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SUSY search interpretation
Most relevant parameters for SUSY 
search analysis: 

Production cross section 
Decay branching ratios 
Mass parameters 

➡ Simplified Model Spectra (SMS)

Select one “simplified model” that is 
defined by the initially produced 
particles and fixed decay branching 
ratios, scan dependence on the free 
parameters, i.e. particle masses, put 
upper limit on signal cross section

Example: Hadronic search with top 
tagging, CMS-SUS-16-050
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SUSY search interpretation
Most relevant parameters for SUSY 
search analysis: 

Production cross section 
Decay branching ratios 
Mass parameters 

➡ Simplified Model Spectra (SMS)

Select one “simplified model” that is 
defined by the initially produced 
particles and fixed decay branching 
ratios, scan dependence on the free 
parameters, i.e. particle masses, put 
upper limit on signal cross section

Example: Hadronic search with top 
tagging, CMS-SUS-16-050

Gluino pair production, 100% decaying 
into 4 top + MET final state
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Reinterpretation of search results

Reproduction of analysis cuts 
Use event generator + detector simulation to evaluate signal 
prediction for each parameter point 
Precise, but very time consuming 
Tools: CheckMATE, MadAnalysis5, Rivet, ColliderBIT, … 

Apply simplified model mass exclusion 
Mass limits only valid within the simplified model 
Wrong when considering generic model, e.g. arbitrary gluino 
decays 

Decompose full model into simplified model components 
Each component can be compared against experimental 
upper limits 
Conservative, but fast 
Tools: SModelS, FastLim, XQCat
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Constraints from upper limit (UL) and 
efficiency maps (EM)

Directly constrains the gluino 
production cross section for this 
topology, all detector effects 
already “folded in”

Use efficiency*acceptance to 
calculate “visible signal cross 
section”, compare this to upper limit 
on total visible signal cross section
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Kraml, Kulkarni, UL, et. al
arXiv:1312.4175
arXiv:1412.1745

arXiv:1701.06586
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works for every 
model with a     
symmetry

Z2

large database 
with 270 simplified 
model results from 
SUSY searches 
(including 13 TeV 
results, see arXiv:
1803.02204)

publicly available at 
smodels.hephy.at

Interface with 
micrOMEGAs

[            ]Barducci, Bélanger, UL 
et al., arXiv:1606.03834

http://smodels.hephy.at
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Advantages and Assumptions

Fast test against large database of results 
Identification of most relevant search channels, analysis strategies 
Information about topologies not covered in the results database, so-
called “missing topologies”, and their classification into long 
cascade decays and asymmetric branch topologies 
Model independent under the SMS assumption:

details of production process not important 
only on-shell particles relevant to the description (replace off-shell 
particles by effective vertex) 
mass is the only relevant quantum number

3.1
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Figure 3.2.: The general type of SMS topology considered in SMODELS. The Pi label the
SM final state particles. The end of each decay chain is always the lightest
Z2-odd particle which is stable.
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Figure 3.3.: A full model diagram (left) and its SMS equivalent topology (right).

particles, respectively. Hence all topologies will be of the form represented in Figure 3.2,
which shows the production of the initial pair of BSM states (represented by a circle with
two outgoing legs) and their subsequent cascade decays, where all particles appearing in the
SMS topology, both Z2-even and Z2-odd, are on-shell. The case of off-shell decays is always
included as 3-body decays, with no mention to the off-shell states. Therefore all the relevant
information (in the SMS framework) of such a diagram can be reduced to three main objects:

• the diagram topology: number of vertices and SM final state particles in each vertex;

• the masses (mass vector) of the Z2-odd BSM particles appearing in the diagram;

• the diagram weight (� ⇥ B).

Non-SM Z2-even particles are also considered as final states, but the corresponding topolo-
gies will not be constrained as there are no applicable results in the SMODELS database. The
reduction of a particular process to its equivalent SMS topology is illustrated in Figure 3.3.

The next and more involved step is to confront the theoretical predictions obtained from
the decomposition with the experimental constraints. For that it is necessary to map the
signal topologies produced in the decomposition to the SMS topologies constrained by data.
For some experimental analyses this is a trivial matter, since they provide an upper limit for
a single topology cross section as a function of the relevant BSM mass vector. Examples
are constraints on squark pair production, with q̃ ! q + �̃0

1, which give an upper limit
on � ⇥ B as a function of (mq̃,m�̃0

1
), or gluino pair production, with g̃ ! tt̄ + �̃0

1, which
limit � ⇥ B as a function of (mg̃,m�̃0

1
). However it is often the case that the experimental

analysis does not constrain a single topology but rather a sum of several topologies, assuming
a specific relative contribution from each of them. As an example, consider the slepton pair

59



Ursula LaaSModelS 8

Coverage of the pMSSM by simplified model results

ATLAS interpreted 22 SUSY analyses (8 TeV) in the 
phenomenological MSSM (pMSSM) 
Random scan in 19 free parameters, in reach of LHC8 
Sampling such that after selection similar number of points 
with Bino-, Wino- and Higgsino-like LSP remain 
SLHA files + exclusion information available on HepData !

To what extend can the ATLAS exclusion be reproduced 
using only 8 TeV simplified model results?

[                 ]arXiv:1508.06608comparison with the ATLAS pMSSM study
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312 618 111 80 106 97 102 83 97 90 63 57 38 29 16
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3 Exclusion compared to ATLAS

As a first overview of our results, we list in Table 4 the total number of points studied, the
number of points that can be excluded by SModelS (rmax � 1) when using only the upper
limit results in the database, and the number of points that can be excluded when using the
full 8 TeV database, that is including EM results. We see that in particular the coverage of
bino-like LSP scenarios can be improved by using EMs. Concretely, the coverage improves from
44% (UL results only) to 55% (full database). Similarly, the coverage for the higgsino-like LSP
scenarios is improved from 55% to 63%.

Bino-like LSP Higgsino-like LSP
Total number of points 38575 45594

Number of points excluded – UL results only 16957 25005
Number of points excuded – full database 21171 28659

Table 4: Summary of results, listing the number of ATLAS-excluded pMSSM points tested in
this study, the number of points excluded by SModelS when using UL-type results only, and
the number of points excluded when using the full 8 TeV database including EM-type results.

In both cases, this is largely because of the improved constraints of light gluino scenarios when
including EM results, as illustrated in Figure 1. The main reason is that EMs allow us to
combine the signal for all topologies contributing to the same signal region before comparing
against an overall cross section limit. Moreover, some asymmetric topologies are included in
the EM-type results (from Fastlim) but not in the UL-type results in the database. Therefore,
while UL results often constrain only a small fraction of the total gluino production (determined
by the gluino decay branching ratios), this can be considerably improved when using EM results.
Figure 1 also shows the importance of the Fastlim and our ‘home-grown’ EMs with respect
to the o�cial ATLAS and CMS SMS results. We note that the Fastlim maps are particularly
relevant for constraining gluinos in the intermediate mass range decaying to higgsino-like EW-
inos, which is typical for the natural SUSY case they have been derived for. In numbers, o�cial
UL and EM results exclude ??% (??%) of the bino-LSP (higgsino-LSP) points, which improves
to ??% (??%) when adding ‘home-grown’ EMs and to the above-mentioned 55% (63%) when
including in addition Fastlim results.

3.1 Gluinos

It is striking that there are still many points with light gluinos which cannot be excluded by
the SMS results in the SModelS database. To understand this better we show in Figure 2 the
coverage in the gluino vs. neutralino mass plane. For comparison the exclusion line obtained
in [30] for a simplified model where pair-produced gluinos decay exclusively as g̃ ! qq�̃

0
1 is

also drawn in Figure 2. We see that light gluinos escape SMS limits especially in the com-
pressed region where monojet type searches become important. This is in agreement with the
simplified-model exclusion line. Moreover, while the coverage is good for very light gluinos up
to about 600 GeV, it drops for intermediate gluino masses around 1 TeV and higher, as can also
be observed in Figure 1. This is particularly pronounced in the bino-like LSP scenario. Con-
cretely the coverage of bino-like LSP scenarios is 80% when considering only points with light
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Number of points tested (i.e. points 
excluded by ATLAS)exclusion from ATLAS

arXiv:1405.7875

- Light gluino well 
covered except for 
compressed region 

- Coverage drops for 
intermediate gluino 
masses 

- Main reasons: cascade 
decays preferred, many 
topologies not covered 
by existing simplified 
model interpretations

(Bino-like LSP scenarios)

Coverage comparison 
for pMSSM scenarios [                  ]Ambrogi, Kraml, Kulkarni, UL, 

et.al, arXiv:1707.09036
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q̃

� ⇥ BGluino-Squark production where (one of) 
the squarks are lighter than the gluino

(Bino-like LSP scenarios)

Gluino-Squark production where the 
gluino is lighter than all squarks

g̃
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q̃ g̃
g

g Should be included in SModelS to improve coverage

Gluino-squark missing topology
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Recent database update — including 13 TeV results
[                 ]arXiv:1803.02204see

Extends database by 19 Run 2 analyses from CMS2 CMS 13 TeV results for 36/fb included in this release

The v1.1.2 database presented here includes results from 19 CMS SUSY analyses from
Run 2 with 36 fb�1 of data, comprising in total 84 new SMS results for the full 2016 dataset.1

A detailed list is given in Table 1.

Analysis Ref. ID SMS results (txnames)

G
lu
in
o,

S
qu

ar
k

jet multiplicity + H
miss
T [9] SUS-16-033 T1, T1bbbb, T1tttt,

T2, T2bb, T2tt
jets + E

miss
T , MT2 [10] SUS-16-036 T1, T1bbbb, T1tttt,

T2, T2bb, T2tt, T2cc,
T6bbWW†

1 lept. + jets + E
miss
T , MJ [11] SUS-16-037 T1tttt, T5tttt†

1 lept. + jets + E
miss
T , �� [12] SUS-16-042 T1tttt, T5WW†

2 OS lept. + jets + E
miss
T [13] SUS-16-034 T5ZZ†, TChiWZ

2 SS lept. + jets + E
miss
T [14] SUS-16-035 T1tttt, T5WW†, T5ttbbWW†,

T5tttt†, T5tctc†, T6ttWW†

multi-lept. + jets + E
miss
T [15] SUS-16-041 T1tttt, T6HHtt†, T6ZZtt†,

T6ttWW†

0 lept. + top tag [16] SUS-16-050 T1tttt, T2tt, T5tttt†, T5tctc†

T
h
ir
d
ge
n
. 0 lepton stop [17] SUS-16-049 T2tt, T2ttC, T2cc, T6bbWW†

1 lepton stop [18] SUS-16-051 T2tt, T6bbWW†

2 lepton stop [19] SUS-17-001 T2tt, T6bbWW†

b or c-jets + E
miss
T [20] SUS-16-032 T2bb, T2cc

soft lepton, compressed stop [21] PAS-SUS-16-052 T2bbWWo↵, T6bbWWo↵†

el
ec
tr
ow

ea
k WH (H ! bb̄) + E

miss
T [22] SUS-16-043 TChiWH

multi-leptons + E
miss
T [23] SUS-16-039 TChiWH, TChiWZ,

TChiChipmSlepL,
TChiChipmSlepStau,
TChiChipmStauStau

EWK combination [24] PAS-SUS-17-004 TChiWH, TChiWZ

p
h
ot
on Razor + H ! �� [25] SUS-16-045 TChiWH, T6bbHH†

photon + E
miss
T [26] SUS-16-046 T5gg, T6gg

photon + HT [27] SUS-16-047 T5gg, T6gg

Table 1: CMS 13 TeV results for 36 fb�1 included in this SModelS database update. The
last column lists the specific SMS results included, using the shorthand “txname” notation
(see text for details). For brevity, only the on-shell results are listed, although the o↵-shell
ones are always also included (e.g., T1tttt in the table e↵ectively means T1tttt and T1tttto↵).
The superscript † denotes SMS with three mass parameters, for which only one mass plane is
available; we included them for completeness but note that they apply to the given 2D slice of
parameter space only, not to general mass patterns.

1
Analogous results from ATLAS are available on HEPData and will be added as soon as possible.

3

Big impact on excluding pMSSM 
scenarios considered by ATLAS
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Summary & Outlook

Simplified models are standard method of interpretation for 
ATLAS and CMS SUSY searches 
Results can be reinterpreted using SModelS to get fast test of 
model points against large number of experimental results 
Additional information provided to allow more detailed studies 
Large number of 13 TeV results already included in the 
database 
New version coming up, allowing the combination of signal 
regions when covariance matrix is provided (using simplified 
likelihood framework, see CMS Note 2017/001)

pip install -user smodels 

http://smodels.hephy.at

http://smodels.hephy.at

