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g|0b8| fitti NE simplified finding the best fit model

theory experiment
prediction data
A likelihood function
/ | N\
parameter estimation model testing model comparison
best fit, confidence region... goodness of fit, p-value... Bayes factor, odds...
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g|0b8| fitti NE over simplified finding the best fit model

dreams reality

reality
check

the idea of global fitting is simple, but it’s details can be complicated
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: The Global And Vodular BSM Inference o0l
gambitbsm.org github.com/GambitBSM EPIC 77 (2017) 784 arXiv:1705.07908

Recent collaborators: P Athron, C Balazs, A Beniwal, S
Members of: ATLAS, Belle-ll, CLiC, CMS, Bloor, T Bringmann, A Buckley, J-E Camargo-Molina, C
CTA, Fermi-LAT, DARWIN, IceCube, LHCb, SHiP, XENON Chang, M Chrzaszcz, J Conrad, J Cornell, M Danninger, J
Authors of: BubbleProfiler, Capt'n General, Contur, Edsjo, T Emken, A Fowlie, T Gonzalo, W Handley, J Harz, S
DarkAges, DarkSUSY, DDCalc, DirectDM, Diver, Hoof, F Kahlhoefer, A Kvellestad, P Jackson, D Jacob, C Lin,
EasyScanHEP, ExoCLASS, FlexibleSUSY, gamLike, GM2Calc, N Mahmoudi, G Martinez, MT Prim, A Raklev, C Rogan, R
HEPLike, IsaTools, MARTY, nulLike, PhaseTracer, PolyChord, Ruiz, P Scott, N Serra, P Stécker , W. Su, A Vincent, C
Rivet, SOFTSUSY, Superlso, SUSY-AI, xsec, Vevacious, Weniger, M White, Y Zhang, ++

WIMPSIim
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GAMBIT dark matter related results

EFTs

SM + scalar, fermion, vector singlet
EPJ C77 (2017) 8 568 arXiv:1705.07931
EPJ C78 (2018) 10 830 arXiv:1806.11281
EPJ C79(2019) 138  arXiv:1808.10465

(
(

EPJ C81 (2021) 11 992 arXiv:2106.02056
EPJ C83 (2023) 3249 arXiv:2209.13266
simplified
SM + scalar, fermion, vector singlet + mediator

arXiv:2405.17548

EPJ C80 83 (2023) 3249  arXiv:2209.13266

EPJ C80 83 (2023)8 692  arXiv:2303.08351

axions, axion-like particles

SM + QCD axion, DFSZ, KSVZ, generic ALP
JHEP 1903 (2019) 191 arXiv:1810.07192
JHEP 05 (2021) 159  arXiv:2007.05517
JCAP 12 (2022) 027  arXiv:2205.13549
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constrained SUSY
CMSSM, NUHM1, NUHM?2 GUT scale BCs

EP) C77 (2017) 12 824 arXiv:1705.07935
low-dim SUSY
MSSM-7, MSSM-EW weak scale BCs
EPJ C77 (2017) 12 879 arXiv:1705.07917
EPJ C79 (2019) 5 395 arXiv:1809.02097
EPJ C83 (2023) 6 493 arXiv:2303.09082
neutrinos
SM, SM+RHN
EPJ C80 (2020) 6 569 arXiv:1908.02302
PRD 103 (2021) 12 123508 arXiv:2009.03287
generic
modules, backends
EPJ C81 (2021) 12 1103 arXiv:2107.00030
JCAP 02 (2021) 022 arXiv:2009.03286
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Resonant or asymmetric:
The status of sub-GeV dark matter
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sub-GeV scalar or fermion with dark vector mediator
arXiv:2405.17548

exec summary

to evade the present observational constraints
sub-GeV dark matter must either be

resonant, asymmetric or inelastic
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sub-GeV fermion + dark vector mediator
arXiv:2405.17548
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Figure 23. Prior (blue) and posterior (orange) probabilities for asymmetric fermionic DM in terms
of the most relevant parameters and observables.
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sub-GeV fermion + dark vector mediator
arXiv:2405.17548
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Figure 1. Allowed parameter regions for asymmetric fermionic DM, with the star indicating the
best-fit point, compared to the projected sensitivities of various experiments. The different panels
show the rescaled DM-nucleus scattering cross section versus the DM mass (top-left), the rescaled
DMe-electron scattering cross section versus the DM mass (top-right) and the kinetic mixing parameter
versus the dark photon mass (bottom-left). In the bottom-right panel we have fixed m 4, = 2.5mpy

and apy = 0.3, and we show constraints in terms of the effective coupling x?apy(mpwm/ mj,) versus
the DM mass.
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sub-GeV fermion + dark vector mediator
arXiv:2405.17548
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Figure 1. Allowed parameter regions for asymmetric fermionic DM, with the star indicating the
best-fit point, compared to the projected sensitivities of various experiments. The different panels
show the rescaled DM-nucleus scattering cross section versus the DM mass (top-left), the rescaled
DM-electron scattering cross section versus the DM mass (top-right) and the kinetic mixing parameter
versus the dark photon mass (bottom-left). In the bottom-right panel we have fixed m 4, = 2.5mpy
and apym = 0.3, and we show constraints in terms of the effective coupling xk?apn (mpm/m?,) versus
the DM mass.

C Baldzs | RICAP 2024 Sep 26 | page 15 of 28




Eur. Phys. J. C manuscript No.
(will be inserted by the editor)

TTP23-009, KCL-PH-TH/2023-21, gambit-physics-23, MCnet-23-05, ADP-23-08/T1217, CERN-TH-2023-043

Collider constraints on electroweakinos in the presence of a
light gravitino

The GAMBIT Collaboration: Viktor Ananyev', Csaba Balazs?,
Ankit Beniwal®, Lasse Lorentz Braseth!, Andy Buckley?,

Jonathan Butterworth®, Christopher Chang®, Matthias Danninger’,
Andrew Fowlie®, Tomas E. Gonzalo??, Anders Kvellestad'",

Farvah Mahmoudi'®'!, Gregory D. Martinez'?, Markus T. Prim!?,
Tomasz Procter’, Are Raklev', Pat Scott'?, Patrick Stocker'®,
Jeriek Van den Abeele!''®, Martin White'®, Yang Zhang'"!?

! Department of Physics, University of Oslo, N-0316 Oslo, Norway

2 School of Physics and Astronomy, Monash University, Melbourne, VIC 3800, Australia

3 Theoretical Particle Physics and Cosmology (TPPC), Department of Physics, King’s College London, Strand, London, WC2R
2LS, UK

1 SUPA, School of Physics and Astronomy, University of Glasgow, Glasgow, G12 8QQ, UK

5 Department of Physics and Astronomy, University Colle ge London, Gower St., London, WCI1E 6BT, UK

5 School of I\Ll.l]l( matics (111(1 Physics, The Um\usll\ of Qll((ll'-wldll(] "al Llu ia, anhdn( QLD 4072, Australia
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collider constraints on electroweakinos

+ a light gravitino EPJ C83 (2023) 6 493 arXiv:2303.09082
* gravitino is dark matter H0 710
* the only light particles in reach _ _308 2
of LHC are the gravitino and the {2
lightest electroweakinos - | =
= 600 —0.6 &
* |latest Atlas and CMS data o 1 =
constrain large part of the 1x1 &= .
TeV neutralino mass plane > -
(mostly) due to di-photons plus Ly
missing E (‘capped’ likelihood shown) 204 ??

* light neutralinos are still viable!
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Eur. Phys. J. C manuscript No.
(will be inserted by the editor)

gambit-physics-2023, TTP23-007, P3H-23-012, ADP-23-07/T'1216

Global fits of simplified models for dark matter with GAMBIT

II. Vector dark matter with an s-channel vector mediator

Christopher Chang!'®, Pat Scott?, Tomas E. Gonzalo®, Felix Kahlhoefer?, Martin White”

! School of Mathematics and Physics, The University of Queensland, St. Lucia, Brisbane, QLD 4072, Australia

2 Quantum Brilliance Pty Ltd, The Australian National University, Daley Road, Acton ACT 2601, Australia

3 Institute for Theoretical Particle Physics (TTP), Karlsruhe Institute of Technology (KIT), 76128 Karlsruhe, Germany

4 ARC Centre of Excellence for Dark Matter Particle Physics & CSSM, Department of Physics, University of Adelaide, Adelaide,

SA 5005
N
N
-
(@

9{) Abstract Global fits explore different parameter re- 1 Introduction

Received: date / Accepted: date

= gions of a given model and apply constraints obtained
< at many energy scales. This makes it challenging to per-  As successful a theory as the Standard Model (SM) has
o0 form global fits of simplified models, which may not be been, there are many reasons for expecting it to exist

e - TMETo1eg 3 Ve derive a 11L¢ A A1l
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vector singlet + s-channel vector mediator
EPJ C80 83 (2023) 8 692 arXiv:2303.08351
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Fig. 3: Profile likelihood, profiled over couplings. The measured DM relic abundance is taken as an upper limit (left) or to be
composed entirely of the vector DM candidate (right). 16 and 20 contours are shown in white, with the star representing the best-fit
point.
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vector singlet + s-channel vector mediator
EPJ C80 83 (2023) 8 692 arXiv:2303.08351
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vector singlet + s-channel vector mediator
EPJ C80 83 (2023) 8 692 arXiv:2303.08351
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Fig. 8: Predicted number of signal events in the DARWIN
experiment, coloured by the mediator mass. 1o and 20 profile
likelihood contours are shown in white.
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Eur. Phys. J. C manuscript No.
(will be inserted by the editor)

gambit-physics-2022, TTP22-060, P3H-22-098, ADP-22-29/T1200

Global fits of simplified models for dark matter with GAMBIT

I. Scalar and fermionic models with s-channel vector mediators

Christopher Chang!?, Pat Scott?, Tomas E. Gonzalo®", Felix Kahlhoefer®",
Anders Kvellestad®, Martin White®

1 School of Mathematics and Physics, The University of Queensland, St. Lucia, Brisbane, QLD 4072, Australia

2 Quantum Brilliance Pty Ltd, The Australian National University, Daley Road, Acton ACT 2601, Australia

3 Institute for Theoretical Particle Physics and Cosmology (TTK), RWTH Aachen University, D-52056 Aachen, Germany

4 Institute for Theoretical Particle Physics (TTP), Karlsruhe Institute of Technology (KIT), 76128 Karlsruhe, Germany

> ARC Centre of Excellence for Dark Matter Particle Physics & CSSM, Department of Physics, University of Adelaide, Adelaide,
SA 5005

6 Department of Physics, University of Oslo, N-0316 Oslo, Norway

Received: date / Accepted: date

4.2 Dirac Fermion DM
4.3 Majorana Fermion DM
4.4  Future prospects

Abstract Simplified models provide a useful way to
study the impacts of a small number of new particles
on experimental observables and the interplay of those
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scalar singlet + s-channel vector mediator
EPJ C80 83 (2023) 3 249 arXiv:2209.13266
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Fig. 2: Scalar DM profile likelihood, profiling over couplings.
The observed relic density of DM is taken as an upper limit
(top) or to consist entirely of the scalar DM candidate (bottom).
lo and 20 contours are shown in white and grey respectively.
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Dirac singlet + s-channel vector mediator
EPJ C80 83 (2023) 3 249 arXiv:2209.13266
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Majorana singlet + s-channel vector mediator
EPJ C80 83 (2023) 3 249 arXiv:2209.13266
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Majorana singlet + s-channel vector mediator
EPJ C80 83 (2023) 3 249 arXiv:2209.13266
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public results available on
zenodo.cern.ch

e parameter point samples
e input files for all scans

e example plotting routines
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Software

Subjects
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global fits

beyond the standard model

global fit

particle physics phenomenology

supersymmetry
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Supplementary data for "Resonant or asymmetric: The status of sub-GeV dark matter"
Balan, Sowmiya (2); Balazs, Csaba {&2); Bringmann, Torsten {2); and 9 others

The files in this record contain supplementary data for the study, "Resonant or asymmetric:The status of sub-GeV dark matter". Samples have been
created using GAMBIT and figures can be reproduced with pippi.

Part of GAMBIT
Uploaded on June 20, 2024 @ 47 X 786

[ ine 212122179 J oozset § & open

Collider Datasets for Simplified Dark Matter models
Chang, Christopher

This is a set of datasets containing MonoJet and DiJet interpolation grids. When using the simplified dark matter models in gambit, the backend
"DMsimp_data" must be made first, which will download these datasets to the correct folder. If using monojet data outside of GAMBIT, please use the
files in the DMsimp_monojet_data folder, which have b...

Part of GAMBIT
Uploaded on October 5, 2023

4 more versions exist for this record @ 594 X 45

May 20,2023 (1.0) J| Dataset m

Supplementary Data: Fast and accurate AMS-02 antiproton likelihoods for global dark matter fits
Balan, Sowmiya; Kahlhoefer, Felix; Korsmeier, Michael; and 2 others

The files in this record contain supplementary data for the study, "Fast and accurate AMS-02 antiproton likelihoods for global dark matter fits".
Samples have been created using GAMBIT and figures can be reproduced with pippi.

Part of GAMBIT
Uploaded on May 23, 2023 @ 74 X 53

Cen 7,202 1) § owset ] & oven

Supplementary Data: Collider constraints on electroweakinos in the presence of a light gravitino



summary

* global fitting maps the theory-space and paves the way to discoveries
* GAMBIT is an open source, flexible, modular global fitting framework
* GAMBIT version 2.5 is out https://github.com/GambitBSM

* about 20 dark matter related papers since 2017

* many more to come, stay tuned for much more...
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Global And Modular BSM Inference Tool

gambit.hepforge.org EPJIC 77 (2017) 784 arXiv:1705.07908

* open-source code to calculate e extensive
observables and likelihoods for - model database
generic Beyond the Standard - observable calculators
Model(s) theories - data libraries

* designed to allow easy definition ¢ various sampling and stat options
of new models, observables, e fast likelihood calculators

likelihoods, samplers and ,
backend physics codes * massively parallel
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Commun |ty 80+members, 14 countries, 30+ institutes

a subset: F Agocs, P Athron, C Balazs, A Beniwal, S Bloor, T Bringmann, A
Buckley, JE Camargo-Molina, C Chang, M Chrzaszcz, J Conrad, J Cornell, M
Danninger, J Edsjo, 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, P Scott, N Serra, P Stocker,
W. Su, A Vincent, C Weniger, M White, Y Zhang...

members of various experiments

ATLAS, Belle-Il, CLiC, CMS, CTA, Fermi-LAT, DARWIN, IceCube, LHCDb,
SABRE, SHiP, XENON...

authors of numerous theory codes

BubbleProfiler, Capt'n General, DarkSUSY, DDCalc, Diver, FlexibleSUSY,
gamlike, GM2Calc, HEPLike, Isalet, nulike, PhaseTracer, PolyChord, Rivet,
SOFTSUSY, Superlso, SUSY-AI, xsec, Vevacious, WIMPSim...
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global fitting Why?

standard models emerge from a set of competing theories
the simplest theory best fitting the most data becomes standard model

global fitting is to quantify “simplest”, “best” and “most” above
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global fitting Why?

various new discoveries historically were heralded by global fits
global fits indicated e.g. mass of top quark, Higgs boson before discovery

global fitting might provide us with valuable precursors for dark matter
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global fitting How?

main steps main challenges

 establish model hierarchy  many models (& parameters)

* Lagrangian — spectrum * spectrum auto-generation

e spectrum — observables * fast backends, auto-generation
e parameter space sampling e efficiency: need for speed

e statistical treatment * rigorous, meaningful inference

these steps and challenges can be tackled “model independently”
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GAM BlT overview

open-source fitting framework
and flexible architecture
models the standard
sophisticated statistical

plug&play to calc observables
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GAMBIT features global and modular

e diverse BSM model database sm+ss, EFTs, 2HDMs, MSSM63, axions, RHNs, cosmo...
® changeable model assumptions for cosmology, astro-, particle-, nuclear physics...

® composite likelihood consistent combination of searches, uncertainties, nuisances...

® built-in experimental likelihoods LEp, ATLAS, cMS, LHCb, DM searches...

® sampling algorith MS (ensemble) MCMC, T-walk, diff. evolution, nested samplers...

® auto dependency resolution D functions, optimize execution order before run (!)

e diskless generalization of various Les Houches Accords

e dual-level pa rallel execution mixed-mode MPIl+openMP, mostly auto, scale 10k+ cores

e many interfaced backends observable calculators for cosmology, astrophysics,
collider, precision, flavor... (full list on later slide)
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GAMBIT features global and modular

e fast definition of new models, data sets, sampling methods

® plug&play theory tools auto-download, configure, compile, dynamically link

® easily switch between backends calculating the same quantities

e C/C++, Python, Fortran, Mathematica interfaces for backends

® BOSS dynamic loading of C++ classes from backend shared libraries!

e all-in or module standalone modes easily implemented from single cmake script
® YAML input model, parameters, observables, sampler, stat. inference

e customizable output streams AsClI, HDF5, databases...

® advanced statistical inference parameter estimation, Bayesian model comparison
® available as docker plugin https://gambit.hepforge.org/source
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GAMBIT best features global, modular, fast

e diverse BSM model database particle, nuclear, astrophysics, cosmology models

* many interfaced backends observable calculators (full list on later slide)

* built-in experimental likelihoods particle, nuclear, astrophysics, cosmology experiments
* com posite likelihood consistent combination of searches, uncertainties, systematics, nuisances

e sampling algorithms for stat. inference Mcmcs, T-walk, diff. evol., nested samplers...

plug&play backends auto-download, configure, compile, dynamically link, dep. res., ...

e auto dependency resolution ID functions, optimize execution order before run (!)

dual-level pa rallel execution mixed-mode MPIl+openMP, mostly auto, scale 10k+ cores
* all-in or module standalone modes easily implemented from single cmake script

 available as docker plugin https://gambit.hepforge.org/source
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I\/Iodels hierarchical model database

* models defined by their parameters and relations to each other
* models can inherit from (be subspaces of) parent models
* child models can be automatically related to ancestor models

* database examples:
standard models of particle physics and cosmology
two-Higgs doublet models
Higgs portal dark matter models
simplified and effective field theory dark matter models
supersymmetric models (MSSM and daughters, NMSSM...)
dark matter halo models, nuclear uncert.s in DM direct detection
standard and right-handed neutrino models
axion, ALP models
and more...
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Models model database examples

e axions and ALPs

GeneralCosmoALP
fa, Ma, Ja~y, Gae, 9an, Br Tx, 05, &, Tren

el

CosmoALP CosmoALP_gg_tau GeneralALP
m(]r gO’Yr Er me; TO;&; fa;ma, gG’Yrgaer gONr 6! TX; 9|
[QCDAxion] [ConstantMassALP]
| DFSZAXiON-1| | DFSZAXion-11 | [ KSVZAxion |
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Models model database examples

* MSSM

[MSSMﬁ}um-iSUSY mr\}—( MSSM30atMSUSY mf\H MSSM25atMSUSY_mA | MSSMYbatQ

‘__,_.,—-—"" — MSSM20atMSUSY _mA r,.—-—""
MSSM63atMSUSY MSSM30atMSUSY MSSM25atMSUSY MSSM20atMSUSY |© MSSM [ 5atQ) MSSM10catQ
MSSM24a1Q MSSM19a1Q MSSM16aQ MSSM11a1Q MSSM10aiQ MSSM9atQ MSSM7a1Q
— (MSsMi6ei0) k\fﬁ, (MSSM7ai0)
—
MSSM30atQ MSSM25atQ MSSM20atQ MSSM20atQ_mA ( r\-issrvlmhmu) [MSSI\'H(}MQ mA
— MSSMOatQ_mA

MSSM63at))_mA MSSM30atQ_mA MSSM25atQ)_mA
MSSM30aMGUT MSSM25aMGUT MSSM20uMGUT

MSSM63atMGUT ~— . r\-tssmz{mMGt;T_mAJ
MSSMﬁltuMGUT_mA}—(]\-!SSMS{}mMUUT_mAHJ‘ﬂSSMEﬁmMUL.’T_mA
CMSSM mSUGRA

NUHM2

MSSM24atQ_mA MSSM19aiQ_mA MSSM I{mlO_n\AH MSSMI I;uQ_mAH MSSM l{)ImLQ_mA]‘f
-“-‘-“"‘--..‘_‘_

[M SSM lﬁth_nu’\H MSSM II]CHIQ_HU\J MSSM7atQ_mA

U,

I

MSSM9bat()_mA

NUHMI
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Modules model independent

interdependent physics structures

e ColliderBit: event gen., fast sim., Z, H obs.s, search limits... arXiv:1705.07919
e DarkBit: DM abundance, direct-, indirect detection... arXiv:1705.07920
e FlavBit: NP (SUSY...) 100s of flavor obs.s, rare decays... arXiv:1705.07933
® DecayBit: SM & NP (SUSY...) decay widths, BRs... arXiv:1705.07936
® PrecisionBit: EW precision observables, g-2... arXiv:1705.07936
® SpecBit: SM & NP masses, mixings, couplings, RGEs... arXiv:1705.07936
® ScannerBit: sampling, parameter est., model comparison... arXiv:1705.07959
e NeutrinoBit: neutrino observables, likelihoods, RHNs... arXiv:1908.02302
e CosmoBit: ACDMH+, inflation, neutrinos, axions... arXiv:2009.03286
e GUM: auto-generation (spectrum, interfaces, observables)...  arXiv:2107.00030
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Backends observable calculators for cosmology,
astrophysics, collider, precision, flavor...

e AlterBBN * Flavio * nulike

e CalcHEP * FlexibleSUSY * pic

e Capt’n General e gamlLike * Pythia

e CLASS * GM2Calc * Rivet

e Contur * HeplLike  SARAH

* DarkAges * HiggsBounds * Spheno
e DarkCast * HiggsSignals e SUSYHD
* DDCalc * MadGraph e SUSY-HIT
e DarkSUSY * micrOMEGAs * Superlso
* FeynHiggs * MontePython e Vevacious
* FeynRules * MultiModeCode . ..
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GAMBIT 2.0 GAMBIT Universal Model

from Lagrangian to likelihood
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‘ ScannerBit

}

ey — (B

ColliderBit arkBit FlavBit
e

SJl11ewayas

GAMBIT

e auto-generating GAMBIT code and
interfaces to backends

e arXiv:2107.00030 worked example:
addition of a Majorana fermion
simplified dark matter model with a
scalar mediator to GAMBIT via GUM,

and carry out a corresponding fit
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GAMBIT 2 GUM schematics

Ioesis j «— [ AT ] * from Lagrangian-level input
use FeynRules, SARAH,
/K, MadGraph, CalcHEP to
[ FeynRules ] [ SARAH ] generate GAMBIT model,
collider, dark matter, decay

l w \\, and spectrum code

MadGraph CalcHEP SPheno Vevacious
lMalrix Elements lDecsag;‘ig: 5 Decay Widths Vacuy Stability ° G U M d ISO W ntes C++
GAMBIT interfaces to
Rithia 8 HEgilze SPheno, micrOMEGA:s,
l Collider Physics l DM Observables \ Pyt h Ia ’ Veva CIOUS
\/

[ ColliderBit ] [ DarkBit ] [ DecayBit ] [ SpecBit ]
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WC_parameters StandardModel _SLHA2_parameters StandardModel_Higgs_parameters

Type: ModelParameters Type: ModelParameters Type: ModelParameters
Function: primary_parameters Function: primary_parameters Function: primary_parameters

G Q IVI B |T Module: WC Module: StandardModel _SLHA2 Module: StandardModel_Higgs

run overview o SNTaots

Type: SMInputs
Function: get SMINPUTS
Module: SpecBit

® user chooses model, '

Superlso_4_1_init

observables, sampler Typervoid

, N toie: Backendiiit
® using graph-theory
GAMBIT constructs a
dependency tree to

SM_spectrum
Type: Spectrum

Function: get SM_spectrum

Module: SpecBit

W_plus_decay_rates
Type: DecayTable::Entry

Function: W_plus_decays
Module: DecayBit

Z._decay_rates
Type: DecayTable::Entry
Function: Z_decays
Module: DecayBit

Superlso_modelinfo

Type: parameters
Function: SI_fill
Module: FlavBit

\ Dependency tree
optimize the calculation Lightweight flavour

Bmumu Bsmumu_untag bsgamma -~ .. .

Type: double ~ Type: double Type: double Wilson coefficient fit
® GAMBIT samples para. i | | o Sipmm e || rugi o {C_1ite. yanl
space by calling the \ i

b2ll_M
n ecessa ry m Od u | e a n d Type: FlavBit::predictions_measurements_covariances
Function: b21l_measurements
° Module: FlavBit
backend functions for
h . L J Y
eacC pa ram Ete I pOI nt b21l_LL b2sgamma_LL
Type: double Type: double
Function: b211_likelihood Function: b2sgamma_likelihood

Module: FlavBit Module: FlavBit
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Dependency resolution for CMSSM

Superlso_3_4_init Dcbug_Cap
i : bool

Type: void

Funct _inic
Module: BackendIn J —

/i P FlavBit_fill
e Type: parameters

NN

T ~ - — ——— § = =

517 BRBKstarmumu_17_19 Bsmumu_untag Bdmumu Kmunu_pimunu Btaunu Dstaunu Dsmunu Dmunu BDtaunu BDtaunu_BDenu
_obs Type: Flav_KstarMuMu_obs : double Type: double Tyge: double Type: double Type: double Type: double Type: double Type: double Type: double
m_15_17 Function: SI_BRBKstarommu_17_19 Function: SI_Bsmumu_untag Function: SI_Bdmumu Function: SI_Kmunu_pimunu Function: SI_Btaunu Function: SI_Dstaunu Functon: SI_Dsmunu FuncGon: SI_Dmunu Function: SI_BDtaunu Function: SI_BDtaunu_BDenu
Module: FlavBit Module: FlavBit X Module: FlavBit Module: FlavBit Module: FlavBit Module: FlavBit Module: FlavBit Module: FlavBit Module: FlavBit Module: FlavBit
TR
b211_M SI._ M
renc_assym [3 Type: FlavBit::Flav_measurement_assym Type: FlavBit::Flav_measurement_assym
nents Function: b2ll_measurements Functon: SL_measurements
Module: FlavBit Module: FlavBit
4. b21l_L1L. N Pythia 8 209_init DarkSUSY_5_1_1_init
Type: double Type: double Type: Type: void e: void
e Tihood Function: b21l_likelihood ion - ke Functon: Pythia_8_200_init Functon: DabSUSY_5_1_1_init
Module: FlavBit Module: FlavBit Module: Module: BackendIniBit / Module: BackendIniBit
ColliderOperator DarkMatter 1D DarkSUSY _Pointlnit
Type: void Tyge: sul::steing Typs: bool
Function: operatePythia Function: DarkMatter_ID_MSSM30atQ Function: DarkSUSY_PointInit_MSSM
Module: ColliderBit — Module: DackBit Module: DarkBi
HardScatteringSim < o v
Type: ColliderBit::SpecializablePythia adkBit: TH o
Function: getPythia ion:
Module: CollidecBit : DarkBit N
T
_. ==
GA_missingFinalStates AnalysisContainer HardScatteringEvent mwimp DD_couplings RD_fraction
Type: std::vector<std::string> Type: HEPUtilsAnalysisContainer Type: Pythia8::Event : Type: DackBit::DD_couplings Type: double
Function: GA_missingFinalStates. Function: getAnalysisContainer Function: generatePythiaSEvent Function: DD_couglings DarkSUSY Function: RD_fraction_fro
Module: DarkBit Module: ColliderBit Module: ColliderBit Module: i Module: DarkBit
t ConvertedScatteringEvent SimpleSmearingSim . sigmav
Type: Utils:: Event Type: ColliderBit::Buck] e ar Type: double
Function: convertPythiaSParticleEvent Function: getBuckFast Function: sipmay_late_universe
Module: ColliderBit Module: ColliderBit ule: DackBit Module: DadkBit
IState ReconstructedEvent capture_rate_Sun l SetW
Type: HEPUtls::Event Type: double
alStace i Function: capture_rate_Sun_constant_xsec Function
Module: ColliderBit Module: DackBit M

AC_FinalStates cascadeMC_EventCount AmnalysisNumbers equilibration_time_Sun CalcRates XET
vector<std::string= Type: DarkBit:stringInMap Type: ColliderLogLikes Type: double
wadeMC_FinalStates Function: cascadeMC_EventCount Panction: runAnslyscs Function: equilibration_time_Sun Function: CalcRat
ule: DadkBit Module: DadkBit Module: ColliderBit Module: DadkBit M

nulike_1_0O_0O_init annihilation_rate_Sun

N

pe: Vo ype: double
Function: nulike_1_0_0O_init Function: annihilation_cate_Sun Function
Module: BackendIniBit » Module: DarkBit
St
‘ 2 ey =< i
cascadeMC_gammaSpectra I.HC_ Combined_IoglLike IC79SL._data IC79WH_data To————gf" IC79WL _data
Type: DarkBit::stringFunkMap Type: double Type: nudata Type: nudata Type: nudata
! a Function: calc_ILHC_IogLike Function: IC79SL._full Function: IC79WH_full Functon: IC7TOWL_full
Module: DackBit Module: ColliderBit Module: DarkBit Module: DarkBit Module: DarkBit
r GA_AnnYicld gamlike 1_0_O_init IC79SL._bgloglike IC79SL._loglike IC79WH_bgloglike IC79WH_loglike IC79WIL._bgloglike IC79WL_log
b : Funk:: Funk e: void : double Type: double Type: double Type: double Type: double Type: double
Function: G, _AnnYield_General Functon: gamlike_1_O_O_init Function: 1C79SL._bgloglike Function: IC79SL._loglike Function: l?:'r;wx-ngnog:me anaim:%ﬁw‘l{_]ogﬁke Function: IgIQWL;bgk)ghke Function: 179

Module: DarkBit Module: BackendIniBit Module: DackBit Module: DackBit Module: DackBic Module: DarkBic Module: DakBit Module: DarkBi

Inl._Fermil_ ATdwarfs
Type: 1
Function: IaL. Forrmil ATdwarts gand ik
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Dependency resolution for CMSSM

model parameter translations precision calculations

= flavour
] et 00 physics
- el — \ s
LEP rates+likelihoods decays
LHC observables and likelihoods
DM abundance, direct, indirect seardw
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dependencies constructed
dynamically at run-ti ing
graph-theoretic nféfﬁ‘tc@ﬁ olve
for required observables,
backends, evaluation order, etc.

DarkSUSY _Poinflnit \
: bool

Module: DackBit

N B
/

CalcRates_XENON100_2012_DDCalc0
Fonto: CuRaes JEONIO) 2012 DDCHkD
Module: DarkBit

InL,_XENON100_2012
Function:

e e s

flavor
physics

AT

IC79SL_data | ICEWPﬁdata Sy IC7T9WL_data

nulike_1_0_0_init ‘

&

L SN AX
nudata

nudata
B Module: DarkBit A ;

EEE e EE ¢ ond likelihoods

Module: DarkBit | | Module: DadBit

dqance, direct, indire
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getting started

e clone git repo github.com/GambitBSM or
e download tarballs https://gambit.hepforge.org/source or
e get pre-compilied version docker

e see quick start guides in arXiv:1705.07908 and arXiv:2107.00030
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adding a new model to GAMBIT manually

1. Add the model to the model hierarchy:

e Choose a model name, and declare any parent model
e Declare the model’'s parameters
e Declare any translation function to the parent model

#define MODEL NUHM1
#define PARENT NUHM2
START_MODEL
DEFINEPARS (MO,M12,mH,A0,TanBeta,SignMu)
INTERPRET_AS_PARENT_FUNCTION(NUHM1_to_NUHM2)
#undef PARENT
#undef MODEL

2. Write the translation function as a standard C++ function:

void MODEL_NAMESPACE::NUHM1_to_NUHM2 (const ModelParameters &myP, ModelParameters &targetP)
{
// Set MO, M12, AO, TanBeta and SignMu in the NUHM2 to the same values as in the NUHM1
targetP.setValues (myP,false) ;
// Set the values of mHu and mHd in the NUHM2 to the value of mH in the NUHM1
targetP.setValue("mHu", myP["mH"]);
targetP.setValue("mHd", myP["mH"]);
}

3. If needed, declare that existing module functions work with
the new model, or add new functions that do.

C Balazs | RICAP 2024 Sep 26 | page 53 of 28 from Pat Scott

0
¥
»
>~
<3
b



adding a new observable/likelihood to GAMBIT manually

Adding a new module function is easy:

1. Declare the function to GAMBIT in a module’s rollcall header

e Choose a capability

e Declare any backend requirements

e Declare any dependencies

e Declare any specific allowed models

e other more advanced declarations also available

#define MODULE FlavBit // A tasty GAMBIT module.
START _MODULE

#tdefine CAPABILITY Rmu // Observable: BR(K->mu nu)/BR(pi->mu nu)

START_CAPABILITY
#define FUNCTION SI_Rmu // Name of a function that can compute Rmu
START_FUNCTION (double) // Function computes a double precision result
BACKEND_REQ (Kmunu_pimunu, (my_tag), double, (const parameters*)) // Needs function from a backend
BACKEND_OPTION( (SuperlIso, 3.6), (my_tag) ) // Backend must be SuperIso 3.6
DEPENDENCY (SuperIso_modelinfo, parameters) // Needs another function to calculate SuperIso info
ALLOW_MODELS (MSSM63at, MSSM63atMGUT) // Works with weak/GUT-scale MSSM and descendents

#undef FUNCTION
#undef CAPABILITY

2. Write the function as a standard C++ function
(one argument: the result)

e
(Y
L

* =
L]
A
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bound on the lightest neutrino mass 2009.03287

GAMBIT::CosmoBit

* GAMBIT uses terrestrial and 006 _
cosmological experiments to set a - 0-04%
95% CL range on the lightest 1002
neutrino mass and the sum of 1%
neutrino masses assuming normal o fos
(NO) or inverse (I0) mass ordering - | 5

* first combined particle PR P
physics/cosmology global fit 31

129

*m, < 0.037 eV (NO) .

(=9
*m, < 0.042 eV (10) 3
g
* 0.058 < );m, < 0.139 eV (NO) N il Baadll bttt v 8
* 0.098 < Ym, < 0.174 eV (10) (o) T V) N Hy kanf/Mpe)
------ Profile likelihood (NH) —— Normal hierarchy (NH)
—— 3 degenerate neutrinos —— Inverted hierarchy (IH)
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cosmological constraints on decaying ALPs

* cosmo constraints: CMB
anisotropies & spectral
distortions, BBN
abundances, ANeff (photon
injection), BAO (struct. form.)

* astro constraints: SN1987A,
HB vs RGB star counts (stellar
evolution, cooling), type-la
SNe, extragalactic bg. light
(EBL), X-ray searches

* some non-thermal, high-
mass ALP parameter region is
still not excluded
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Dark matter effective field theory arxiv:2106.02056

e general DMEFT: all DM-SM effective interactions up to dimension n
* in principle, a global fit of the general theory is possible with GAMBIT
» we focus on the 16D space of Dirac DM interactions with SM quarks

and gluons:
C EdE (d)
EX =X ([@ — %X) X + E /\d—ﬂf Qa
a,d |
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Dark matter effective field theory arxiv:2106.02056

) Direct detection signals:
C(
~ Spin-independent — not suppressed
my) X + Z
— X ( a X X /\d 4 Spin-independent — suppressed
Spin-dependent — not suppressed
Spin-dependent — suppressed

CL’S apy ~a . —_
01" = (xvux) (@ q) Q)= Z-(X)G™ Gl Q)= mq(Xinsx)(dq)
2,q (X')’M»’YBX)( Q) g): E(YI%X) Chiatd G;L, Q( ) — mq(YX)(a’.’YSQ)
T
~ (7 ) _ — —
s,q = C)(@™s9) o s 2y gonr G, 5q = Ma(Xivsx)(GiN5)
= £V Vel ™ Q( ): 125 o~
Xvrsx) (@ 69) o e vz 29,g= Ma(Xo""x)(Gourq)
— 8_(XVY5X)G G;,w (7)
n Q1o g = mq(Xic"" v5x)(qou.q)

oY) = mq(xx)(Gq)
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EFT validity arXiv:2106.02056

* the scale of new physics A is an independent parameter
* relic density calculation requires A > 2m,,
* if A > scale probed by other experiments, we compute InLeyperiment

* otherwise, we set InLexperiment = 0

e for LHC we smoothly cut off the spectrum to suppress events with
missing Er > A
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Other key innovations arXiv:2106.02056

e direct detection

- DirectDM: fully automated RG evolution from A to low energies and
matching to non-relativistic effective operators at hadronic scale

- DDCalc: large database of direct detection constraints for arbitrary
DM-nucleon interactions including astrophysical and nuclear
uncertainties

* LHC constraints (ColliderBit)
- monojet analyses: ATLAS 139/fb (full Run 2 dataset) + CMS 36/fb

- fast profiling of LHC nuisance parameters
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Other key innovations arXiv:2106.02056

* indirect detection
- DarkSUSY: highly accurate relic density calculation
- GUM: automated calculation of cross sections and y-ray spectra

- CosmoBit: CMB constraints on energy injection from DM
annihilation

- Capt’n General: solar capture + neutrinos with arbitrary DM-nucleon
Interactions

* interface between all of these and Diver differential sampler fully
automated in GAMBIT
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DMEFT results general picture

d = 6, capped Lyuc (hard cut-off), f, <1

: r10° ¢ 1.0
* new physics scale A: |

EFT valid for all constraints
* most experiments are insensitive <

10° 0.8

iy

&

* constraints driven by relic density 10 0.6 2
1 o
requirement \ 3

* A comparable to LHC energies 10° 04 &
)

* strong LHC constraints " S
* A below LHC energies 102 x

* large viable parameter space

10 102 103 104 10°
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DMEFT results light DM particles

d = 6, capped Lygc (hard cut-off), f, <1
H | :

]

1.0

* light DM (m, < 100 GeV) is

viable if both of the following 107 3
hold: 1072 | 8 g
- X has CP-violating interactions OR 1077 06 B
is very sub-dominant T 107t ]
- Ais so low that EFT breaks down = 108 04 &
entirely at LHC = LHC would L0-6 &
(probably) be sensitive to mediator 0.2 %

* significant to model building,
suggests light WIMPs require light
mediator (e.g. dark photon)
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DMEFT results heavy DM particles

d = 6, capped Lypuc (hard cut-off

* demanding x to be all of DM
pushes viable parameter space to
large my

* leads to detectable signals at LZ

* mostly due to loop-induced
operator mixing Q(6)3,q - Q(6)
1,9

e could be spoilt by including other
effective operators (e.g. leptons,
non-MFV) = interesting avenue
for future investigation

101

Xetly [~ o1yel POOI[oyI] o[Jo1]

102

Pred. number of events in LZ
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future of GAMBIT

* more GAMBIT: more models, more observables, more automation,
more data, more stats...

* machine learning of cross sections, cosmic ray fluxes...
* observable calculation on parallel GPUs
* ColliderBit Solo

 papers focusing on light dark matter, 2HDMs (incl. inert doublet), dark
matter direct detection, neutrinos, axions, leptoquarks...

* new web-site with highly improved doco https://gambitbsm.github.io
e getting long-haired fluffy white cat and taking over the world...
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