your attention
Please get in fouch

james.allison@firstlightfusion.com
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