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 [here is a menagerie of new physics models.

* One approach to determmlng their validity: overlay limits
N parameter space: it
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 But what it you have more complicated parameter
spaces, or have many constraints, or what it we discover

something...



Another approach: Global Fits

e Calculate a combined likelinood from all relevant
experimental results:

L = Lcoliider Lom LFiavor ---

e Scan over the parameter space of theories to
determine:

1. The best fit regions of parameter space of a
particular theory.

2. Which theories give the best fit to the data.



GAMBIT. The Global And Modular
Beyond-the-standard-model Inference
Tool

The design philosophy is based on the concepts of modularity and flexibility.

Large database of models, SUSY and others

Extensive library of observables/likelihoods that can easily be enabled or
disabled for a particular scan

Tools for simple interfacing with external codes

Many statistical options — Bayesian/frequentist, likelihood definitions,
scanning algorithms

Massively parallel, both OpenMP and MP!

Easy to add new models, observables, likelihoods, and scanners!
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Code Structure

C Oreo PEEERN ScannerBit

Physics Modules

ColliderBit gDarkBit @FlavBit SpecBit gDecayBit

Backends:
FlexibleSUSY, SPheno, FeynHiggs,

HiggsBounds, HiggsSignals, PYTHIA, Delphes,
BuckFast®, SUSYHiIt, DarkSUSY, micrOMEGAS,
nuLike, DDCalc”, GafnL|ke SuperlS0O,
gm?2Calc, MultiNest, Div GreAT* twalk™

“New!




Hierarchical Model Database

(StandardModel_SLHAz)
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Large and easily extensible model database.

MSSMlOcatQ)

Models for BSM physics (SUSY / Singlet DM) and nuisance
parameters (SM, DM halo, nuclear parameters). More BSM
models to come!

Model hierarchy allows for conversion between various
parameterizations based on what is needed for a calculation.



Dependency Resolution

MSSM25atQ_parametens
Type: ModelParameters
Function: primary_parameters

Module: MSSM25atQ

DarkSUSY 5 1 1 ini
Type: void

Function: DarkSUSY_5_1_1_ini

Module: BackendIniBit

MSSM_spectrum
Type: eaSLHA
Function: get_MSSM_spectrum_from_file
Module: DarkBit

nuclear_params_fng_parametgr DarkSUSY_Pointlnit
Type: ModelParameters Type: bool

Function: primary_parameters Function: DarkSUSY_PointInit_MSS

Module: nuclear_params_fnq Module: DarkBit

o~ e

TH_ProcessCatalog
Type: DarkBit::TH_ProcessCatalog
Function: TH_ProcessCatalog_CMSS

Module: DarkBit

DarkMatter_ID

Type: DarkMatter_ID_type
Function: DarkMatter_ID_MSSM25at
Module: DarkBit

DD_couplings
Type: DarkBit::DD_couplings
Function: DD_couplings_DarkSUS
Module: DarkBit

mwimp
Type: double
Function: mwimp_generi
? Module: DarkBit
= /
sigma_SD _p sigma_SI_p sigmav
Type: double Type: double Type: double

Function: sigma_SD_p_simplg
Module: DarkBit

Function: sigma_SI_p_simpl
Module: DarkBit

Function: sigmav_late_universfe
Module: DarkBit

~y nuyielld_ptr

Type: nuyield_functype
Function: nuyield_from_D
Module: DarkBit

capture_rate_Sun
Type: double

Function: capture_rate_Sun_constant_xdec

Module: DarkBit

equilibration_time_Su
Type: double

Function: equilibration_time_Su

Module: DarkBit

annihilation_rate_ Su nulike_1 0 0 _init
Type: double Type: void

Function: annihilation_rate_Su Function: nulike_1_0_0_ini

Module: DarkBit Module: BackendIniBit

IC79SL_data IC79WH _data IC79WL_data
Type: nudata Type: nudata Type: nudata
Function: IC79SL_full Function: IC79WH_full Function: IC79WL_full

Module: DarkBit Module: DarkBit Module: DarkBit

IC79SL_loglike IC79WH _loglike IC79WL_Ioinke
Type: double Type: double Type: double
Function: IC79SL_loglike Function: IC79WH_loglike Function: IC79WL_loglike
Module: DarkBit Module: DarkBit Module: DarkBit

IceCube_Ilkellhoo
Type: double
Function: IC79_loglike
Module: DarkBit

Automatic generation of
dependency tree for
calculation of likelihoods
and all necessary
iIntermediate values.

No redundancy — each
needed quantity
calculated once per point
INn the scan.

Can change how
calculations are done by
specifying rules in input
file.



Collider Bit
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Currently includes (LHC 8 TeV):

e ATLAS SUSY searches (0I, 0/1/21 t |, b jets + MET, 2/31 EW)
* CMS multi-l SUSY

e CMS DM (monojet)

* Higgs physics from Higgssignals and HiggsBounds



Collider Bit
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Currently includes (LHC 8 TeV):

e ATLAS SUSY searches (0I, 0/1/21 t |, b jets + MET, 2/31 EW)

Run |l results

to be added
* CMS DM (monojet) soon!

e« CMS multi-l SUSY

* Higgs physics from Higgssignals and HiggsBounds



Dark Bit

e Framework for calculation of relic
density for general WIMP model.

e DM search likelihoods:

e Direct detection (LUX, Xenon100,
SIMPLE)

« Gamma rays from DM annihilation in
dwarf spheroidal galaxies (Fermi-
LAT) and the galactic center (HESS)

 Neutrinos from DM annihilation in
the sun (lceCube)

 New cascade decay Monte Carlo for
calculation of indirect signals

XXy Do by =i ¢y —bb




Scalar Singlet DM
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Conclusions

* GAMBIT is many things:
* A tool for global fits.
e A likelihood library for searches for BSM physics.
* An LHC recast tool.
* A framework for calculating DM observables tor new models.
* and more...
e Code, scalar singlet DM, and MSSM papers coming soon!

e Public release will follow!
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The Other Bits

* FlavBit — flavor physics, particularly B decays. Likelihoods
from LHCb measurements.

e SpecBit — generic BSM spectrum object, providing RGE
running, masses, mixings, etc. via interchangeable
interfaces to different RGE codes

* DecayBit — decay widths for all relevant SM & BSM patrticles

* PrecisionBit — SM likelihoods, muon g — 2, precision BSM
tests (W mass, Ap etc.)

+ ScannerBit — manages stats, sampling and optimization

Bits can also be used as standalone codes.



