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Introduction

• Standard Model (SM) very successful in 
describing most experimental results

• but the SM can not explain everything

 for example the anomalous magnetic
moment of the muon
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Introduction

• the anomalous magnetic moment of the muon is precisely measured
(Brookhaven National Laboratory):

𝑎𝜇
exp = 116 592 091 63 ⋅ 10 − 11

• with QCD corrections still a deviation (arxiv:1705.00263):
𝑎𝜇

𝑆𝑀 = 116 591 776 44 ⋅ 10 − 11

→ 𝑎𝜇
exp− 𝑎𝜇

𝑆𝑀 = 313 77 ⋅ 10 − 11

Model beyond the standard model: 2 Higgs doublet model (2HDM)

different types of 2HDM

here: flavour-aligned 2HDM (arxiv:1711.11567)
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Theory – 2HDM
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Maximum aμ as a function of MA for different fixed values of ζl and MH 

(arxiv:1711.11567)



Theory – 2HDM

• another Higgs doublet four additional Higgs bosons:

1. two CP-even, neutral, one heavy, one light (standard model)

2. two CP-even, charged (one positive, one negative)

3. one CP-odd, neutral, light

• further defined by the couplings for the new doublet:

1. high coupling to leptons: 𝜁𝑙 ≈ 50 ⋅ 𝜁𝑙
𝑆𝑀

2. coupling to up-type quarks: 𝜁𝑢 ≈ 0.5 ⋅ 𝜁𝑢
𝑆𝑀

3. coupling to down-type quarks: 𝜁𝑑 ≈ 0
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Analysis

• search for the light CP-odd Higgs boson

• 𝐵𝑅(𝐴 → 𝜏𝜏) ≈ 100%

 𝑔𝑔 → 𝐴 → 𝜏𝜏 → 𝑒𝜇 (+ 𝜈𝑒𝜈𝜇𝜈𝜏𝜈𝜏)
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• analysing for different masses of A (currently 60GeV and 70GeV)

 cuts for the analysis are defined by maximizing the significance:

σ = 2 ⋅ [ 𝑠 + 𝑏 ⋅ log 1 +
𝑠

𝑏
− s ]



Analysis
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• Signal simulated as SM Higgs boson with smaller mass

 using a scale factor of 0.5

ratio of the cross section calculated with the flavour-aligned 2HDM 
(arxiv: 1711.11567) by Dominik Stöckinger and Vladimir Khasianevich



Analysis for m = 60GeV

• using an e-μ-trigger (pT
μ

> 24GeV and pT
e > 7GeV)

• baseline cuts: pT
e > 8GeV, pT

μ
> 25GeV, no further leptons (e/μ), 

opposite charge, pT
jet

> 20GeV,MET > 20GeV, no b-jet

• additional cuts for the mass of 60GeV:
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Results for m = 60GeV

pT of the lepton system pT of the second lepton
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Results for m = 60GeV

mass of the lepton system total transverse mass
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Analysis for m = 70GeV

• baseline cuts are the same as for m = 60GeV

• additional cuts for the mass of 70GeV:
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Results for m = 70GeV

pT of the lepton system pT of the second lepton
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Results for m = 70GeV

mass of the lepton system total transverse mass
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Summary and Outlook

• standard model not explaining the anomalous magnetic moment of
the muon

 new model to describe difference

 search through process 𝐴 → 𝜏𝜏 → 𝑙𝑙 + 4𝜈 for small masses of A

• in the future:

1. implementing the analysis with a CP-odd Higgs boson as signal

2. implementing a control region (leptons have charge with same sign)

3. unblinding signal region and interpret results in context of the
2HDM
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Thank you for listening



Sources

• Standard Model picture (slide 2): https://atlas.cern/discover/physics

• Muon g-2 (slide 3): https://arxiv.org/abs/1705.00263

• flavour-aligned 2HDM (slide 3): https://arxiv.org/abs/1711.11567

• 𝑎𝜇 graphs (slide 5): https://arxiv.org/abs/1711.11567
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