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BSM Physics is a balancing act

Theories may need to sit in some sweet spot to solve the 

problem they were created for (e.g. strong cp), whilst also 

satisfying all existing constraints.

This motivates comprehensive studies, including as many 

effects as possible.
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We want to test a theory against a range of experiments over the wide range of 

possible model parameters.

Need a joint likelihood function:

Simple overlays of limits may not be fully informative.

Can be complicated and slow -> needs an efficient way to do this.

Global Fitting

Image: S. S. AbdusSalam  et al. Simple and statistically sound recommendations for analysing physical theories,  Rept. Prog. Phys. 85 (2022)  [arXiv: 2012.09874] 4



[TODO: GAMBIT Ad Slide]



GAMBIT Physics Modules

ColliderBit: Collider observables                                                           [arXiv:1705.07919]

DarkBit: Relic Density, Direct detection,...                                           [arXiv:1705.07920]

FlavBit: Flavour observables                                                                   [arXiv:1705.07933]

SpecBit: Computes particle masses                                                       [arXiv:1705.07936]

DecayBit: Particle decay rates                                                                 [arXiv:1705.07936]

PrecisionBit: tests based on rare processes                                          [arXiv:1705.07936]

NeutrinoBit: neutrino physics                                                                 [arXiv:1908.02302]

CosmoBit: cosmology                                                                               [arXiv:2009.03286]

6For details on most likelihood implementations, see the relevant GAMBIT module code papers.



Recent code updates

– GUM: The GAMBIT Model Machine: from Lagrangians to Likelihoods

– Many new backend interfaces, including:

  -> SM Measurements (Contur, Rivet)

  -> Cosmology (AlterBBN, ACROPOLIS, MontePython)

  -> EFT matching (DirectDM)

  -> Vacuum Stability (Vevacious)

– Support for ATLAS full likelihoods

– Full support for Clang and AppleClang

– Many quality of life core changes
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GUM
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GUM
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GAMBIT results relevant to DM

EFTS (Scalar Singlet, simplified models, …):

– arXiv:1705.07931

– arXiv:1806.11281

– arXiv:1808.10465

– arXiv:2106.02056 

– arXiv:2209.13266 

Axions/ALPS:

– arXiv:1810.07192

– arXiv:2007.05517

– arXiv:2205.13549

SUSY (constrained SUSY, low-dim SUSY):

– arXiv:1705.07935

– arXiv:1705.07917

– arXiv:1809.02097

Neutrinos (SM Neutrinos, Right-handed):

– arXiv:1908.02302

– arXiv:2009.03287

Code Papers:

– arXiv:1705.07920: DarkBit

– arXiv:2107.00030: CosmoBit

– arXiv:2009.03286: GUM
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I will focus on…

– arxiv:2009.03287: Bounds on the lightest neutrino mass

– arxiv:2106.02056: Thermal WIMPs and the Scale of New Physics

– arxiv:2205.13549: Cosmological Constraints on decaying ALPs

– arxiv:2209.13266: s-channel Simplified DM Models

– EW-MSSM + light gravitino Both the gravitino and NLSP would contribute to 
the DM relic abundance, but we focus only on 
collider constraints.

11



Thermal WIMPs and the scale of new physics: arXiv:2106.02056

Sum of all dimension 6 & 7 operators for a Dirac fermion EFT valid up to some new physics scale Λ.

Include couplings to SM quarks, gluons and photon.
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EFT is valid if Λ > largest pT bin in analysis.

We use a falling missing energy spectra above Λ. 

The nature of this signal drop off would depend on 

the UV completion.

Two cases: 

1. Hard cutoff (a = ∞) 

2. Scanning over a range [0,4] to find the best 

fit.

I will only show the results for the hard cutoff

Thermal WIMPs and the scale of new physics: arXiv:2106.02056

13



High Λ high mx: Relic density exceeds planck measurement unless couplings become non-perturbative

High Λ low mx: Strong LHC constraints prevent any surviving regions that satisfy relic abundance.

Below Λ = 200 GeV, LHC has no impact given EFT validity cutoff.

Thermal WIMPs and the scale of new physics: arXiv:2106.02056
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The addition of 10 dimension 7 operators has little effect in the mX \lambda plane.

Thermal WIMPs and the scale of new physics: arXiv:2106.02056

The addition of the dimension 7 operators has very little impact in the mx/Λ plane.

Surviving parameter regions change abruptly with Λ, whenever additional signal regions enter the calculation.
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Cosmological constraints on decaying ALPs: arXiv:2205.13549

Focus on Axion-Like-Particles (ALPS) in the keV - MeV mass range, and lifetimes:                                  

Corresponds to ALPs that decay sometime between the end of BBN and CMB.

ALP-photon effective coupling:

4 ALP free parameters: ALP mass, ALP lifetime, ALP-photon coupling and ALP abundance ( ξ )

ξ cannot be arbitrarily small, due to the irreducible contribution from freeze-in.
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Constraints from energy injection:

– CMB power spectra

– Modifications to Neff & photon-baryon ratio (ηb)

– Primordial Nucleosynthesis (light element photo-disintegration)

– ALP induced spectral distortions

– ALP decays after SN1987A

– Stellar Evolution (ratio of HB/RGB stars)

Cosmological constraints on decaying ALPs: arXiv:2205.13549
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We find ma > 300 keV, which can only be evaded 

if ALPS are stable on cosmological timescales.

Viable regions exist that could constitute a high 

ALP abundance in the very early universe, but 

decay away before recombination.

No strong effect from Neff, ηb or R parameter.

Slight preference at best-fit point is due to 

additional deuterium abundance from 

photodisintegration.

Cosmological constraints on decaying ALPs: arXiv:2205.13549
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Scalar DM:

Dirac fermion DM:

Majorana fermion DM:

S-channel Simplified Models: arXiv:2209.13266

Assumptions:

No lepton couplings

No axial-vector quark couplings

Flavour universal couplings

21
In each model, there are 4 or 5 model parameters: DM mass (mDM), Mediator mass (mM), mediator-quark coupling (gq), mediator-DM 
coupling (gDM) (either vector or axial-vector)



The presence of an axial-vector couplings for the Dirac and Majorana models implies a bound from unitarity: [3]

Vector DM models will face strong unitarity violation -> An upcoming paper will go into detail about this 

violation.

[3] F. Kahlhoefer, K. Schmidt-Hoberg, T. Schwetz, and S. Vogl, Implications of unitarity and gauge invariance for simplified dark matter models, JHEP 02 (2016) 016 22

S-channel Simplified Models: arXiv:2209.13266



S-channel Simplified Models: arXiv:2209.13266

Scan Parameters:

Constraints:
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S-channel Simplified Models: arXiv:2209.13266
Direct Detection: Majorana model only has NREOs that lead to 
suppressed signals.
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DM Abundance:

Collider Missing Energy searches:

Di-jets:



On/off-resonance regions are generally split by the annihilation channels (qq/MM).

Dirac DM: Combination of unitarity violation and direct detection limits give two distinct regions off resonance.

Majorana DM: Weak exclusion when DM mass > Mediator mass due to suppressed NREOs.

S-channel Simplified Models: arXiv:2209.13266
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By fitting the fluctuations in the monojet data, the Dirac and Majorana DM models have an overall preference 

for a small regions primarily along the resonance.

S-channel Simplified Models: arXiv:2209.13266
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Bounds on the lightest neutrino mass: arXiv:2009.03287

Use both terrestrial and cosmological experiments to set a 

CL on the lightest neutrino mass and the sum of neutrino 

masses.

Constraints:

Neutrino oscillations (chi-squared tables from NuFit)

Primordial BBN abundances

CMB

Supernova Type 1a

BAO
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Bounds on the lightest neutrino mass: arXiv:2009.03287

                                                                              (NH)

                                                                              (IH)

                                                                              (NH)

                                                                              (IH)

Highest likelihood corresponds to a massless lightest 

neutrino
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Electroweakinos + light gravitino

Electroweakino effective field theory + light (1 eV) 

gravitino LSP (rest of SUSY decoupled).

The gravitino (and NLSP) would contribute to the DM 

relic abundance, but we don’t include these constraints 

(collider focussed study).

Main collider signal: production + decay of light EWinos

15 ATLAS + 12 CMS searches for new physics, and 

collection of SM measurements.

Paper to be released soon.
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Most preferred: 3 nearly degenerate higgsinos which can fit small excesses in several searches.

Escapes photon + MET searches with low BR to photons.

Allowed region in capped collider scan in the bottom right is due to diminishing production xsec.

Electroweakinos + light gravitino

Uncapped collider Capped collider 30

Preliminary Preliminary



What’s coming up from GAMBIT

Computational speed up for performing global fits:

 -> Machine learning of cross sections, cosmic ray 

fluxes

 -> GPU parallelisation of computational bottlenecks

ColliderBit Solo

 -> Allows processing collider events generated 

elsewhere and passed to ColliderBit
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Light dark matter

 -> Sub-GeV DM fits, including Beam dump 

experiments, direct & indirect detection, cosmology, ...

Vector DM Simplified Models

 -> Studying the effect of unitarity violation and its 

impact on fits

2HDMs 

 -> Fits of Type 1, Type 2 and inert doublet models

Neutrino Oscillation

 -> Fit of left-handed neutrinos reproducing oscillation 

data with detailed treatment of systematic 

uncertainties.

Code: Physics:



Summary

We have GAMBIT studies of many different theories, ranging 

from SUSY, ALPs, EFTs,...

I’ve discussed results from a few DM related recent studies.

Stay tuned for more physics results to come.

Website (tutorials, documentation): https://gambitbsm.github.io

GitHub: https://github.com/GambitBSM/gambit

Code Paper:  GAMBIT: The Global and Modular 
Beyond-the-Standard-Model Inference Tool, Eur. Phys. J. C 77 (2017) 784, 
Addendum: Eur. Phys. J. C 78 (2018) 98, arXiv:1705.07908

GUM Paper: The GAMBIT Universal Model Machine: from Lagrangians to 
Likelihoods, Eur. Phys. J. C 81 (2021) 12, 1103, arXiv:2107.00030.
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