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Introduction
• For the long time (between LEP and LHC), the pheno community 

had been hungry for data to have hints and inputs into new 
physics models.   

• Now, we have a lot of data from the LHC.

We should make use of the LHC results and extract 
information as much as possible on new physics models.



Introduction
• ATLAS and CMS often present their results by showing the constraints 

on simplified models or the CMSSM.
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FIG. 10: The 95% CLs exclusion limits on (a) the (mg̃,mq̃)-plane in a simplified MSSM scenario with only strong production
of gluinos and first- and second-generation squarks, with direct decays to jets and neutralinos; (b) the (m0,m1/2) plane of
MSUGRA/CMSSM for tan� = 10, A0 = 0 and µ > 0. Exclusion limits are obtained by using the signal region with the best
expected sensitivity at each point. The black dashed lines show the expected limits, with the light (yellow) bands indicating
the 1� excursions due to experimental uncertainties. Observed limits are indicated by medium (maroon) curves, where the
solid contour represents the nominal limit, and the dotted lines are obtained by varying the cross section by the theoretical
scale and PDF uncertainties. Previous results from ATLAS [17] are represented by the shaded region (blue) at bottom left in
each case. The region excluded by chargino searches at LEP is taken from Ref. [66].

ing ratios of decay chains incorporating an intermediate
chargino. The cross sections have been reduced by 50%
to take this situation properly into account. Two dif-
ferent parameterizations of the masses are shown. Fig-
ures 13(a) and 14(a) vary the squark/gluino mass and the
LSP mass, keeping the chargino mass exactly midway be-
tween those two. In Figures 13(b) and 14(b), the LSP
mass is instead held fixed, with the ratio of the chargino-
LSP mass splitting to the squark/gluino-LSP mass split-
ting defining the y-axis. When either mass splitting is
large sensitivity to the model is enhanced by kinematics.

The ‘compressed SUSY’ models suggested in Refs. [70,
71] are also considered. In these models, the basic spar-
ticle content and spectrum are similar to that in the
CMSSM, but the sizes of all mass-splittings are controlled
by a compression factor. The squark mass is set to 96%
of the gluino mass. For presentation purposes, the lim-
its are plotted against the gluino mass and the largest
mass-splitting, i.e. that between gluino and LSP. Exclu-
sion plots are shown in Fig. 15 for three classes of model:
one in which all sparticle content is present, a second in
which all the neutralinos and charginos apart from the
LSP are taken to be su�ciently heavy to decouple, and
a third in which the squarks instead are decoupled.

XII. SUMMARY

This paper reports a search for supersymmetry in fi-
nal states containing high-pT jets, missing transverse mo-
mentum and no electrons with pT > 20 GeV or muons
with pT > 10 GeV. Data recorded by the ATLAS ex-
periment at the LHC at

p
s = 7 TeV, corresponding

to an integrated luminosity of 4.7 fb�1 have been used.
Good agreement is seen between the numbers of events
observed in the signal regions and the numbers of events
expected from SM sources. The exclusion limits placed
on non-SM cross sections impose new constraints on sce-
narios with novel physics.

The results are interpreted in both a simplified model
containing only squarks of the first two generations, a
gluino octet and a massless neutralino, as well as in
MSUGRA/CMSSM models with tan� = 10, A0 = 0
and µ > 0. In the simplified model, gluino and squark
masses below 860 GeV and 1320 GeV respectively are
excluded at the 95% confidence level for squark or gluino
masses below 2 TeV. When assuming their masses to be
equal, squarks and gluinos with masses below 1410 GeV
are excluded. In the MSUGRA/CMSSM case, the limit
onm1/2 reaches 300 GeV at highm0 and 640 GeV for low
values of m0. Squarks and gluinos with equal masses be-
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1
/
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FIG. 10: The 95% CLs exclusion limits on (a) the (mg̃,mq̃)-plane in a simplified MSSM scenario with only strong production
of gluinos and first- and second-generation squarks, with direct decays to jets and neutralinos; (b) the (m0,m1/2) plane of
MSUGRA/CMSSM for tan� = 10, A0 = 0 and µ > 0. Exclusion limits are obtained by using the signal region with the best
expected sensitivity at each point. The black dashed lines show the expected limits, with the light (yellow) bands indicating
the 1� excursions due to experimental uncertainties. Observed limits are indicated by medium (maroon) curves, where the
solid contour represents the nominal limit, and the dotted lines are obtained by varying the cross section by the theoretical
scale and PDF uncertainties. Previous results from ATLAS [17] are represented by the shaded region (blue) at bottom left in
each case. The region excluded by chargino searches at LEP is taken from Ref. [66].
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one in which all sparticle content is present, a second in
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a third in which the squarks instead are decoupled.

XII. SUMMARY

This paper reports a search for supersymmetry in fi-
nal states containing high-pT jets, missing transverse mo-
mentum and no electrons with pT > 20 GeV or muons
with pT > 10 GeV. Data recorded by the ATLAS ex-
periment at the LHC at

p
s = 7 TeV, corresponding

to an integrated luminosity of 4.7 fb�1 have been used.
Good agreement is seen between the numbers of events
observed in the signal regions and the numbers of events
expected from SM sources. The exclusion limits placed
on non-SM cross sections impose new constraints on sce-
narios with novel physics.

The results are interpreted in both a simplified model
containing only squarks of the first two generations, a
gluino octet and a massless neutralino, as well as in
MSUGRA/CMSSM models with tan� = 10, A0 = 0
and µ > 0. In the simplified model, gluino and squark
masses below 860 GeV and 1320 GeV respectively are
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masses below 2 TeV. When assuming their masses to be
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• ATLAS and CMS often present their results by showing the constraints 
on simplified models or the CMSSM.

CMSSM BR=100%     
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FIG. 10: The 95% CLs exclusion limits on (a) the (mg̃,mq̃)-plane in a simplified MSSM scenario with only strong production
of gluinos and first- and second-generation squarks, with direct decays to jets and neutralinos; (b) the (m0,m1/2) plane of
MSUGRA/CMSSM for tan� = 10, A0 = 0 and µ > 0. Exclusion limits are obtained by using the signal region with the best
expected sensitivity at each point. The black dashed lines show the expected limits, with the light (yellow) bands indicating
the 1� excursions due to experimental uncertainties. Observed limits are indicated by medium (maroon) curves, where the
solid contour represents the nominal limit, and the dotted lines are obtained by varying the cross section by the theoretical
scale and PDF uncertainties. Previous results from ATLAS [17] are represented by the shaded region (blue) at bottom left in
each case. The region excluded by chargino searches at LEP is taken from Ref. [66].
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ures 13(a) and 14(a) vary the squark/gluino mass and the
LSP mass, keeping the chargino mass exactly midway be-
tween those two. In Figures 13(b) and 14(b), the LSP
mass is instead held fixed, with the ratio of the chargino-
LSP mass splitting to the squark/gluino-LSP mass split-
ting defining the y-axis. When either mass splitting is
large sensitivity to the model is enhanced by kinematics.

The ‘compressed SUSY’ models suggested in Refs. [70,
71] are also considered. In these models, the basic spar-
ticle content and spectrum are similar to that in the
CMSSM, but the sizes of all mass-splittings are controlled
by a compression factor. The squark mass is set to 96%
of the gluino mass. For presentation purposes, the lim-
its are plotted against the gluino mass and the largest
mass-splitting, i.e. that between gluino and LSP. Exclu-
sion plots are shown in Fig. 15 for three classes of model:
one in which all sparticle content is present, a second in
which all the neutralinos and charginos apart from the
LSP are taken to be su�ciently heavy to decouple, and
a third in which the squarks instead are decoupled.

XII. SUMMARY

This paper reports a search for supersymmetry in fi-
nal states containing high-pT jets, missing transverse mo-
mentum and no electrons with pT > 20 GeV or muons
with pT > 10 GeV. Data recorded by the ATLAS ex-
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Good agreement is seen between the numbers of events
observed in the signal regions and the numbers of events
expected from SM sources. The exclusion limits placed
on non-SM cross sections impose new constraints on sce-
narios with novel physics.

The results are interpreted in both a simplified model
containing only squarks of the first two generations, a
gluino octet and a massless neutralino, as well as in
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masses below 860 GeV and 1320 GeV respectively are
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masses below 2 TeV. When assuming their masses to be
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• ATLAS and CMS often present their results by showing the constraints 
on simplified models or the CMSSM.
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FIG. 10: The 95% CLs exclusion limits on (a) the (mg̃,mq̃)-plane in a simplified MSSM scenario with only strong production
of gluinos and first- and second-generation squarks, with direct decays to jets and neutralinos; (b) the (m0,m1/2) plane of
MSUGRA/CMSSM for tan� = 10, A0 = 0 and µ > 0. Exclusion limits are obtained by using the signal region with the best
expected sensitivity at each point. The black dashed lines show the expected limits, with the light (yellow) bands indicating
the 1� excursions due to experimental uncertainties. Observed limits are indicated by medium (maroon) curves, where the
solid contour represents the nominal limit, and the dotted lines are obtained by varying the cross section by the theoretical
scale and PDF uncertainties. Previous results from ATLAS [17] are represented by the shaded region (blue) at bottom left in
each case. The region excluded by chargino searches at LEP is taken from Ref. [66].

ing ratios of decay chains incorporating an intermediate
chargino. The cross sections have been reduced by 50%
to take this situation properly into account. Two dif-
ferent parameterizations of the masses are shown. Fig-
ures 13(a) and 14(a) vary the squark/gluino mass and the
LSP mass, keeping the chargino mass exactly midway be-
tween those two. In Figures 13(b) and 14(b), the LSP
mass is instead held fixed, with the ratio of the chargino-
LSP mass splitting to the squark/gluino-LSP mass split-
ting defining the y-axis. When either mass splitting is
large sensitivity to the model is enhanced by kinematics.

The ‘compressed SUSY’ models suggested in Refs. [70,
71] are also considered. In these models, the basic spar-
ticle content and spectrum are similar to that in the
CMSSM, but the sizes of all mass-splittings are controlled
by a compression factor. The squark mass is set to 96%
of the gluino mass. For presentation purposes, the lim-
its are plotted against the gluino mass and the largest
mass-splitting, i.e. that between gluino and LSP. Exclu-
sion plots are shown in Fig. 15 for three classes of model:
one in which all sparticle content is present, a second in
which all the neutralinos and charginos apart from the
LSP are taken to be su�ciently heavy to decouple, and
a third in which the squarks instead are decoupled.

XII. SUMMARY

This paper reports a search for supersymmetry in fi-
nal states containing high-pT jets, missing transverse mo-
mentum and no electrons with pT > 20 GeV or muons
with pT > 10 GeV. Data recorded by the ATLAS ex-
periment at the LHC at

p
s = 7 TeV, corresponding

to an integrated luminosity of 4.7 fb�1 have been used.
Good agreement is seen between the numbers of events
observed in the signal regions and the numbers of events
expected from SM sources. The exclusion limits placed
on non-SM cross sections impose new constraints on sce-
narios with novel physics.

The results are interpreted in both a simplified model
containing only squarks of the first two generations, a
gluino octet and a massless neutralino, as well as in
MSUGRA/CMSSM models with tan� = 10, A0 = 0
and µ > 0. In the simplified model, gluino and squark
masses below 860 GeV and 1320 GeV respectively are
excluded at the 95% confidence level for squark or gluino
masses below 2 TeV. When assuming their masses to be
equal, squarks and gluinos with masses below 1410 GeV
are excluded. In the MSUGRA/CMSSM case, the limit
onm1/2 reaches 300 GeV at highm0 and 640 GeV for low
values of m0. Squarks and gluinos with equal masses be-
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• To survey the generic pMSSM parameter space, a fast and systematic 
evaluation of the LHC constraints is required.  

• ATLAS and CMS often present their results by showing the constraints 
on simplified models or the CMSSM.

CMSSM BR=100%     



Testing a Model

ATLAS-CONF-2011-086

Process
Signal Region

� 2 jets � 3 jets � 4 jets

Z ! (⌫⌫)+jets 5.6 ± 2.1 4.4 ± 1.6 3.0 ± 1.3

W ! (`⌫)+jets 6.2 ± 1.8 4.5 ± 1.6 2.7 ± 1.3

tt̄+ single top 0.2 ± 0.3 1.0 ± 0.9 1.4 ± 0.9

QCD jets 0.05 ± 0.04 0.21 ± 0.07 0.16 ± 0.11

Total 12.1 ± 2.8 10.1 ± 2.3 7.3 ± 1.7

Observed 10 8 7

Table 2: Fitted background components in each signal region compared with observation. The equivalent
background estimates obtained using the independent Z ! ee/µµ + jets control region instead of CR1
are in good agreement and serve to validate these results.

which varied from 0 to 7% with |⌘| and pT. Both the JES and JER uncertainties are propagated to the
Emiss

T . The e↵ect of in-time pileup on other aspects of the standard object selection was also investigated
and found to be negligible as would be expected given the high energies of the jets entering the signal
samples.

The dominant modelling uncertainty in MC estimates of signal region and control region event counts
arises from the treatment of jet radiation as a function of me↵ . In order to assess this uncertainty the rel-
evant MC background estimates were recalculated using alternative samples produced with di↵erent
generators (ALPGEN rather than MC@NLO for tt̄ production) or reduced jet multiplicity (ALPGEN processes
with 0–4 partons rather than 0–5 partons for W/Z+jets production). Di↵erences in the absolute expecta-
tions for SR and CR event counts as high as 100% are observed; the impact on the ratios / transfer factors
is, however, much smaller (di↵erences .50%, channel dependent).

Additional uncertainties arising from photon and lepton reconstruction e�ciency, energy scale and
resolution in CR1, CR3 and CR4, b-tag/veto e�ciency (CR3 and CR4) and photon acceptance and cos-
mic ray backgrounds (CR1) are also considered. Uncertainties in the multi-jet transfer factor estimates
are dominated by uncertainties in the modelling of the pT dependence of the Gaussian part of the response
function. Other uncertainties including multi-jet seed event statistics and response function statistical and
systematic uncertainties are also considered.

Systematic uncertainties on the SUSY signal were estimated through variation of the factorisation
and renormalisation scales in PROSPINO between half and twice their default values and by consider-
ing the PDF uncertainties provided by CTEQ6. Uncertainties were calculated for individual production
processes (e.g. q̃q̃, g̃g̃, etc.).

7 Results, Interpretation and Limits

The observed me↵ distributions for each of the channels used in this analysis are shown in Figure 1,
together with raw MC background expectations prior to use of the likelihood fitting procedure. The
equivalent me↵ distributions for the control regions can be found in Appendix A. The number of observed
data events and the number of SM events expected to enter each of the signal regions, determined using
the likelihood fit, are shown in Table 2. The background model is found to be in good agreement with
the data and no excess is observed.

An interpretation of the results is presented in Figure 2 as a 95% confidence exclusion region in the
(mg̃,mq̃)-plane for a simplified set of SUSY models with m�̃0

1
= 0. In these models the gluino mass

and the masses of the squarks of the first two generations are set to the values shown in the figure. All
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Signal Region � 2 jets � 3 jets � 4 jets

Emiss
T [GeV] > 130 > 130 > 130

Leading jet pT [GeV] > 130 > 130 > 130
Second jet pT [GeV] > 40 > 40 > 40
Third jet pT [GeV] – > 40 > 40
Fourth jet pT [GeV] – – > 40
��(jeti, Emiss

T )min (i = 1, 2, 3) > 0.4 > 0.4 > 0.4
Emiss

T /me↵ > 0.3 > 0.25 > 0.25
me↵ [GeV] > 1000 > 1000 > 1000

Table 1: Criteria for admission to each of the three overlapping signal regions. All variables are defined
in Section 4. Note that me↵ is defined with a variable number of jets, appropriate to each signal region.

decays in tt̄ ! bb̄⌧⌫qq and single top events can generate large Emiss
T and pass the jet and lepton require-

ments at a non-negligible rate. The multi-jet background in the signal regions is caused by rare instances
of poor reconstruction of jet energies in calorimeters leading to ‘fake’ missing transverse momentum
and also by neutrino production in the semileptonic decay of heavy quarks. Extensive validation of MC
against data has been performed for each of these background sources and for a wide variety of control
regions.

In order to estimate the backgrounds in a consistent fashion, five control regions (CRs) are defined for
each of the three signal regions (SRs), giving fifteen CRs in total. The CR event selections are designed
to provide data samples enriched in particular background sources. Each ensemble of one SR and five
CRs constitutes an independent ‘channel’ of the analysis. The CR selections are optimised to maintain
adequate statistical weight, while minimising as far as possible the systematic uncertainties arising from
extrapolation from each CR to the SR.

In each channel the observations in the CRs are used to derive background expectations in the SR
through the use of ‘Transfer Factors’ (TFs) equivalent to the ratios of expected event counts in the CRs
and SR. In essence, a TF for each SR and CR pair, derived independently from the CR and SR, provides a
conversion factor of ‘SR events per CR event’. Multiplication of the conversion factors and the observed
numbers of events in the CR yields an estimate of the background in a SR. The TFs for multi-jet processes
are estimated using a data-driven technique based upon the smearing of jets in low Emiss

T data events with
jet response functions derived from multi-jet dominated data control regions. For the Z+jets, W+jets and
top quark processes the TFs are derived from data-validated fully simulated Monte Carlo (MC) event
samples. In each channel a likelihood fit is performed to the observed event counts in the SR and five
CRs, taking into account correlations in the systematic uncertainties in the TFs. Some uncertainties,
such as those arising in MC expectations from jet energy scale calibration and modelling systematics,
are reduced in the TFs. The combined fit across all regions ensures that the background estimates are
consistent for all processes, taking into account both SM and potential SUSY signal contamination in the
CRs.

The irreducible physics background from Z ! ⌫⌫̄+jets events is estimated using control regions
enriched in a related process with similar kinematics: events with isolated photons and jets (control
regions denoted ‘CR1’). The reconstructed momentum of the photon is added to the ~P miss

T vector to
obtain an estimate of the Emiss

T observed in Z ! ⌫⌫̄+jets events. Control regions enriched in Z !
ee/µµ+jets events are used to cross check the photon + jets results and are found to be in good agreement;
these results are not, however, used in the final fit.

The background from multi-jet processes is estimated using control regions (control regions CR2)
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Z ! (⌫⌫)+jets 5.6 ± 2.1 4.4 ± 1.6 3.0 ± 1.3

W ! (`⌫)+jets 6.2 ± 1.8 4.5 ± 1.6 2.7 ± 1.3

tt̄+ single top 0.2 ± 0.3 1.0 ± 0.9 1.4 ± 0.9

QCD jets 0.05 ± 0.04 0.21 ± 0.07 0.16 ± 0.11

Total 12.1 ± 2.8 10.1 ± 2.3 7.3 ± 1.7

Observed 10 8 7

Table 2: Fitted background components in each signal region compared with observation. The equivalent
background estimates obtained using the independent Z ! ee/µµ + jets control region instead of CR1
are in good agreement and serve to validate these results.

which varied from 0 to 7% with |⌘| and pT. Both the JES and JER uncertainties are propagated to the
Emiss

T . The e↵ect of in-time pileup on other aspects of the standard object selection was also investigated
and found to be negligible as would be expected given the high energies of the jets entering the signal
samples.

The dominant modelling uncertainty in MC estimates of signal region and control region event counts
arises from the treatment of jet radiation as a function of me↵ . In order to assess this uncertainty the rel-
evant MC background estimates were recalculated using alternative samples produced with di↵erent
generators (ALPGEN rather than MC@NLO for tt̄ production) or reduced jet multiplicity (ALPGEN processes
with 0–4 partons rather than 0–5 partons for W/Z+jets production). Di↵erences in the absolute expecta-
tions for SR and CR event counts as high as 100% are observed; the impact on the ratios / transfer factors
is, however, much smaller (di↵erences .50%, channel dependent).

Additional uncertainties arising from photon and lepton reconstruction e�ciency, energy scale and
resolution in CR1, CR3 and CR4, b-tag/veto e�ciency (CR3 and CR4) and photon acceptance and cos-
mic ray backgrounds (CR1) are also considered. Uncertainties in the multi-jet transfer factor estimates
are dominated by uncertainties in the modelling of the pT dependence of the Gaussian part of the response
function. Other uncertainties including multi-jet seed event statistics and response function statistical and
systematic uncertainties are also considered.

Systematic uncertainties on the SUSY signal were estimated through variation of the factorisation
and renormalisation scales in PROSPINO between half and twice their default values and by consider-
ing the PDF uncertainties provided by CTEQ6. Uncertainties were calculated for individual production
processes (e.g. q̃q̃, g̃g̃, etc.).

7 Results, Interpretation and Limits

The observed me↵ distributions for each of the channels used in this analysis are shown in Figure 1,
together with raw MC background expectations prior to use of the likelihood fitting procedure. The
equivalent me↵ distributions for the control regions can be found in Appendix A. The number of observed
data events and the number of SM events expected to enter each of the signal regions, determined using
the likelihood fit, are shown in Table 2. The background model is found to be in good agreement with
the data and no excess is observed.

An interpretation of the results is presented in Figure 2 as a 95% confidence exclusion region in the
(mg̃,mq̃)-plane for a simplified set of SUSY models with m�̃0

1
= 0. In these models the gluino mass

and the masses of the squarks of the first two generations are set to the values shown in the figure. All
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in Section 4. Note that me↵ is defined with a variable number of jets, appropriate to each signal region.
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ments at a non-negligible rate. The multi-jet background in the signal regions is caused by rare instances
of poor reconstruction of jet energies in calorimeters leading to ‘fake’ missing transverse momentum
and also by neutrino production in the semileptonic decay of heavy quarks. Extensive validation of MC
against data has been performed for each of these background sources and for a wide variety of control
regions.

In order to estimate the backgrounds in a consistent fashion, five control regions (CRs) are defined for
each of the three signal regions (SRs), giving fifteen CRs in total. The CR event selections are designed
to provide data samples enriched in particular background sources. Each ensemble of one SR and five
CRs constitutes an independent ‘channel’ of the analysis. The CR selections are optimised to maintain
adequate statistical weight, while minimising as far as possible the systematic uncertainties arising from
extrapolation from each CR to the SR.

In each channel the observations in the CRs are used to derive background expectations in the SR
through the use of ‘Transfer Factors’ (TFs) equivalent to the ratios of expected event counts in the CRs
and SR. In essence, a TF for each SR and CR pair, derived independently from the CR and SR, provides a
conversion factor of ‘SR events per CR event’. Multiplication of the conversion factors and the observed
numbers of events in the CR yields an estimate of the background in a SR. The TFs for multi-jet processes
are estimated using a data-driven technique based upon the smearing of jets in low Emiss

T data events with
jet response functions derived from multi-jet dominated data control regions. For the Z+jets, W+jets and
top quark processes the TFs are derived from data-validated fully simulated Monte Carlo (MC) event
samples. In each channel a likelihood fit is performed to the observed event counts in the SR and five
CRs, taking into account correlations in the systematic uncertainties in the TFs. Some uncertainties,
such as those arising in MC expectations from jet energy scale calibration and modelling systematics,
are reduced in the TFs. The combined fit across all regions ensures that the background estimates are
consistent for all processes, taking into account both SM and potential SUSY signal contamination in the
CRs.

The irreducible physics background from Z ! ⌫⌫̄+jets events is estimated using control regions
enriched in a related process with similar kinematics: events with isolated photons and jets (control
regions denoted ‘CR1’). The reconstructed momentum of the photon is added to the ~P miss

T vector to
obtain an estimate of the Emiss

T observed in Z ! ⌫⌫̄+jets events. Control regions enriched in Z !
ee/µµ+jets events are used to cross check the photon + jets results and are found to be in good agreement;
these results are not, however, used in the final fit.

The background from multi-jet processes is estimated using control regions (control regions CR2)
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Table 2: Fitted background components in each signal region compared with observation. The equivalent
background estimates obtained using the independent Z ! ee/µµ + jets control region instead of CR1
are in good agreement and serve to validate these results.
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mic ray backgrounds (CR1) are also considered. Uncertainties in the multi-jet transfer factor estimates
are dominated by uncertainties in the modelling of the pT dependence of the Gaussian part of the response
function. Other uncertainties including multi-jet seed event statistics and response function statistical and
systematic uncertainties are also considered.

Systematic uncertainties on the SUSY signal were estimated through variation of the factorisation
and renormalisation scales in PROSPINO between half and twice their default values and by consider-
ing the PDF uncertainties provided by CTEQ6. Uncertainties were calculated for individual production
processes (e.g. q̃q̃, g̃g̃, etc.).

7 Results, Interpretation and Limits

The observed me↵ distributions for each of the channels used in this analysis are shown in Figure 1,
together with raw MC background expectations prior to use of the likelihood fitting procedure. The
equivalent me↵ distributions for the control regions can be found in Appendix A. The number of observed
data events and the number of SM events expected to enter each of the signal regions, determined using
the likelihood fit, are shown in Table 2. The background model is found to be in good agreement with
the data and no excess is observed.

An interpretation of the results is presented in Figure 2 as a 95% confidence exclusion region in the
(mg̃,mq̃)-plane for a simplified set of SUSY models with m�̃0
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of poor reconstruction of jet energies in calorimeters leading to ‘fake’ missing transverse momentum
and also by neutrino production in the semileptonic decay of heavy quarks. Extensive validation of MC
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In each channel the observations in the CRs are used to derive background expectations in the SR
through the use of ‘Transfer Factors’ (TFs) equivalent to the ratios of expected event counts in the CRs
and SR. In essence, a TF for each SR and CR pair, derived independently from the CR and SR, provides a
conversion factor of ‘SR events per CR event’. Multiplication of the conversion factors and the observed
numbers of events in the CR yields an estimate of the background in a SR. The TFs for multi-jet processes
are estimated using a data-driven technique based upon the smearing of jets in low Emiss

T data events with
jet response functions derived from multi-jet dominated data control regions. For the Z+jets, W+jets and
top quark processes the TFs are derived from data-validated fully simulated Monte Carlo (MC) event
samples. In each channel a likelihood fit is performed to the observed event counts in the SR and five
CRs, taking into account correlations in the systematic uncertainties in the TFs. Some uncertainties,
such as those arising in MC expectations from jet energy scale calibration and modelling systematics,
are reduced in the TFs. The combined fit across all regions ensures that the background estimates are
consistent for all processes, taking into account both SM and potential SUSY signal contamination in the
CRs.

The irreducible physics background from Z ! ⌫⌫̄+jets events is estimated using control regions
enriched in a related process with similar kinematics: events with isolated photons and jets (control
regions denoted ‘CR1’). The reconstructed momentum of the photon is added to the ~P miss

T vector to
obtain an estimate of the Emiss

T observed in Z ! ⌫⌫̄+jets events. Control regions enriched in Z !
ee/µµ+jets events are used to cross check the photon + jets results and are found to be in good agreement;
these results are not, however, used in the final fit.

The background from multi-jet processes is estimated using control regions (control regions CR2)
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Table 2: Fitted background components in each signal region compared with observation. The equivalent
background estimates obtained using the independent Z ! ee/µµ + jets control region instead of CR1
are in good agreement and serve to validate these results.
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T . The e↵ect of in-time pileup on other aspects of the standard object selection was also investigated
and found to be negligible as would be expected given the high energies of the jets entering the signal
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are dominated by uncertainties in the modelling of the pT dependence of the Gaussian part of the response
function. Other uncertainties including multi-jet seed event statistics and response function statistical and
systematic uncertainties are also considered.

Systematic uncertainties on the SUSY signal were estimated through variation of the factorisation
and renormalisation scales in PROSPINO between half and twice their default values and by consider-
ing the PDF uncertainties provided by CTEQ6. Uncertainties were calculated for individual production
processes (e.g. q̃q̃, g̃g̃, etc.).
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The observed me↵ distributions for each of the channels used in this analysis are shown in Figure 1,
together with raw MC background expectations prior to use of the likelihood fitting procedure. The
equivalent me↵ distributions for the control regions can be found in Appendix A. The number of observed
data events and the number of SM events expected to enter each of the signal regions, determined using
the likelihood fit, are shown in Table 2. The background model is found to be in good agreement with
the data and no excess is observed.

An interpretation of the results is presented in Figure 2 as a 95% confidence exclusion region in the
(mg̃,mq̃)-plane for a simplified set of SUSY models with m�̃0
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How to calculate NBSM?
analytically calculable  

(factorisation)

known

✏(a)BSM = lim
NMC ! 1 NMC

N
⇣ ⌘

Events fall into

signal region a

N (a)
BSM = ✏(a)BSM · �BSM · L
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list of efficiencies:
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SR A2

SR B1

SR B2

SR C1
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···

reconstructed 
objects


(jets, electrons, …)

need to be tuned for 

each analysis 

Validation is 
required for 

every analysis

needs to write a 
detector card and run 
detector simulation for 

every analysis

generate an event 
sample at the 

benchmark point 
used in the analysis 
paper and compare 

the efficiency with the 
one reported in the 

paper for every 
signal region

A lot of work!



Standard Method

… many re-inventions of the wheel

[…]

[…]

Many people have been performing similar studies….

duplicating effort
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I-W.Kim, M.Papucci, KS, A.Weiler ATOM
(Automated Testing Of Models)

I-W.Kim, M.Papucci, KS, A.Weiler 

A tool to systematically 
calculate efficiencies of 
various signal regions

event  
sample

event file!
(HepMC, 
StdHep)!

histograms 
(MET, Meff, …)

reco. objects 
(jets, leptons, …)

{✏(a)BSM}
• efficiency calculations 

are already validated

!
!

• appropriate definitions of 
reco objects are used 

for the analysis.   



Analyses and Validation
• Many ATLAS/CMS analyses are implemented (most 2013-2014 ATLAS MET 

searches). 

• The analyses are validated using the official cut flow tables and exclusion 
contours.

Analyses
 Many ATLAS and CMS analyses have been implemented and available

Update:  all 2013 ATLAS SUSY MET searches have been implemented  
 All analyses are validated (Cut-flow tables are used if available)

Lisa Zeune | Calculation of LHC constraints using Simplified Models | Helmholtz Alliance Workshop | 

• All 2013 ATLAS SUSY MET analyses have been implemented

• In total more than 200 analyses (in the ATOM framework)

• All analyses have been validated 
(using CUT-flow tables when available)

• Overall very good agreement

Analyses
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0.1 q̃g̃ direct (1612, 37): (ATLAS CONF 2013 047)

• Process: pp ! q̃g̃ ! (q�0

1

)(qq�0

1

).

• Mass: mg̃ = 1612 GeV, mq̃ = 1548 GeV, m�̃0
1
= 37 GeV.

• The number of events: 5 · 103.

• Event Generator: MadGraph 5 and Pythia 6. The MLM merging is used with the

shower-kT scheme implemented in MadGraph 5 and Pythia 6, where we take xqcut =

qcut = M
SUSY

/4 with MSUSY being the mass of the heavier SUSY particles in the

production.

# cut name ✏
Exp

✏
Atom

Atom

Exp

(Exp�Atom)

Error

#/? R
Exp

R
Atom

Atom

Exp

(Exp�Atom)

Error

0 No cut 100.0 100.0

1 base: 0 lepton 98.8 ± 1.41 99.96 ± 0.03 1.01 0.83 0 0.99 ± 0.01 1.0 ± 0.0 1.01 0.83

2 base: MET > 160 95.9 ± 1.38 97.02 ± 0.24 1.01 0.8 1 0.97 ± 0.01 0.97 ± 0.0 1.0 �0.0

3 base: pT (j1) > 130 95.8 ± 1.38 97.02 ± 0.24 1.01 0.87 2 1.0 ± 0.01 1.0 ± 0.0 1.0 0.07

4 base: pT (j2) > 60 95.2 ± 1.38 96.96 ± 0.24 1.02 1.26 3 0.99 ± 0.01 1.0 ± 0.0 1.01 0.39

5 pT (j3) > 60 75.7 ± 1.23 93.02 ± 0.36 1.23 13.51 4 0.8 ± 0.01 0.96 ± 0.0 1.21 12.21

6 B base: ��(ji,MET) > 0.4 66.2 ± 1.15 77.58 ± 0.59 1.17 8.8 5 0.87 ± 0.02 0.83 ± 0.01 0.95 �2.46

7 BM: MET/m
e↵

(3j) > 0.3 31.8 ± 0.8 50.7 ± 0.71 1.59 17.73 6 0.48 ± 0.01 0.65 ± 0.01 1.36 11.46

8 BM: m
e↵

(inc) > 1800 22.8 ± 0.68 45.48 ± 0.7 1.99 23.25 7 0.72 ± 0.02 0.9 ± 0.01 1.25 7.1

Table 1: The cut-flow table for B tight signal region: q̃g̃ direct (1612, 37).

1

Automated Validation

• ATOM automatically generates cut-
flow tables and checks the efficiencies 
between ATOM and experimental 
collaborations. 

• If significant deviation is found, it 
provides warnings.
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1

Automated Validation

• ATOM automatically generates cut-
flow tables and checks the efficiencies 
between ATOM and experimental 
collaborations. 

• If significant deviation is found, it 
provides warnings.

can easily catch 
anomaly



๏ ATOM is a fork of Rivet

• Rivet analyses can run in ATOM 

• ATOM adds features which are important for BSM recast: e.g.

- granular isolation filter (lepton isolation from CALO & track activities) 

- efficiency maps for reco. objects 

- momentum smearing 

- a new cut method (automated cut-flows and log sensitivity) 

- IO improvements ( I: HepMC, StdHep.  O: ROOT, plain text YAML outputs) 

- …

30 Oct 2013 Ian-Woo Kim (CERN)

Welcome to fork!

● http://www.github.com/hep-platform/evchain

● http://www.github.com/hep-platform

● http://www.github.com/wavewave
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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
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Table 5: Summary of the in situ LCW+JES jet energy scale systematic uncertainties for di↵erent pjet
T

and |⌘| values for anti-kt jets with R = 0.4. These values do not include pile-up, flavour or topology
uncertainties.

|⌘| region Fractional JES uncertainty
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T

= 20 GeV pjet
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= 40 GeV pjet
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= 200 GeV pjet
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|⌘| = 0.5 2.5% 1.2% 0.8% 1.3% 3.2%
|⌘| = 1.0 2.6% 1.4% 1.1% 1.3% 3.2%
|⌘| = 1.5 3.1% 2.1% 1.7% 1.4% 3.3%
|⌘| = 2.0 3.9% 2.9% 2.6% 1.8%
|⌘| = 2.5 4.6% 3.9% 3.4%
|⌘| = 3.0 5.2% 4.6% 3.9%
|⌘| = 3.5 5.8% 5.2% 4.5%
|⌘| = 4.0 6.2% 5.5% 5.1%

Table 6: Summary of the in situ EM+JES jet energy scale systematic uncertainties for di↵erent pjet
T

and |⌘| values for anti-kt jets with R = 0.6. These values do not include pile-up, flavour or topology
uncertainties.
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|⌘| = 4.0 5.9% 4.8% 4.6%
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Similar Projects
• There are several programs/ideas on the market

CheckMATE:
M.Drees, H.Dreiner, J.S.Kim, D.Schmeier, J.Tattersall, 2013

MadAnalysis 5: E.Conte, B.Fuks, G.Serret, 2012a general event analysis code

a tool to test a generic BSM point agains ATLAS/CMS results



• In the standard procedure, testing model points requires time consuming 
MC simulations.  This is problematic when performing parameter scans. 

a

b

each point requires MC simulations

It is desirable to have a fast model testing method
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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.).

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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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.
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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
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Fastlim 1.0
available analyses

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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• Most 2013 ATLAS analyses are implemented (CMS analyses will be implemented soon). 

• Event generation was done using MadGraph 5.  The sample include up to extra 1 parton 
emission at ME level, matched to parton shower using MLM scheme. 

• ATOM is used for efficiency estimation.



Efficiency Tables

efficiencymN1mG error

• efficiency tables are standard text file.

• should be given for each signal region and each topology

• any 3rd party’s efficiency tables can be easily incorporated. 

global coordinating effort to 
generate efficiency maps and 
share  
https://indico.cern.ch/event/272303/

https://indico.cern.ch/event/272303/
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can include efficiency maps 
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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.

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. ATLAS CONF 2013 024 excludes MQ3 values from
⇠ 400 up to 750 GeV for µ <⇠ 250 GeV at the 95% CL. 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 par-
ticular 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
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Figure 10. Constraints from direct SUSY searches on the (mg̃,µ) plane. The other parameters are MU3 =

MD3 = 3000 GeV, tan � = 10 and 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). 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 G ! tT1 decay.

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
at the 95% CL.

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 gluino decays
(e.g. GbB1bN1 GtT1tN1 in the region slightly above the G ! tT1 threshold line, and e.g. GbB1bN1 GttN1

slightly below the line) become sizeable. One can see from Fig. 11(a) that the exclusions on the
gluino mass and the stop mass are roughly independent of each other. The gluino mass is excluded
up to 1280 GeV, almost independently of the stop massk. The most stringent constraint comes
from ATLAS CONF 2013 061. Near the G ! tT1 threshold line the exclusion is degraded because
Fastlim 1.0 does not include the topologies with asymmetric gluino decays, though the degradation
is only ⇠ 100 GeV on the gluino mass. The soft mass parameters for the third generation squarks are,
on the other hand, constrained up to 750 GeV. ATLAS CONF 2013 024 provides the strongest limit
in the region where mg̃ > 1.2 TeV, by excluding the stop production processes independently of the
gluino mass.

In Fig. 12, we show the tan � dependence on the MQ3 limit. In this parameter plane, the cross
section coverage is ⇠ 100% across the parameter space. The other parameters are fixed as µ =

kHere (and more generally in the discussion of the plots in this section) the exclusion refers to the 95% CL exclusion
given by the analysis that is most sensitive in that region.
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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.

(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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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 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.

A similar but di↵erent approach has recently been taken and implemented in [58]. In this approach,
one checks if the model contains the event topologies on which the cross section upper limit is reported
by the experimental collaborations. If such event topologies are found, the program calculates the cross
section time branching ratios for those topologies and if one of them exceeds the experimental upper
limit, it declares the model is excluded. This method provides generally weaker (but more conservative)
limits compared to our approach since the exclusion is made essentially from a single event topology
and no recasting for topologies not covered by the experiments is performed.

To implement our visible cross section reconstruction method, we have introduced a minimal and
intuitive naming scheme for the event topology, which can also be conveniently used as a directory
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Natural SUSY limit: 1402.0492 

can study exclusion limits 
on a laptop computer!



Summary
ATOM: a tool to calculate efficiencies  
(input = event file,  output = efficiencies, histograms, objects momenta) 

Fastlim: a tool to test a BSM model point without MC simulation  
(input = SLHA file,  output = exclusion p-value, σ BR for possible topologies) 

✤ Application
excess in data: - can study which new physics models can fit the observed excess

no excess in data: - can study constraints on the BSM parameter space

for experimentalists: - for various quick checks:  

(look for blind spots in the current analyses coverage)

‣ quick implementation of a new analysis 
‣when designing a new search, check and make sure the existing 

searches are not sensitive to the target region to be searched for 
etc…demonstration



Backup
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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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Figure 10. Constraints from direct SUSY searches on the (mg̃,µ) plane. The other parameters are MU3 =

MD3 = 3000 GeV, tan � = 10 and 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). 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 G ! tT1 decay.

gluino decays (e.g. GbB1bN1 GtT1tN1 in the region slightly above the G ! tT1 threshold line, and
e.g. GbB1bN1 GttN1 slightly below the line) become sizeable. One can see from Fig. 11(a) that the
exclusions on the gluino mass and the stop mass are roughly independent of each other. The gluino
mass is excluded up to 1280 GeV, almost independently of the stop mass. The most stringent con-
straint comes from ATLAS CONF 2013 061. Near the G ! tT1 threshold line the exclusion is de-
graded because Fastlim 1.0 does not include the topologies with asymmetric gluino decays, though
the degradation is only ⇠ 100 GeV on the gluino mass. The soft mass parameters for the third gener-
ation squarks are, on the other hand, constrained up to 750 GeV. ATLAS CONF 2013 024 provides
the strongest limit in the region where mg̃ > 1.2 TeV, by excluding the stop production processes
independently of the gluino mass.

In Fig. 12, we show the tan � dependence on the MQ3 limit. In this parameter plane, the cross
section coverage is ⇠ 100% across the parameter space. The other parameters are fixed as µ =
200 GeV, Xt = 0 and MU3 = mg̃ = 3 TeV. This parameter plane intersects that of Fig. 9(a) at
µ = 200 GeV, tan � = 10. The gap observed in Fig. 9(a) around MQ3 ' 400 GeV, µ = 200 GeV
is also seen here. The size of tan � a↵ects the branching fractions of the T1 ! bN1 and B1 ! bN1

modes since these decays are dictated by the bottom Yukawa coupling. From tan � = 10 to 50,
Br(B1 ! bN1) changes from 0% to 28% (for MQ3 ' 500 GeV). Because of this e↵ect, the constraint
from ATLAS CONF 2013 053 gets stronger, whilst that from ATLAS CONF 2013 024 gets weaker as
tan � increases. Consequently, the gap is closed for tan � >⇠ 40. In the large MQ3 region, the strongest
limit comes from ATLAS CONF 2013 024 which is designed for T1 ! tN1 modes. By varying tan �

from 10 to 50, the MQ3 limit changes from 750 GeV to 620 GeV.

We finally show the exclusion on the (At, (M2
U3

+ M2
Q3

)1/2) parameter plane in Fig. 13. In this
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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.

(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.

– 19 –

(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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Truncation of soft decays 
• If there are two BSM particles with similar masses, the decays involving these 

particles produce very low pT SM particles, which do not have impact on the SR 
efficiency.  In this case, such decays can be truncated and the topology can be 
redefined as a shorter topology.

G→btC1→qqN1

degenerate

soft

GbtN1
note: this introduces topologies as if EM charge is 
not conserved.

• This technique is particularly useful for the wino or higgsino LSP cases.



sparticle A1 → sparticle A2 → …

sparticle B1 → sparticle B2 → …

• If R-parity is (approximately) conserved, the SUSY events can be identified by 
tracing the two decay chains:

Definition of topology



• If R-parity is (approximately) conserved, the SUSY events can be identified by 
tracing the two decay chains:

sparticle A1 → sparticle A2 → …

sparticle B1 → sparticle B2 → …

R even g gam, z, w, h q t b e, m, ta n

R odd G N1,…,N4, C1,C2 Q T1, T2 B1, B2 E, M, TAU NU, NUT

• It is convenient to introduce the particle names that manifestly distinguishes 
R-odd and R-even states.

Definition of topology



R even g gam, z, w, h q t b e, m, ta n

R odd G N1,…,N4, C1,C2 Q T1, T2 B1, B2 E, M, TAU NU, NUT

SM gl gam, z, w, h0, h2, h3, hpm q t b e, mu, tau nu

SUSY G N1, .., N4, C1, C2 Q T1, T2 B1, B2 SE,SMU,TAU1,TAU2 SNU, NUT

Assigning strings to SMs
• Strings should be as simple, clear and intuitive as possible
• Strings should unambiguously identify simplified topology and irreducible 

G

G

C1
w

p

p

q q q
q

q q

N1

N1

G

G

t b

C1
w

N1

N1

q q

}
}

GbtC1wN1

GqqN1

alphabetic order

GbtC1wN1_GqqN1

alphabetic order

Fastlim’s naming scheme:

can define unique string-- topology name --

Figure 2. The naming scheme for the event topology.

particles and anti-particles. This specification is not necessary for our purpose as long as CP is con-
served, since the branching ratio is then the same for a process and its CP conjugate. The production
cross sections are, on the other hand, di↵erent among those processes because the initial pp state at
the LHC is not CP invariant. The ratio of the cross sections is however fixed once the masses of the
produced SUSY particles are given. Consider, for example, pp ! d̃ũ⇤ and pp ! d̃⇤ũ. The productions
are governed by QCD and the cross sections are fully determined by the masses of ũ and d̃. The ratio
�(d̃ũ⇤)/�(d̃⇤ũ) is therefore fixed if the masses are specified. This means that for each grid point of
the e�ciency table the ratio between a process and its CP conjugation process is correctly taken into
account and is independent of the other parameters. Therefore, the charge of the particle does not
need to be specified in the event topology for our purpose. Finally, we also do not yet distinguish
between light (s)quark flavors, see however [20].

4 The Output

Users can obtain information on the results at various levels of detail. If the program is executed in
the single-model-point input mode (e.g. by ./fastlim.py slha files/testspectrum.slha), a short
summary of the results is displayed on the screen. An example of the display output is shown in Fig. 3.
The first piece of information provided is how much of the total cross section is covered by the im-
plemented event topologies. If the cross section of the implemented topologies is substantially smaller
than the total SUSY cross section, the limit can be significantly underestimated. This information is
given at the beginning of the display output (See Fig. 3). Below the cross section information, the
exclusion measures, R(a) ⌘ N

(a)
SUSY/NUL, are given for all the signal regions. The analysis name, the

centre of mass energy, the integrated luminosity Lint and the name of signal region are also shown in
each line. The CLs value is only displayed if |R(a) � 1| < 0.1 in the default setup. If R(a) > 1, the
signal region a excludes the model point at the 95% CL. In that case, the tag “<== Exclude” appears
in the end of the line of that signal region.

For more detailed information, the program also creates the output file, fastlim.out. The first
half of an example output file is shown in Fig. 4. First, the cross section for each production mode is
given. Secondly, the list of cross sections (or production cross section times branching ratios) for the
relevant event topologies is provided. This list is sorted from the largest cross section to the smallest
one. The rate with which this process contributes to the total cross section and the accumulated rate
up to the topology looked at are also shown. If the e�ciency table for a certain event topology is
implemented, the tag “<== Implemented” appears.

The other half of the output is shown in Fig. 5. In this part the detailed information on the analysis
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R-odd and R-even states.
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particles and anti-particles. This specification is not necessary for our purpose as long as CP is con-
served, since the branching ratio is then the same for a process and its CP conjugate. The production
cross sections are, on the other hand, di↵erent among those processes because the initial pp state at
the LHC is not CP invariant. The ratio of the cross sections is however fixed once the masses of the
produced SUSY particles are given. Consider, for example, pp ! d̃ũ⇤ and pp ! d̃⇤ũ. The productions
are governed by QCD and the cross sections are fully determined by the masses of ũ and d̃. The ratio
�(d̃ũ⇤)/�(d̃⇤ũ) is therefore fixed if the masses are specified. This means that for each grid point of
the e�ciency table the ratio between a process and its CP conjugation process is correctly taken into
account and is independent of the other parameters. Therefore, the charge of the particle does not
need to be specified in the event topology for our purpose. Finally, we also do not yet distinguish
between light (s)quark flavors, see however [20].

4 The Output

Users can obtain information on the results at various levels of detail. If the program is executed in
the single-model-point input mode (e.g. by ./fastlim.py slha files/testspectrum.slha), a short
summary of the results is displayed on the screen. An example of the display output is shown in Fig. 3.
The first piece of information provided is how much of the total cross section is covered by the im-
plemented event topologies. If the cross section of the implemented topologies is substantially smaller
than the total SUSY cross section, the limit can be significantly underestimated. This information is
given at the beginning of the display output (See Fig. 3). Below the cross section information, the
exclusion measures, R(a) ⌘ N

(a)
SUSY/NUL, are given for all the signal regions. The analysis name, the

centre of mass energy, the integrated luminosity Lint and the name of signal region are also shown in
each line. The CLs value is only displayed if |R(a) � 1| < 0.1 in the default setup. If R(a) > 1, the
signal region a excludes the model point at the 95% CL. In that case, the tag “<== Exclude” appears
in the end of the line of that signal region.

For more detailed information, the program also creates the output file, fastlim.out. The first
half of an example output file is shown in Fig. 4. First, the cross section for each production mode is
given. Secondly, the list of cross sections (or production cross section times branching ratios) for the
relevant event topologies is provided. This list is sorted from the largest cross section to the smallest
one. The rate with which this process contributes to the total cross section and the accumulated rate
up to the topology looked at are also shown. If the e�ciency table for a certain event topology is
implemented, the tag “<== Implemented” appears.

The other half of the output is shown in Fig. 5. In this part the detailed information on the analysis
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• It is convenient to introduce the particle names that manifestly distinguishes 
R-odd and R-even states.
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particles and anti-particles. This specification is not necessary for our purpose as long as CP is con-
served, since the branching ratio is then the same for a process and its CP conjugate. The production
cross sections are, on the other hand, di↵erent among those processes because the initial pp state at
the LHC is not CP invariant. The ratio of the cross sections is however fixed once the masses of the
produced SUSY particles are given. Consider, for example, pp ! d̃ũ⇤ and pp ! d̃⇤ũ. The productions
are governed by QCD and the cross sections are fully determined by the masses of ũ and d̃. The ratio
�(d̃ũ⇤)/�(d̃⇤ũ) is therefore fixed if the masses are specified. This means that for each grid point of
the e�ciency table the ratio between a process and its CP conjugation process is correctly taken into
account and is independent of the other parameters. Therefore, the charge of the particle does not
need to be specified in the event topology for our purpose. Finally, we also do not yet distinguish
between light (s)quark flavors, see however [20].

4 The Output

Users can obtain information on the results at various levels of detail. If the program is executed in
the single-model-point input mode (e.g. by ./fastlim.py slha files/testspectrum.slha), a short
summary of the results is displayed on the screen. An example of the display output is shown in Fig. 3.
The first piece of information provided is how much of the total cross section is covered by the im-
plemented event topologies. If the cross section of the implemented topologies is substantially smaller
than the total SUSY cross section, the limit can be significantly underestimated. This information is
given at the beginning of the display output (See Fig. 3). Below the cross section information, the
exclusion measures, R(a) ⌘ N

(a)
SUSY/NUL, are given for all the signal regions. The analysis name, the

centre of mass energy, the integrated luminosity Lint and the name of signal region are also shown in
each line. The CLs value is only displayed if |R(a) � 1| < 0.1 in the default setup. If R(a) > 1, the
signal region a excludes the model point at the 95% CL. In that case, the tag “<== Exclude” appears
in the end of the line of that signal region.

For more detailed information, the program also creates the output file, fastlim.out. The first
half of an example output file is shown in Fig. 4. First, the cross section for each production mode is
given. Secondly, the list of cross sections (or production cross section times branching ratios) for the
relevant event topologies is provided. This list is sorted from the largest cross section to the smallest
one. The rate with which this process contributes to the total cross section and the accumulated rate
up to the topology looked at are also shown. If the e�ciency table for a certain event topology is
implemented, the tag “<== Implemented” appears.

The other half of the output is shown in Fig. 5. In this part the detailed information on the analysis
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are governed by QCD and the cross sections are fully determined by the masses of ũ and d̃. The ratio
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the e�ciency table the ratio between a process and its CP conjugation process is correctly taken into
account and is independent of the other parameters. Therefore, the charge of the particle does not
need to be specified in the event topology for our purpose. Finally, we also do not yet distinguish
between light (s)quark flavors, see however [20].

4 The Output

Users can obtain information on the results at various levels of detail. If the program is executed in
the single-model-point input mode (e.g. by ./fastlim.py slha files/testspectrum.slha), a short
summary of the results is displayed on the screen. An example of the display output is shown in Fig. 3.
The first piece of information provided is how much of the total cross section is covered by the im-
plemented event topologies. If the cross section of the implemented topologies is substantially smaller
than the total SUSY cross section, the limit can be significantly underestimated. This information is
given at the beginning of the display output (See Fig. 3). Below the cross section information, the
exclusion measures, R(a) ⌘ N
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centre of mass energy, the integrated luminosity Lint and the name of signal region are also shown in
each line. The CLs value is only displayed if |R(a) � 1| < 0.1 in the default setup. If R(a) > 1, the
signal region a excludes the model point at the 95% CL. In that case, the tag “<== Exclude” appears
in the end of the line of that signal region.

For more detailed information, the program also creates the output file, fastlim.out. The first
half of an example output file is shown in Fig. 4. First, the cross section for each production mode is
given. Secondly, the list of cross sections (or production cross section times branching ratios) for the
relevant event topologies is provided. This list is sorted from the largest cross section to the smallest
one. The rate with which this process contributes to the total cross section and the accumulated rate
up to the topology looked at are also shown. If the e�ciency table for a certain event topology is
implemented, the tag “<== Implemented” appears.

The other half of the output is shown in Fig. 5. In this part the detailed information on the analysis
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• We do not specify the decay of SM particles.  SM decays are fixed and model 
independent.  

• We do not specify the charge (or particle <> anti-particle).  The event ratio 
between a process and its CP conjugated process is model independent as long 
as CP is conserved. 

From the minimality requirement 
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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.
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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

4


