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What is GUNDAM?
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•GUNDAM, which stand for Generalized and Unified Neutrino Data Analysis Methods, 
is an analysis tool developed in the context of the upgrade of the off-axis near 
detector of T2K


• It is a synthesis of two tools used in the T2K cross-section and OA WGs (xsLLhFitter 
and BANFF)


• Its goal is to explore a likelihood function that can be defined by using a set of 
YAML/JSON configuration files 


•Code structure designed for handling different analyses and as much as possible 
analysis independent


•Code optimized for both CPUs and GPUs

• 10s - 100s Hz depending on the analysis, system and if using CPUs only or GPUs

• Example: analysis with ~4000 sample bins and ~600 parameters few hours (~3d 

previous generation tool)

•Collaborative code developed on GitHub under same GPL as ROOT

https://gitlab.com/cuddandr/xsLLhFitter
https://github.com/gundam-organization


GUNDAM Workflow
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Define samples and 
kinematic variables of 

interest

Choose minimization (MINUIT, 
GSL) or likelihood sampling 

(MCMC) algorithm

ℒ = ℒstat. + ℒsyst.

Define nuisance 
parameters (flux, cross-

section, detector response)

Output analysis results

Goal: explore the 
likelihood
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Config examples
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mainConfig.yaml

Convenient to break 
this is several files but 

doesn’t have to be

Note: illustrative only examples
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Engine configuration 
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mainConfig.yaml

Note: illustrative only examples
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configMCMC.yaml
mcmc

Shortened for sake 
of brevity 

Engine configuration 
mainConfig.yaml

Note: illustrative only examples
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Likelihood definition

MC format: event-by-
event MC reweighed to 

fit data histograms

mainConfig.yaml

Note: illustrative only examples

Different test statistics 
implemented in the core code
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Dataset definition

MC format: event-by-
event MC reweighed to 

fit data histograms

mainConfig.yaml

Note: illustrative only examples
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Samples definition

Bin in any number of dimension

Any number of samples
mainConfig.yaml

Note: illustrative only examples
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mainConfig.yaml

Parameter set: normalization

Note: illustrative only examples

Binned

Unbinned

Binning maps 
weights to events
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mainConfig.yaml

Binned

Parameter set: response function 

Unbinned

Note: illustrative only examples
Binning maps response 

functions to events
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Multi-parameter dials
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mainConfig.yaml

Note: illustrative only examples
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Tabulated dials
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mainConfig.yaml

Note: illustrative only examples
Note: External pre-compiled C++ libraries which belong to the 
inputs, not the code of GUNDAM itself
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Applications
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Example: gundamFitter -c mainConfig.yaml -t 16 --cache-manager -s 123 —-toy 1 -of configOverride.yaml



Documentation
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• Short outline:

• A general introduction

• Installation guide 

• How to set up the configuration files with 
examples


• Meaning of the entries of a configuration file

• How to use the different applications


• Work in progress (almost by definition)
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• Tests workflow implemented for a continuous validation

• We have two type of tests running: unit tests with GoogleTest and executable 

testing with specialized script (running mock analysis and checking expectations) 

• Executable testing with specialized script can be divided in:

• Fast: always run and used during continuous integration (eg. few-parameter fit)

• Regular: quick tests that are not used for CI, but should be run locally before 

any PR (eg. response functions interpolation)

• Extended: slower tests (eg. MCMC)

• Slow: long validation tests (eg. more complex fit)


• Always looking for missing tests!!!
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Testing and Validation
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GUNDAM Oscillation Analysis Tools
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•Oscillation probability calculation

•Already using Prob3++ but other libraries can be used


•OA functionality to be implemented: 

• Frequentist analysis, ie profiling:


•Constant  (fast fit),  with FC, etc.

•Bayesian analysis

•Marginalization with MCMC


•Would like to test what has developed so far and continue

•Wei Shi (SBU) pointed us toward inputs at this link used for DUNE PRISM

•Guidance on the latest inputs DUNE-LBL WG is using would help us setting up 

our config files and add features to the code base if needed

Δχ2 Δχ2

https://github.com/rogerwendell/Prob3plusplus
https://github.com/weishi10141993/lblpwgtools/blob/feature/prism/CAFAna/PRISM/README2.md#nd-caf-files


Conclusions
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•GUNDAM is a versatile, fully configurable and high-performance tool that can 
analyze high-dimensional models and binning


•Used for T2K OA-ND and cross-section analyses, but also ICARUS 
Collaborators are using it for a cross-section analysis


•Can contribute to DUNE LBL in many ways: 

• LBL and LBL+atm sensitivities 

•DUNE PRISM and “classical” ND sensitivities 

•Cross-section analyses (future)

•Many other analyses


•GUNDAM Oscillation Analysis Tools work ongoing and we exploring the 
interests of other groups and individuals



Backup
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Plot generator
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mainConfig.yaml

Note: illustrative only examples
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Likelihood scanning
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mainConfig.yaml

Note: illustrative only examples



Development policy
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• For internal development an issue should be opened and it should happen in a 
dedicated branch with a descriptive name of the feature. We recommend the 
following tags: 

• fix/myFix: to address specific issues with the code

• feature/myFeature: to add specific feature

• doc/myDoc: for documentation additions

• experimental/myBranch: for idea developments


• Change description (commit messages and PR) must be explicit and limited to a 
single issue


• Create a PR and merge after review and CI is successfully completed

• External developers are encouraged following the same procedure as above 

(might fork the code) 
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