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In principle:

Different points in parameter space → Different weighing between simplified topologies
           b/c of different xsecs and BRs

Useful approach for large parameter scans!
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• We propose a new approach to estimate NSUSY

Key Idea: to reconstruct NSUSY using simplified model processes  
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.

2.2 The Method

We start by rewriting N
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SUSY. The SUSY contribution can be expressed as the sum of the contributions

of all event topologies,
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where ✏
(a)
i is the e�ciency for topology i, which can be calculated in the same way as in Eq. (2.2) but

using the events with topology i exclusively. The definition of the event topologies will be illustrated
in the example below and is further clarified in Section 3. The cross section for topology i, �i, can be
written by the product of the production cross section and the branching ratios for the decay chains.
The visible cross section, �
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Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].
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e↵ects into account, in which well validated analyses are already implemented together with the
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e↵ects into account, in which well validated analyses are already implemented together with the
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Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
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simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
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e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
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to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
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simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
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e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
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generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.
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There are several stages in this calculation. First, SUSY events should be generated using event
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This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
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is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
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This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
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e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
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generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.

2.2 The Method

We start by rewriting N
(a)
SUSY. The SUSY contribution can be expressed as the sum of the contributions

of all event topologies,

N
(a)
SUSY =

all topologiesX

i

✏
(a)
i · �i · Lint, (2.3)

where ✏
(a)
i is the e�ciency for topology i, which can be calculated in the same way as in Eq. (2.2) but

using the events with topology i exclusively. The definition of the event topologies will be illustrated
in the example below and is further clarified in Section 3. The cross section for topology i, �i, can be
written by the product of the production cross section and the branching ratios for the decay chains.
The visible cross section, �

(a)
vis ⌘ N

(a)
SUSY/Lint, can be written as, for instance

�
(a)
vis =

✏
(a)

g̃!qq�̃0
1:g̃!qq�̃0

1
(mg̃, m�̃0

1
) · �g̃g̃(mg̃, mq̃) · (BRg̃!qq�̃0

1
)2 +

✏
(a)

q̃!q�̃0
1:q̃!q�̃0

1
(mq̃, m�̃0

1
) · �q̃q̃(mg̃, mq̃) · (BRq̃!q�̃0

1
)2 +

✏
(a)

g̃!qq�̃0
1:q̃!q�̃0

1
(mg̃, mq̃, m�̃0

1
) · �g̃q̃(mg̃, mq̃) · 2 · BRg̃!qq�̃0

1
· BRq̃!q�̃0

1
+

· · · . (2.4)

Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].

– 4 –

There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
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This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
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e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
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This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
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generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.
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There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
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and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.

2.2 The Method

We start by rewriting N
(a)
SUSY. The SUSY contribution can be expressed as the sum of the contributions

of all event topologies,

N
(a)
SUSY =

all topologiesX

i

✏
(a)
i · �i · Lint, (2.3)

where ✏
(a)
i is the e�ciency for topology i, which can be calculated in the same way as in Eq. (2.2) but

using the events with topology i exclusively. The definition of the event topologies will be illustrated
in the example below and is further clarified in Section 3. The cross section for topology i, �i, can be
written by the product of the production cross section and the branching ratios for the decay chains.
The visible cross section, �

(a)
vis ⌘ N

(a)
SUSY/Lint, can be written as, for instance

�
(a)
vis =

✏
(a)

g̃!qq�̃0
1:g̃!qq�̃0

1
(mg̃, m�̃0

1
) · �g̃g̃(mg̃, mq̃) · (BRg̃!qq�̃0

1
)2 +

✏
(a)

q̃!q�̃0
1:q̃!q�̃0

1
(mq̃, m�̃0

1
) · �q̃q̃(mg̃, mq̃) · (BRq̃!q�̃0

1
)2 +

✏
(a)

g̃!qq�̃0
1:q̃!q�̃0

1
(mg̃, mq̃, m�̃0

1
) · �g̃q̃(mg̃, mq̃) · 2 · BRg̃!qq�̃0

1
· BRq̃!q�̃0

1
+

· · · . (2.4)

Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].

– 4 –

There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.

2.2 The Method

We start by rewriting N
(a)
SUSY. The SUSY contribution can be expressed as the sum of the contributions

of all event topologies,

N
(a)
SUSY =

all topologiesX

i

✏
(a)
i · �i · Lint, (2.3)

where ✏
(a)
i is the e�ciency for topology i, which can be calculated in the same way as in Eq. (2.2) but

using the events with topology i exclusively. The definition of the event topologies will be illustrated
in the example below and is further clarified in Section 3. The cross section for topology i, �i, can be
written by the product of the production cross section and the branching ratios for the decay chains.
The visible cross section, �

(a)
vis ⌘ N

(a)
SUSY/Lint, can be written as, for instance

�
(a)
vis =

✏
(a)

g̃!qq�̃0
1:g̃!qq�̃0

1
(mg̃, m�̃0

1
) · �g̃g̃(mg̃, mq̃) · (BRg̃!qq�̃0

1
)2 +

✏
(a)

q̃!q�̃0
1:q̃!q�̃0

1
(mq̃, m�̃0

1
) · �q̃q̃(mg̃, mq̃) · (BRq̃!q�̃0

1
)2 +

✏
(a)

g̃!qq�̃0
1:q̃!q�̃0

1
(mg̃, mq̃, m�̃0

1
) · �g̃q̃(mg̃, mq̃) · 2 · BRg̃!qq�̃0

1
· BRq̃!q�̃0

1
+

· · · . (2.4)

Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].

– 4 –

There are several stages in this calculation. First, SUSY events should be generated using event
generators (e.g. Herwig [11, 12], Pythia [13, 14] and MadGraph [15]). The event sample is then passed
to fast detector simulation codes (e.g. Delphes [16] and PGS [17]) which should be tuned beforehand
to correctly reproduce the detector response and object reconstruction criteria for a given analysis.
Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
Eq. (2.2) using the detector level events.

This method is generic and applicable to any model. However, one has to tune the detector
simulation and define the reconstructed objects (often on a per analysis basis), mock-up the analyses
and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
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Finally signal region cuts must be implemented, and the e�ciency is then estimated according to
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and validate the codes in some way. This task becomes increasingly di�cult as the analyses become
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e↵ects into account, in which well validated analyses are already implemented together with the
appropriate detector setups. Along this lines, ATOM [18] has been developed and already applied to
some studies [19, 20].† ATOM also plays a crucial role in developing Fastlim version 1.0 as we will
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2.2 The Method

We start by rewriting N
(a)
SUSY. The SUSY contribution can be expressed as the sum of the contributions

of all event topologies,

N
(a)
SUSY =

all topologiesX

i

✏
(a)
i · �i · Lint, (2.3)

where ✏
(a)
i is the e�ciency for topology i, which can be calculated in the same way as in Eq. (2.2) but

using the events with topology i exclusively. The definition of the event topologies will be illustrated
in the example below and is further clarified in Section 3. The cross section for topology i, �i, can be
written by the product of the production cross section and the branching ratios for the decay chains.
The visible cross section, �

(a)
vis ⌘ N

(a)
SUSY/Lint, can be written as, for instance

�
(a)
vis =

✏
(a)

g̃!qq�̃0
1:g̃!qq�̃0

1
(mg̃, m�̃0

1
) · �g̃g̃(mg̃, mq̃) · (BRg̃!qq�̃0

1
)2 +

✏
(a)

q̃!q�̃0
1:q̃!q�̃0

1
(mq̃, m�̃0

1
) · �q̃q̃(mg̃, mq̃) · (BRq̃!q�̃0

1
)2 +

✏
(a)

g̃!qq�̃0
1:q̃!q�̃0

1
(mg̃, mq̃, m�̃0

1
) · �g̃q̃(mg̃, mq̃) · 2 · BRg̃!qq�̃0

1
· BRq̃!q�̃0

1
+

· · · . (2.4)

Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].

– 4 –
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Recasting with SMS - Recipe
❖ Tabulate efficiencies for simplified topologies once and for all for each 

experimental analysis

❖ Tabulate cross sections once and for all for each production channel

❖ Parameter scan: 

❖ for each point in parameter space compute only spectrum and 
branching ratios / mixing matrices (SLHA File) (e.g. with SUSYHit, 
SoftSUSY, SDECAY, Spheno, …)

❖ combine SLHA info with pre-tabulated info and get limit on the fly
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Figure 1. The structure of the program.

inclusive enough to be not too sensitive to these e↵ects. In Eq. (2.4), the masses relevant to the
e�ciencies explicitly appear in the brackets.

If the decay chains in the topology i are su�ciency short, the ✏
(a)
i may depend only on two

or three mass parameters. For such topologies, one can pre-calculate the ✏
(a)
i (mi) for every grid

point in the parameter space, mi = {m
(1)
i , m

(2)
i , · · · }, and tabulate its values. Once such tables

are available, one can obtain the ✏
(a)
i by interpolation and then reconstruct the visible cross section

according to Eq. (2.4) without the need of carrying out a MC simulation again. In practice, due to
the “curse of dimensionality”, it is computationally feasible to generate the e�ciency tables currently
only for topologies with two or three di↵erent SUSY particles‡. Therefore, some of the topologies
may be neglected from the formula (2.4) and in this case the reconstructed visible cross section
is underestimated. This means the derived limit is conservative. The detailed information on the
currently available e�ciency tables is given in Section 5 and 7. Additional tables are currently being
produced and once available can be downloaded from the Fastlim website (http://cern.ch/fastlim).

Similarly to the pre-calculated ✏
(a)
i , the program contains cross section tables for the various

production modes. The cross section is obtained by interpolating the tables during the reconstruction
of the visible cross sections. More details on the cross section calculation is given in Section 5.

2.3 The Calculation Procedure

The calculation procedure is as follows:

‡In certain cases, topologies with more than three SUSY particles may be approximated by two or three dimensional
topologies, as described in Section 6.

– 5 –

https://fastlim.web.cern.ch

http://fastlim.web.cern.ch


Pros & Cons

🙂 Missing topologies → lower yields → exclusions always 
conservative

🙂 Fast: <1sec per point

☹ Only efficiencies for  1-,2-step (and some of the 3-step) topologies 
can be practically tabulated (2D, 3D grids) → no long decay chains

😐 Easy to estimate coverage:

☹ Approximations: NWA, no chirality/spin correlations                  
(→ O(20%) uncert’)
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more elaborate and their number and the number of signal regions increases. One of the solutions to
this problem would be to develop a program that automatically evaluates e�ciencies taking detector
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see in Section 7. Another issue is the computation time. Even if the e�ciencies were automatically
calculated, the whole process, including event generation and e�ciency evaluation, can easily take
tens of minutes to an hour per model point. This becomes a crucial problem when a parameter scan
is performed, requiring large computing facilities. To overcome this problem, leveraging on the idea
of simplified topologies, we take a di↵erent approach, which is described in the next subsection.
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Unlike the ✏(a), the ✏i do not depend on all SUSY parameters but only on the masses and couplings of
the particles appearing in the topology i. Moreover, the dependence of the e�ciency on the couplings
is usually small [1]. This is because the couplings only modify angular distributions of the final state
particles and hardly alter the hardness of the final state objects. Current LHC searches are still

†Similar programs have been put forward [21, 22]. A framework based on the calculation of e�ciencies by the
experimental collaborations has been presented in [23].
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which must be given in the Supersymmetry Les Houches Accord (SLHA) [7] format. The running time
is between a couple of seconds and about a half minute depending on the model point and the CPU
speed.

1.3 A Quick Start

After the installation (for the guide, see Appendix A), the program can be executed by

./fastlim.py slha_files/testspectrum.slha

where testspectrum.slha is a sample SLHA spectrum file, which can be found in the slha files direc-
tory. A short summary of the results will be displayed on the screen and the output file fastlim.out
will be created. If users want to run multiple spectrum files placed under slha files, the preferred
way is via the command

./ScanPoints.py slha_files/* ScanOutput

In this case, the output files will be created and stored in the ScanOutput directory.

1.4 Layout

The rest of the paper is organised as follows: the next section describes the method and the calculation
procedure of the program. In Section 3, the definition of the event topologies and our nomenclature
for their identification are given. Section 4 explains the output files, in which the users can find the
constraints set by the direct SUSY searches on the input model. Several useful approximations are
introduced in Section 6, which can be used to enhance the performance of the program when there
is a mass degeneracy in the spectrum. Section 7 provides the detailed information on version 1.0. In
Section 8, we study the direct SUSY search constraints on the natural SUSY models using Fastlim 1.0.
Section 9 is dedicated to the summary and future developments.

2 Methodology

2.1 The Traditional “Recasting” Approach

In a cut-and-count based analysis, experimentalists define several sets of selection cuts, called signal

regions, where the SM events are suppressed whilst the signal events are enhanced. One can test
any SUSY model by confronting the predicted events by the theory (the sum of the SM and SUSY
contributions) with the observed data in the signal regions. The SUSY contribution to the signal
region a, N

(a)
SUSY, can be written as

N
(a)
SUSY = ✏(a) · �SUSY · Lint, (2.1)

where ✏(a) is the e�ciency for the signal region a, �SUSY is the inclusive SUSY cross section and Lint is
the integrated luminosity used in the analysis. The e�ciency and the cross section depend in general
on the whole sparticle mass spectrum and couplings. The SUSY cross section is calculable based on
the factorisation theorem and the Feynman diagram approach. Several public tools are available to
calculate the total cross section beyond leading order [8–10]. One estimates the e�ciency with a MC
simulation, according to

✏(a) = lim
NMC!1

# of events falling in signal region a

# of generated events
. (2.2)
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Fastlim

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

---------- Cross Section ----------

Ecm Total Implemented Coverage

8TeV 750.049fb 559.215fb 74.56%

-------------------------------------------------------------------------------------------

Analysis E/TeV L*fb Signal Region: Nev/N_UL CLs

-------------------------------------------------------------------------------------------

ATLAS_CONF_2013_047 8 20.3 A Loose: 1.0771 0.0498 <== Exclude

ATLAS_CONF_2013_047 8 20.3 A Medium: 0.4211 --

ATLAS_CONF_2013_047 8 20.3 B Medium: 1.2380 -- <== Exclude

ATLAS_CONF_2013_047 8 20.3 B Tight: 0.0639 --

ATLAS_CONF_2013_047 8 20.3 C Medium: 4.4634 -- <== Exclude

ATLAS_CONF_2013_047 8 20.3 C Tight: 1.1229 -- <== Exclude

...

Figure 3. A display output.

##################################################

Branching Ratio x Cross Section @ 8 TeV

##################################################

--------------------------------------------------

Production: Xsec/fb Rate

Total: 750.049 100.00%

T1_T1: 91.441 12.19%

B1_B1: 119.231 15.89%

G_G: 481.097 64.14%

T2_T2: 58.281 7.77%

--------------------------------------------------

Output processes upto 0.5%

Process: Br*Xsec/fb Rate Accum

GbB1tN1_GbB1tN1: 238.16703 31.75% 31.75% <== Implemented

GbB1tN1_GtT1tN1: 177.01613 23.60% 55.35%

B1tN1_B1tN1: 111.58518 14.88% 70.23% <== Implemented

T1tN1_T1tN1: 84.06936 11.21% 81.44% <== Implemented

...

Figure 4. The section dedicated to the cross section times branching ratio in the output file, fastlim.out.

and the constraints can be found. The results, divided into sections, are given for each analysis. Each
section starts with the general information, providing a short description of the analysis as well as the
web-link to the corresponding paper/note, the centre of mass energy and the integrated luminosity.
Subsequently, a summary for each signal region is presented. It provides the name of the signal region,
the number of observed events, Nobs, the expected number of SM background events, Nbg, and the
95% CL upper limit on the SUSY contribution, Nvis UL[observed]. Below this information, the list of
contributions of each event topology to the signal region is reported. The event topologies are sorted
in descending order from the one with the largest contribution to the smallest one. The contributions
to the exclusion measure, R[obs] (=Nev/Nvis UL[observed]), are also given.
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• No event generation is required.
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and the constraints can be found. The results, divided into sections, are given for each analysis. Each
section starts with the general information, providing a short description of the analysis as well as the
web-link to the corresponding paper/note, the centre of mass energy and the integrated luminosity.
Subsequently, a summary for each signal region is presented. It provides the name of the signal region,
the number of observed events, Nobs, the expected number of SM background events, Nbg, and the
95% CL upper limit on the SUSY contribution, Nvis UL[observed]. Below this information, the list of
contributions of each event topology to the signal region is reported. The event topologies are sorted
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Fastlim

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

############################################################

Analyses Details

############################################################

------------------------------------------------------------

[ATLAS_CONF_2013_047]

0 leptons + 2-6 jets + Etmiss [squarks & gluinos] at 8TeV with $20.3fb^{-1}$

http://cds.cern.ch/record/1547563

Ecm/TeV = 8

lumi*fb = 20.3

#---- E Medium ----#

Nobs: 41

Nbg: 30.0(8.0)

Nvis_UL[observed]: 28.6

Process Nev R[obs]

Total 189.7060 6.6277 <== Exclude

GbB1tN1_GbB1tN1 146.4262 5.1157

GtT1tN1_GtT1tN1 14.5884 0.5097

GbB1bN1_GbB1tN1 9.9914 0.3491

T1tN1_T1tN1 6.3902 0.2233

B1tN1_B1tN1 6.2758 0.2193

T2bN1_T2tN1 1.9137 0.0669

...

Figure 5. The section dedicated to the information on the analyses and event topology contribution to the

signal region in the output file, fastlim.out.

5 The Numerical Tables

The e�ciency and cross section tables are provided in the form of a standard text file so that new
tables can be added straightforwardly. In this section, we explain the conventions for the e�ciency
and cross section tables.

5.1 The E�ciency Tables

The e�ciency table file should be given for each event topology and signal region. Two examples are
shown in Fig. 6. The header of the files describes a few remarks about the analysis and the signal
region. Below the header, each line provides the e�ciency and the MC error for the SUSY masses
specified at the beginning of the line from heavier to lighter. The e�ciency files are found for instance
in

efficiency_tables/GbbN1_GbbN1/8TeV/ATLAS_CONF_2013_047/...

The information about the grids can be directly found in the e�ciency table files. Although the
experimental collaborations have not provided their results of the signal e�ciencies for the 2013 SUSY
searches, we will include them in our program whenever they will become publicly available. The
e�ciency tables installed in Fastlim 1.0 are generated by us using MadGraph 5 and ATOM. More
detailed information is given in Section 7.

5.2 The Cross Section Tables

The cross section tables should be provided for each production mode and the centre of mass energy.
In Fastlim 1.0, g̃g̃, g̃q̃, q̃q̃ and q̃q̃⇤ cross sections and uncertainties are generated by NLL fast [9]
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❖ Cross sections for colored sparticles @ 7 and 8 TeV



Fastlim 1.0 (2014)

❖ Cross sections for colored sparticles @ 7 and 8 TeV

❖ Topologies involving 3rd generation:
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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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Fastlim 1.0 (2014)

❖ Cross sections for colored sparticles @ 7 and 8 TeV

❖ Topologies involving 3rd generation:

❖ 10 ATLAS 8TeV 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

– 13 –



Fastlim 2.0 (2017)

❖ Colored sparticles & Electroweakino cross sections for 
LHC Run I and II → EWKfast

❖ Efficiency grids publicly provided by the experiments

❖ New efficiency grids / new analyses → Atom



Electroweakino cross sections
❖ Fast EW Triplet+Doublet+Singlet(s) (N)MSSM cross sections:

❖ Use gauge eigenstates!

❖ Kinematics+PDF is encoded in the FI functions. Coefficients are just fixed 
functions of the mixing matrices (contained in the SLHA file)

❖ Various relations can be used to reduce number of FI functions

w/ E.Bagnaschi, K.Sakurai, A.Weiler, L.Zeune

q

q̄

Uia

Ujb

Uia e�i

e�j

B̃

/

W̃

/̃

h

u/̃
h

d

B̃

/

W̃

/

h̃

u
/

h̃

d

Figure 1: Diagram.

3.3 Factorization

The amplitude of the EWKino production can schematically be depicted as in Fig. 1, where e�i =�
e�0
i , e�⌥

i

�
is the mass eigenstate and Uia =

�
Nia, Via, Uia

�
is the component of the mixing matrices.

Since Uia provides the transformation rule from the gauge eigenstate e
 a to the mass eigenstate e�i

(see Eqs. (3.4) and (3.9)), the amplitude must be quadratic with respect to the components of the

mixing matrices, as can be seen in Fig. 1. The cross-section can therefore be written as
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The factorization is partly achieved since T̄I is analytically calculable and F̄I is purely kinematical

and depends only on the physical masses apart from meq. The interaction rules that are used in the

calculation of F̄I are given in terms of the gauge eigenstates I. Thus, F̄I does not depend explicitly

on the EWKino parameters, M1, M2, µ, tan�.

It is worthwhile to note that the factorization is still hold even if the initial state quarks are

dressed by gluons as shown in Fig. 1. This method is therefore applicable after including a higher

order QCD correction. However, if one wants to include the contribution of gluino loops, the

dependency of the gluino mass has to be introduced in F̄I , which we neglect in this paper. Similarly

the dependency on the third generation squark masses will be introduced in the 2-loop level. The

factorization Eq. (3.11) breaks down if the electroweak correction is introduced.

There are two issues in this formulation. First, the set of T̄ s given in Eq. (3.11) is not linearly

independent due to symmetries of the process or the interaction structure or the unitarity of the

mixing matrices. For such T̄ s, the determination of F̄I becomes not unique, which creates a tech-

nical di�culty to generate smooth maps of F̄I(me�i
, me�j

,meq) numerically. An independent set of

coe�cients is written as

TI =
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Electroweakino cross sections
❖ In the limit of decoupled gluinos:

❖ neutralino pair prod’: 5 functions

❖ chargino pair prod’: 6 functions for i=j, reduces to 3 functions for 
i≠j

❖ chargino neutralino prod’: 6 functions

❖ Total: 4 2D (ewk masses mi mj) + 13 3D grids (ewk masses mi mj + 
squark mass(es))

❖ Pre-tabulate using available tools (Prospino, Resummino, …)

❖ Very fast cross section computation: O(1sec) → easy to scan over full 
SUSY EW parameter space

w/ E.Bagnaschi, K.Sakurai, A.Weiler, L.Zeune
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Stand-alone package for cross-section calculation:

EWKfast 
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Atom 1.0 (2017)

❖ Reinterpretation of LHC results based on MC Event files as input

❖ Alternative to Rivet, Checkmate, MadAnalysis, etc. — why need 
another tool? Each tool has a different focus…

❖ Theorist-level recasting is intrinsically an (uncontrolled) extrapolation: 

w/ I.-W.Kim, K.Sakurai, A.Weiler
2010→2012 earlier collab. w/ C.Bauer, 
C.Vermillion, T.Volansky, D.Neuenfeld
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Recasting experimental analyses 101
Take search X setting limits for model A

Write code to mock up search X 
(not enough info → introduce approximations)

Generate events for model A, 
use them with mocked-up 

analysis, compare results with 
published experimental results 

Use mocked-up analysis 
with model B

Extract approximate limits of  
search X for model B

Validation (most time consuming part)

Extrapolation!!



❖ Reinterpretation of LHC results based on MC Event files as input

❖ Alternative to Rivet, Checkmate, MadAnalysis, etc. — why need another 
tool?

❖ This type of recasting is intrinsically an (uncontrolled) extrapolation: 

❖ modeling of detector/analysis procedure based on partial (folded) 
information on a given signal model to be used on different models

❖ Assessing/estimating reliability of extrapolation is as important as the 
result itself

❖ Moving forward in LHC program → more exotics signals investigated 
and potential problems will only get worse 

Atom 1.0 (2017) w/ I.-W.Kim, K.Sakurai, A.Weiler
earlier collab. w/ C.Bauer, C.Vermillion, T.Volansky, D.Neuenfeld



Atom 1.0 (2017)

❖ Goal of Atom: 

❖ provide reinterpretation results AND enough additional information to help 
user decide whether they can be trusted

❖ Multi-pronged approach:

❖ Full support for multiple event weights to assess theoretical uncertainties

❖ Simple (and efficient) way to run simultaneously different versions of an 
analysis differing by description of detector effects (no recompilation, 
aggressive caching for speed)

❖  Expandable (plug-in) system of warnings for detecting common situations 
invalidating the results

❖ strong cut sensitivity

❖ leakage of signal in control regions

❖ …

w/ I.-W.Kim, K.Sakurai, A.Weiler
earlier collab. w/ C.Bauer, C.Vermillion, T.Volansky, D.Neuenfeld



Warnings
❖ Sensitivity to cuts:                                                                                                   
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Atom for the user

❖ User provides a file with fully showered and hadronized signal events of the model 
under study (any format LHE, StdHep, HepMC,… + external weights OK)

❖ launch “atom” to set the various options, select the analyses & process the events. 3 
modes:
❖ batch (best for running on a cluster)
❖ command-line
❖ interactive (à la MadGraph5)

❖ Atom runs
❖ Output: files (text, pdf, …) containing plots, cut efficiencies, efficiencies of signal (and 

control) regions, cross sections, …
❖ Process the output with the provided tool to produce limits (for cut&count analyses), 

efficiency tables and plots, or
❖ Read the output files in Mathematica with the provided package for further processing

Typical workflow:



Atom for implementing new analyses
❖ User runs “atom-mkanalysis”, which collects all the available information 

online and creates the analysis files (HepData + CDS + Inspire + ATLAS,CMS public pages)

❖ User codes the behavior of the analysis (i.e. event selections, cuts, efficiency 
and histogram filling) in C++. High level building blocks (“Projections”) 
available for all the relevant objects and kinematic variables. If you know how 
to code a Rivet analysis you know how to code an Atom analysis.             
“atom-checksyntax” helps detecting common coding issues.

❖ User runs “atom-mkvalidation”, to set up a series of runs for validating the 
coded analysis against the experimental information publicly available (plots, 
cutflow tables, etc.). (Each analysis has a validation card encoding multiple validation runs)

❖ User generates the event files necessary for the validation runs

❖ User runs “atom-validate”. The validation runs are performed according to the 
validation cards and the comparisons summarized in a (LaTeX) pdf file. 



Atom Detector parameterizations
❖ Smearing + Efficiency functions applied directly to truth-level objects

❖ Functions specified in YaML data cards

❖ Support both grids and functional forms

❖ High granularity of detector description (per experiment per data taking period but can specified per-
analysis)

❖ Our card implementation strategy: try to use “as is” efficiency/smearing curves presented by experiments 
in object commissioning/performance papers whenever available (easier for ATLAS)

❖ Atom supports:

❖ Momentum smearing + identification efficiency for electron, muons, photons (both converted and 
unconverted), tracks, jets

❖ Jet tagging/rejection ROC curve for c-,b-,light jet separately,

❖ JES smearing, PU subtraction for jets

❖ Tau tagging/rejection (1- and 3- prong can be separated)

❖ MET smearing: correlated smearing with other objects + soft term

❖ Trigger turn-on curves



Atom features grab-bag
❖ Projection caching: not just “equal” projections but “less/more”, “truth/simulated” 

conditions used in caching + caching across different runs via serialization

❖ Split-merge of runs

❖ BSM reweighing

❖ Multi-threading*

❖ Preliminary support of long lived particles*

❖ On-the fly decay of particles based on contents of other input event files, PDG code 
substitutions, …

❖ All output information can be separated per hard process type (based on hard 
process ID)

❖ collection of bibliography associated to run (BibTeX)  

❖ library-mode for linking against external programs (API different from Rivet)
* under testing, not in v.1.0



Conclusions

❖ Fastlim: recasting via simplified models → fast and 
suitable for large parameter scans (mostly SUSY)

❖ EWKfast: fast evaluation of chargino/neutralino 
production cross sections (with uncert’) via 
interpolation grids

❖ Atom: recasting (and new analyses development) based 
on MC event files. 


