
Based primarily on arXiv:2112.00769 (SModelS v2) and arXiv:2306.17676 (SModelS v2.3) in collaboration with 
G. Alguero, M. Altakach, J. Heisig, S. Kulkarni, A. Lessa, S. Narasimha, T. Pascal, H. Reyes Gonzalez, W. Waltenberger and A. Wongel

Constraining new physics with SModelS
Sabine Kraml

The XXX International Conference on Supersymmetry and Unification of Fundamental Interactions

Univ. of Southampton, UK

17 - 21 July 2023


(in bold: people currently active in SModelS)

https://arxiv.org/abs/2112.00769
https://arxiv.org/abs/2306.17676


Sabine Kraml SUSY 2023, Southampton, UK

Overview
❖ Motivation

❖ SModelS working principle
‣ assumptions, caveats

❖ Extended simplified model description
‣ treatment of long-lived particles

❖ Combination of signal regions and comb. of analyses (new!)

❖ Database extension

❖ Impact for EW-ino sector of the MSSM 

❖ Conclusions
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LHC searches for new physics
Pursued on a channel-by-channel basis in specific final states; results typically presented in 
the context of simplified models. Examples:
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ATLAS-SUSY-2018-05: search in events 
with two leptons, jets, and MET

CMS-SUS-19-006: search in final states 
with multiple jets and large MET

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-006/index.html
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… and their (re)interpretation
Aim: obtain a comprehensive view of how the plethora of LHC results constrain new physics      
in the context of realistic theoretical scenarios  (incl. non-minimal/non-standard ones!)
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Embarrassment of riches ATLAS, CMS and LHCb are sensitive to a far greater set of 
theories and parameter combinations than have so far been tested.
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https://cerncourier.com/a/lhc-reinterpreters-think-long-term/
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In the SUSY context:
- scenarios with more than 2-3 new particles
- arbitrary mass patterns, general mixings 
- GUT-inspired scenarios 
- models beyond the MSSM (MRSSM, Dirac gauginos, E6SSM,….)
- …

https://cerncourier.com/a/lhc-reinterpreters-think-long-term/
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Methods and tools
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Reuse  
simplified model results 


(σ95, signal A×ε)

Reproduce  
experimental analysis  

in a Monte Carlo simulation

Test of  
BSM hypothesisRIVET


Contur ColliderBitADL

Assumes that A×ε doesn’t change 
too much w.r.t. original model

“recasting”

Review in Section III of  2003.07868

(+ATLAS SimpleAnalysis)

Talk by T. Gonzalo 
yesterday pm 

https://arxiv.org/abs/2003.07868
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Reuse  
simplified model results 


(σ95, signal A×ε)

Reproduce  
experimental analysis  

in a Monte Carlo simulation

Test of  
BSM hypothesisRIVET


Contur ColliderBitADL

Assumes that A×ε doesn’t change 
too much w.r.t. original model

“recasting”

 This Talk 

Review in Section III of  2003.07868

(+ATLAS SimpleAnalysis)
See also talk by T. Pascal yesterday pm 

https://arxiv.org/abs/2003.07868
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SModelS working principle
❖ Public tool for the fast reinterpretation of 

LHC searches on the basis of simplified-
model results. 

❖ Working principle: decompose the 
signatures of full BSM scenarios into 
simplified model components, which are 
then confronted against the experimental 
constraints from a large database of results. 

❖ Input: SLHA files with mass spectrum,  
decay tables and cross sections.

❖ Options set in parameters.ini file.

❖ Any BSM model with a Z2-like symmetry!
7

https://smodels.github.io

https://smodels.github.io
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Pros and cons
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Create SLHA file 

with mass spectrum and decay tables


⬇︎

add production cross sections


(SModelS xseccomputer or micrOMEGAs)

⬇︎


compute all signal weights : 

σ×BR×BR…


⬇︎

sum matching elements


⬇︎

find and apply A×ε (or σ95) values 

from experimental results

⬇︎


statistical evaluation‡


(background numbers usually from exp. pub.)


simplified model approach (SModelS)

‡ in case exp. result is σ95: only allowed/excluded 

• Assumes that signal acceptances are to good approx- 
imation the same as in original experimental result. 


Valid for simple rescaling of production and decay rates (σ×BR);   
other cases need to be verified, e.g. spin or production mode 
dependence.


• Applicable also for ML-based analyses                           
(difficult to impossible to recast)


• Advantages are simplicity and speed!                                    
→ very fast b/c no MC simulation needed                                                
→ well suited for large scans and model surveys


• Large database of experimental results


• ATLAS and CMS, Run1 and Run2, prompt and long-
lived results all treated simultaneously


• Easy classification of unconstrained cross section, 
missing topologies 

• Often conservative: coverage depends on variety of 
available simplified-model results
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Signal acceptances to good approximation the same ?
❖ SModelS ignores details of the production modes (s- or t-channel, intermediate states, …)

❖ Example: experimental results for gluinos usually assume decoupled squarks and vice-versa  

9

SModelS assumes that presence 
of squark contribution won’t 
significantly change gluino 
kinematic distributions

Feynman diagrams for gluino pair production: (a) quark-antiquark initial states, (b) gluon-gluon initial states.

Figure credit: Gehrmann, Maitre, Wyler, NPB 2004

→ signal acceptances and limits 
on cross sections remain valid

see arXiv:1312.4175

https://arxiv.org/abs/hep-ph/0406222
https://arxiv.org/abs/1312.4175
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Signal acceptances to good approximation the same ?
❖ For “prompt” signatures, SModelS ignores quantum numbers of BSM particles
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topology: [[[t]], [[t]]]  … “T2tt”
masses: (m1,m3), (m2,m4)
final states: (MET, MET)

topology: [[[W]], [[Z]]] … “TChiWZ”
masses: (m1,m3), (m2,m4) 
final states: (MET, MET)

A priori chargino/neutralino,
but also H±H0 in inert doublet model

Typically stop → top +LSP, but same 
signature from fermonic top partner

m1

m2

m1

m2

m3

m4

m3

m4

validity studied in arXiv:1607.02050

<latexit sha1_base64="JBmPy3qLdPaSIOUdlZi9GrBlQj8="></latexit>

pp ! �̃
±
1 �̃

0
2 ! W

±
Z �̃

0
1�̃

0
1 versus pp ! H

±
H

0 ! W
±
Z A

0
A

0

<latexit sha1_base64="lDQFqPT6/nhJ3po9lM1DCSbJu9M=">AAACIXicbVDLSsNAFJ3UV62vqEs3g61QQUpSULsRii50WcE+oA1lMpm0Q2eSMDMRSuivuPFX3LhQpDvxZ5y0EbT1wMDhnHO5c48bMSqVZX0auZXVtfWN/GZha3tnd8/cP2jJMBaYNHHIQtFxkSSMBqSpqGKkEwmCuMtI2x3dpH77kQhJw+BBjSPicDQIqE8xUlrqm7USLyc9wSEP1VDnJqdXNcsqwVvSOoM/nofiwVDNXTtz+2bRqlgzwGViZ6QIMjT65rTnhTjmJFCYISm7thUpJ0FCUczIpNCLJYkQHqEB6WoaIE6kk8wunMATrXjQD4V+gYIz9fdEgriUY+7qJEdqKBe9VPzP68bKrzkJDaJYkQDPF/kxgyqEaV3Qo4JgxcaaICyo/ivEQyQQTuso6BLsxZOXSatasS8q5/fVYv06qyMPjsAxKAMbXII6uAMN0AQYPIEX8AbejWfj1fgwpvNozshmDsEfGF/faFGgkQ==</latexit>

m(mothers) = 800 GeV, m(daughters) = 100 GeV

other than their masses

plot curtesy A. Lessa

https://arxiv.org/abs/1607.02050
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Extended topology description in v2 series       arXiv:2112.00769

❖ So far, the simplified model description involved only the structure of the topology 
(number of vertices in each branch, and number and type of SM final states in each 
vertex) and the masses of the BSM particles 

11

❖ Now extended by flexible number of 
attributes for the BSM particles, such as spin, 
charge, decay width, etc. 

❖ Allows in particular for a better treatment of long-lived particle (LLP) signatures. 

‣ width-dependent results 

‣ spin often matters  (e.g. disappearing tracks: trigger on ISR jet)

- heavy stable charged particles
- disappearing tracks
- displaced leptons 
- displaced jets

https://arxiv.org/abs/2112.00769
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❖ Supplements the SM by an additional SU(2) scalar doublet, Φ, (“inert doublet”) and three sterile neutrinos, N.                 
The new fields are taken to be odd under a new Z2-parity, while the SM fields are even. 

❖ Lightest new state is stable and a dark matter (DM) candidate; can be neutral scalar or sterile neutrino (fermion).

LLP example: charged scalars in scotogenic model

12

<latexit sha1_base64="p+YVJaMdlRSaQqOy6hU/j3p4n/E=">AAACH3icbVDLSsNAFJ34rPVVdelmsAiuSiJa3QiiG5cVbCs0oUymN3ZwJgkzN2IJ9Uvc+CtuXCgi7vo3TtoufB0YOJxzH3NPmEph0HVHzszs3PzCYmmpvLyyurZe2dhsmSTTHJo8kYm+DpkBKWJookAJ16kGpkIJ7fD2vPDbd6CNSOIrHKQQKHYTi0hwhlbqVur6xI8047mvFcU+JHrwYAf0BC/84ViG+xS0UBAjkw9SKIHDbqXq1twx6F/iTUmVTNHoVj79XsKzYgiXzJiO56YY5Eyj4BKGZT8zkDJ+y26gY2nMFJggH983pLtW6dEo0fbFSMfq946cKWMGKrSVimHf/PYK8T+vk2F0HOQiTjOEmE8WRZmkmNAiLNoTGjjKgSWMa2H/Snmf2bjQRlq2IXi/T/5LWvs1r147vDyonp5N4yiRbbJD9ohHjsgpuSAN0iScPJJn8krenCfnxXl3PialM860Z4v8gDP6Al8BpRM=</latexit>

r =
theory prediction

experimental limit
<latexit sha1_base64="/dLIC/yC90x9ieWu83mBbxZocRQ=">AAAB/XicbZDLSgMxFIYz9Vbrbbzs3ASL4KrMiDdcVdx0WcFeoDMtmTTThiYzIckIdSi+ihsXirj1Pdz5NmbaWWjrD4GP/5xDzvkDwajSjvNtFZaWV1bXiuuljc2t7R17d6+p4kRi0sAxi2U7QIowGpGGppqRtpAE8YCRVjC6zeqtByIVjaN7PRbE52gQ0ZBipI3Vsw9qXU9wT8fQEzRDeNN1enbZqThTwUVwcyiDXPWe/eX1Y5xwEmnMkFId1xHaT5HUFDMyKXmJIgLhERqQjsEIcaL8dLr9BB4bpw/DWJoXaTh1f0+kiCs15oHp5EgP1XwtM/+rdRIdXvkpjUSiSYRnH4UJg+bYLArYp5JgzcYGEJbU7ArxEEmEtQmsZEJw509ehOZpxb2onN+dlavXeRxFcAiOwAlwwSWoghqogwbA4BE8g1fwZj1ZL9a79TFrLVj5zD74I+vzBz+alG4=</latexit>

H
± ! ⇡

±
A

0

Limit without signal region combination; 
>100 GeV weaker
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Spin dependence 
❖ LLP decay length depends on the LLP boost and consequently on its spin

13

❖ Disappearing track analyses: pursued as searches 
for long-lived charginos 

❖ ATLAS-SUSY-2016-06, 36/fb: we use efficiencies 
recasted by Belyaev et al. for both the fermion 
(chargino) and the scalar (charged Higgs) LLP 
cases.

❖ CMS-EXO-19-010, 101/fb: use official results 
from CMS; only the fermion (chargino) case is 
available. 

arXiv:2008.08581, Zenodo dataset

Note: ATLAS-SUSY-2018-42, 139/fb: official chargino results not reusable; not pure 
topologies but sum of 1 and 2 charged tracks (C1N2 and C1C1 prod.); recast in progress.

A. Lessa, talk at LLP workshop, June 2023

arXiv:2112.00769

http://arxiv.org/abs/2008.08581
https://doi.org/10.5281/zenodo.4288736
https://indico.cern.ch/event/1216822/contributions/5449159/
https://arxiv.org/abs/2112.00769
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❖ Disappearing track analyses: pursued as searches 
for long-lived charginos 
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(chargino) and the scalar (charged Higgs) LLP 
cases.

❖ CMS-EXO-19-010, 101/fb: use official results 
from CMS; only the fermion (chargino) case is 
available. 

arXiv:2008.08581, Zenodo dataset

Note: ATLAS-SUSY-2018-42, 139/fb: official chargino results not reusable; not pure 
topologies but sum of 1 and 2 charged tracks (C1N2 and C1C1 prod.); recast in progress.

Users who want to use the CMS result for scalar LLPs, 
have to “trick” SModelS into it; e.g. change qnumbers 
in model input, or download text database and change 
spin assignment for the CMS-EXO-19-010 maps.

A. Lessa, talk at LLP workshop, June 2023

arXiv:2112.00769

http://arxiv.org/abs/2008.08581
https://doi.org/10.5281/zenodo.4288736
https://indico.cern.ch/event/1216822/contributions/5449159/
https://arxiv.org/abs/2112.00769
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Experimental results used in SModelS

14

                                                upper limit (UL) maps and A×ε ‘efficiency’ maps (EM)
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Experimental results used in SModelS
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                                                upper limit (UL) maps and A×ε ‘efficiency’ maps (EM)

❖ Maps of 95% CL upper limits on the signal 
cross section (σ95) as function of the simplified 
model parameters

❖ Excluded if r ≥ 1

❖ Binary decision: excluded or not

<latexit sha1_base64="coQ9sUO21zH402HysA43fGCj74Q=">AAACJnicbVDLSsNAFJ3UV62vqEs3g0VwVRKxPhaFUjcuq9gHJCFMppN26EwSZiZCCfkaN/6KGxcVEXd+itM2C60eGDj3nHu5c0+QMCqVZX0apZXVtfWN8mZla3tnd8/cP+jKOBWYdHDMYtEPkCSMRqSjqGKknwiCeMBILxjfzPzeIxGSxtGDmiTE42gY0ZBipLTkmw3RgG4oEM4cV9IhR66inEiYuYLD1n2+VHp5tmjzs+t6nvtm1apZc8C/xC5IFRRo++bUHcQ45SRSmCEpHdtKlJchoShmJK+4qSQJwmM0JI6mEdLLvWx+Zg5PtDKAYSz0ixScqz8nMsSlnPBAd3KkRnLZm4n/eU6qwisvo1GSKhLhxaIwZVDFcJYZHFBBsGITTRAWVP8V4hHSoSmdbEWHYC+f/Jd0z2r2Ra1+d15ttoo4yuAIHINTYINL0AS3oA06AIMn8AKm4M14Nl6Nd+Nj0VoyiplD8AvG1zcVwqYv</latexit>

r =
[� ⇥ BR⇥ BR]

�95

← theory prediction for the signal
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Experimental results used in SModelS
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                                                upper limit (UL) maps and A×ε ‘efficiency’ maps (EM)Maps of Aε for the signal regions of an 
analysis allow us 

‣ to sum different contributions to the 
same signal region

‣ given expected and observed numbers 
of events, compute a likelihood for    
the hypothesised signal *)

‣ do sophisticated statistical evaluations 
(likelihood ratio tests, confidence levels,                 
p-values, etc.) *) if information on correlations is available, SRs can be combined 

<latexit sha1_base64="xmThQlqWOCQpVH5AVsknXRN2QTw="></latexit>

L(µ, ✓|D) = P (D|µs+ b+ ✓) p(✓)

<latexit sha1_base64="KTIrNMjB9+kvlFI02ziI+WdUI34="></latexit>

nsig =
X
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Same principle for LLP results, but as maps in terms of mass and lifetime

17

                                                upper limit (UL) maps and A×ε ‘efficiency’ maps (EM)

LLP results are ‘maps’ in terms of mass and lifetime
→ in principle higher dimensionality than prompt results
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Combination of signal regions
❖ Combination of SRs uses more of the data of an analysis; more reliable constraints
❖ Needs correlation info, otherwise we can only use the most sensitive, a.k.a. “best”, SR. 
❖ Statistical modelling: covariance matrix (CMS) or HistFactory model (ATLAS)

18

combineSRs = True/False

simplified likelihood, SL full likelihood, pyhf

As of v2.3, SModelS also makes use of the “SLv2” (Gaussian approx. with a skew)  |           For HistFactory models, we can now also include control regions!
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NEW: combination of analyses
❖ SModelS now also provides the possibility to combine likelihoods from different analyses, 

under the assumption that they are approximately uncorrelated.

❖ Combined likelihood is computed as

❖ Interesting for two reasons: 

‣ The signal of a particular BSM scenario may be manifest in different final states, which 
are constrained by different analyses  → want to know the combined effect 

‣ Experimental analyses are statistical in nature, so always subject to over- or under-
fluctuations (observed limits being weaker or stronger than expected ones). 

19

combineAnas = [user-defined list]

<latexit sha1_base64="hmnAjIq+ap+je9GXgGfuQDaGfNc="></latexit>

LC(µ) =
Y

i=1

Li(µ si) .

→ again want to know the combined effect

arXiv:2306.17676

https://arxiv.org/abs/2306.17676


Sabine Kraml SUSY 2023, Southampton, UK

NEW: combination of analyses
❖ SModelS now also provides the possibility to combine likelihoods from different analyses, 

under the assumption that they are approximately uncorrelated.

❖ Combined likelihood is computed as 

20

combineAnas = [user-defined list]

<latexit sha1_base64="hmnAjIq+ap+je9GXgGfuQDaGfNc="></latexit>

LC(µ) =
Y

i=1

Li(µ si) .

arXiv:2306.17676
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https://arxiv.org/abs/2306.17676
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The Database 
❖ In total exp. results from 111 ATLAS and CMS publications

22

❖ Run 1: 15 ATLAS + 18 CMS analyses

❖ Run 2: 38 ATLAS + 40 CMS analyses 
(17 ATLAS+13 CMS for full luminosity)

❖ 10 LLP searches: HSCP, disappearing 
tracks, displaced vertices

❖ New in v2.3.0: 9 ATLAS + 12 CMS;    
full set of available EW-ino results

Significances with respect to the SM hypothesis, for all SRs (EM results) in the database. 
A standard normal distribution is expected if no new physics is in the data. New physics 
would manifest itself as an overabundance of large significances.
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LLP

full Run-2 
luminosity:
17 ATLAS,
13 CMS 

Run 2 analyses in the v2.3.0 database            (ID in bold: new in v2.3.0)
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LLP

EW-ino

full Run-2 
luminosity:
17 ATLAS,
13 CMS 

Run 2 analyses in the v2.3.0 database            (ID in bold: new in v2.3.0)

(note 16/17 of ATLAS 
but only 5/13 of CMS 
analyses provide EMs)
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Case study for EW-inos (MSSM)
❖ Random scan over EW-ino parameters from arXiv:2112.00769

All other soft masses set to 10 TeV.

❖ Mass spectrum and decays computed with                                                                                
Softsusy 4.1.12, Xsections at LO with Pythia8.

25

<latexit sha1_base64="yd6nf7leo5a6t2yreDRuhfTxwE8="></latexit>

10 GeV < M1 < 3 TeV,

100 GeV < M2 < 3 TeV,

100 GeV < µ < 3 TeV,

5 < tan� < 50

wino LSP;
long-lived chargino

SModelS v2.1

(+NLO with Prospino2 for pts with r > 0.7)

https://arxiv.org/abs/2112.00769
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❖ Random scan over EW-ino parameters from arXiv:2112.00769

All other soft masses set to 10 TeV.

❖ Total ~100K points → select subset with 

and only prompt decays (no wino-LSP) :                                                                                            
18.5K points for evaluation with v2.3

Case study for EW-inos (MSSM)

26
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100 GeV < M2 < 3 TeV,

100 GeV < µ < 3 TeV,

5 < tan� < 50

<latexit sha1_base64="Y63Z77ufChxvb7ON1OWyBKdwLxU=">AAACKHicbVDLSgMxFM34rPVVdekm2AoupMwUqi4ECwq6rGAf0KlDJr1tQ5OZIckIZah/48ZfcSOiSLd+ielD0NYDgcM553Jzjx9xprRtD62FxaXlldXUWnp9Y3NrO7OzW1VhLClUaMhDWfeJAs4CqGimOdQjCUT4HGp+73Lk1x5AKhYGd7ofQVOQTsDajBJtJC9zkRNe4mrGW+DSLru3PWdwXrTt3OM1VI/TM64biZHvFH4C2Mtk7bw9Bp4nzpRk0RRlL/PmtkIaCwg05USphmNHupkQqRnlMEi7sYKI0B7pQMPQgAhQzWR86AAfGqWF26E0L9B4rP6eSIhQqi98kxREd9WsNxL/8xqxbp81ExZEsYaATha1Y451iEet4RaTQDXvG0KoZOavmHaJJFSbbtOmBGf25HlSLeSdk3zxtpAtXU3rSKF9dICOkINOUQndoDKqIIqe0At6Rx/Ws/VqfVrDSXTBms7soT+wvr4Bnq6j1g==</latexit>

m�̃0
1
< 500 GeV, m�̃±

1
< 1200 GeV,

arXiv:2306.17676

https://arxiv.org/abs/2112.00769
https://arxiv.org/abs/2306.17676
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Exclusion by most constraining analysis …
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… versus exclusion by most sensitive analysis
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❖ Reason: CMS and ATLAS hadronic EW-ino searches have similar sensitivity, but while CMS has a 
small excess, the ATLAS analysis observes a deficit of events and thus sets a stronger individual limit 

❖ Strong motivation for combining ….

29

CMS-SUS-21-002 ATLAS-SUSY-2018-41
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Combining ATLAS and CMS hadronic EW-ino searches

30

Higgsino-bino 
scenarios

Wino-bino 
scenariosHiggsino LSP 

scenarios
See talk by Timothée Pascal for dynamic, optimised 

combination of all orthogonal EW-ino results

combineAnas = [ATLAS-SUSY-2018-41,CMS-SUS-21-002]
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Allowed scenarios in global combination
❖ Optimised combination of 16 EW-ino searches in SModelS v2.3
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Timothée Pascal 

To be compared to simplified-model limits from “official” combinations
ATLAS → Alexander Khanov ; CMS → Pablo Matorras-Cuevas

https://indico.cern.ch/event/1214022/contributions/5458495/author/7885008
https://indico.cern.ch/event/1214022/contributions/5450561/author/7914017
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Allowed scenarios in global combination
❖ Optimised combination of 16 EW-ino searches in SModelS v2.3
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Timothée Pascal 

To be compared to simplified-model limits from “official” combinations
ATLAS → Alexander Khanov ; CMS → Pablo Matorras-Cuevas

Limit curves from CMS combination; wino-bino scenario 
with 100% decay into either WZ or Wh (+MET) final states

https://indico.cern.ch/event/1214022/contributions/5458495/author/7885008
https://indico.cern.ch/event/1214022/contributions/5450561/author/7914017
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Significances with respect to the SM hypothesis; 
EW-ino analyses only.

Curtesy W. Waltenberger
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Conclusions
❖ SModelS is an easy-to-use public tool for the fast reinterpretation of LHC searches on the 

basis of simplified-model results.                                                Available from GitHub and PyPI. 

❖ Large database covering a total of 111 ATLAS and CMS publications

‣ Run 2: 38 ATLAS + 40 CMS analyses (17 ATLAS+13 CMS for full luminosity).

‣ Coverage mostly limited by variety and kind of simplified-model EMs available

❖ Simultaneous treatment of prompt and long-lived signatures.

❖ v2.3 comes with the ability to combine likelihoods from different analyses: 

‣ statistically more rigorous constraints, 

‣ opens the way for DIY global LHC likelihood analyses.

✓ All results from arXiv:2306.17676 are available on Zenodo.
33

http://www.apple.com/uk
https://pypi.org/project/smodels/
https://arxiv.org/abs/2306.17676
https://doi.org/10.5281/zenodo.8086950
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Thanks to all ATLAS and 
CMS analysis teams who 
take care that their results 

are reusable !!
👍

http://www.apple.com/uk
https://pypi.org/project/smodels/
https://arxiv.org/abs/2306.17676
https://doi.org/10.5281/zenodo.8086950

