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On the theoretical contexts

For interpretation of BSM searches, theoretical contexts – i.e. 
models – are needed. 
Currently I see three different types of approaches in the  
community of the SUSY searchers:

– constrained models, e.g. the cMSSM

– phenomenological models, e.g. the pMSSM

– simplified models
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In this talk I want to skip the constrained models, present one effort 
done in the context of the pMSSM, then talk a little about the 
connection between simplified models and likelihoods.
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phenomenological models: 
Likelihoods and the pMSSM

Example:

Arxiv:1109.5119

pMSSM
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pMSSM
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Bayesian MCMC walk in the pMSSM space:

– two-step approach: the prior for the final Bayesian 
CMS-fit is the posterior of the preCMS data.

pMSSM

Cowanscher Ur-Prior: flat

L
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* preCMS data: all data but CMS SUSY and EXO results

Bayesian MCMC walk in the pMSSM space:

– two-step approach: the prior for the final Bayesian 
CMS-fit is the posterior of the preCMS data.

pMSSM

Cowanscher Ur-Prior: flat

L
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pMSSM
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pMSSM
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pMSSM

Made-up likelihoods!
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pMSSM
Likelihoods of simple counting experiments
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pMSSM
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Results

pMSSM

Marginalized posteriors before (left) and after (right) adding CMS searches,
gluino mass (x-axis) versus neutralino mass (y-axis). CMS pushes the gluino 
masses to higher values.
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Results

pMSSM

Left: Marginalized posterior of the dark matter relic density, before(filled blue) 
and after (various lines) including CMS information (left). Right: Dark matter 
relic density versus neutralino mass, marginalized 2d posterior.
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SMS/pMSSM
In a small follow-up work presented in the last LPCC “implications” workshop,
we dug into pmssm regions which have high production cross sections, but were 
nevertheless missed. To answer why they were missed, we used the technique of 
SMS decomposition: 

WW, “Implications of LHC results for TeV-scale physics”, july 2012

for all points with 
predominant 
weakino production, 
these are the 
relative occurences 
of the simplified 
models
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(simplified models can be thought of as effective Lagrangians which introduce only 
a limited number of particles. All masses and branching ratios are free 
parameters. No production cross section is assumed. We use the SMSes to 
quantify the sensitivies of our searches)

SMSes
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Simplified models: 
Likelihoods and the SMSes

→ where do we stand right now?

→ where do we want to go from here?

SMSes
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Status: Simplified models and CMS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SUSYSMSSummaryPlots

arXiv:1301.2175

SMSes

arxiv.org:1301.2175
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Status: Simplified models and CMS
Most of CMSes SMS results are presented like this:

Color represents 95% upper limit 
on production cross section

Upper limits are compared with 
reference cross sections 
(observed/expected, +- 1 sigma)

CMS-SUS-12-023

SMSes



21Likelihoods and BSM physicsLikelihoods, CERN, Jan 2013 

Status: Simplified models and CMS
Most of CMSes SMS results are presented like this:

Color represents 95% upper limit 
on production cross section

Upper limits are compared with 
reference cross sections 
(observed/expected, +- 1 sigma)

CMS-SUS-11-029

No statements are made in 
regions with too low statistics
or too large (e.g. ISR) 
uncertainties.

SMSes
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Status: Simplified models and CMS

CMS-SUS-11-029

SMSes

What we would like, though, 
are the full likelihoods of the 
production cross sections, for 
each bin in the plot on the left.

Even further, if we were 
granted a free wish, we would 
also like all information and 
meta information about how the 
likelihood was constructed.
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Status: Simplified models and ATLAS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

SMSes



24Likelihoods and BSM physicsLikelihoods, CERN, Jan 2013 

Status: Simplified models and ATLAS
Most recent results
now also show upper limits 
on production cross 
sections ….

(previous iterations had 1-
CLs values instead. We want 
the full likelihoods. If not the 
likelihoods, we want the 
upper limits)

SMSes
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Status: Simplified models and ATLAS

SMSes
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Status: Simplified models and ATLAS
And some results already appeared on hepdata: 
http://hepdata.cedar.ac.uk/view/ins1190891

SMSes
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Wishes from the experimental 
collaborations

• We would like full bin-by-bin likelihoods also for SMS 
results 

• Please publish using hepdata
 

• Ultimate vision: e.g. Histfactory + hepdata may make 
it possible for us to produce all sorts of combined 
likelihoods, across analyses, across results …..

SMSes



28Likelihoods and BSM physicsLikelihoods, CERN, Jan 2013 

http://www.hephy.at/user/walten/cgi-bin/pmssm.py, 
http://www.hephy.at/user/walten/cgi-bin/pnmssm.py

Our ultimate vision looks like this:
– take a specific parameter point of a model (e.g. via an MCMC walk)

http://www.hephy.at/user/walten/cgi-bin/pmssm.py
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http://www.hephy.at/user/walten/cgi-bin/pmssm.py

Our ultimate vision looks like this:
– take a specific parameter point of a model (e.g. via an MCMC walk)
– decompose it into its SMS spectrum
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http://www.hephy.at/user/walten/cgi-bin/pmssm.py

Our ultimate vision looks like this:
– take a specific parameter point of a model (e.g. via an MCMC walk)
– decompose it into its SMS spectrum
– check the latest and greatest ATLAS / CMS / non-LHC results for the 
various topologies
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then mix it, cook it, serve it!

• closure tests between direct exclusions in full models and the 
“combined SMS way”, possibly outside the experiments

• side-by-side comparisons between CMS and ATLAS results
• why not mix/combine the best of two worlds?
• simply update to newer results when theyre published
• add non-LHC results to the mix
• have it all searchable and available via inspire → hepdata → 

histfactory
• ….
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