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How do we look for new physics?

Search for specific
BSM physics signatures

- Restricts signatures

- Huge parameter space

We need a tractable approach that 
minimizes theoretical bias

‘Hell with theories!
Search everything you have 
for deviations from the SM

- Too many signatures

- Requires large statistics
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Resonances from Topological Models

• Choose a final state that is not fully explored

• Survey all possible topologies that result in resonance 
features

• Construct simple models that lead to such topologies and 
perform the analysis for each one

• Systematic, Easy, Complementary, Very Model 
Independent 

• Limited to visible resonances

😸
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The 2-Scalar Model

Simplifying Assumptions
To avoid current bounds

For concreteness

We also assume flavor universal decays

BF (Z ′ → χ2χ2) = BF (Z ′ → χ1χ2)

BF (Z ′ → χ1χ1) = 0

√
s = 14 TeV
L = 300fb−1



The 2-Scalar Model
√
s = 14 TeV
L = 300fb−1

Background

Z/γ → l+l− + jets

WZ → qq′l+l−

ZZ → qq̄l+l−

tt̄ → bb̄W+W− → l+νbl−ν̄b̄
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To suppress top background
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The 2-Scalar Model

Selection
2 electrons or 2 muons with

2 or more jets with

To suppress top background

To select the right jet pair:
• Identify the pair with largest
• Require that p(lepton pair) =  - p(jet pair)

Select events close to the hypothetical mass

Repeat for a range of masses

pT > 20 GeV, |η| < 2.5

pT > 25 GeV, |η| < 2.5

!ET < 100 GeV

√
s = 14 TeV
L = 300fb−1

∆R(ll, jj) =
!
∆φ2 +∆η2

mll ∈ [mχ1 − 25,mχ1 + 25]

mjj ∈ [mχ2 − 100,mχ2 + 50]
mlljj ∈ [mZ′ − 250,mZ′ + 100]
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The 2-Scalar Model
√
s = 14 TeV
L = 300fb−1

Background
(K factors included)
mχ1 = mχ2 = 100 GeV

mZ′ = 250 GeV mZ′ = 500 GeV

mlljj (GeV) mlljj (GeV)
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•2j Resonance searches

BF (Z ′ → χ1χ1) = 0
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Summary

• We introduced a systematic approach to search for new 
physics with less theoretical prejudice.

• We chose a final state (lljj) and surveyed the possible 
resonance topologies.

• We proposed analysis techniques and studied sensitivity for 
the 14 TeV LHC run with L = 300 1/fb

• The procedure can potentially lead to unexpected 
discoveries, and in the absence of a signal offers an easy-
to-reinterpret presentation of experimental limits


