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Motivation

2

We want to be able to test any model or scenario 
against the plethora of LHC results :  


• understand full theoretical implications (e.g. naturalness, DM models); 

• give feedback to the experiments about loopholes in the searches;

• elucidate underlying theory in case of a discovery.


☞ Public tools for reinterpretation ☜

LHC Reinterpretation Forum  
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/InterpretingLHCresults

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/InterpretingLHCresults
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/InterpretingLHCresults
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Highlights from tools - in a nutshell
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Inclusion of many new analyses; focus on 

-  searches / measurements for full Run 2 luminosity 

-  long-lived particles  


Contur: extended toolkit (param scanning w/ active learning), SM predictions as input


Checkmate: SR combination w/ covariance matrices


MadAnalysis: SR combination w/ covariance matrices and interface to pyhf 

SModelS v2 with extended topology description (better treatment of LLPs) and 

                             extended likelihoods calculation → analysis combination!


TACO (testing analysis correlations) effort nearing publication 

GAMBIT 2.0: “universal model machine” (GUM) for auto-generating GAMBIT code for global 
fits of arbitrary BSM models ; interface to Rivet+Contur ; interface to pyhf upcoming


Protomodel builder: statistical learning of dispersed signals of new physics

Active exchanges with experimentalists, 

e.g. via RAMP seminars

2202.05882 2111.15406

 

2107.00030

 

2012.12246

2112.00769

https://indico.cern.ch/category/14155/
https://indico.cern.ch/category/14155/
https://arxiv.org/abs/2202.05882
https://arxiv.org/abs/2202.05882
https://arxiv.org/abs/2111.15406
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https://arxiv.org/abs/2107.00030
https://arxiv.org/abs/2107.00030
https://arxiv.org/abs/2107.00030
https://arxiv.org/abs/2107.00030
https://arxiv.org/abs/2105.09020
https://arxiv.org/abs/2105.09020
https://arxiv.org/abs/2012.12246
https://arxiv.org/abs/2012.12246
https://arxiv.org/abs/2112.00769
https://arxiv.org/abs/2112.00769
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- global approaches to where BSM may be hiding; increasingly data-driven
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Rivet/Contur
• 100s of particle-level differential measurements, made in fiducial 

regions of phase-space available in Rivet. (“SM measurements”) 


• Can give important complementary constrains to “searches”, with a 
high degree of model-independence 


• CONTUR toolkit: “Constraints On New Theories Using Rivet” 


• Many new technical developments, different ways of data-theory 
comparison, parameter scanning, use of correlations whenever 
available, etc.


- v2 manual → accessibility to wider HEP community  [2102.04377]


- Signal-SM interference; proof-of-concept for including higher orders 
[2111.15406] 


- CONTUR ORACLE:  Random Forest trained to identify boundaries in  
parameter spaces that separate excluded from non-excluded regions 
[2202.05882] 

5

Needs Rivet routines from exp. collaborations; data + SM predictions on HEPData

https://arxiv.org/abs/2102.04377
https://arxiv.org/abs/2111.15406
https://arxiv.org/abs/2202.05882
https://arxiv.org/abs/2102.04377
https://arxiv.org/abs/2111.15406
https://arxiv.org/abs/2202.05882
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Needs Rivet routines from exp. collaborations; data + SM predictions on HEPData

Constraints on leptophobic top-colour model,

using NNLO SM prediction as background

https://arxiv.org/abs/2102.04377
https://arxiv.org/abs/2111.15406
https://arxiv.org/abs/2202.05882
https://arxiv.org/abs/2102.04377
https://arxiv.org/abs/2111.15406
https://arxiv.org/abs/2202.05882
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Searches: combination of signal regions (SRs)
• Reinterpretation tools attempt to evaluate the signal counts for a BSM 

hypothesis in each signal region (SR) of an analysis. Together with the 
number of observed events, expected backgrounds and uncertainties 
thereon, this is used to compute a likelihood


• CMS analyses sometimes provide a covariance matrix, which allow for 
the combination of disjoint SRs in a simplified likelihood approach 


- Implemented in SModelS and GAMBIT since a while  ✅ ✅ 


- Now also in MadAnalysis  ✅


- Checkmate coming soon

7
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ATLAS full statistical models

8

ATLAS started to publish plain-text serialisation of full HistFactory workspaces in JSON format

- Provides background estimates, changes under systematic 
variations, and observed data counts at the same fidelity as 
used in the experiment.


- Usage: RooFit, pyhf 


- Target: long-term data/analysis preservation,  
reinterpretation purposes

Rate modifications defined in HistFactory for bin b, sample s, channel c. 

ATL-PHYS-PUB-2019-029

https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
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- Provides background estimates, changes under systematic 
variations, and observed data counts at the same fidelity as 
used in the experiment.


- Usage: RooFit, pyhf 


- Target: long-term data/analysis preservation,  
reinterpretation purposes

Rate modifications defined in HistFactory for bin b, sample s, channel c. 

ATL-PHYS-PUB-2019-029

ATLAS started to publish plain-text serialisation of full HistFactory workspaces in JSON format

Total: 21

https://cds.cern.ch/record/2684863
https://cds.cern.ch/record/2684863
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ATLAS full statistical models

10

reinterpretation becomes JSON patching

Illustration from talk by Lukas Heinrich

Hands-on workshop 8 Nov 2021

Interfaced to pyhf since SModelS v1.2.4 (now v2.2)

G. Alguero, SK, W. Waltenberger, arXiv:2009.01809G. Alguero, J. Araz, B. Fuks, SK, 


Functionality available v1.9 onward, paper in preparation

Others (Checkmate, GAMBIT) are working on interfaces

https://arxiv.org/abs/2009.01809
https://arxiv.org/abs/2009.01809
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Physics impact in MSSM scenarios 

11
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Combination of analyses in SModelS
Latest version of SModelS (v2.2.0) introduces combination of likelihoods from different analyses


- Defined by the user in the parameters.ini file


- Likelihoods from limits available as “experimental feature” (truncated Gaussian approx.)

12

w/o SR combination

Example: constraints from electroweak-ino 
searches with “pulls” in different directions;


wino/higgsino scenario

Plot by Timothée Pascal
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Protomodel builder

13

• The LHC currently has no clear sign of new physics; nonetheless 
there may be dispersed signals* hiding in the slew of data


• Novel statistical learning algorithm to 

- identify potential dispersed signals in the LHC data

- fit candidate “proto-models” to them while remaining consistent     

with all other LHC results in the SModelS database


• Based on simplified model results                                                       
→ exploits SModelS functionality and database


• Construct a global likelihood as product of likelihoods of 
approximately uncorrelated analyses


• Maximise test statistic K in an MCMC-like walk through proto-model 
space, randomly adding and removing particles and changing their properties


• The aim is to obtain a global view of (mutually consistent) small excesses 
in the data; can also determine global p-value for the SM

Proto-models are defined by their:


- Particle content* 
- Masses 
- Decay modes 
- Signal strengths 

NB this gives a parameter space 
of varying dimensionality !

* BSM particles are assumed odd under a Z2-type symmetry, so 
they are pair produced and cascade decay to the lightest state

Waltenberger, Lessa, SK, arXiv:2012:12246

  * effects of new particles which are spread out over several search regions or final states

https://smodels.github.io/
https://smodels.github.io/
https://smodels.github.io/protomodels/
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Protomodel builder
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trivial cross-analysis 

correlations

• The LHC currently has no clear sign of new physics; nonetheless 
there may be dispersed signals* hiding in the slew of data


• Novel statistical learning algorithm to 

- identify potential dispersed signals in the LHC data

- fit candidate “proto-models” to them while remaining consistent     

with all other LHC results in the SModelS database


• Based on simplified model results                                                       
→ exploits SModelS functionality and database


• Construct a global likelihood as product of likelihoods of 
approximately uncorrelated analyses


• Maximise test statistic K in an MCMC-like walk through proto-model 
space, randomly adding and removing particles and changing their properties


• The aim is to obtain a global view of (mutually consistent) small excesses 
in the data; can also determine global p-value for the SM

  * effects of new particles which are spread out over several search regions or final states

This video animation does not play in PDF format. 
To see it, visit https://smodels.github.io/protomodels/

https://smodels.github.io/protomodels/
https://smodels.github.io/
https://smodels.github.io/
https://smodels.github.io/protomodels/
https://smodels.github.io/protomodels/
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https://smodels.github.io/protomodels/
https://smodels.github.io/
https://smodels.github.io/
https://smodels.github.io/protomodels/
https://smodels.github.io/protomodels/
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TACO: Testing Analysis Correlations

• Growing need of combining results from different analyses 
for more global studies


- systematically study “overlaps” between signal regions


- automatically find orthogonal sets and 


- develop smart combination algorithm 


• Best possible effort in case of simplified likelihoods 


• Might go further with full likelihoods (and standardized 
naming conventions for nuisances) 


• Small team w/ members of MA5, SModelS, Rivet, GAMBIT 
builds on Les Houches effort  Jack Araz, Andy Buckley, Benjamin Fuks, 
Humberto Reyes-González, Wolfgang Waltenberger, Sophie Williamson, Jamie Yellen 

15

Illustration by Jamie Yellen

“Pathfinder” algorithm based on a depth-first search
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Conclusions
Lots of exciting new developments in tools for reinterpretation 

presented some highlights, personal bias, many aspects not covered in this talk


The field is moving toward exploiting full statistical models, analysis combinations,                   
and generally toward data-driven global approaches 

replaces the “traditional” per-model, per-analysis or per-final-state testing


Reinterpretation tools are becoming more inter-connected                                                               
→ code sharing, inter-operability, … 

e.g. SModelS and MadAnalysis are already sharing their statistics code; ADL/cutLang validation with SModelS;

pathfinder for optimal analysis combinations could be used by everyone; etc.
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NB What can be achieved crucially depends on 
public material from the exp. collaborations

https://lifeandphysics.com/a-map-of-the-invisible/
https://lifeandphysics.com/a-map-of-the-invisible/
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Combination of analyses in SModelS - comments
Latest version of SModelS (v2.2.0) introduces combination of likelihoods from different analyses

18

w/o SR combination

with SR combination

PB with JSON file for this analysis

CMS 2 SFOS lept. EW-ino limit 
stronger than expected; 

n(obs) < n(exp) in 2 SRs


But only obs+exp ULs available, 
crude approximation of llhd 

Need efficiency maps for CMS analyses,  
SUS-20-001, SUS-21-002, etc.

ATLAS fully hadronic EW-ino 
search dominates llhd; obs limit 

slightly stronger than exp.


ATLAS WH(→bb)+MET, small excess;pb: pyhf llhds often truncated ??

Beware of pre-fit vs post-fit expected limits!
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Combination of analyses in SModelS
Latest version of SModelS (v2.2.0) introduces combination of likelihoods from different analyses


- Defined by the user in the parameters.ini file


- Likelihoods from limits available as “experimental feature” (truncated Gaussian approx.)

19

Example: constraints from electroweak-ino 
searches with “pulls” in different directions;


wino/higgsino scenario: 

Would appreciate efficiency maps for CMS-SUS-20-001 and  21-002 !!

w/o SR combination

Plot by Timothée Pascal
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Likelihoods for individual analyses
Key to the statistical learning procedure is the construction of a likelihood for the hypothesised signal (the proto-model)

20

• For efficiency-map (EM) results, we can compute a simplified likelihood for each signal region, assuming                        
a Poisson distribution for the data and a Gaussian with variance of δ2 for the nuisances, p(θ):


- CMS sometimes provides a covariance matrix, which allows the combination of signal regions.

- ATLAS has started to provide full likelihoods (JSON format), making the above approximation unnecessary.


• For upper limit (UL) maps, if observed+expected ULs are available:  LBSM ~ truncated Gaussian   (nb: crude approx!!)        


⚠  If only the observed UL is available → constraint in the form of a step function at the observed 95% CL limit.      
Not useful for constructing LBSM  per se; only used to determine the maximal allowed signal strength μmax  (in the critic).

LBSM(µ|D) = L (D|µ+ b+ ✓) p(✓)

<latexit sha1_base64="Ud+0kxCJQW/f8SGURShHcM6+xDo="></latexit>

μ … signal

b … background

p(𝜽) … pdf of nuisances

LBSM(µ|D) =
(µ+ b+ ✓)nobse�(µ+b+✓)

nobs!
exp

✓
� ✓2

2�2

◆

<latexit sha1_base64="Oyh3/T3T49dFVbXhfOXNgSPHwZQ="></latexit>

�2 = �2s + �2b

<latexit sha1_base64="lxcvPCo4CC9gop/zGszPSCs+Sk4=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFEISSlIpuhIIuXFawF2hjmEym7dDJhZmJUEJ3bnwVNy4UcesruPNtnLZRtPWHgY//nMOZ83sxZ1JZ1qeRW1hcWl7JrxbW1jc2t8ztnYaMEkFonUQ8Ei0PS8pZSOuKKU5bsaA48DhteoOLcb15R4VkUXijhjF1AtwLWZcRrLTlmvsdn3KFb8vn3+DK4x/0XLNolayJ0DzYGRQhU801Pzp+RJKAhopwLGXbtmLlpFgoRjgdFTqJpDEmA9yjbY0hDqh00skdI3SoHR91I6FfqNDE/T2R4kDKYeDpzgCrvpytjc3/au1Edc+clIVxomhIpou6CUcqQuNQkM8EJYoPNWAimP4rIn0sMFE6uoIOwZ49eR4a5ZJdKZ1cV4rVyyyOPOzBARyBDadQhSuoQR0I3MMjPMOL8WA8Ga/G27Q1Z2Qzu/BHxvsX9USYvg==</latexit>

signal+background

uncertainties
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Truncated Gaussian approximation (for UL results, if observed+expected ULs are available)        

Likelihoods for individual analyses -2-

21

normalization constant Cross section of the protomodel chosen such that the 95% CL observed limit 

on the cross section is reproduced

approximated with the standard deviation 

of the expected Gaussian likelihood

In most cases only a crude approximation to real LBSM, can’t expect this to be reliable for sizeable excesses, 

i.e. when observed and expected UL are very different. Therefore we “cap” deviations by setting                              .�UL

obs  �UL
exp + 2�exp

<latexit sha1_base64="DxhHKRnVtLa9oWAddRp7P0b0T4I=">AAACUXicbVFNSwMxEJ2u3/Wr6tFLsAiCUHalogcPghcPHipYFbq1ZNNpG0w2S5IVy7J/0YOe/B9ePChm2wpaHQi8vPeGmbxEieDG+v5ryZuZnZtfWFwqL6+srq1XNjavjUo1wyZTQunbiBoUPMam5VbgbaKRykjgTXR/Vug3D6gNV/GVHSbYlrQf8x5n1DqqUxmEhvcl7YSS2oGWmYpMfpd935oXeU5CgWTKhY/JtGufHJAwUqJbkP/YO5WqX/NHRf6CYAKqMKlGp/IcdhVLJcaWCWpMK/AT286otpwJzMthajCh7J72seVgTCWadjZKJCe7jumSntLuxJaM2J8dGZXGDGXknMWOZloryP+0Vmp7x+2Mx0lqMWbjQb1UEKtIES/pco3MiqEDlGnudiVsQDVl1n1C2YUQTD/5L7g+qAX12uFlvXp6MoljEbZhB/YggCM4hXNoQBMYPMEbfMBn6aX07oHnja1eadKzBb/KW/4CcMm3Eg==</latexit>
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What is implemented where …

22

SUSY, Exotics, Top, Higgs analyses 
from ATLAS & CMS (16+16) 

9 ATLAS, 4 CMS analyses for full Run 2 luminosity

☞
☞

☞
☞

☞

☞
☞

☞
☞

☞  full llhd JSON file (ATLAS) or covariance matrix (CMS)
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What is implemented where …

23

#Name               NSR Description                                              Lumi 
atlas_1609_01599     9  ttV cross section measurement at 13 TeV                  3.2      
atlas_1704_03848     5  monophoton dark matter search                            36.1   
atlas_conf_2016_013  10 4 top quarks (VLQ search)                                3.2    
atlas_conf_2017_060  20 monojet search                                           36.1   
atlas_conf_2016_066  2  photons, jets and met                                    13.3    
atlas_1712_08119     39 electroweakinos search with soft leptons                 36.1   
atlas_1712_02332     24 squarks and gluinos, 0 lepton, 2-6 jets                  36.1   
atlas_1709_04183     14 stop pair production, 0 leptons                          36.1   
atlas_1802_03158     7  GMSB with photons                                        36.1   
atlas_1708_07875     2  electroweakino search with taus and MET                  36.1   
atlas_1706_03731     19 same-sign or 3 leptons RPC and RPV SUSY                  36.1   
atlas_1908_08215     16 charginos/sleptons, 2 leptons + MET                      139                  
atlas_1909_08457     5  squarks and gluinos with same-sign leptons               139 
atlas_conf_2019_040  70 squarks and gluinos in MET_jet final states              139 
atlas_conf_2019_020  2  chargino-neutralinos, EW-scale mass splittings           139 
atlas_1803_02762     20 electroweakinos, 2-3 leptons                             36.1
atlas_conf_2018_041  10 gluinos decaying via 3rd gen; multi b-jets and MET       79.8
atlas_2101_01629     32 squarks/gluinos, 1 lepton, jets, MET                     139 
atlas_conf_2020_048  26 dark matter with monojets                                139 
atlas_2004_14060     9  stops, leptoquarks, 0 lepton                             139  
atlas_1908_03122     10 0 leptons, 3 or more b-jets, sbottoms                    139 
atlas_1911_12606     87 sleptons and electroweakinos with soft leptons           139 
atlas_1807_07447     633 general new phenomena                                   3.2 
atlas_2103_11684     2  SUSY in events with four or more leptons (gravitino SR)  139 
atlas_2004_10894     12 EWino search in Higgs (diphoton) and met              139 
atlas_2106_09609     21 RPV SUSY in final states with leptons and many jets      139 
atlas_1911_06660     2  direct stau production                139 

cms_sus_16_025       14   electroweakino and stop compressed spectra             12.9  
cms_sus_16_039       158  electrowekinos in multilepton final state             35.9
cms_sus_16_048       20   two soft opposite sign leptons           35.9

‣ Total 45 analyses at 13 TeV


‣ 13 ATLAS searches for 139/fb 


‣ 7 future 14 TeV high lumi (ATLAS, using 
published projections)


‣ Model independent ATLAS search with         
633 signal regions (counting objects)                      
NB dedicated searches always do better.


‣Long-lived particle searches 
- Displaced vertex + MET : ATLAS 1710.04901

- Displaced vertex + µ :     ATLAS 2003.11956

- Heavy Charged track :     ATLAS 1902.01636

- Displaced Leptons :        CMS 1409.4789              

.    .                                  PAS-EXO-16-022

- Disappearing track :       ATLAS 1712.02118

https://arxiv.org/abs/1710.04901
https://arxiv.org/abs/2003.11956
https://arxiv.org/abs/1902.01636
https://arxiv.org/abs/1409.4789
https://arxiv.org/abs/1712.02118
https://arxiv.org/abs/1710.04901
https://arxiv.org/abs/2003.11956
https://arxiv.org/abs/1902.01636
https://arxiv.org/abs/1409.4789
https://arxiv.org/abs/1712.02118
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What is implemented where …  info Anders Kvellestad
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ColliderBit
New searches in ColliderBit (in GAMBIT 2.1) 

139 /fb searches:


- arxiv:2010.14293 : ATLAS jets + MET, 139 /fb

- arxiv:2102.01444 : ATLAS 2 OS leptons + jets + MET (stop search), 139 /fb

- arxiv:2006.05880 : ATLAS H/Z + jets + MET (stop search), 139 /fb

- arxiv:1909.08457 : ATLAS 2/3 leptons + jets + MET, 139 /fb

- arxiv:1908.08215 : ATLAS 2 OS leptons + MET (chargino/slepton search), 139 /fb

- arxiv:2103.11684 : ATLAS 4 leptons + MET, 139 /fb

- arxiv:2102.10874 : ATLAS monojet + MET, 139 /fb

- arxiv:1908.04722 : CMS jets + MET, 137 /fb

- arxiv:2001.10086 : CMS 2/3 leptons + jets + MET, 137 /fb


80 /fb searches (no corresponding 139 /fb version have been published)


- ATLAS-CONF-2018-019 : ATLAS Z + photon + MET, 80 /fb


36 /fb searches (no corresponding 139 /fb searches have been published)


- arxiv:1711.08008 : CMS 1 photon + MET, 36 /fb

- arxiv:1812.04066 : CMS 1 photon + 1 lepton + MET, 36 /fb

- arxiv:1903.07070 : CMS 2 photons + MET, 36 /fb


          …. plus older analyses in previous versions

‣ 9 analyses for full Run 2 luminosity in 
recent GAMBIT releases


‣ The main new development is integration 
with GUM (Gambit Universal Models) 
framework*


‣ Ongoing efforts:


- ColliderBit interface to Contur/Rivet


- Enable use of ATLAS full likelihoods   
(CMS simplified likelihoods already    
in use)


- Release of ColliderBit Solo
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62 ATLAS and CMS Run 2 analyses in SModelS 2.1.0 database             LLP searches

UL = cross section upper limit maps; EM = efficiency maps Full likelihoods
↖︎

DB v2.2.0: + new results from 4 ATLAS and 11 CMS analyses



Sabine Kraml — New developments in recasting LHCP 2022 — 19/05/22

ADL : Analysis Description Language for LHC physics
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Analysis Description Language (ADL) is a domain specific, declarative language for describing event selections; 
analyses are written in plain text files separating object, variable and event selection definitions in blocks following a 
keyword-value structure, where keywords specify analysis concepts and operations.

Curtesy Sezen Sekmen

ADL is a language, independent of 
software frameworks:

(—> Any framework recognizing ADL 
can run analyses written in ADL).


• Communicate analyses easily 
between groups, exp, pheno, 
students, public.


• Currently two interpreters can 
parse and run ADL analyses:


     adl2tnm and CutLang 


• Works with various event formats 
including Delphes, CMS nanoaod, 
several open data formats, etc.


• Very interesting for long-term 
preservation


https://github.com/ADL4HEP/ADLLHCanalyses

https://github.com/ADL4HEP/ADLLHCanalyses
https://github.com/ADL4HEP/ADLLHCanalyses
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ADL : Analysis Description Language for LHC physics
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Analysis Description Language (ADL) is a domain specific, declarative language for describing event selections; 
analyses are written in plain text files separating object, variable and event selection definitions in blocks following a 
keyword-value structure, where keywords specify analysis concepts and operations.

Curtesy Sezen Sekmen

https://github.com/ADL4HEP/ADLLHCanalyses
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