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1. Motivation

● No clear evidence of supersymmetry at LHC
○ ...so set limits on SUSY models

● But, the general MSSM has many free parameters
○ -> very difficult to explore thoroughly

● ATLAS and CMS have opted for a search strategy optimised around “simplified 
models”; 

○ simple SUSY-like models where one or two SUSY particles added, with 
certain assumptions about how they decay to SM particles.  E.g.

● What might these searches miss?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-012/fig_08.png

3



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-012/fig_08.png

4



How light could the electroweak sector of the 
MSSM still be?

Ben Farmer, ALPS2019

● Limits from EW direct production pushing to TeV scale?
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2. Analysis

Light SUSY is alive!
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“EWMSSM”

● Only electroweak sector of MSSM kept light
● Everything else decoupled
● 4 parameters:

○ Manageable! But still a lot of non-trivial physics 
beyond what simplified models can capture.

○ 6 new particles: 4 neutralinos + 2 charginos

Ben Farmer, ALPS2019
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Strategy

● Focus on 13 TeV searches
● Scan 4D EWMSSM parameter space
● At every point: Run MC simulations of 13 TeV searches
● Compute joint likelihood function for all searches

How? -> GAMBIT

Ben Farmer, ALPS2019
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● First public code release in May 2017, 
arXiv:1705.07908 (gambit.hepforge.org)

● So far 7 physics studies: 
arXiv:1705.07917, arXiv:1705.07935
arXiv:1705.07931, arXiv:1806.11281
arXiv:1808.10465, arXiv:1809.02097,
arXiv:1810.07192
+ many more in preparation

GAMBIT    

The Global And Modular BSM Inference Tool
● An international community with 40+ collaborators (10 experiments, 14 major theory codes)

● A new software framework for global fits developed over the past six years

gambit.hepforge.org
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GAMBIT    

● Apply wide ranges of constraints to a given model

○ Construction of composite likelihoods

○ Efficient scans of multi-dimensional parameter space

○ Consistent treatment of uncertainties and nuisance parameters

● Maximum of flexibility and modularity in terms of

○ Fast definition of new data sets and models

○ Plug and play of many popular theory tools* (dynamical adaptation to user’s system)

○ Large database of models and observables (+ more to come)

○ Many statistical methods (frequentist & Bayesian)

● Optimized for parallel computing & fully open source

gambit.hepforge.org

*  GAMBIT supports backend codes in C/C++, Fortran, Python and Mathematica 
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GAMBIT    

Modules
A module provides GAMBIT with a range of capabilities (the ability to calculate a certain 
quantity)

● DarkBit (arXiv:1705.07920) – dark matter observables
● ColliderBit (arXiv:1705.07919) – collider observables (Higgs + SUSY searches from ATLAS, 

CMS, LEP)
● FlavBit (arXiv:1705.07933) – flavour physics (g − 2, b→sγ, B decays)
● SpecBit (arXiv:1705.07936) – RGE running, masses, mixings, …
● DecayBit (arXiv:1705.07936) – decay widths for all relevant particles
● PrecisionBit (arXiv:1705.07936) – SM likelihoods, electroweak precision tests
● ScannerBit (arXiv:1705.07959) – manages statistics, sampling and optimisation

● Coming soon: NeutrinoBit & CosmoBit

gambit.hepforge.org
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GAMBIT    

How does GAMBIT work?
● User specifies the model, parameter space, observables and scanning technique

● GAMBIT then performs the dependency resolution
○ Identification of all functions necessary to calculate requested 

observables
○ Determination of the required inputs for each function
○ Construction of the optimum order of function evaluation

● A scan then consists of calling all necessary modules and external libraries in 
the required order for each parameter point

gambit.hepforge.org
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Included likelihoods

● Z and Higgs invisible decays

● LEP cross-section limits

● 13 TeV searches for EW SUSY 



Joint likelihood

●  Different analyses assumed to be statistically independent

○ (no search region event overlap)

○ Also assumed signal regions with different final states to be independent

● CMS simplified likelihoods used where available 

○ ...but when they aren’t, “Best expected” signal region is used* 

○ --> reduced exclusion power but not much choice without correlation information.

*for p-value tests of best fit point we also combined all signal regions as if they were independent, to check potential 
impact of un-chosen signal regions.
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Results

● Full profile likelihood

● All electroweakinos 
preferred light

● Prefers scenarios with 
two large steps ≳ mZ in 
neutralino mass 
hierarchy

Ben Farmer, ALPS2019
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Results

● Est. local significance ~ 3.3σ (reduced to ~2.9σ with 8 TeV analyses)

● Optimistic summary: Early hint of signal in multilepton final states? (not necessarily SUSY/MSSM)

● Cool-headed summary: Very light electroweakinos still allowed in MSSM

● Need to go beyond simplified models with one-step decay chains

● Look forward to updates on ATLAS/CMS multilepton searches!

Local significance tests

+

“Goodness of fit” tests 
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Results

A few caveats:

● Only L0+LL cross-sections

○ Why? Speed.

● For most analyses can only use one SR per point

○ Why? Missing correlation information

● Too weak constraints from CMS multilepton search

○ Why? Too many SRs - had to use aggregated SRs

○ CMS have recently provided covariance information - thanks!

Ben Farmer, ALPS2019
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ATLAS and CMS now have 
~140 fb-1 of data on disk. 

What can we expect under the 
assumption that our EWMSSM BF 
point is True?

-> Simple scaling of 36 fb-1  13 TeV 
analyses. Take with a grain of 
salt.

Predictions for full 
Run 2 data!

Ben Farmer, ALPS2019
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Scaled to

Predictions for full 
Run 2 data!
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Summary
● We have performed a large global fit of the MSSM electroweak sector using GAMBIT

● Light neutralinos and charginos still allowed in MSSM

● No necessary tension between ATLAS RJ and conventional multilepton searches

● Combined LHC results prefer scenarios with all neutralinos and charginos below ~500 GeV

● Predicts multi-W/Z/h final states

● Subset of best-fit regions compatible with dark matter results

● Interesting times for EW SUSY searches!

Benchmark points

Ben Farmer, ALPS2019
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All results are 
publically available

● Results available on zenodo.cern.ch

○ Parameter point samples and signal 

predictions (hdf5 files) 

○ GAMBIT input files for all scans

○ SLHA files for benchmark points

● Links at gambit.hepforge.org/pubs

Ben Farmer, ALPS2019

26



Backup slides
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Local p-values

Note: this is where combination comes in! Same 
whether combining signal regions or whole 
analyses:

*Note: for simple vs simple hypothesis testing, the likelihood ratio 
gives the best discrimination (power, Neyman-Pearson Lemma)53
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Local p-values
No 
correlations
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Goodness of fit

Asymptotic distribution is chi-squared with DOF=#SR

(to test background-only hypothesis, set s(θ)=0)

No look-elsewhere effect*, but test is not very powerful for discovery due to 
large DOF.
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Goodness 
of fit
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