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Data-driven LHC era
Data-driven LHC era 
•  LHC is the invaluable machine for our generation.  

• LHC is invaluable machine for our generation.

• TeV scale physics can be directly proved. 

• The data (results) should be interpreted in as many models 
as possible.



Data-driven LHC era
• ATLAS/CMS interprets their 

results in a particular model.

Your results are not for my models... 

•  Data from LHC are complex.  
-  Difficult to draw general conclusions.  
-  Analyses are time-bound.  

•  Experimental results are presented and interpreted only 
for very limited models.  

CMSSM

Data-driven LHC era 
•  Ideas beyond SM can be probed thoroughly by this 

versatile machine. 

• This results can constrain 
many other models too.  



Testing BSM models
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Testing BSM models
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Atom
• Many ATLAS/CMS analyses already implemented in Atom.

• Atom confronts your model with those analyses. 

(Automated Tests Of Models)

More ATOM/Fastlim integration... 

•  Fastlim is a frontend interface to ATOM (but also can be 
used with any efficiency table calculators) 

•  ATOM use Fastlim database for immediate check for 
current experimental bounds.  

Input event file and cross section, press the button, …



Difference
CheckMate, MadAnalysis approach:

hadrons
leptons
photons

tracks
calo towers

jets, b-jets, tau-jets
iso leptons
iso photons
MET

hadrons
leptons
photons

jets, b-jets, tau-jets
iso leptons
iso photons
MET

Delphes

Atom’s approach:

• closer to what 
actually happens

• direct/minimum
• transparent
• flexible



hadrons
leptons
photons

jets, b-jets, tau-jets
iso leptons
iso photons
MET

Atom’s approach:

• direct/minimum
• transparent
• flexible

YAML interface for Eff/Rej/Smear 

Ex) Electron smearing from CMS Analytic interpolation 
Fig. 4)  The identification efficiency of electrons from the Z->ee decay for the Loose, 
Multilepton, Medium and Tight set of cuts as well as the Loose, VeryTight Likelihood is shown 
as a function of ET for -2.47 < η < 2.47. 
The Loose (Very Tight) likelihood was designed to have the same (similar) efficiency as the 
Multilepton (Tight) cut-based menus,  but higher rejection (almost a factor of 2 for hadronic 
jets).

10

• Maps from truth-level particles to reco-objects are available.

…



YAML interface for Eff/Rej/Smear 

Ex) Electron efficiency from CMS Specify (pT,eta) grid value 

Grid format



YAML interface for Eff/Rej/Smear 

Ex) Electron smearing from CMS Analytic interpolation 

Analytical format



Object validations 
We try hard to validate our objects as much as possible. 

ATLAS Z->l+ l-  
analysis 

CMS Z->l+ l-  
analysis 

Validation

ATLAS
Z→μμ

CMS
Z→μμ

ATLAS
Z→ee

CMS
Z→ee



Coding in Atom
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ATLAS NOTE
ATLAS-CONF-2013-093

August 27, 2013

Search for chargino and neutralino production in final states with one
lepton, two b-jets consistent with a Higgs boson, and missing transverse

momentum with the ATLAS detector in 20.3 fb�1 of
p

s = 8 TeV pp
collisions

The ATLAS Collaboration

Abstract

A search for direct production of charginos (�̃±1 ) and neutralinos (�̃0
2) in final states with

one charged lepton (electron or muon), missing transverse momentum, and two jets identi-
fied as originating from b-quarks and consistent with a 125 GeV Higgs boson is performed.
The analysis uses 20.3 fb�1 of proton–proton collision data at

p
s = 8 TeV recorded in 2012

with the ATLAS detector at the Large Hadron Collider. No excess is observed with re-
spect to the expectations from Standard Model processes. The results are interpreted in the
context of simplified supersymmetric models considering pp ! �̃±1 �̃0

2 production followed
by �̃±1 ! W±(! `±⌫) �̃0

1 and �̃0
2 ! h(! bb̄) �̃0

1, where �̃0
1 is the lightest neutralino and

supersymmetric particle and m�̃±1 = m�̃0
2 is assumed. For a massless �̃0

1, mass ranges of
125 < m�̃±1 ,�̃0

2 < 141 GeV and 166 < m�̃±1 ,�̃0
2 < 287 GeV are excluded at 95% confidence

level, determined at -1� signal theoretical uncertainty, for an expected exclusion range of
225 < m�̃±1 ,�̃0

2 < 235 GeV.

c� Copyright 2013 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-3.0 license.

ATLAS_CONF_2013_093.cc

Atom offers users a useful framework to implement new analyses

Object reconstruction

Event selection

Coding in Atom

• jet definition 
• tight electron definition 
• loose electron definition

…

• Atom provides a useful framework to implement analysis.
• can use the same syntax as in Rivet.

ATLAS_CONF_2013_093.cc

…



lepton 
efficiency 

ISR
jet, MET 
smearing

lepton, MET 
smearing

Cutflow validatoin



Cutflow validatoin

lepton efficiency  

b-tag 
efficiency 

lepton, 
MET

smearing



Exclusion Contours
Analysis Validation 

•  We use cut-flow tables whenever they are available. 

•  Otherwise we use exclusion plots or some distribution plots for 
validation. 

Atom
ATLAS

• Atom can reproduce ATLAS curves.



Summary: Atom
• Atom confronts your model 

with ATLAS/CMS analyses.
• Input the MC events and the 

cross section, press the 
button, then Atom tells whether 
or not your model is excluded.

• based on Rivet
• does not use Delphes
• can process events on the fly

Atom

Excluded / Allowed

MC events
(*.hepmc, *.hep)

+ Cross Section



Fastlim
• The aim of Fastlim is similar to Atom (CM/MA)
• The approach of Fastlim is very different from Atom (CM/MA)

MC events

Excluded / Allowed

Model File

Atom (CM/MA)

Herwig/MG5/Pythia

• Atom (CM/MA) requires MC 
events.  The MC events 
have to be generated.                     
⇒ can be time consuming



Fastlim
• The aim of Fastlim is similar to Atom (CM/MA)
• The approach of Fastlim is very different from Atom (CM/MA)

Fastlim
• Fastlim runs directly on the 

model file.  No event 
generation is required.                      
⇒ very Fast

Excluded / Allowed

Model File



NSM Nobs

Testing BSM models

Event Factorisation 
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• How many events survives after the cuts?

given in ATLAS/CMS papers
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• We propose a new approach to estimate NSUSY

Key Idea: to reconstruct NSUSY using simplified model processes  

A fast evaluation of NSUSY
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• We propose a new approach to estimate NSUSY

Key Idea: to reconstruct NSUSY using simplified model processes  

A fast evaluation of NSUSY
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• We propose a new approach to estimate NSUSY

Key Idea: to reconstruct NSUSY using simplified model processes  

A fast evaluation of NSUSY

N1 = �̃0
1

G = g̃

Q = q̃

• We express NBSM as a sum of the contributions from all 
topologies. 



NBSM
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• Only the pieces which are difficult to obtain are 
efficiencies, ε.
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• We run MC and Atom, and generate ε grids in the relevant 
mass space for each topo and SR.   
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Approximation

• interference
- negligible in weakly coupled BSM

• finite width
- negligible in weakly coupled BSM 

• production mechanism
- at most ~20% 

• chirality and spin correlation
- at most ~20% in the current SUSY searches 

[L.Edelhauser et al ’14, J.Sonneveld ‘15 ]

[K.Wang, L.Wang, T.Xu, L.Zhang, ’13]

Fastlim neglects the effects of



Approximation
Fastlim neglects the effects of

• interference
- negligible in weakly coupled BSM

• finite width
- negligible in weakly coupled BSM 

• production mechanism
- at most ~20% 

• chirality and spin correlation
- at most ~20% in the current SUSY searches 

[L.Edelhauser et al ’14, J.Sonneveld ‘15 ]

[K.Wang, L.Wang, T.Xu, L.Zhang, ’13]

the same size as 
the systematic 
and theoretical 
uncertainties



Limitation
• cannot generate ε grids for all topologies and SRs
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conservative

• cannot generate > 4D grids ⇒ very long chains are not covered



Application
• How well can we cover the total cross section with up to 

3D grids?

Natural SUSY
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Figure 7. The event topologies whose e�ciency tables are implemented in Fastlim version 1.0. The curly

bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2

for more details.).

range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
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useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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Name Short description ECM Lint # SRs Ref.

ATLAS CONF 2013 024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5 3 [28]
ATLAS CONF 2013 035 3 leptons + MET [EW production] 8 20.7 6 [29]
ATLAS CONF 2013 037 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7 5 [30]
ATLAS CONF 2013 047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3 10 [31]
ATLAS CONF 2013 048 2 leptons (+ jets) + MET [Medium stop] 8 20.3 4 [32]
ATLAS CONF 2013 049 2 leptons + MET [EW production] 8 20.3 9 [33]
ATLAS CONF 2013 053 0 leptons + 2 b-jets + MET [Sbottom/stop] 8 20.1 6 [34]
ATLAS CONF 2013 054 0 leptons + � 7-10 jets + MET [squarks & gluinos] 8 20.3 19 [35]
ATLAS CONF 2013 061 0-1 leptons + � 3 b-jets + MET [3rd gen. squarks] 8 20.1 9 [36]
ATLAS CONF 2013 062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3 13 [37]
ATLAS CONF 2013 093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3 2 [38]

Table 2. The analyses available in Fastlim version 1.0. The units for the centre of mass energy, ECM, and

the integrated luminosity, Lint, are TeV and fb�1, respectively. The number of signal regions in each analysis

and the references are also shown.

The event files are then passed to ATOM [18], which evaluates the e�ciencies for various signal
regions taking the detector e↵ects into account. ATOM estimates the e�ciencies for many implemented
signal regions. We have validated the implementation of the analyses in ATOM using the cut-flow
tables provided by ATLAS. The validation results are given in Appendix B and the Fastlim website
(http://cern.ch/fastlim).

7.2 The Available Analyses

Most of the standard MET-based searches conducted by ATLAS in 2013 are available in Fastlim

version 1.0. The list of the available analyses together with short descriptions, the centre of mass
energies, the luminosities and the number of signal regions in the analysis are listed in Table 2. The
SUSY searches conducted by CMS will be included in the future update.

7.3 The Implemented Event Topologies

Fastlim 1.0 contains the e�ciency tables for a set of event topologies that can cover the natural SUSY

model parameter space. By natural SUSY models we mean a type of spectra where only the gluino,
left and right-handed stops, left-handed sbottom and two higgsino doublets (g̃, t̃R, t̃L, b̃L, h̃u and h̃d)
reside below a TeV scale and the other SUSY particles are decoupled at the LHC energy scale. To
be more precise we list the set of event topologies implemented in Fastlim 1.0 in Fig. 7. In Fig. 7,
the curly brackets mean that the e�ciencies for the topology can be taken from one of the other
topologies in the same group. On the other hand, the square bracket means that the e�ciencies of
the event topology can be obtained only when the condition mB1 ' mB2 or mT1 ' mT2 is satisfied (See
subsection 6.2 for more details.).

There are several event topologies in which the electric charge appears not to be conserved. These
topologies can arise after the soft decays are truncated as mentioned in subsection 6.1. We also include
the loop induced G ! gN1 decay, which can have a sizeable branching fraction if the two-body modes
and GttN1 are kinematically forbidden. The decay rate also enhances if the stop and higgsino masses
are small and the trilinear At coupling is large. These conditions can often be found in natural SUSY
models.

Although the event topologies are chosen to cover natural SUSY models, many of the topologies
appear also in other models. A large rate of the gluino pair production is relatively common in a wide
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Name Short description ECM Lint # SRs Ref.

ATLAS CONF 2013 024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5 3 [28]
ATLAS CONF 2013 035 3 leptons + MET [EW production] 8 20.7 6 [29]
ATLAS CONF 2013 037 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7 5 [30]
ATLAS CONF 2013 047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3 10 [31]
ATLAS CONF 2013 048 2 leptons (+ jets) + MET [Medium stop] 8 20.3 4 [32]
ATLAS CONF 2013 049 2 leptons + MET [EW production] 8 20.3 9 [33]
ATLAS CONF 2013 053 0 leptons + 2 b-jets + MET [Sbottom/stop] 8 20.1 6 [34]
ATLAS CONF 2013 054 0 leptons + � 7-10 jets + MET [squarks & gluinos] 8 20.3 19 [35]
ATLAS CONF 2013 061 0-1 leptons + � 3 b-jets + MET [3rd gen. squarks] 8 20.1 9 [36]
ATLAS CONF 2013 062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3 13 [37]
ATLAS CONF 2013 093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3 2 [38]

Table 2. The analyses available in Fastlim version 1.0. The units for the centre of mass energy, ECM, and

the integrated luminosity, Lint, are TeV and fb�1, respectively. The number of signal regions in each analysis

and the references are also shown.

The event files are then passed to ATOM [18], which evaluates the e�ciencies for various signal
regions taking the detector e↵ects into account. ATOM estimates the e�ciencies for many implemented
signal regions. We have validated the implementation of the analyses in ATOM using the cut-flow
tables provided by ATLAS. The validation results are given in Appendix B and the Fastlim website
(http://cern.ch/fastlim).

7.2 The Available Analyses

Most of the standard MET-based searches conducted by ATLAS in 2013 are available in Fastlim

version 1.0. The list of the available analyses together with short descriptions, the centre of mass
energies, the luminosities and the number of signal regions in the analysis are listed in Table 2. The
SUSY searches conducted by CMS will be included in the future update.

7.3 The Implemented Event Topologies

Fastlim 1.0 contains the e�ciency tables for a set of event topologies that can cover the natural SUSY

model parameter space. By natural SUSY models we mean a type of spectra where only the gluino,
left and right-handed stops, left-handed sbottom and two higgsino doublets (g̃, t̃R, t̃L, b̃L, h̃u and h̃d)
reside below a TeV scale and the other SUSY particles are decoupled at the LHC energy scale. To
be more precise we list the set of event topologies implemented in Fastlim 1.0 in Fig. 7. In Fig. 7,
the curly brackets mean that the e�ciencies for the topology can be taken from one of the other
topologies in the same group. On the other hand, the square bracket means that the e�ciencies of
the event topology can be obtained only when the condition mB1 ' mB2 or mT1 ' mT2 is satisfied (See
subsection 6.2 for more details.).

There are several event topologies in which the electric charge appears not to be conserved. These
topologies can arise after the soft decays are truncated as mentioned in subsection 6.1. We also include
the loop induced G ! gN1 decay, which can have a sizeable branching fraction if the two-body modes
and GttN1 are kinematically forbidden. The decay rate also enhances if the stop and higgsino masses
are small and the trilinear At coupling is large. These conditions can often be found in natural SUSY
models.

Although the event topologies are chosen to cover natural SUSY models, many of the topologies
appear also in other models. A large rate of the gluino pair production is relatively common in a wide
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Natural SUSY scan
• can easily scan the parameter space on your laptop!

(a) (b)

Figure 9. Constraints from direct SUSY searches on the (MQ3 ,µ) plane. The other parameters are mg̃ =

MU3 = MD3 = 3000 GeV, tan � = 10 and Xt = 0. The left plot shows the exclusion regions from the analyses

listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue dashed

line represents the kinematical threshold of the T1 ! tN1 decay.

µ <⇠ 250 GeV. Because of the transition between di↵erent dominant decay modes, there is a gap in the
exclusion region near the blue dashed line. In this particular region, MQ3 = 400 GeV and µ = 200 GeV
is still allowed by all the analyses implemented in Fastlim.

Fig. 10 shows the exclusion (left panel (a)) and the cross section coverage (right panel (b)) in the
(mg̃, µ) plane. Here, we take MU3 = 3 TeV, tan � = 10, Xt = 0. MQ3 is chosen such that the t̃1 mass
is in the middle between the g̃ and �̃0

1 mass: MQ3 ' (m2
t̃1

� m2
t )

1/2 with mt̃1
= (mg̃ + µ)/2. This

condition links the stop and sbottom masses to the gluino and higgsino masses, as can be seen from
the kinematical threshold for the G ! tT1 decay and the charged LSP region which appears in the up
left region. Fig. 10(a) shows that the coverage degrades to 70% near the G ! tT1 threshold line, on
its right hand side. In this region, asymmetric gluino decays e.g. GbB1tN1 GtT1tN1 are relevant, but
not implemented in Fastlim 1.0 since they require four-dimensional grids.

Nevertheless, one can see from Fig. 10(a) that many analyses provide exclusion regions in this
parameter slice because of the large cross section of the gluino pair production. Among them,
ATLAS CONF 2013 024 and ATLAS CONF 2013 061 yield the most stringent constraints. AT-
LAS CONF 2013 024 mainly constrains T1tN1 T1tN1 and B1tN1 B1tN1 topologies, and the bound
on the gluino mass gradually decreases as the stop and sbottom masses increase together with the
higgsino mass. On the other hand, the limit from ATLAS CONF 2013 061 is almost independent of
the higgsino mass. This analysis looks for the events with 0-1 lepton plus � 3 b-jet, targeting the gluino
pair production processes with gluino decaying to the third generation quarks either through an on-
and o↵-shell t̃1 and b̃1. The analysis roughly excludes 1.2 TeV gluino regardless of the µ parameter.

We now look at the constraint on the (mg̃, MU3/Q3
) plane, where we take MU3 = MQ3 , µ =

200 GeV, tan � = 10, Xt = 0. Fig. 11(b) shows that the cross section coverage can become as
small as 60% at the vicinity of the G ! tT1 threshold line. In this region, again, the asymmetric
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(a) (b)

Figure 11. Constraints from direct SUSY searches on the (mg̃, MU3/Q3) plane. We set MD3 = 3000 GeV,

tan� = 10, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the analyses listed in

the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue lines represent

kinematical thresholds.

(a) (b)

Figure 12. Constraints from direct SUSY searches on the (MQ3 ,tan�) plane. The other parameters are

MD3 = MU3 = mg̃ = 3000 GeV, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the

analyses listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue

dashed line represents the kinematical threshold of the T1 ! tN1 decay.
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Figure 11. Constraints from direct SUSY searches on the (mg̃, MU3/Q3) plane. We set MD3 = 3000 GeV,

tan� = 10, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the analyses listed in

the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue lines represent

kinematical thresholds.
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Figure 12. Constraints from direct SUSY searches on the (MQ3 ,tan�) plane. The other parameters are

MD3 = MU3 = mg̃ = 3000 GeV, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the

analyses listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue

dashed line represents the kinematical threshold of the T1 ! tN1 decay.
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Summary: Fastlim
• The Fastlim approach is very different from Atom (CM/MA).
• No event generation is required.
• very Fast, easy to use and very useful for parameter scan.

immediately gives



• Atom can test your model and tell whether or not it is 
excluded.

• maps from truth-level particle to reco-objects according to 
the reported detector performance.

• works well for a general model. 

Conclusion

• Fastlim does not use MC events, very fast and easy to 
use.

• works well if the ε grids of relevant topologies are 
implemented.



Backup



Implemented Analysis: ATLAS I 
ATLAS_2010_S8755477":"2(jet"""""""""""""""""""""@"315"nb^(1,"7"TeV"
ATLAS_2010_S8814007":"2(jet"angular"""""""""""""@"3.1"pb^(1,"7"TeV"
ATLAS_2010_S8914249":"2(photon"+"MET""""""""""""@"7"TeV"""""""""""""
ATLAS_CONF_2011_036":"ttbar+MET"""""""""""""""""@"35"pb^(1,"""7"TeV"
ATLAS_CONF_2011_039":"SUSY"multilepton+jets+MET"@"35"pb^(1,"""7"TeV"
ATLAS_CONF_2011_086":"SUSY"jets+MET"""""""""""""@"165"pb^(1,""7"TeV"
ATLAS_CONF_2011_090":"SUSY"1lep+jets+MET""""""""@"165"pb^(1,""7"TeV"
ATLAS_CONF_2011_096":"monojet"+"MET"""""""""""""@"1"fb^(1,""""7"TeV"
ATLAS_CONF_2011_098":"SUSY"0lep+b(jets+MET""""""@"0.83"fb^(1,"7"TeV"
ATLAS_CONF_2011_123":"ttbar"resonance"dilep"""""@"1.04"fb^(1,"7"TeV"
ATLAS_CONF_2011_126":"like(sign"muon"pair"""""""@"1.6"fb^(1,""7"TeV"
ATLAS_CONF_2011_130":"SUSY"1lep+b(jets+MET""""""@"1"fb^(1,""""7"TeV"
ATLAS_CONF_2011_144":"4"charged"lep"""""""""""""@"1.02"fb^(1,"7"TeV"
ATLAS_2011_S8970084":"SUSY"1lep+jets+MET""""""""@"35"pb^(1,"""7"TeV"
ATLAS_2011_S8983313":"SUSY"jets+MET"""""""""""""@"35"pb^(1,"""7"TeV""
ATLAS_2011_S8996709"""""""""""""""""""""""""""

 



Implemented Analyses: ATLAS II 
ATLAS_2011_S9011218":"SUSY"b(jets+MET"""""""""""@"35"pb^(1,"""7"TeV"
ATLAS_2011_S9019553":"SUSY"same"flavor"leps"""""@"35"pb^(1,"""7"TeV"
ATLAS_2011_S9019561":"SUSY"2lep+MET"""""""""""""@"35"pb^(1,"""7"TeV""
ATLAS_2011_S9108483":""
ATLAS_2011_S9120726":"diphoton"+"MET""""""""""""@"36"pb^(1,"""7"TeV"
ATLAS_2011_S9203559":""
ATLAS_2011_S9225137":"large"jets"+"MET""""""""""@"1.34"fb^(1,"7"TeV"
ATLAS_CONF_2012_033":"0lep"squark,gluino""""""""@"7"TeV"
ATLAS_CONF_2012_084":"dark"matter"with"jet+MET""@"4.7"fb^(1,""7"TeV"
ATLAS_CONF_2012_088":"dijet"mass""""""""""""""""@"5.8"fb^(1,""8"TeV"
ATLAS_CONF_2012_109":"SUSY"jets+MET"""""""""""""@"5.8"fb^(1,""8"TeV""
ATLAS_CONF_2012_147":"monojet"+"MET"""""""""""""@"10"fb^(1,"""8"TeV"
ATLAS_CONF_2012_148":"dijet"mass""""""""""""""""@"13"fb^(1,"""8"TeV"
ATLAS_2012_I1189659":"dijet"mass""""""""""""""""@"7"TeV"""
ATLAS_2012_I1204447":"3lep""""""""""""""""""""""@"7"TeV"

 



Implemented Analyses: ATLAS III 
ATLAS_CONF_2013_007":"SUSY"same"sign"leps"""""""@"21"fb^(1,"""8"TeV"
ATLAS_CONF_2013_024":"top"squark"had"ttbar+MET""@"21"fb^(1,"""8"TeV"
ATLAS_CONF_2013_035":"SUSY"neut"prod"w/"3lep+MET@"21"fb^(1,"""8"TeV"
ATLAS_CONF_2013_037":"SUSY"stop"w/"1lep+jet+MET"@"21"fb^(1,"""8"TeV"
ATLAS_CONF_2013_047":"SUSY"jet+MET""""""""""""""@"20.3"fb^(1,"8"TeV"
ATLAS_CONF_2013_048":"SUSY"stop"w/"2lep"+"MET"""@"20"fb^(1,"""8"TeV"
ATLAS_CONF_2013_049":"SUSY"slep"0jet+2opp"lep+MET@"20"fb^(1,8"TeV"
ATLAS_CONF_2013_053":"SUSY"3rd"2bjet+MET""""""""@"20.1"fb^(1,"8"TeV"
ATLAS_CONF_2013_054":"large"jet+MET"""""""""""""@"20"fb^(1,"""8"TeV"
ATLAS_CONF_2013_061":"SUSY"3(bjet+MET"""""""""""@"20.1"fb^(1,"8"TeV"
ATLAS_CONF_2013_068":"SUSY"stop(>c"neut"""""""""@"20.3"fb^(1,"8"TeV""
ATLAS_CONF_2013_093":"SUSY"neut,"1lep+1(h(>bb)+MET"@"20.3"fb^(1,"8"TeV""
ATLAS_2014_I1286444":"SUSY"2lep+(b)jet+MET""""""@"20.3"fb^(1,"8"TeV"
ATLAS_2014_I1286761":"SUSY"2lep+MET"""""""""""""@"20.3"fb^(1,"8"TeV"
"

 



Implemented Analyses: CMS I 
CMS_2010_S8820767""":"dijet"resonance"""""""""""""@"2.9"pb^(1,""7"TeV"
CMS_2011_I919742"""":"dijet"mass"resonance""""""""@"1"fb^(1,"7"TeV"
CMS_2011_S8932190""":"SUSY"(>=2)"jets+MET"""""""""@"35"pb^(1,"7"TeV"
CMS_2011_S8990433""":"SUSY"diphoton+MET"""""""""""@"35"pb^(1,"7"TeV"
CMS_2011_S8991847""":"SUSY"opp"2lep"""""""""""""""@"35"pb^(1,"7"TeV"
CMS_2011_S9036504""":"SUSY"same"2lep""""""""""""""@"35"pb^(1,"7"TeV"
CMS_2012_I1090423""":"quark"composite"in"dijet"angular"@"2.2"fb^(1,"7"TeV"
CMS_2012_I1119567""":"heavy"top,"2lep"""""""""""""@"1.14"fb^(1,""7"TeV"
CMS_2012_I1189823""":"quantum"black"hole,"b(dijet"@"7"TeV"
CMS_2013_I1215599""":"dijet"""""""""""""""""""""""@"7"TeV"
CMS_2013_I1220378""":"contact"int,"jet"PT"""""""""@"5.0"fb^(1,""7"TeV"
CMS_PAS_EXO_11_036"":"heavy"bottom""""""""""""""""@"1.14"fb^(1,"7"TeV"
CMS_PAS_EXO_11_050"":"heavy"top"in"dilep""""""""""@"1.14"fb^(1,"7"TeV"
CMS_PAS_EXO_11_051"":"top"prime"pair"in"lep+jets""@"1.4"fb^(1,""7"TeV""
CMS_PAS_EXO_11_059"":"Monojet+MET"""""""""""""""""@"1.1"fb^1,"""7"TeV"
CMS_PAS_EXO_12_048"":"Monojet+MET"""""""""""""""""@"19.5"fb^(1,"8"TeV"
CMS_PAS_EXO_12_059"":"dijet"mass""""""""""""""""""@"19.6"fb^(1,"8"TeV"
"
"

 



Implemented Analyses: CMS II 
CMS_PAS_SUS_10_005"":"SUSY"jets+MET"""""""""""""""@"36"pb^(1,"""7"TeV"
CMS_PAS_SUS_10_009"":"SUSY"squark+gluino"inclusive@"35"pb^(1,"""7"TeV"
CMS_PAS_SUS_10_011"":"SUSY"dijet,"multijet+"MET"""@"35"pb^(1,"""7"TeV"
CMS_PAS_SUS_11_003"":"SUSY"jets"+"MET"""""""""""""@"1.14"fb^(1,"7"TeV"
CMS_PAS_SUS_11_004"":"SUSY"had"jets"+"MET"""""""""@"1.1"fb^(1,""7"TeV"
CMS_PAS_SUS_11_005"":"SUSY"had"jets"+"MT2"""""""""@"1.1"fb^(1,""7"TeV"
CMS_PAS_SUS_11_006"":"SUSY"b(jets"+"MET"""""""""""@"1.1"fb^(1,""7"TeV"
CMS_PAS_SUS_11_010"":"SUSY"same"2lep+jet+MET""""""@"0.98"fb^(1,"7"TeV"
CMS_PAS_SUS_11_011"":"SUSY"opp"2lep+MET"""""""""""@"0.98"fb^(1,"7"TeV"
CMS_PAS_SUS_11_015"":"SUSY"lep+MET""""""""""""""""@"1.1"fb^(1,""7"TeV"
CMS_PAS_SUS_11_017"":"SUSY"Z+MET""""""""""""""""""@"0.98"fb^(1,"7"TeV"
CMS_PAS_SUS_11_022"":"SUSY"0(>3bjet+MET"""""""""""@"4.98"fb^(1,"7"TeV"
CMS_PAS_SUS_11_028"":"SUSY"1lep+bjet+MET""""""""""@"4.98"fb^(1,"7"TeV"
CMS_PAS_SUS_12_011"":"SUSY"multijet+MET"""""""""""@"4.98"fb^(1,"7"TeV"
CMS_PAS_SUS_12_028"":"SUSY"0(>4bjet+MET"""""""""""@"11.7"fb^(1,"8"TeV"
CMS_PAS_SUS_13_012"":"SUSY"multijet+MET"""""""""""@"19.5"fb^(1,"8"TeV"
CMS_PAS_TOP_11_005"":"TOP"ttbar"xsec"in"2lep""""""@"2.3"fb^(1,""7"TeV"
CMS_PAS_TOP_12_007"":"TOP"ttbar"xsec"in"2lep""""""@"2.3"fb^(1,""8"TeV"
"

 



Title

G→btC1→qqN1

very soft and do not affect efficiencies 

GbtN1

• note: this introduces topologies as if EM charge is not conserved.

mC1 ' mN1

C1 N1
q

q

useful for wino and higgsino scenarios

Truncation of soft decays



Aε differences: αT
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What T2 is not

Not included in T2:

right-handed squarks q̃R

gluinos, resulting in production:
˜ ˜

g̃

q̃∗i

q̃j

g̃

q̃i

q̃j

→ Effect on limits when
including:

production channels like
q̃Lq̃L, q̃Lq̃R, q̃Lq̃∗R;

a non-decoupled gluino?

Not included in T2, not considered here:

decays such as

q̃
q

χ̃±
W±

χ̃0

q̃
q

χ̃0
2

Z

χ̃0
1

Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 5 / 13

A simplified model: T2

squark antisquark ≡ CMS T2

T2: ũL, d̃L, c̃L, s̃L

mg̃ = 105 GeV (decoupled)

q̃Lq̃
∗

L production:

q̃∗i

q̃i

q̃∗i

q̃i

˜̃ ˜˜
˜ ˜

q̃i

q̃∗i

q̃i

q̃∗i

q̃i

CMS SUS-11-016; arXiv:1301.2175 (CMS Simplified Models)

q̃

q

χ̃0

one decay
Jory Sonneveld (RWTH Aachen) Simplified Model Limits for SUSY SUSY 2014, Manchester 4 / 13

CMS αT analysis 
(CMS-SUS-12-028)



ATLAS-CONF-2013-024 (stop → t, neut1)

How large is the effect of 
the stop chirality in BSM 
searches?



K.Wang, L.Wang, T.Xu, L.Zhang, 2013

• Polarised stop vs. pure kinematic decay: t̃ ! b�̃±
1 ! b`⌫�̃0

1

lepton

Polarised 
pure kinematic

How large is the effect of 
the stop chirality in BSM 
searches?
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bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2

for more details.).

range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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Figure 7. The event topologies whose e�ciency tables are implemented in Fastlim version 1.0. The curly

bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2

for more details.).

range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
from the Fastlim website (http://cern.ch/fastlim) as they will become available. Furthermore, any
additional 3rd-party e�ciency map for a topology not currently covered by Fastlim can be easily
added by formatting a text file according to the criteria exposed in Section 5.1. This is particularly
useful to incorporate the e�ciency maps that will be available from [? ].
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Name Short description ECM Lint # SRs Ref.

ATLAS CONF 2013 024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5 3 [28]
ATLAS CONF 2013 035 3 leptons + MET [EW production] 8 20.7 6 [29]
ATLAS CONF 2013 037 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7 5 [30]
ATLAS CONF 2013 047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3 10 [31]
ATLAS CONF 2013 048 2 leptons (+ jets) + MET [Medium stop] 8 20.3 4 [32]
ATLAS CONF 2013 049 2 leptons + MET [EW production] 8 20.3 9 [33]
ATLAS CONF 2013 053 0 leptons + 2 b-jets + MET [Sbottom/stop] 8 20.1 6 [34]
ATLAS CONF 2013 054 0 leptons + � 7-10 jets + MET [squarks & gluinos] 8 20.3 19 [35]
ATLAS CONF 2013 061 0-1 leptons + � 3 b-jets + MET [3rd gen. squarks] 8 20.1 9 [36]
ATLAS CONF 2013 062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3 13 [37]
ATLAS CONF 2013 093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3 2 [38]

Table 2. The analyses available in Fastlim version 1.0. The units for the centre of mass energy, ECM, and

the integrated luminosity, Lint, are TeV and fb�1, respectively. The number of signal regions in each analysis

and the references are also shown.

The event files are then passed to ATOM [18], which evaluates the e�ciencies for various signal
regions taking the detector e↵ects into account. ATOM estimates the e�ciencies for many implemented
signal regions. We have validated the implementation of the analyses in ATOM using the cut-flow
tables provided by ATLAS. The validation results are given in Appendix B and the Fastlim website
(http://cern.ch/fastlim).

7.2 The Available Analyses

Most of the standard MET-based searches conducted by ATLAS in 2013 are available in Fastlim

version 1.0. The list of the available analyses together with short descriptions, the centre of mass
energies, the luminosities and the number of signal regions in the analysis are listed in Table 2. The
SUSY searches conducted by CMS will be included in the future update.

7.3 The Implemented Event Topologies

Fastlim 1.0 contains the e�ciency tables for a set of event topologies that can cover the natural SUSY

model parameter space. By natural SUSY models we mean a type of spectra where only the gluino,
left and right-handed stops, left-handed sbottom and two higgsino doublets (g̃, t̃R, t̃L, b̃L, h̃u and h̃d)
reside below a TeV scale and the other SUSY particles are decoupled at the LHC energy scale. To
be more precise we list the set of event topologies implemented in Fastlim 1.0 in Fig. 7. In Fig. 7,
the curly brackets mean that the e�ciencies for the topology can be taken from one of the other
topologies in the same group. On the other hand, the square bracket means that the e�ciencies of
the event topology can be obtained only when the condition mB1 ' mB2 or mT1 ' mT2 is satisfied (See
subsection 6.2 for more details.).

There are several event topologies in which the electric charge appears not to be conserved. These
topologies can arise after the soft decays are truncated as mentioned in subsection 6.1. We also include
the loop induced G ! gN1 decay, which can have a sizeable branching fraction if the two-body modes
and GttN1 are kinematically forbidden. The decay rate also enhances if the stop and higgsino masses
are small and the trilinear At coupling is large. These conditions can often be found in natural SUSY
models.

Although the event topologies are chosen to cover natural SUSY models, many of the topologies
appear also in other models. A large rate of the gluino pair production is relatively common in a wide
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Figure 9. Constraints from direct SUSY searches on the (MQ3 ,µ) plane. The other parameters are mg̃ =

MU3 = MD3 = 3000 GeV, tan � = 10 and Xt = 0. The left plot shows the exclusion regions from the analyses

listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue dashed

line represents the kinematical threshold of the T1 ! tN1 decay.

µ <⇠ 250 GeV. Because of the transition between di↵erent dominant decay modes, there is a gap in the
exclusion region near the blue dashed line. In this particular region, MQ3 = 400 GeV and µ = 200 GeV
is still allowed by all the analyses implemented in Fastlim.

Fig. 10 shows the exclusion (left panel (a)) and the cross section coverage (right panel (b)) in the
(mg̃, µ) plane. Here, we take MU3 = 3 TeV, tan � = 10, Xt = 0. MQ3 is chosen such that the t̃1 mass
is in the middle between the g̃ and �̃0

1 mass: MQ3 ' (m2
t̃1

� m2
t )

1/2 with mt̃1
= (mg̃ + µ)/2. This

condition links the stop and sbottom masses to the gluino and higgsino masses, as can be seen from
the kinematical threshold for the G ! tT1 decay and the charged LSP region which appears in the up
left region. Fig. 10(a) shows that the coverage degrades to 70% near the G ! tT1 threshold line, on
its right hand side. In this region, asymmetric gluino decays e.g. GbB1tN1 GtT1tN1 are relevant, but
not implemented in Fastlim 1.0 since they require four-dimensional grids.

Nevertheless, one can see from Fig. 10(a) that many analyses provide exclusion regions in this
parameter slice because of the large cross section of the gluino pair production. Among them,
ATLAS CONF 2013 024 and ATLAS CONF 2013 061 yield the most stringent constraints. AT-
LAS CONF 2013 024 mainly constrains T1tN1 T1tN1 and B1tN1 B1tN1 topologies, and the bound
on the gluino mass gradually decreases as the stop and sbottom masses increase together with the
higgsino mass. On the other hand, the limit from ATLAS CONF 2013 061 is almost independent of
the higgsino mass. This analysis looks for the events with 0-1 lepton plus � 3 b-jet, targeting the gluino
pair production processes with gluino decaying to the third generation quarks either through an on-
and o↵-shell t̃1 and b̃1. The analysis roughly excludes 1.2 TeV gluino regardless of the µ parameter.

We now look at the constraint on the (mg̃, MU3/Q3
) plane, where we take MU3 = MQ3 , µ =

200 GeV, tan � = 10, Xt = 0. Fig. 11(b) shows that the cross section coverage can become as
small as 60% at the vicinity of the G ! tT1 threshold line. In this region, again, the asymmetric
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the kinematical threshold for the G ! tT1 decay and the charged LSP region which appears in the up
left region. Fig. 10(a) shows that the coverage degrades to 70% near the G ! tT1 threshold line, on
its right hand side. In this region, asymmetric gluino decays e.g. GbB1tN1 GtT1tN1 are relevant, but
not implemented in Fastlim 1.0 since they require four-dimensional grids.

Nevertheless, one can see from Fig. 10(a) that many analyses provide exclusion regions in this
parameter slice because of the large cross section of the gluino pair production. Among them,
ATLAS CONF 2013 024 and ATLAS CONF 2013 061 yield the most stringent constraints. AT-
LAS CONF 2013 024 mainly constrains T1tN1 T1tN1 and B1tN1 B1tN1 topologies, and the bound
on the gluino mass gradually decreases as the stop and sbottom masses increase together with the
higgsino mass. On the other hand, the limit from ATLAS CONF 2013 061 is almost independent of
the higgsino mass. This analysis looks for the events with 0-1 lepton plus � 3 b-jet, targeting the gluino
pair production processes with gluino decaying to the third generation quarks either through an on-
and o↵-shell t̃1 and b̃1. The analysis roughly excludes 1.2 TeV gluino regardless of the µ parameter.
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Figure 11. Constraints from direct SUSY searches on the (mg̃, MU3/Q3) plane. We set MD3 = 3000 GeV,

tan� = 10, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the analyses listed in

the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue lines represent

kinematical thresholds.
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Figure 12. Constraints from direct SUSY searches on the (MQ3 ,tan�) plane. The other parameters are

MD3 = MU3 = mg̃ = 3000 GeV, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the

analyses listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue

dashed line represents the kinematical threshold of the T1 ! tN1 decay.
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Figure 9. Constraints from direct SUSY searches on the (MQ3 ,µ) plane. The other parameters are mg̃ =

MU3 = MD3 = 3000 GeV, tan � = 10 and Xt = 0. The left plot shows the exclusion regions from the analyses

listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue dashed

line represents the kinematical threshold of the T1 ! tN1 decay.

µ <⇠ 250 GeV. Because of the transition between di↵erent dominant decay modes, there is a gap in the
exclusion region near the blue dashed line. In this particular region, MQ3 = 400 GeV and µ = 200 GeV
is still allowed by all the analyses implemented in Fastlim.

Fig. 10 shows the exclusion (left panel (a)) and the cross section coverage (right panel (b)) in the
(mg̃, µ) plane. Here, we take MU3 = 3 TeV, tan � = 10, Xt = 0. MQ3 is chosen such that the t̃1 mass
is in the middle between the g̃ and �̃0
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condition links the stop and sbottom masses to the gluino and higgsino masses, as can be seen from
the kinematical threshold for the G ! tT1 decay and the charged LSP region which appears in the up
left region. Fig. 10(a) shows that the coverage degrades to 70% near the G ! tT1 threshold line, on
its right hand side. In this region, asymmetric gluino decays e.g. GbB1tN1 GtT1tN1 are relevant, but
not implemented in Fastlim 1.0 since they require four-dimensional grids.

Nevertheless, one can see from Fig. 10(a) that many analyses provide exclusion regions in this
parameter slice because of the large cross section of the gluino pair production. Among them,
ATLAS CONF 2013 024 and ATLAS CONF 2013 061 yield the most stringent constraints. AT-
LAS CONF 2013 024 mainly constrains T1tN1 T1tN1 and B1tN1 B1tN1 topologies, and the bound
on the gluino mass gradually decreases as the stop and sbottom masses increase together with the
higgsino mass. On the other hand, the limit from ATLAS CONF 2013 061 is almost independent of
the higgsino mass. This analysis looks for the events with 0-1 lepton plus � 3 b-jet, targeting the gluino
pair production processes with gluino decaying to the third generation quarks either through an on-
and o↵-shell t̃1 and b̃1. The analysis roughly excludes 1.2 TeV gluino regardless of the µ parameter.

We now look at the constraint on the (mg̃, MU3/Q3
) plane, where we take MU3 = MQ3 , µ =

200 GeV, tan � = 10, Xt = 0. Fig. 11(b) shows that the cross section coverage can become as
small as 60% at the vicinity of the G ! tT1 threshold line. In this region, again, the asymmetric
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Figure 8. Constraints from direct SUSY searches on the (MU3 , µ) plane. The other parameters are

mg̃ = MQ3 = MD3 = 3000 GeV, tan � = 10 and Xt = 0. The left plot shows the exclusion regions from the

analyses listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue

dashed line represents the kinematical threshold of the T1 ! tN1 decay.

be seen, only ATLAS CONF 2013 024 and ATLAS CONF 2013 053 exclude the parameter region
in the plot. ATLAS CONF 2013 024 is designed to constrain the T1tN1 T1tN1 topology focusing
on the hadronic top decays. Because T1tN1 T1tN1 is subdominant in this model, the constraint
from this analysis is slightly weaker than the corresponding exclusion plot in Ref. [32] assuming
Br(t̃1 ! t�̃0

1) = 1. ATLAS CONF 2013 053, on the other hand, has been originally designed for the
B1bN1 B1bN1 topology. In this model, T1bN1 T1bN1 has the largest or the second largest rate among
the possible topologies depending on the parameter region, and the constraint is quite strong. It
roughly excludes MU3 < 500 GeV with µ < 200 GeV.

Fig. 9 shows the exclusion (left panel (a)) and the cross section coverage (right panel (b)) for the
(MQ3 , µ) plane. The other parameters are taken as MU3 = mg̃ = 3 TeV, Xt = 0 and tan � = 10. The
small MQ3 values result in both light t̃L and light b̃L. The t̃L is slightly heavier than the b̃L because
of the contribution from the top quark mass m2

t̃L
' M2

Q3
+ m2

t . The t̃L and b̃L preferably decay to

tR and h̃u through the interaction term L 3 ✏↵�ytt̄R(t̃L, b̃L)↵(h̃+
u , h̃0

u)� . The T1 ! bN1 and B1 ! bN1

modes are instead suppressed by the bottom Yukawa coupling. In Fig. 9(b), the coverage is slightly
o↵ from 100% near the T1 ! tN1 kinematical threshold line. In this region, the three-body T1 ! qqB1

decay via an o↵-shell W boson takes a small branching fraction. On the left hand side of the blue
dashed line, T1bN1 T1bN1 and B1bN1 B1bN1 dominate.

From Fig. 9(a), one can see that ATLAS CONF 2013 053 only constraints the left hand side of
the blue dashed line. This can be understood because the analysis is tailored for the T1bN1 T1bN1 and
B1bN1 B1bN1 topologies. On the other side of the blue dashed line, the T1tN1 T1tN1 and B1tN1 B1tN1

topologies dominate. In this region, ATLAS CONF 2013 024 and ATLAS CONF 2013 037 are par-
ticularly constraining because they are designed for the hadronic-hadronic and hadronic-leptonic top
modes for the T1tN1 T1tN1 topology, respectively. Overall, MQ3 is excluded up to 700 GeV for

– 16 –

T1→bN1

L � yt · etRQ3
eHu

BR(T1bN1 T1tN1) > BR(T1bN1 T1bN1) > BR(T1tN1 T1tN1)

asymmetric topology



(a) (b)

Figure 11. Constraints from direct SUSY searches on the (mg̃, MU3/Q3) plane. We set MD3 = 3000 GeV,

tan� = 10, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the analyses listed in

the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue lines represent

kinematical thresholds.
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Figure 12. Constraints from direct SUSY searches on the (MQ3 ,tan�) plane. The other parameters are

MD3 = MU3 = mg̃ = 3000 GeV, µ = 200 GeV and Xt = 0. The left plot shows the exclusion regions from the

analyses listed in the plot. The right plot shows the cross section coverage, as defined in Eq. (8.2). The blue

dashed line represents the kinematical threshold of the T1 ! tN1 decay.
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Figure 13. Constraints from direct SUSY searches on the (At, (M
2
U3

+M2
Q3

)1/2) plane. The the upper plot

we choose MU3 = MQ3 and in the lower one MU3 = 2MQ3 . The other parameters are mg̃ = MD3 = 3000

GeV, tan� = 10, µ = 100 GeV. Both plots show the exclusion regions from the analyses listed in the upper

plot. The blue dashed curves show the t̃1 mass contours. The green curves represent the Higgs mass contours,

where we allow 3 (dashed) and 2 (solid) GeV deviation from the central observed value 125.6 GeV.

to enhance the applicability and speed of the program. Such approximations include shortening the
decay chains in presence of mass degeneracies in the spectrum, or recycling e�ciency maps in presence
of di↵erent SUSY particles sharing similar decay modes.

To demonstrate the utility of the program, we have studied the direct SUSY search constraints
on natural SUSY models. Using the results of the 2013 ATLAS SUSY searches, we have found that
the stop is excluded up to about 700 GeV with µ <⇠ 200 GeV, whereas the gluino mass is excluded
up to about 1.2 TeV with µ <⇠ 400 GeV. When At is varied, we found that the direct SUSY search
constraint can be more stringent compared to the Higgs mass constraint in some parameter region,
which was not the case when the 7 TeV data was considered [19]. Running Fastlim to extract the
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SModelS Sabine Kraml, et.al, 2013

• SModelS is a tool to automatically check the simplified model constraints 
on a given BSM model. 

Figure 1: Schematic view of the working principle of SModelS.

P1

P2

P3

P4 P5

P6 P7

P8

Figure 2: The general type of SMS topology considered in this paper. The Pi label the SM
final state particles. The end of each decay chain is always the lightest Z2-odd particle which
is stable.

• the diagram weight (� ⇥ B).

The reduction of a particular process to its equivalent SMS topology is illustrated in Fig. 3.
Details of the decomposition procedure and the labeling scheme used are explained in Sec-
tion 3.1. Note that once the decomposition is done, the full model is reduced to its signal
topologies and there is no longer any reference to the specific details of the model, except for
the relevant Z2-odd masses and the � ⇥ B associated to each topology. In this way we can cast
the theoretical predictions in a model-independent way.

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
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Figure 7. The event topologies whose e�ciency tables are implemented in Fastlim version 1.0. The curly

bracket means that the e�ciencies for the topology can be taken from the e�ciency tables for one of the

other topologies in the same group. On the other hand, the square bracket means that the e�ciencies can be

obtained only when the two intermediate SUSY masses are close mB1 ' mB2 or mT1 ' mT2 (See subsection 6.2
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and GttN1 are kinematically forbidden. The decay rate is also enhanced if the stop and higgsino
masses are small and the trilinear At coupling is large. These conditions can often be found in natural
SUSY models.

Although the event topologies are chosen to cover natural SUSY models, many of the topologies
appear also in other models. A large rate of the gluino pair production is relatively common in a wide
range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
group evolution, leading to larger branching ratios for GtT1tN1 and GttN1. The set of the event
topologies implemented in Fastlim 1.0 has a very good coverage also for split SUSY models if the
wino or the bino is heavier than the gluino.

Additional topologies are currently being evaluated and it will be possible to download them
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range of the SUSY models because of the largest colour factor of the gluino among the MSSM particles.
Many models tend to predict light stops, since the interaction between the Higgs and stops (with a
large top Yukawa coupling) pulls the stop mass down at low energies through the renormalisation
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• MG5+Pythia6 + 1 parton matching samples, 50k events.
• Atom was used to generate efficiency grids.

Name Short description ECM Lint # SRs Ref.

ATLAS CONF 2013 024 0 lepton + (2 b-)jets + MET [Heavy stop] 8 20.5 3 [32]
ATLAS CONF 2013 035 3 leptons + MET [EW production] 8 20.7 6 [33]
ATLAS CONF 2013 037 1 lepton + 4(1 b-)jets + MET [Medium/heavy stop] 8 20.7 5 [34]
ATLAS CONF 2013 047 0 leptons + 2-6 jets + MET [squarks & gluinos] 8 20.3 10 [35]
ATLAS CONF 2013 048 2 leptons (+ jets) + MET [Medium stop] 8 20.3 4 [36]
ATLAS CONF 2013 049 2 leptons + MET [EW production] 8 20.3 9 [37]
ATLAS CONF 2013 053 0 leptons + 2 b-jets + MET [Sbottom/stop] 8 20.1 6 [38]
ATLAS CONF 2013 054 0 leptons + � 7-10 jets + MET [squarks & gluinos] 8 20.3 19 [39]
ATLAS CONF 2013 061 0-1 leptons + � 3 b-jets + MET [3rd gen. squarks] 8 20.1 9 [40]
ATLAS CONF 2013 062 1-2 leptons + 3-6 jets + MET [squarks & gluinos] 8 20.3 13 [41]
ATLAS CONF 2013 093 1 lepton + bb(H) + Etmiss [EW production] 8 20.3 2 [42]

Table 2. The analyses available in Fastlim version 1.0. The units for the centre of mass energy, ECM, and

the integrated luminosity, Lint, are TeV and fb�1, respectively. The number of signal regions in each analysis

and the references are also shown.

MadGraph 5.12 [15] for each grid point in the respective SUSY mass plane (independent of the topology
and the mass spectrum). The samples include up to one extra hard parton emission at the matrix
element level, matched to the parton shower (carried out by Pythia 6.426 [13]) using the MLM
merging scheme [31], where the merging scale is set to mSUSY/4 with mSUSY being the mass of the
heavier SUSY particles in the production.

The event files are then passed to ATOM [18], which evaluates the e�ciencies for various signal
regions taking detector e↵ects into account. ATOM estimates the e�ciencies for many implemented
signal regions. We have validated the implementation of the analyses in ATOM using the cut-flow
tables provided by ATLAS. The validation results are given in Appendix B and the Fastlim website
(http://cern.ch/fastlim).

7.2 The Available Analyses

Most of the standard MET-based searches conducted by ATLAS in 2013 are available in Fastlim

version 1.0. The list of the available analyses together with short descriptions, the centre of mass
energies, the luminosities and the number of signal regions in the analysis are listed in Table 2. The
SUSY searches conducted by CMS will be included in a future update.

7.3 The Implemented Event Topologies

Fastlim 1.0 contains the e�ciency tables for a set of event topologies that can cover the natural SUSY

model parameter space. By natural SUSY models we mean a type of spectra where only the gluino,
left and right-handed stops, left-handed sbottom and two higgsino doublets (g̃, t̃R, t̃L, b̃L, h̃u and h̃d)
reside below a TeV scale and the other SUSY particles are decoupled at the LHC energy scale. To
be more precise we list the set of event topologies implemented in Fastlim 1.0 in Fig. 7. In Fig. 7,
the curly brackets mean that the e�ciencies for the topology can be taken from one of the other
topologies in the same group. On the other hand, the square bracket means that the e�ciencies of
the event topology can be obtained only when the condition mB1 ' mB2 or mT1 ' mT2 is satisfied (See
subsection 6.2 for more details.).

There are several event topologies in which the electric charge appears not to be conserved. These
topologies can arise after the soft decays are truncated as mentioned in subsection 6.1. We also include
the loop induced G ! gN1 decay, which can have a sizeable branching fraction if the two-body modes
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