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Searching for Physics Beyond the 
Standard Model

A huge number of searches for BSM physics has been performed 
by CMS and ATLAS:

CMS, 
8 TeV results 
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Searching for Physics Beyond the 
Standard Model

In addition we have the 750 GeV puzzle:

Slide taken from S. Kulkarni



  

Where do we go from here?

Can we systematically build up a Next Standard 
Model from this treasure trove of results?

Can we automate (parts of) the task?

Can we solve the Inverse Problem 
algorithmically? (After all, we are at a 
computing conference)
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I will give one answer to a smaller question:

Can we systematically apply the null results to a 
given model and see if it is compatible with them?



  

– a Tool for Making Systematic Use of 
Simplified Models (Null Results)

Can we systematically apply the null results to a given model and 
see if it is compatible with them?

One way:



  

Step #1: we built up a database
with the CMS/ATLAS Simplified 

Models results

Almost all SUSY searches and many exotica searches have 
been interpreted by the experimental collaborations in the 
context of simplified models spectra (SMS) 
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Step #1: we built up a database
with the CMS/ATLAS Simplified 

Models results

Almost all SUSY searches and many exotica searches have 
been interpreted by the experimental collaborations in the 
context of simplified models spectra (SMS) 

Exclusion lines
for reference cross 
sections and 
BR=1.
Only used for 
validation.



  

Step #1: we built up a database
with the CMS/ATLAS Simplified 

Models results
- Only validated resuts in    
 database

- Some results we could 
not validate

- State of late 2014, want 
to release updated version 
soon

- Will include SMS results 
that come from outside 
experimental 
collaborations (i.e. re-
interpretations performed 
by phenomenologists)



  

Step #2: we devised a formal language to 
describe SMSes model-independently

Taken from A. Lessa

We explicitly ignore the 
nature of the BSM particles – 
We assume that e.g. the spin 
can be ignored in a first 
approximation!



  

Step #3: we wrote a program that decomposes a 
full model into its Simplified Models Spectrum
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Step #3: we wrote code that decomposes a full 
model into its Simplified Models Spectrum

- Works with any BSM 
model (currently it needs a 
Z2 symmetry) 

- Compressed spectra can 
be mapped to simpler 
topologies

- Invisible final states can 
be grouped as effective 
LSPs



  

Step #4: we describe what parts of a full model an 
experimental result “constrains” (and what 

conditions need to be met), using our formalism

constraint: 
[[b,b]],[[b,b]]



  

Step #5: we “match” the decomposed model with 
the experimental results and check if the result 

excludes the model
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the experimental results and check if the result 
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-) If an experimental results 
excludes  the sum of several 
basic topologies, the cross 
sections of the individual results 
are added up for the theory 
prediction



  

Step #5: we “match” the decomposed model with 
the experimental results and check if the result 

excludes the model
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Ultimately, we compare the cross 
section predicted by the theory against
the upper limit on the cross section
reported by the experiment.

Since we always only compare with a 
certain subset of all decay chains,
we always end up with 
conservative results.



  

Recap: how SModelS works



  

Validation
For validating our database, we define:

Full model := simplified model

And check if we can reproduce the official exclusion curves:



  

Applications

SModelS has been used to:

-) quickly identify regions of model parameter space that have been 
excluded by analyses

-) identify topologies and regions of parameter space that CMS and ATLAS 
are blind to.

 

SModelS applied to a low-fine tuning SUSY model scan, identifying the most important 
topologies (master's thesis, Veronika Magerl, TU Wien, 2015)



  

Applications

SModelS has been used to:

-) quickly identify regions of model parameter space that have been 
excluded by analyses

-) identify topologies and regions of parameter space that CMS and ATLAS 
are blind to.

 

Missing topologies identified with SModelS in an NMSSM scan (presented at PASCOS 2014)



  

Availability

SModelS is written entirely in python and is available 
here:

http://smodels.hephy.at

It uses pythia and nllfast for the computation of the cross sections.

http://smodels.hephy.at/


  

Future

We intend to extend the functionality of SmodelS in 
several ways:

● Extend to non-Z2   / non-MET topologies

● Extend to long-lived particles (HCSP scenarios)

● Make use of signal efficiency maps created by people 
inside and outside the experimental collaborations

● Make use of likelihoods

● Make use of positive results



  

Summary

SModelS can be used to quickly:

● Identify the most constraining topologies and analyses for a given model

● Identify the topologies missed by CMS and ATLAS

Limitations:

● It is tied to the simplified models results, it is overly conservative

● No simplified models results available for long decay chains

● It is only as good as its database of results



  

Thanks!
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