
GAMBIT Tutorial

Tomás Gonzalo

Institute for Theoretical Particle Physics and Cosmology
RWTH Aachen

T. Gonzalo (TTK - RWTH) GAMBIT 1 / 22



Overview

1 What is GAMBIT?

2 How to write code for GAMBIT?

3 How to use GAMBIT?

T. Gonzalo (TTK - RWTH) GAMBIT 2 / 22



What is GAMBIT?
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GAMBIT

GAMBIT: The Global And Modular BSM Inference Tool
gambit.hepforge.org github.com/GambitBSM EPJC 77 (2017) 784          arXiv:1705.07908

• Extensive model database, beyond SUSY
• Fast definition of new datasets, theories
• Extensive observable/data libraries 
• Plug&play scanning/physics/likelihood 

packages
• Various statistical options 

(frequentist /Bayesian)
• Fast LHC likelihood calculator
• Massively parallel
• Fully open-source

Members of: ATLAS, Belle-II, CLiC, CMS, 
CTA, Fermi-LAT, DARWIN, IceCube, LHCb, SHiP, XENON

Authors of: BubbleProfiler, Capt'n General, Contur, 
DarkAges, DarkSUSY, DDCalc, DirectDM, Diver, 
EasyScanHEP, ExoCLASS, FlexibleSUSY, gamLike, GM2Calc, 
HEPLike, IsaTools, MARTY, nuLike, PhaseTracer, PolyChord, 
Rivet, SOFTSUSY, Superlso, SUSY-AI, xsec, Vevacious, 
WIMPSim

Recent collaborators: P Athron, C Balázs, A Beniwal, S 
Bloor, T Bringmann, A Buckley, J-E Camargo-Molina, C 
Chang, M Chrzaszcz, J Conrad, J Cornell, M Danninger, J 
Edsjö, T Emken, A Fowlie, T Gonzalo, W Handley, J Harz, S 
Hoof, F Kahlhoefer, A Kvellestad, P Jackson, D Jacob, C Lin, 
N Mahmoudi, G Martinez, MT Prim, A Raklev, C Rogan, R 
Ruiz, N Serra, P Scott, P Stöcker, A Vincent, C Weniger, M 
White, Y Zhang, ++

 

70+ participants in many experiments and numerous major theory codes
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Modules (Bits)

Physics Modules
→ ColliderBit: collider searches [Eur.Phys.J. C77 (2017) no.11, 795]

→ DarkBit: relic density, dd,. . . [Eur.Phys.J. C77 (2017) no.12, 831]

→ FlavBit: flavour observables [Eur.Phys.J. C77 (2017) no.11, 786]

→ SpecBit: spectra, RGE running [Eur.Phys.J. C78 (2018) no.1, 22]

→ DecayBit: decay widths [Eur.Phys.J. C78 (2018) no.1, 22]

→ PrecisionBit: precision tests [Eur.Phys.J. C78 (2018) no.1, 22]

→ NeutrinoBit: neutrino likelihoods [Eur.Phys.J.C 80 (2020) no.6, 569]

→ CosmoBit: cosmological constraints [JCAP 02 (2021) 022]

ScannerBit : stats and sampling [Eur.Phys.J. C77 (2017) no.11, 761]

→ Diver, GreAT, Multinest, Polychord, . . .

Models: hierarchical model database

Core : dependency resolution [Eur.Phys.J. C78 (2018) no.2, 98]

Backends : External tools to calculate observables

GUM: Autogeneration of code [Eur.Phys.J. C81 (2021) no 12, 1103]
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How to write code for GAMBIT?
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Module functions - what?

Module functions are the
building blocks of GAMBIT
Module functions provide a
capability
They have dependencies on
other capabilities
They have backend
requirements
Can be allowed for specific
models
GAMBIT resolves the
dependeny graph at runtime
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Module functions - how?

Step 1: Rollcall header Step 2: Source file
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Models - what?
Extensive model database

SUSY
CMSSM
NUHM1,2
MSSM63atQ

DM
Scalar Singlet
Fermionic Singlet
Vector Singlet
Axions

Cosmo
ΛCDM
∆Neff
Power-law
inflation

Others
SM
RH neutrinos
WC
nuisance models

Parent-daughter hierarchy
Module functions are activated for each model

NormalDist

StandardModel_Higgs_running StandardModel_Higgs

MSSM63atQ

MSSM30atQ

MSSM63atMGUT

MSSM25atQ

MSSM24atQ

MSSM20atQ

StandardModel_SLHA2

MSSM19atQ MSSM16atQ

MSSM30atMGUT NUHM2 NUHM1 CMSSM mSUGRA

SingletDM_running SingletDM

nuclear_params_fnq nuclear_params_sigma0_sigmal nuclear_params_sigmas_sigmal MSSM11atQ

MSSM15atQ

MSSM10atQ

MSSM10batQ

MSSM9atQ

MSSM7atQ

MSSM10catQ

Halo_gNFW
Halo_gNFW_rho0

Halo_gNFW_rhos
Halo_Einasto

Halo_Einasto_rho0

Halo_Einasto_rhos

G AM B I T

WC
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Models - how?

Step 1: Declaration

→ Parent

→ Friend

→ Dependencies

Step 2: Translation function

→ Dependencies

Step 3: Use it

T. Gonzalo (TTK - RWTH) GAMBIT 10 / 22



Backends - what?

External tools used to compute some physical quantity
Interfaced with GAMBIT dynamically

C, Fortran  POSIX dl

C++  BOSS + POSIX dl

Mathematica  WSTP
Python  pybind11

CosmoBit
AlterBBN 2.2
DarkAges 1.2.0
MontePythonLike 3.3.0
MultiModeCode 2.0.0
classy 2.9.4

PrecisionBit
FeynHiggs 2.12.0
SUSYHD 1.0.2
gm2calc 1.3.0

DarkBit
CaptnGeneral 1.0
DDCalc 2.2.0
DarkSUSY 6.2.2
MicrOmegas 3.6.9.2
gamLike 1.0.1

SpecBit
FlexibleSUSY 2.0.1
SPheno 4.0.3

ColliderBit
HiggsBounds 4.3.1
HiggsSignals 1.4
Pythia 8.212

FlavBit
SuperISO 3.6

DecayBit
SUSY HIT 1.5
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Backends - how?

Step 1: Build step

→ Patch it

→ BOSS it (C++)

→ Dependencies
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Backends - how?
Step 2: Frontend header C++

→ Backend Variables

→ Backend Function

→ Convenience functions

→ Ini dependencies

Step 3: Frontend source

→ Convenience functions

→ Ini function
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Backends - how?
Step 4: Backend location

Step 5: Reference

Step 6: Backend requirement

Step 7: BOSS config file
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GUM

GUM interfaces LLT SARAH and FeynRules with GAMBIT
Uses existing HEP toolchains

L

FeynRules SARAH

MadGraph CalcHEP SPheno

Pythia 8 MicrOMEGAs

Vevacious

ColliderBit DarkBit DecayBit SpecBit

Models

GAMBIT-compatible outputs from GUM
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How to use GAMBIT?
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Compilation

Configure
Build scanners
Build backends
Build main gambit

Useful configuration options
→ Build mode: -DCMAKE BUILD TYPE=Release
→ Select compilers: -DCMAKE CXX COMPILER=g++
→ Fix paths -DEIGEN3 INCLUDE DIR=somepath
→ Turn on/off MPI: -DWITH MPI=on
→ Turn on/off packages: -DWITH ROOT=on, -DWITH HEPMC=on
→ Select FS model: -DBUILD FS MODELS=None
→ Other cmake flags: -DCMAKE CXX FLAGS=xx
→ Ditch modules/backends/stuff:

-Ditch=“NeutrinoBit;Python;Mathematica;DarkSUSY”
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Diagnostics
Can run diagnostics for all backends, scanners, modules, capabilities
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YAML file
Parameters Node Printers

(hdf5, ascii, sqlite,

cout, none)

Scanners
(diver, multinest,

polychord, minuit2,

twalk, raster, grid)

Likelihoods

Rules

Other
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Running GAMBIT

Run yaml file
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An example run

G A M B I T
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Results

Samples are written in output path
Plotting tool pippi

Run pippi
Results
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