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New developments in SModelS

Inferring results from LHC Searches

Searching for new physics at the LHC

Data interpretation in LHC searches arXiv:1105.2838

The ATLAS and CMS searches for supersymmerty (SUSY) interpret their
data using simplified models (minimal set of parameters).

How would such results constrain a more complex model?

April 26, 2023 IRN Terascale 3/23



New developments in SModelS

Inferring results from LHC Searches

Reinterpreting Results with SModelS

SModelS working principle

arXiv:2112.00769
arXiv:2009.01809
arXiv:1811.10624
arXiv:1312.4175

Public tool to confront BSM signals with a Z2-like symmetry against sim-
plified model results from the LHC.

35 ATLAS and 39 CMS 13 TeV analyses in the database (v.2.2).
Code and documentation available online: https://smodels.github.io/
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New developments in SModelS

Inferring results from LHC Searches

Reinterpreting Results with SModelS

Two methods to reinterpret results

Test phase-space points and exclude it if r “
σBSM

σBSM
UL

ě 1 using:

Cross-section upper limit maps:
σBSM “

ř

σ
ś

BR Ð input file.
σBSM
UL “ σBSM

95% Ð experimental publications.
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New developments in SModelS

Inferring results from LHC Searches

Reinterpreting Results with SModelS

Two methods to reinterpret results

Test phase-space points and exclude it if r “
σBSM

σBSM
UL

ě 1 with:

Efficiency maps:
σBSM “ ϵ ˆ A

ř

σ
ś

BR per signal region Ð input file and exp. pub.
σBSM
UL Ð exp. pub. or computed through an hypothesis test:

σBSM
UL “

sUL
L

“ µUL
s

L
, s “ nsignal.

For 1 signal region:

Lpµ, θ|Dq “
pµ ˆ s ` b ` θqn

obs

e´pµˆs`b`θq

nobs!
e´ θ2

2δ2 .

Efficiency maps allow SModelS to compute likelihoods for the hypothesised
signal Ñ more than a binary information (excluded or not).
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New developments in SModelS

Inferring results from LHC Searches

Reinterpreting Results with SModelS

Using efficiency maps to reinterpret results
arXiv:2009.01809
arXiv:1811.10624

Signal region combination is possible using full statistical models (ATLAS),
encoded in a json file and interfaced to SModelS with pyhf.
HistFactory likelihood:

Lpµ, θ|Dq “

N
ź

i“1

pµsi ` bi ` θiq
nobs
i e´pµsi`bi`θiq

nobs
i !

ź

θPtθu

cθpaθ|θq.

The correlations can otherwise be encoded in a covariance matrix (CMS).

Simplified likelihood:

Lpµ, θ|Dq “

N
ź

i“1

pµsi ` bi ` θiq
nobs
i e´pµsi`bi`θiq

nobs
i !

e´ 1
2

ÝÑ
θ

T

V ´1
ÝÑ
θ .
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New developments in SModelS

Database updates

New analyses

Newcomers with database v.2.3

✓: already in v.2.2 ✓: new in v.2.3
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New developments in SModelS

Database updates

New analyses

Newcomers with database v.2.3

✓: already in v.2.2 ✓: new in v.2.3

best SR simplified likelihood HistFactory model
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New developments in SModelS

Database updates

New analyses

CMS-SUS-21-002 arXiv:2205.09597

13 TeV search for χ̃˘
1 χ̃

0
2 Ñ jets + MET.

Implementation of efficiency maps + cov. matrix:

Without combination of signal regions:

Fiducial σBSM
UL from published tables Fiducial σBSM

UL computed with SModelS
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New developments in SModelS

Database updates

New analyses

CMS-SUS-21-002 arXiv:2205.09597

13 TeV search for χ̃˘
1 χ̃

0
2 Ñ jets + MET.

Implementation of efficiency maps + cov. matrix:

Combination of 35 signal regions:
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New developments in SModelS

Database updates

New analyses

ATLAS-SUSY-2018-41 arXiv:2108.07586

13 TeV search for χ̃˘
1 χ̃

0
2 Ñ jets + MET.

Corrected previous implementation for:

1 signal region Combination of 2 signal regions
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New developments in SModelS

Database updates

New analyses

ATLAS-SUSY-2018-41
arXiv:2108.07586

13 TeV search for χ̃˘
1 χ̃

0
2 Ñ jets + MET.

Reasonably good implementation for:

1 signal region
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New developments in SModelS

Database updates

Impacts on the EWino sector of the MSSM

Impacts on the EWino sector of the MSSM

10 GeV ă M1 « MB̃ ă 3 TeV,

100 GeV ă M2 « MW̃ ă 3 TeV,

100 GeV ă µ « MH̃ ă 3 TeV,

5 ă tanβ “ v2
v1

ă 50.
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New developments in SModelS

Database updates

Impacts on the EWino sector of the MSSM

Impacts on the MSSM EWino sector
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Interface to Spey
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New developments in SModelS

Interface to Spey

What is Spey?

• Spey: Statistical analysis for Phenomenology from Experimental Yields.

• Under development by Jack Araz (IPPP Durham).

• A new statistics tool which can simultaneously use various backends
and efficiently combine them within one statistical model.

• For the moment, implemented backends are: pyhf and simplified likeli-
hood framework.
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New developments in SModelS

Interface to Spey

Why switch to Spey?

• Clearer code/centralize the statistical computations.

• Reinterpretation tools can all interface to the same, well-tested frame-
work.

• Proper way to combine statistical models from different backends.

• Easy way to implement new backends (e.g. linearized systematic un-
certainties, see Nicolas Berger’s talk right after).
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New developments in SModelS

Interface to Spey

Work in progress

• Substitution of SModelS statistical computations by Spey.
ë LBSM , LSM , Lmax, µ

exp
UL , µ

obs
UL

• Consistency checks and revalidation of all experimental results in the
database.

Combination of 35 signal regions Combination of 39 regions (36 SR + 3 CR)
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New developments in SModelS

Interface to Spey

Spey for the combination of analyses

From SModelS v.2.2 on, it is possible to combine uncorrelated analyses.

Lcombinedpµq “
ź

i

Lipµ, θi|Diq

Will fix some issues when combining analyses with different backends.

SModelS parameters.ini file.
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New developments in SModelS

Conclusion

Conclusion

Ñ SModelS v.2.3 (to be realesed soon):

• 11 new or upgraded analyses (5 CMS and 6 ATLAS) in the database.

ë CMS: 2 simplified likelihoods

ë ATLAS: 2 full likelihoods

2 simplified likelihoods

1 best SR likelihood

• Delegation of statistical computations to Spey.

ë likelihoods, observed and expected upper limits on µ

• Full set of EWino searches and improved statistics tool.

ë Robust combination of EWino searches

Ñ Future:

• SModelS v.3.0: constrain models without a Z2-like symmetry.
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New developments in SModelS

Appendix

Backup Slides

ATLAS-SUSY-2018-41
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New developments in SModelS

Appendix

Backup Slides

Lcombinedpµq “
ź

i

Lipµ, θi|Diq

Under-fluctuation in the background leads to negative µ̂.
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New developments in SModelS

Appendix

Backup Slides

Lcombinedpµq “
ź

i

Lipµ, θi|Diq

Excess in the data leads to positive µ̂.
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New developments in SModelS

Appendix

Backup Slides

Database v.2.2.0:
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New developments in SModelS

Appendix

Backup Slides

ATLAS-SUSY-2013-12 arXiv:1402.7029

8 TeV search for χ̃0
2χ̃

˘
1 Ñ 3 leptons + MET.

Implementation of efficiency maps:
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˘
1 Ñ 3 leptons + MET.

Implementation of efficiency maps:
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New developments in SModelS

Appendix

Backup Slides

ATLAS-SUSY-2019-02 arXiv:2209.13935

13 TeV search for χ̃˘
1 χ̃

¯
1 Ñ W˘W¯ + MET.
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