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Introduction
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• Constraints on new theories using 
Rivet (SciPost Phys.Core 4 (2021) 013) 

• “How excluded is a new beyond the 
SM (BSM) theory already by published 
LHC measurements?” 

• Rivet analyses divided into orthogonal 
pools (experiment, beam energy, final 
state) 

• Very quick and computationally light 
because only particle-level 
measurements are considered 
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CONTUR workflow
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CONTUR workflow

ℒBSM

FeynRules

UFO directory

YODA(BSM 
yields)

Event 
generator

HepMC 
(particle-

level 
events)

Rivet

ANALYSIS 
folder

contur

1D 
histograms 

2D 
exclusions

ATLAS Data
SM (Sherpa × NNLO)
SM as BG: Correlated 100% (100% expected)

0

2

4

6

8

10

12

14

16

≥ 1 jet phase space

R
m

is
s

200 400 600 800 1000 1200 1400
-3 σ

-2 σ

-1 σ

0 σ

1 σ

2 σ

3 σ

pmiss
T [GeV]

(B
k

g
d

+
B

SM
)/

D
at

a

contur-batch

 to test 2D grid in BSM 
parameter space to thousands  
of individual histograms!
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• Counting experiment 

 

• Profile likelihood ratio as test statistic 
• To be conservative, use the CLs method 

 

• Statistical and systematic uncertainties treated in 
covariance matrix 

ℒ( ⃗x |μ ⃗s + b⃗) =
n

∏
i=1

(μsi + bi)xi

xi!
e−(μsi+bi)

CLs =
ps+b

1 − pb

tobs
μ ≈ χ2

μ,obs = ( ⃗x − μ ⃗s − b⃗)T
Cov.−1 ( ⃗x − μ ⃗s − b⃗)
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Statistical framework
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• Previous CONTUR talk at RiF dating back to 
sixth edition in 2021 

• As of now, 82/186 analyses with SM predictions 
available in Contur: 
‣ Some of them from digitising paper plots, 

lots of contributions from Peng Wang and 
UCL summer students (D. Baig, R. 
Noyireetea, S. Rest, R. Reine) 

• This is virtue of the CLs method! 
• Calculate expected exclusions and do a SM test 

for each histogram in CONTUR
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Include SM predictions

“                                               ”
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95% obs. (SM as bkg.)
95% expected limits
95% obs. (data as bkg.)
68% obs. (data as bkg.)

95% obs. (SM as bkg.)
68% obs. (SM as bkg.)
95% expected limits
95% obs. (data as bkg.)

https://indico.cern.ch/event/982553/contributions/4206955/
https://hepcedar.gitlab.io/contur-webpage/datasets/index.html
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• Current/previous infrastructure:

7

Updated 1D plotting infrastructure

UFO model contur-
batch .yoda files

contur.db 
file
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• Current/previous infrastructure:

7

Updated 1D plotting infrastructure

UFO model contur-
batch .yoda files

contur.db 
file

HTML booklet 
with plots

.dat files

contur-
mkhtml
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• Current/previous infrastructure:
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Updated 1D plotting infrastructure

UFO model contur-
batch .yoda files

contur.db 
file

HTML booklet 
with plots

- Not much flexibility for 
selective plotting 

- contur-mkhtml 
relies on Rivet’s 
(PSTricks based) 
make-plots, limited 
customizability 

- Slow when generating 
O(thousands) plots
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• New infrastructure:
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Updated 1D plotting infrastructure

UFO model contur-
batch .yoda files

contur 
 (grid mode)

contur.db 
file

Executable 
Python 

scripts to 
produce 1D 

plotscontur-rivetplots 
Operating on contur.db 
and executable Python 

scripts

Reinterpreta.on forum @ Durham 29/08/2023
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• -p flag gives quick overview of 
which analyses and histograms 
contribute to exclusion by how 
much

contur-mkplots-mpl

Reinterpreta.on forum @ Durham 29/08/2023 9
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• -p flag gives quick overview of 
which analyses and histograms 
contribute to exclusion by how 
much

• Filter by name of the analysis or 
pool and CLs exclusion 
contur-rivetplots -p 
--ana-match CMS --cls 0.5

contur-mkplots-mpl
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• -p flag gives quick overview of 
which analyses and histograms 
contribute to exclusion by how 
much

• Filter by name of the analysis or 
pool and CLs exclusion 
contur-rivetplots -p 
--ana-match CMS --cls 0.5

• Remove -p option to execute the 
(already produced) Python scripts 
and provide you with HTML booklet 
of plots

contur-mkplots-mpl

Reinterpreta.on forum @ Durham 29/08/2023
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• Rivet + CONTUR interface in MG5 and vice versa 
‣ Very successful tutorial in the recent MCnet 

school at Durham! 
• Interfaced to GAMBIT 

‣ Publication on constraining the 
electroweakino in MSSM (talk at RiF 2022, 
2303.09082) 

• Ongoing work to run CONTUR on MC production 
runs in ATLAS 

• contur_run.db file, small and more readable  
• Deal with different integrated luminosities within 

the same measurement
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Further improvements

Reinterpreta.on forum @ Durham 29/08/2023

https://indico.cern.ch/event/1197680/contributions/5146676/
https://arxiv.org/abs/2303.09082
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• Support for PyPI: pip install contur 
• Covariance matrices used from HEPdata (in >20 analyses) 

‣ Alternatively, build covariance matrix from error 
breakdown (correlating errors), or if this is not available 
assume matrix is diagonal 

• Many, many more new analyses and SM predictions! 
‣ When publishing results, include: 

❖ HEPData record for measured data (with a 
breakdown of the systematics, correlations matrices) 

❖ Rivet routine 
❖ Best-available SM predictions (plus total cross-

section if normalised!)
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Further improvements

Reinterpreta.on forum @ Durham 29/08/2023

https://www.hepdata.net/record/ins1625109

Matous' talk at RiF @ CERN

https://www.hepdata.net/record/ins1625109
https://indico.cern.ch/event/1197680/contributions/5122205/
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• To get started: link to code repository and tutorial 
‣ Local installation using PyPI or build manually 
‣ MG5 interface  
‣ For CERN users: Rivet + CONTUR installation on LXPLUS 
‣ Docker container 
‣ Mattermost channel 

• Sky is the limit, any BSM theory can be tested in principle 
‣ Results webpage: https://hepcedar.gitlab.io/contur-webpage/index.html 
‣ Combined constraints on dark photons [JHEP 03 (2023) 182] 
‣ Testing the scalar triplet solution to CDF’s heavy W problem at the LHC 

[Phys.Rev.D 107 (2023) 7, 075020]
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How to get involved?

EFTs?
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https://gitlab.com/hepcedar/contur
https://mattermost.web.cern.ch/cedar/channels/contur
https://hepcedar.gitlab.io/contur-webpage/index.html
https://doi.org/10.1007/JHEP03(2023)182
https://doi.org/10.1103/PhysRevD.107.075020
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• Developing CONTUR into a tool that is more widely used and usable! Recent 
updates in: 
‣ Making the interface more user-friendly 
‣ More analyses (and theory predictions) available to improve limit-setting 

• Thank you for your attention!
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Summary
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