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What iIs GAMBI

The Global And Modular Beyond-the-Standard Model
Inference Tool (GAMBIT) [1] Is an open-source
software framework for performing global fitting of
particle, astroparticle, and cosmological models.

GAMBIT Is designed to tackle the task of analysing
the vast BSM parameter space, and is highly
modular and flexible for including new physics
models and parameters.

GAMBIT & neutrino

Previous neutrino topics explored using the GAMBIT
module, NeutrinoBit

* Neutrino mass (2020, [2]): using both
cosmological and terrestrial data, the upper limit of
the mass of the lightest neutrino is set at 0.037 eV
(NO) and 0.042 eV (IO) at 95% confidence.

* Right-handed neutrinos (2020, [3]): A frequentist
global analysis on 60 MeV to 500 MeV right-
handed neutrinos, utilising data from both direct
and indirect searches

The next topic to explore is the tremendously diverse
field of Neutrino oscillation:

Essential ingredients

To perform a neutrino global data fit, several
Ingredients are needed:

* Neutrino experiment information and data

* A set of module functions representing the
observational results

« A parameter space sampler. In this study the
Diver sampler is used.

Scanner: Diver

Diver IS an open-source differential evolution fast
parameter sampler that utilises the population-based
self-adaptive AJDE algorithm (rand-to-best/1/bin).

All DE algorithms consist of three main steps:
mutation, crossover, and selection. An example of
the vanilla DE (rand/1/bin):

« Mutation: Starting with a population of N parents
{X{, Xs, ..., X5} FOr each parent x;, three other
members X, Xi,, X3 are chosen uniformly to form a
mutation vector u;. In DE/rand/1/bin,

u; = X1 + B (X2 — X;3)

» Crossover: The parent x; and the mutation vector
u. are recombined to form the offspring x'.. In
binomial crossover, each element of the offspring
Inherited from the parent has a probability of P to
mutate:

K] = )
X[ ]|
 Selection: The parent x; and the child x’; compete

to survive and become a member of the next
generation.

B = ‘learning rate’

if r < P
T = , random number 0 < r < 1
itr > P

In the AJDE/rand-to-best/1/bin algorithm, 3 and P
change as the population evolve, and the mutation
vector u; takes a new form of

U; = Mpest + (1 — AN)X51 + 5; (Xio — X53)
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« Combine neutrino oscillation experimental results to set stricter constraints. Some features include
- publicly available experiment information and data
- experiment-specific, physics-motivated systematic uncertainty treatments
- modern statistical and computational methods

 Establish an open-source framework by which new physics models can be scrutinised

Method

Each experimental result is represented by a module function, which, for a given hypothesis and a set of
nuisance parameters, generates a GAMBIT counterpart of the experiment result and computes the
likelihood. Based on the likelihood, one can then perform statistical inferences and construct confidence
Intervals.

To generate a GAMBIT counterpart of an experimental result
A model of the experiment is constructed based on the available experimental information and data to predict
the observation. For example, the T2K likelihood function predicts the far detector neutrino energy spectrum

using the formula below. For bin i,

Reconstruction function Neutrino beam flux
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Total cross section Selection efficiency

To compute the likelihood
For a given set of neutrino oscillation and nuisance parameters, the module function compares the GAMBIT
predicted result to the experimental observation and computes the likelihood using
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