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• The LHC search programme often focuses on most spectacular signatures of a 
new model…

• …but many models might be already ruled out, because they would cause visible 
distortions in spectra of ‘’standard’’ processes!

• The challenge is figuring out how the “signal injection” from a new model impacts 
on hundreds of measured distributions…

• …and therefore understanding whether the model is consistent with the 
measured data within uncertainties

• … eventually, including the Standard Model 

What is CONTUR?

Constraints On New Theories Using RIVET
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We have the technology
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• We have the infrastructure to make rapid 
particle-level Data/MC comparisons.

• We use it all the time: it’s called RIVET!

• Originally for MC Generator comparisons of 
SM predictions, and tuning

• Trivial to switch out so we compare to a 
SM+BSM prediction!

• We already have 100s of precision measurements 
from LHC ready to be used in this way... 
More analyses being added all the time as part of 
the ATLAS and CMS approval procedures.



Constraints On New Theories Using RIVET

Overview of the CONTUR 
method
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UFO describing BSM model

Event generator for  new 
processes 

RIVET+HEPdata to determine 
effect of BSM on existing 

measurements 

CLs method for exclusion

Repeat for 
each point 
in 
parameter 
space

• Input: Universal Feynrules Object  (new physics Lagrangian 
coded up in python) or SLHA specification for a built-in 
model

• MC Generation of events. By default, Herwig to inclusively 
generate events involving new particles
Also MG, Pythia: works with any MC generator which 
RIVET can read

• Pass through ~150 RIVET routines from particle-level LHC 
results: quick since everything is at particle-level. Only 
possible because of design principles of RIVET: eg caching of 
expensive operations 

• Routines categorised into ‘pools’ grouped by experiment, 
√s and final state to ensure orthogonality

• Compare size of deviation to reference data from HEPData 
(including correlations within a measurement when provided) 
to check if signal would already have been seen. 

• Can also use SM theory as the background if available



Overview of the CONTUR 
method
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Signal would have small 
effect wrt uncertainties, 
can’t exclude it  (28 % 

CL)

Signal would have large effects 
above measured uncertainties: 
can exclude at high confidence 

level (91 % CL)

• Input: Universal Feynrules Object  (new physics Lagrangian 
coded up in python) or SLHA specification for a built-in 
model

• MC Generation of events. By default, Herwig to inclusively 
generate events involving new particles
Also MG, Pythia: works with any MC generator which 
RIVET can read

• Pass through ~150 RIVET routines from particle-level LHC 
results: quick since everything is at particle-level. Only 
possible because of design principles of RIVET: eg caching of 
expensive operations 

• Routines categorised into ‘pools’ grouped by experiment, 
√s and final state to ensure orthogonality

• Compare size of deviation to reference data from HEPData 
(including correlations within a measurement when provided) 
to check if signal would already have been seen. 

• Can also use SM theory as the background if available
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Do measurements really give
comparable exclusions?

• Bold claim: For the same final state and luminosity, 
searches and measurements have roughly the same 
exclusion power.

• Not surprising: searches and measurements would 
both use similar calibrations, reco techniques etc...

• A search might use machine-learning or other 
optimisation to eke out sensitivity to benchmark 
models (at the cost of model dependence)

• Can be quite hard to recast search results in 
terms of other models or other parameter 
choices.

• A measurement should have the advantage of being 
performed in a BSM-agnostic way, but typically 
unfolded to particle-level and has analysis logic 
preserved. Potential in sensitivity, but easy to 
re-use.
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Louie Corpe, CERN (lcorpe@cern.ch)



• Absence of unambiguous BSM in LHC measurements to date => make 0th-order assumption 
that data=SM Can be improved with high-precision SM theory predictions and 
uncertainties!

• Correlation between bins can be accounted
for if uncertainty breakdowns on HEPData! 
If not, forced to take only most sensitive bin !

State of the art MC predictions
and correlations
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State of the art MC predictions
and correlations
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From M. Altakach et al,  2111.15406

https://arxiv.org/abs/2111.15406
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A case study

CONTUR vs 
Composite Dark Matter 
(heavy dark mesons)
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Louie Corpe, CERN (lcorpe@cern.ch)

https://arxiv.org/abs/2105.08494
J. M. Butterworth, L. Corpe, X. Kong, S. Kulkarni, M. Thomas

https://arxiv.org/search/hep-ph?searchtype=author&query=Butterworth%2C+J+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Corpe%2C+L
https://arxiv.org/search/hep-ph?searchtype=author&query=Kong%2C+X
https://arxiv.org/search/hep-ph?searchtype=author&query=Kulkarni%2C+S
https://arxiv.org/search/hep-ph?searchtype=author&query=Thomas%2C+M


Dark meson phenomenology at the LHC
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arXiv:2105.08494



CONTUR results
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Search for high-mass dilepton resonances 
using 139/fb pp collision data collected at
13 TeV with the ATLAS detector
https://arxiv.org/abs/1903.06248

One of a few detector-level analyses in 
RIVET thanks to dedicated smearing 
functions!

 

 

 

 

 

95% CL exclusion
68% CL exclusion

https://arxiv.org/abs/1903.06248


CONTUR results
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Measurements of fiducial and differential 
cross-sections of tt production with additional 
heavy-flavour jets in proton-proton collisions at 
13 TeV with the ATLAS detector (36/fb)
https://arxiv.org/abs/1811.12113

ttbb final state (both dark pions decay to tb)

95% CL exclusion
68% CL exclusion

https://arxiv.org/abs/1811.12113


CONTUR results: zoom on low-η region
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ρ0
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•Excluding the most sensitive analysis 
•DY resonant search: because signal would not cause a 
“bump” in this region

• CONTUR still excludes large areas of this region . What 
measurements contribute?

•Higgs mass bin, contributions from ɣɣ measurements, as 
πD->ɣɣ becomes important even if decay mode is 
suppressed 

• Boosted hadronic tt measurements play a role around 
m(πD) 200 GeV: expected from dominant decay of pions 
to tb, and the fact they are boosted at that mass

•Lots of sensitivity from tt-like measurements
•Further High-mass Drell-Yan measurements, in particular 
of 𝞃𝞃 + jets, could be helpful in future!

95% CL exclusion
68% CL exclusion
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https://arxiv.org/abs/2110.13518
B.C. Allanach, J. M. Butterworth, Tyler Corbett

https://arxiv.org/abs/2110.13518
https://arxiv.org/search/hep-ph?searchtype=author&query=Allanach%2C+B
https://arxiv.org/search/hep-ph?searchtype=author&query=Butterworth%2C+J+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Corbett%2C+T


Z’ models motivated by LFV anomalies
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•Models containing a Z’ with non-trivial 
flavour interactions
•Mass, mixing angle, coupling

•Central values of fits to LHCb results 
allows one parameter to be expressed in 
terms of the others, leading to favoured 
regions in a 2D plane.

•Scan over those regions with CONTUR



Z’ models motivated by LFV anomalies
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• Main signature is dimuons
• In the high Z’ mass regions, what 

sensitivity there is comes from 
the ATLAS dimuon search, which 
is implemented in 
RIVET/CONTUR. For TFHM 
models that’s all there is.

• The B3-L2 model, the “window” 
at low mass largely is closed by 
low mass Drell Yan and Z ->ll 
measurements

Deformed 3rd Family Hypercharge 
Model (DY3’). 
Favoured region is below the blue 
line. Above the white line, 95% 
exclusion.

B
3
-L

2
 Model. 

Favoured region is between the blue 
lines. Above the black line, Z’ width 
>30% of mass. Below the white line, 
95% exclusion.



Status of CONTUR

• CONTUR v2 was released in summer 2021: first 
public-facing, production ready version of CONTUR

• Released with dedicated companion manual 
arXiv:2102.04377

• v2.2.0 out now, accompanies Rivet 3.1.5, includes:
• better Madgraph support (S Jeon, O Mattelaer)

• Pythia support (D Wilson et al)

• changes for GAMBIT interface (T Proctor et al)

• speed improvements and regressions testing (S Bray)

• support for non-LHC beams,, more SM predictions, 
improved analysis tools

• ML-assisted parameter scanning: Contour Oracle: 
arXiv:2202.05882

• Support channel on Mattermost
https://mattermost.web.cern.ch/cedar/channels
/contur 18

https://mattermost.web.cern.ch/cedar/channels/contur
https://mattermost.web.cern.ch/cedar/channels/contur
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Some important pleas 
● Uncertainty correlations in HEPData are great ✔ 
● Please add SM theory particle-level to HEPData ✔ 
● Include all significant cuts in the fiducial phase space and 

minimise extrapolations ✔ 
○ For example, vetoing on b-jets, or extra leptons, may 

have minimal impact on the SM process and be good 
for background suppression, but can can have a huge 
impact on a BSM injection which Rivet/Contur should 
be told about

● Move toward “final state” measurements (MET, dileptons etc) 
not process-driven (neutrinos, Z, W…) ✔ 

● (Make new SM predictions available as yoda/HEPData 
records) ❌

● (Make new BSM models available as UFO files) ✔ 
19
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Summary
● Contur is a great way of releasing the potential of 

Rivet, of the particle level measurements it includes, 
and of the MC event generators, in a new direction
○ Steady flow of new physics results

● Many contributions from MCnet people (as well to 
the above tools, of course)

● Lots of scope for new development
○ One priority: make more direct use of the 

state-of-the-art SM predictions, move for 
“exclusion only” to “hints and discovery?”

20


