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Simplified Models
What are they good for? Are they good for things?? Let’s find out!
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FIG. 11. Exclusion contour at the 95% C.L. for mSUGRA with tan β = 3. The result from the DØ dilepton and LEP I
analyses are also shown.
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Figure 7: Observed and expected exclusion limits on the �̃0
2, �̃±1 and �̃0

1 masses in the context of SUSY scenarios
with simplified mass spectra for direct �̃+1 �̃

�
1 pair production using the two-lepton signal regions (a) and direct

�̃±1 �̃
0
2 production using the three-lepton signal regions (b). The contours of the band around the expected limit are

the ±1� results, including all uncertainties except theoretical uncertainties on the signal cross-section. The dotted
lines around the observed limit illustrate the change in the observed limit as the nominal signal cross-section is
scaled up and down by the theoretical uncertainty. All limits are computed at 95% CL. The observed limits obtained
from ATLAS during LHC Run I are also shown [19–21].

10 Conclusion

A search for the electroweak production of supersymmetric particles in events with exactly two- and
three-leptons and Emiss

T is presented. The analysis is performed with proton-proton collision data atp
s = 13 TeV collected with the ATLAS detector at the Large Hadron Collider corresponding to an

integrated luminosity of 13.3 fb�1. With no significant excess over the Standard Model expectation
observed, results are interpreted in the framework of simplified models featuring chargino and neutralino
production. The limits set by this search extend the previous ones set during the LHC Run I by 140 GeV
for the �̃+1 �̃

�
1 production and by 300 GeV for the case of �̃±1 �̃

0
2 production.
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• What does this search actually constrain? Needs a translator!
• What if I don’t care about mSUGRA?
• What if my sleptons are above LEP limit?
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the ±1� results, including all uncertainties except theoretical uncertainties on the signal cross-section. The dotted
lines around the observed limit illustrate the change in the observed limit as the nominal signal cross-section is
scaled up and down by the theoretical uncertainty. All limits are computed at 95% CL. The observed limits obtained
from ATLAS during LHC Run I are also shown [19–21].
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Simplified Models
What are they good for? Are they good for things?? Let’s find out!

1. Motivated by complete models

2. Clear & Minimal

3. Complementary exclusions

4. Reduces need for recasting

5. Highlight limitations in searches

Ideal simplified model does all – what should be prioritized for LLPs?
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Motivation
Motivated Simplified Models: tie into “motivated” models

LLPs

Gauge Mediation
Mini-split

Hidden Sectors

RPV

Neutrinos

Higgs Portal

Anomaly Mediation

But the LLP signature is motivation enough!

Motivation: useful for choosing a model, but don’t take too seriously
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Minimality

Minimal Simplified Models: few parameters, simple decay paths

Comes for free! Decay mode set by signal of interest. Parameters:

• LLP decay path
• cτLLP

• mLLP

• σ (may be set by Q# & mass)

• mprod

• Associated particles

Single production? Models more subtle, but same idea holds
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Figure 1. Collider signatures of displaced DM. (a) A pair of displaced vertices is observed with a single state

X produced at each vertex. (b) A pair of displaced vertices is observed with a collection of states X produced

at each vertex. In both cases the DM will typically carry away missing transverse energy, which is a smoking

gun for displaced DM production.

searches. In this approach, the simplified models for long-lived neutral particles will share the same

strengths and shortcomings as when applied to dark matter production.

On this latter point, although the simplified model approach has proven to be very useful to

perform a systematic and characterisation of DM searches at colliders, there are well-known limitations

to this framework that will also apply to the displaced vertices framework studied here. In particular,

comparing simplified models with more UV-complete models, if there are any signatures present in the

complete model as a result of the richer spectrum of states, such as cascade decays in SUSY scenarios,

then the simplified models strategy may miss signatures that turn out to be the most constraining. As

a result we would advocate the simplified models approach as complementary to the study of complete

models, but not as a comprehensive substitute.

2.2 Displaced Decay Models

While the DM simplified models economically describe the production of the long-lived state �2, we

must also describe its decays. To this end we must add at least one new degree of freedom, although

it may be desirable to add more. As noted, the usual DM candidate in simplified models, �, is now

identified as an excited dark sector state, �2. Therefore, we must add to the model the true stable

DM state �1. We will now describe how the decays of �2 may be modeled through explicit simplified

decay models or through an EFT framework, starting with the latter.

2.2.1 Decay EFT

By construction, any e↵ective theory includes the degrees of freedom considered relevant below some

cuto↵ scale, ⇤, and allows for all local operators consistent with the symmetries of the theory. Often

a single class of operators is considered in a specific process for economy. This e↵ective theory will

break down at scattering energies E & ⇤, which manifests itself through unitarity violation in scat-

tering amplitudes or, equivalently, by arbitrary operators of a larger dimension giving a comparable

contribution at this energy scale.

Let us consider the scenario where �1 is the only additional degree of freedom which is added to

the DM simplified model. We must introduce an additional coupling, g12, to �2 and SM states to

allow the decay �2 ! �1X. Here, X is a SM object, which could either be individual or multiple

– 4 –

Buchmueller, De Roeck, McCullough,
Hahn, Sung, Schwaller, Yu – TODAY

Single production? Models more subtle, but same idea holds
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Complementarity

Complementary Searches for Simplified Models

CMS dijet
ATLAS µ spect

LHC8 projection

charged stable

charge-strip
ped

ATLAS HCAL

g ! j j j  (RPV)~

prompt 3j resonance

Liu, Tweedie – 2015 JAE, Shelton – 2016

• Complementarity is good!

• Allows for comparison of search strengths and weaknesses!
• (and nice multi-search summary plots)
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Reinterpretations

Just the Data qqqq qqqq qqqqq qqqqqq qqqqqqq qqqqqqqqq qqqqqqqqqq qqqqqqqqqqq qqqqqqqqqqqqq qqqqqqqqqqqqqq qqqqqqqqqqqqqqq qqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqqqqq qqqqqqqqqqqqqqqqqqqqqqqqqqqqqq qqqqqqqqqqq qqqq qqqqqqqqqqq qqqqqqqqqqq All possible models

9

Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.

A Few Good Models

• Judicious choice of simplified models limits need to reinterpret!

• Shrink model space where educated guesses aren’t enough

• What choice is most valuable???
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Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.
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Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.
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Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.
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Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.

A Few Good Models

• Judicious choice of simplified models limits need to reinterpret!

• Shrink model space where educated guesses aren’t enough

• What choice is most valuable???
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Reinterpretations
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Table 2: Summary of the sources of uncertainties and their magnitudes. The third column
provides the changes in yields of signal and background induced by one s.d. changes in the
magnitude of uncertainties.

Source Magnitude (%) Effect on yield (%)
Integrated luminosity 2.7 2.7 ⇤

Limited MC sample sizes 1–100 1–100 ⇤

Jet energy scale 2–8 1–20 ⇤

b tagging efficiency 5–10 1–20 ⇤

Pileup 5 3 ⇤

Renormalization and factorization scales �50 / +100 11–13 (s) / 3–18 (A) (ttW,ttZ,ttH)
PDF — 2–3 (ttW,ttZ,ttH)
Other backgrounds 50 50 (rare processes, tribosons, etc.)

Lepton efficiencies 2 6 ⇤

Trigger efficiencies 3 3 ⇤

FastSim lepton efficiencies 3–10 3–10 FastSim signals
FastSim trigger efficiencies 5 5 FastSim signals

Tight-to-loose ratio control region statistical uncertainty 1–100 1–100 (non-prompt bkg. only)
Tight-to-loose ratio systematic uncertainty 30 30 (non-prompt bkg. only)
EW subtraction in tight-to-loose ratio 100 (ewk. SF) 1–5 (non-prompt bkg. only)
WZ control region normalization 15 15 (WZ only)
WZ extrapolation 10–30 2–30 (WZ only)
⇤ Applied to both signal and background simulation samples.

Table 3: Off-Z SRs: Comparison of observed event yields in data with predicted background
yields and expected signal yields for the T1tttt model for two mass hypotheses. The signal
hypotheses are characterized by the mass of the eg and of the ec0

1 in units of GeV.

Nb HT (GeV) pmiss
T (GeV) Predicted Observed

T1tttt T1tttt
SR (off-Z)

(meg=1000 GeV, mec0
1
=600 GeV) (meg=1150 GeV, mec0

1
=100 GeV)

0 b-tags

60-400
50-150 19.26+4.81

�4.80 18 0.23 ± 0.06 0.00 ± 0.00 SR 1

150-300 1.16+0.31
�0.20 4 0.14 ± 0.04 0.04 ± 0.01 SR 2

400-600
50-150 1.20+0.47

�0.40 3 0.05 ± 0.02 0.00 ± 0.00 SR 3

150-300 0.29+0.44
�0.09 0 0.06 ± 0.02 0.04 ± 0.01 SR 4

1 b-tags

60-400
50-150 16.57 ± 4.52 24 0.92 ± 0.20 0.03 ± 0.01 SR 5

150-300 2.32+0.80
�0.76 1 0.65 ± 0.14 0.07 ± 0.02 SR 6

400-600
50-150 0.67+0.45

�0.09 2 0.25 ± 0.06 0.04 ± 0.01 SR 7

150-300 0.48+0.29
�0.07 0 0.33 ± 0.08 0.09 ± 0.02 SR 8

2 b-tags

60-400
50-150 4.49+1.81

�1.79 4 1.12 ± 0.24 0.04 ± 0.01 SR 9

150-300 0.31+0.44
�0.09 1 0.86 ± 0.18 0.08 ± 0.02 SR 10

400–600
50–150 0.40+0.27

�0.26 0 0.42 ± 0.10 0.05 ± 0.02 SR 11

150–300 0.08+0.43
�0.08 0 0.58 ± 0.13 0.13 ± 0.03 SR 12

�3 b-tags 60–600 50-300 0.13+0.43
�0.09 0 2.26 ± 0.47 0.21 ± 0.05 SR 13

�0 b-tags >600 50-300 1.84+0.44
�0.37 3 1.49 ± 0.31 1.47 ± 0.30 SR 14

�0 b-tags �0 �300 1.62+1.22
�1.19 0 1.95 ± 0.40 3.04 ± 0.61 SR 15

“rare” component is the sum over several SM processes, such as triboson production, associ-
ated Higgs production, tttt, and other lower cross section processes.

The number of events observed in data is found to be consistent with predicted SM background
yields. The results are used to calculate upper limits on the production cross section of gluinos
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Figure 4: Exclusion contours as a function of meg or meb, and mec0 or mec± , for the simplified SUSY
models (top-left) T1tttt, (top-right) T6ttWW, and (bottom) T5qqqqWZ. The color scale indicates
the 95% CL observed upper limits on the cross section. The observed (expected) exclusion
curves are indicated by the solid (dashed) lines using NLO+NLL production cross sections,
along with the corresponding ±1 s.d. theoretical (experimental) uncertainties.

A Few Good Models

• Judicious choice of simplified models limits need to reinterpret!

• Shrink model space where educated guesses aren’t enough

• What choice is most valuable???
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Limitations

• Many papers on expanding
sensitivity to compressed stops

• Highlighting limitations of the
search spurs innovation

• Reduces need for recasting

• Can be minimal and motivated

• Motivates strategies for
complementary searches which
will strengthen the LLP program

→

→

→
→

LLP Simplified Model Proposal
Choose a few simplified models that highlight the limitations of the
search and clearly illustrate where sensitivity is lost
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Losing Sensitivity
Along what axes could searches lose sensitivity?

1. Low cross-section

2. Short lifetime q qqqqq qqqq qqqqqqqqqqqqqqqqqqqqqqqqqqq
qqqq qqqq qqqqqqqqqqqqq qqqq qqqq

q qqqqq qqqq qqqqqqqqqqqqqqqqqqqqqq
most searches cover these already

3. Long lifetime

4. Low LLP mass

5. High LLP boost (i.e. collimated decay products)

6. Low LLP boost

7. Soft decay products (compression or low mass)

8. Low overall visible event energy

9. {other issue specific to your search here}

Simplified Model is only useful if it shows the search losing sensitivity!!!
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We Already Know That

700 800 900 1000 1100 1200
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g̃g̃ production; g̃→qqχ̃1
0

EXCLUDED

ATLAS
0-lepton + 2-6 jets + ET
s =13 TeV, 3.2 fb-1

Completely correct... but missing vital information
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An Example
Displaced Dilepton

Many models can produce the displaced dilepton signature (µ+µ−)

Where can this search lose sensitivity?

1. Low cross-section / long or short lifetime

Almost any benchmark will do! Pick the “most motivated” one!

2. Low LLP mass

asd

3. High LLP boost (i.e. collimated decay products)

for fixed xsec and lifetime (or γcτ ), (1) ma vs ε, (2) mS vs ε

4. Soft decay products

SUSY higgsino + singlino, χ̃0 → S̃(Z ∗ → `+`−), fixed mχ̃, ∆m vs ε
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Many models can produce the displaced dilepton signature (µ+µ−)

Where can this search lose sensitivity?
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Almost any benchmark will do! Pick the “most motivated” one!

2. Low LLP mass

3. High LLP boost (i.e. collimated decay products)

Scalar resonance to two pseudoscalars pp → S → aa, a→ µ+µ−

for fixed xsec and lifetime (or γcτ ), (1) ma vs ε, (2) mS vs ε

Complementarity with lepton-jets?

..............

.........

............

...............

.................

..............................

4. Soft decay products
SUSY higgsino + singlino, χ̃0 → S̃(Z ∗ → `+`−), fixed mχ̃, ∆m vs ε
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The Trigger

Triggering is a HUGE issue!!!

Several talks tomorrow and an entire working group focused on this...

Once signal is below trigger thresholds restoring sensitivity requires

• Involving heavier states (if they exist)

• ISR

• Boost

• Min/Zero bias

• New trigger← this prescription may help identify paths forward!
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BUT...!?
Preempting some objections

1. Won’t theorists just do these reinterpretations anyway?

Likely, but long timescale (and no one will / should believe us)

2. It is hard to come up with a new benchmark

Ask a theorist! (Rinse. Repeat.)

3. The simplified model to highlight X is very contrived

Introduce as many elucidons as needed!

4. The simplified model to highlight X is excluded by Y and Z

If no other model exists, go for it (future generations benefit)

5. This is a lot of work

that makes the result more useful!
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Conclusions

• Simplified models can clearly illustrate where a search is sensitive

• Use simplified models to highlight weak points in LLP searches

• Strengthens the understanding of what is covered

• Reduces the need for theorist reinterpretations

• Spurs innovative techniques to access challenging regions

• May motivate new triggering strategies

• Moves toward complete coverage via complementary approaches

• Working Group 1 will work on simplified models for LLP
searches this afternoon! Come join us!
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