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Reinterpretation of Search Results
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Accuracy / Generality
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based
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can we increase 
accuracy ?

can we speed up 
simulations ?

How does the 
coverage by Simplified 

Models compare to 
simulation studies ?
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Reinterpretation of Search Results with 
Simplified Models

3

• Efficiencies / upper limits are known for given set of 
Simplified Models (SMS) 

• “Decompose” full model into Simplified Model topologies 
• Compare to upper limit on Simplified Model production 

cross section or visible cross section in one signal region

� ⇥ B
X

� ⇥ B ⇥ ✏Federico Ambrogi (HEPHY, Vienna)    SUSY 2016 - Melbourne, 04 July2

Typically results for Beyond Standard Model (BSM) searches are presented in terms of 
Simplified Models Spectra (SMS).

ATLAS-SUSY-2013-09
Upper Limit (UL) Map Signal Efficiency Map (EM)

CMS-SUS-13-007

Introduction: Simplified Model Interpretation 

Upper Limit (UL) Map: 
directly constrains

Efficiency Map (EM): 
provides    to calculate total 
visible cross section 

✏

(sum over different topologies)

arXiv:1312.4175 
arXiv:1412.1745 
arXiv:1701.06586

EM results: can 
combine signal 

contributions from 
different Simplified 
Model topologies!✏

=

smodels.hephy.at

ATLAS-SUSY-2013-09

CMS-SUS-13-007

http://smodels.hephy.at
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Decomposition into Simplified Models

… 

(σxBR)1

(σxBR)2

(σxBR)3

BSM model 
(input)

Heavy

SMS 
Decomposition
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ATLAS pMSSM Scan

5

• ATLAS interpreted 22 SUSY analyses 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 !

arXiv:1508.06608

How many of the excluded points can also be excluded 
using only reinterpretation of Simplified Model results ?
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Analysis ID SModelS database

In
cl
u
si
ve

0-lepton + 2–6 jets + Emiss
T SUSY-2013-02 ⇤ 6 UL, 2 EM

0-lepton + 7–10 jets + Emiss
T SUSY-2013-04 ⇤ 1 UL, 10 EM †

1-lepton + jets + Emiss
T SUSY-2013-20 ⇤ 1 UL from CONF-2013-089

⌧(⌧/`) + jets + Emiss
T SUSY-2013-10 —

SS/3-leptons + jets + Emiss
T SUSY-2013-09 1 UL (+5 UL, CONF-2013-007)

0/1-lepton + 3b-jets + Emiss
T SUSY-2013-18 ⇤ 2 UL, 2 EM

Monojet — — (but monojet stop, see below)

T
h
ir
d
ge
n
er
at
io
n 0-lepton stop SUSY-2013-16 ⇤ 1 UL, 1 EM

1-lepton stop SUSY-2013-15 ⇤ 1 UL, 1 EM
2-leptons stop SUSY-2013-19 ⇤ 2 UL
Monojet stop SUSY-2013-21 4 EM
Stop with Z boson SUSY-2013-08 1 UL
2b-jets + Emiss

T SUSY-2013-05 ⇤ 3 UL, 1 EM †

tb+Emiss
T , stop SUSY-2014-07 —

E
le
ct
ro
w
ea
k

`h SUSY-2013-23 ⇤ 1 UL
2-leptons SUSY-2013-11 4 UL, 4 EM †

2-⌧ SUSY-2013-14 —
3-leptons SUSY-2013-12 5 UL
4-leptons SUSY-2013-13 —
Disappearing Track SUSY-2013-01 n.a. in current framework

O
th
er Long-lived particle — n.a. in current framework

H/A ! ⌧+⌧� — n.a. in current framework

⇤
plus Fastlim EMs for preliminary version (conf note) of the analysis.

†
incl. ‘home-grown’ EMs produced with MadAnalysis5 or CheckMATE recasting.

Analysis ID SModelS database

G
lu
in
o,

S
q
u
ar
k

jets + Emiss
T , ↵T SUS-12-028 4 UL

3(1b-)jets + Emiss
T SUS-12-024 2 UL, 3 EM

jet multiplicity + Hmiss
T SUS-13-012 4 UL, 20 EM †

� 2 jets + Emiss
T , MT2 SUS-13-019 8 UL

� 1b + Emiss
T , Razor SUS-13-004 5 UL

1 lepton + � 2b-jets + Emiss
T SUS-13-007 3 UL, 2 EM

2 OS lept. + �4(2b-)jets + Emiss
T PAS-SUS-13-016 2 UL

2 SS leptons + b-jets + Emiss
T SUS-13-013 4 UL, 2 EM

b-jets + 4 W s + Emiss
T SUS-14-010 2 UL

T
h
ir
d
ge
n
. 0 lepton + � 5(1b-)jets + Emiss

T PAS-SUS-13-015 2 EM
0 lepton + � 6(1b-)jets + Emiss

T PAS-SUS-13-023 4 UL
1 lepton + � 4(1b-)jets + Emiss

T SUS-13-011 4 UL, 2 EM
b-jets + Emiss

T PAS-SUS-13-018 1 UL
soft leptons, few jets + Emiss

T SUS-14-021 2 UL

E
W multi-leptons + Emiss

T SUS-13-006 6 UL

†
incl. ‘home-grown’ EMs produced with MadAnalysis5 or CheckMATE recasting.

1

Results used by 
ATLAS

Simplified Models results 
available in SModelS

large number of 
“homegrown” 

efficiency maps for 
hadronic search

non-MET searches not 
included in SModelS 

at the moment

standard monojet 
search not applicable 
in current framework

no Simplified Model results 
for reinterpretation available

produced using MadAnalysis5 
and CheckMATE

+ Fastlim EMs covering natural SUSY scenarios for 
preliminary versions (conf notes) of ATLAS analyses

Papucci et al. 
arXiv:1402.0492

⇤
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Analysis ID SModelS database

In
cl
u
si
ve

0-lepton + 2–6 jets + Emiss
T SUSY-2013-02 ⇤ 6 UL, 2 EM

0-lepton + 7–10 jets + Emiss
T SUSY-2013-04 ⇤ 1 UL, 10 EM †

1-lepton + jets + Emiss
T SUSY-2013-20 ⇤ 1 UL from CONF-2013-089

⌧(⌧/`) + jets + Emiss
T SUSY-2013-10 —

SS/3-leptons + jets + Emiss
T SUSY-2013-09 1 UL (+5 UL, CONF-2013-007)

0/1-lepton + 3b-jets + Emiss
T SUSY-2013-18 ⇤ 2 UL, 2 EM

Monojet — — (but monojet stop, see below)

T
h
ir
d
ge
n
er
at
io
n 0-lepton stop SUSY-2013-16 ⇤ 1 UL, 1 EM

1-lepton stop SUSY-2013-15 ⇤ 1 UL, 1 EM
2-leptons stop SUSY-2013-19 ⇤ 2 UL
Monojet stop SUSY-2013-21 4 EM
Stop with Z boson SUSY-2013-08 1 UL
2b-jets + Emiss

T SUSY-2013-05 ⇤ 3 UL, 1 EM †

tb+Emiss
T , stop SUSY-2014-07 —

E
le
ct
ro
w
ea
k

`h SUSY-2013-23 ⇤ 1 UL
2-leptons SUSY-2013-11 4 UL, 4 EM †

2-⌧ SUSY-2013-14 —
3-leptons SUSY-2013-12 5 UL
4-leptons SUSY-2013-13 —
Disappearing Track SUSY-2013-01 n.a. in current framework

O
th
er Long-lived particle — n.a. in current framework

H/A ! ⌧+⌧� — n.a. in current framework

⇤
plus Fastlim EMs for preliminary version (conf note) of the analysis.

†
incl. ‘home-grown’ EMs produced with MadAnalysis5 or CheckMATE recasting.

Analysis ID SModelS database

G
lu
in
o,

S
q
u
ar
k

jets + Emiss
T , ↵T SUS-12-028 4 UL

3(1b-)jets + Emiss
T SUS-12-024 2 UL, 3 EM

jet multiplicity + Hmiss
T SUS-13-012 4 UL, 20 EM †

� 2 jets + Emiss
T , MT2 SUS-13-019 8 UL

� 1b + Emiss
T , Razor SUS-13-004 5 UL

1 lepton + � 2b-jets + Emiss
T SUS-13-007 3 UL, 2 EM

2 OS lept. + �4(2b-)jets + Emiss
T PAS-SUS-13-016 2 UL

2 SS leptons + b-jets + Emiss
T SUS-13-013 4 UL, 2 EM

b-jets + 4 W s + Emiss
T SUS-14-010 2 UL

T
h
ir
d
ge
n
. 0 lepton + � 5(1b-)jets + Emiss

T PAS-SUS-13-015 2 EM
0 lepton + � 6(1b-)jets + Emiss

T PAS-SUS-13-023 4 UL
1 lepton + � 4(1b-)jets + Emiss

T SUS-13-011 4 UL, 2 EM
b-jets + Emiss

T PAS-SUS-13-018 1 UL
soft leptons, few jets + Emiss

T SUS-14-021 2 UL

E
W multi-leptons + Emiss

T SUS-13-006 6 UL

†
incl. ‘home-grown’ EMs produced with MadAnalysis5 or CheckMATE recasting.

1

Additional Results used in SModelS
In addition to the ATLAS search results we also use the 
following CMS results

large number of 
“homegrown” 

efficiency maps for 
hadronic search

similar analyses, but additional SMS topologies 
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Analysis in SModelS
• Run SModelS on points excluded by ATLAS SUSY searches 
• Points not tested in SModelS: 

- Non-prompt decays (in particular we do not consider Wino-like LSP 
scenarios here) 

- Resonant production (do not consider points excluded only by heavy 
Higgs searches)

Bino LSP Higgsino LSP

# points tested 38,575 45,594

# points excluded by 
SModelS (UL) 16,957 (44%) 25,024 (55%)

# points excluded by 
SModelS (UL+EM) 21,151 (55%) 28,669 (63%)

Results Overview
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Coverage as Function of Gluino Mass

Fraction of excluded points for scenarios with light gluinos:

mg̃ < 600 GeV

mg̃ < 1400 GeV

80%

60%

mg̃ < 600 GeV

mg̃ < 1400 GeV

97%

74%

Bino-like LSP Higgsino-like LSP
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Coverage as Function of Gluino and Neutralino Mass

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Fraction of Bino LSP ATLAS excluded points excluded by SModelS
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12 90 86 81 90 89 103 107 111 97 111 95 114 111 101 82 124 97

14 67 75 55 74 82 83 95 77 104 104 71 78 67 110 107 111 102

13 38 48 53 43 57 48 60 53 61 55 53 46 53 65 36 37 47

20 71 81 70 85 98 94 105 114 105 114 104 87 64 86 98 82 82

88 117 100 111 102 105 112 106 107 128 132 103 134 125 108 107 82 85

393 607 137 137 112 124 148 115 109 107 127 105 96 100 85 85 85 63

1152 131 123 140 149 157 140 133 106 109 109 88 90 90 63 57 84

518 773 147 140 133 181 162 152 154 128 94 92 109 84 64 49 63

1133 139 149 143 139 153 167 135 148 144 129 101 85 78 74 49

368 706 139 131 153 131 174 143 136 141 139 138 119 88 62 47

944 131 129 114 123 149 118 138 116 122 103 103 73 48 29

312 618 111 80 106 97 102 83 97 90 63 57 38 29 16

691 119 62 89 71 71 63 62 59 41 29 15 12 8

180 319 58 55 65 48 64 41 33 21 11 12 4 1

289 60 23 26 25 22 18 13 5 1

62 58 14 9 9 8 8 3 1

35 8 6 1 3 1

3 3 3 1 1

1 1

1

Fraction of Bino LSP ATLAS excluded points excluded by SModelS

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 (r

max

� 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

7

Fr
ac

tio
n 

of
 p

oi
nt

s 
ex

cl
ud

ed
 b

y 
SM

od
el

S

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)



Ursula Laa pMSSM coverage with SMS 11

Asymmetric Branches vs Long Cascade Decays

For points allowed by SModelS but excluded by ATLAS, what is the relative cross 
section in (not covered) asymmetric branches or long cascade decays?

Asymmetric branches: short decay   
(at most one intermediate particle in 
each branch) where the two 
branches are not equal

Long cascade decays: more than 
one intermediate odd particle in the 
cascade decay

Asymmetric Branches Long Cascade Decays

(Bino-like LSP scenarios)
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Asymmetric Branches vs Long Cascade Decays

Asymmetric branches 
examples

Long cascade 
decay examples

g̃

g̃

g̃

g̃

g̃

g̃

g̃

�̃0
1

�̃0
1

�̃0
1

�̃0
1

�̃0
1

�̃0
1

�̃0
1

�̃0
1

�̃0
2

�̃±
1

�̃±
1

�̃±
1

b̃

b̃

b̃

b̃q̃

q̃

covered by 
Fastlim EMs

 (incl. in SModelS)

important 
topology but no 

SMS results 
available!

at least 4 free 
mass parameters, 

not viable 
Simplified Model
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Gluino-Squark Production

g̃ �̃0
1

�̃0
1q̃

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

�̃0
1

�̃0
1

q̃ g̃
g

g Should be included in SModelS to improve coverage
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Conclusions

• Available Simplified Model results can exclude about 55-63% of 
pMSSM parameter points excluded by ATLAS 

• Light gluinos are robustly constrained by ATLAS, but often 
evade Simplified Model limits 

• The most important class of “missing topologies” features short 
but asymmetric branches 

• Particularly interesting: topologies featuring gluino-squark 
production 

• We can improve the coverage by adding efficiency maps for 
such missing topologies to the database 

• Discussion of top and bottom squark and ew production 
channels will be included in upcoming publication



BACKUP

15



Ursula Laa pMSSM coverage with SMS 16

Parameter Min value Max value Note
mL̃1

(= mL̃2
) 90 GeV 4 TeV Left-handed slepton (first two gens.) mass

mẽ1 (= mẽ2 ) 90 GeV 4 TeV Right-handed slepton (first two gens.) mass
mL̃3

90 GeV 4 TeV Left-handed stau doublet mass
mẽ3 90 GeV 4 TeV Right-handed stau mass
mQ̃1

(= mQ̃2
) 200 GeV 4 TeV Left-handed squark (first two gens.) mass

mũ1 (= mũ2 ) 200 GeV 4 TeV Right-handed up-type squark (first two gens.) mass
md̃1

(= md̃2
) 200 GeV 4 TeV Right-handed down-type squark (first two gens.) mass

mQ̃3
100 GeV 4 TeV Left-handed squark (third gen.) mass

mũ3 100 GeV 4 TeV Right-handed top squark mass
md̃3

100 GeV 4 TeV Right-handed bottom squark mass
|M1| 0 GeV 4 TeV Bino mass parameter
|M2| 70 GeV 4 TeV Wino mass parameter
|µ| 80 GeV 4 TeV Bilinear Higgs mass parameter
M3 200 GeV 4 TeV Gluino mass parameter
|At| 0 GeV 8 TeV Trilinear top coupling
|Ab| 0 GeV 4 TeV Trilinear bottom coupling
|A⌧| 0 GeV 4 TeV Trilinear ⌧ lepton coupling
MA 100 GeV 4 TeV Pseudoscalar Higgs boson mass
tan � 1 60 Ratio of the Higgs vacuum expectation values

Table 2: Scan ranges used for each of the 19 pMSSM parameters. Where the parameter is written with a modulus
sign both the positive and negative values are permitted. In the above, “gen(s)” refers to generation(s).

range is permitted for |At|, a parameter which a↵ects loop corrections to the mass of the the Higgs boson.
The larger range increases the fraction of model points having the mass of the lightest Higgs boson close
to the measured value.

Given the large dimensionality of the pMSSM, a grid sampling technique at regular intervals is imprac-
tical. The space is therefore sampled by choosing random values for each parameter. It should be noted
that in many cases only some of the parameters are relevant for a given observable, in which case the scan
is e↵ectively more comprehensive within the subspace of relevant parameters. The value of each para-
meter is chosen from a flat probability distribution, with lower and upper bounds given in Table 2. The
lower and upper limits of the parameter ranges are chosen to avoid experimental constraints and to give a
high density of model points with masses at scales accessible by the LHC experiments, respectively.

Condition iv imposes the constraints that the soft mass terms for the second generation are equal to those
in the first, as shown in Table 2. This means, for example, that ũL and c̃L have the same soft mass term
in the Lagrangian so that their physical masses are very close. Furthermore the scalar partners of the
left-handed fermions, such as ẽL and ⌫̃eL , have the same soft mass due to S U(2)L invariance, but D-terms
related to electroweak symmetry breaking split their mass-squared values by O(m2

W).

Once each of the 19 parameters has been chosen, a variety of publicly available software packages are
used to calculate the properties of each model point, as described in Appendix A. In some cases the

10

Parameter Minimum value Maximum value
�⇢ �0.0005 0.0017

�(g � 2)µ �17.7 ⇥ 10�10 43.8 ⇥ 10�10

BR(b! s�) 2.69 ⇥ 10�4 3.87 ⇥ 10�4

BR(Bs ! µ+µ�) 1.6 ⇥ 10�9 4.2 ⇥ 10�9

BR(B+ ! ⌧+⌫⌧) 66 ⇥ 10�6 161 ⇥ 10�6

⌦�̃0
1
h2 — 0.1208

�invisible(SUSY)(Z) — 2 MeV

Masses of charged sparticles 100 GeV —

m(�̃±1 ) 103 GeV —

m(ũ1,2, d̃1,2, c̃1,2, s̃1,2) 200 GeV —

m(h) 124 GeV 128 GeV

Table 3: Constraints on acceptable pMSSM points from considerations of precision electroweak and flavour results,
dark matter relic density, and other collider measurements. A long dash (—) indicates that no requirement is made.
Further details may be found in the text.

software is modified to produce accurate results for the wide range of models found in the pMSSM scan.
The sparticle decays are calculated, again using a variety of codes and analytical techniques, as described
in Appendix B.

3.2. pMSSM point selection

Acceptable model points are furthermore required to have consistent electroweak symmetry breaking,
a scalar potential that does not break colour or electric charge, and all particles’ mass-squared values
must be positive. Model points with theoretical pathologies, described in more detail in Appendix C,
are discarded. Further experimental constraints, shown in Table 3, which indirectly a↵ect the parameter
space are applied and described below.

3.2.1. Precision electroweak and flavour constraints

Unless specified otherwise, the relevant observables are calculated using micrOMEGAs 3.5.5 [77, 78].
The constraint on the electroweak parameter �⇢ uses the limit on �T (the parameter describing the radi-
ative corrections to the total Z boson coupling strength, the e↵ective weak mixing angle, and the W boson
mass) in Ref. [79] and �⇢ = ↵�T with ↵ = 1/128. The allowed branching ratio (BR) of b ! s� is the
union of the two standard deviation (2�) intervals around the theoretical prediction and the experimental
measurement from Ref. [80]. For the branching ratio of Bs ! µ+µ�, the value calculated by micrOMEGAs
is scaled by 1/(1 � 0.088) as proposed in Ref. [81] for comparison with experiment. The scaled value
is required to lie within the 2� interval around the combined result from the LHCb and CMS Collab-
orations [82]. The 2� theoretical prediction for the SM (3.20 to 4.12) ⇥ 10�9 lies within this interval.
The branching ratio B+ ! ⌧+⌫⌧ is calculated using Ref. [83], which includes tan �-enhanced corrections.

11

ATLAS pMSSM Scan - Details
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Gluino-Squark Simplified Model in ATLAS

 [GeV]g~m
200 400 600 800 1000 1200 1400 1600 1800
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0 1χ∼

m

0

200

400

600

800

1000

1200

1400

1600

1800

0

1
χ∼ q q →g~, 

0

1
χ∼ q →q~ production; g~q~

g~
=0.96mq~m

=8 TeVs,  
-1

 L dt = 20.3 fb∫
0 leptons, 2-6 jets

 ATLAS
)

theory

SUSYσ1 ±Observed limit (

)expσ1 ±Expected limit (

Gluino mass [GeV]
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Squark-gluino-neutralino model

=8 TeVs, 
-1

 L dt = 20.3 fb∫
0-lepton, 2-6jets

ATLAS  

)expσ1 ±)=0 GeV Exp. limit (
1

0
χ∼m(

)
theory

SUSYσ1 ±)=0 GeV Obs. limit (
1

0
χ∼m(

)=395 GeV Exp. limit
1

0
χ∼m(

)=395 GeV Obs. limit
1

0
χ∼m(

)=695 GeV Exp. limit
1

0
χ∼m(

)=695 GeV Obs. limit
1

0
χ∼m(

)=0 GeV Obs.
1

0
χ∼) m(-17TeV (4.7fb

Only valid for 8 degenerate squarks !

(from ATLAS-SUSY-2014-06)

Only valid if                     mq̃ = 0.96mg̃ Covers 3 values of LSP mass

• Need efficiency maps separately for the various production channels to 
evaluate signal prediction for arbitrary number of light squarks 

• Efficiency maps should have 3 free parameters: gluino mass, squark mass, 
LSP mass (e.g. 3 mass planes for interpolation)

What we would like to have for reinterpretation:
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Fraction of Higgsino LSP ATLAS excluded points excluded by SModelS
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1 3 8 14 14 7 15 11 8 11 7 3 5 11 15 4 8 7

46 234 263 261 267 240 291 305 306 313 356 323 289 292 248 251 267 286

50 237 239 237 229 234 292 273 296 314 337 259 263 265 260 265 221 249

43 195 215 232 236 261 255 276 283 285 317 255 251 237 237 218 196 203

28 170 169 199 236 212 225 243 224 257 287 256 193 204 205 188 199 166
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Coverage as Function of Gluino and Neutralino Mass

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 (r

max

� 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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Asymmetric Branches vs Long Cascade Decays

For points allowed by SModelS but excluded by ATLAS, what is the relative cross 
section in (not covered) asymmetric branches or long cascade decays?

Asymmetric branches: short decay   
(at most one intermediate particle in 
each branch) where the two 
branches are not equal

Long cascade decays: more than 
one intermediate odd particle in the 
cascade decay

Asymmetric Branches Long Cascade Decays

(Higgsino-like LSP scenarios)
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Missing Topologies

Bino-like LSP Higgsino-like LSP
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Missing Topologies
Bino-like LSP Higgsino-like LSP
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