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Ø In the Standard Model (SM) Lepton Flavour Universality (LFU) is not a formal symmetry

• Neutral Lepton Flavour Universality (NLFU) 
broken by the evidence of neutrino 
oscillations: Phys. Rev. Lett. 81:1562-1567, 1998
q Proportional to neutrino masses 

LeptonPhoton2023

https://arxiv.org/abs/hep-ex/9807003


INTRODUCTION

16/07/2023 3Luigi Marchese

• Charged Lepton Flavour Universality (CLFU)
q Expected in the electroweak (EW) sector 
q Broken by Yukawa interactions of the Higgs 

boson with the three leptons
q Violation possible only via neutrino mixing. 

Very Rare event:  
ℬ(𝜇! → 𝑊!𝜈(𝜈" → 𝜈#) → 𝑒!𝛾 < 𝟏𝟎$𝟓𝟓

= =

Observation of LFU violation implies physics beyond the SM! 

Ø In the Standard Model (SM) Lepton Flavour Universality (LFU) is not a formal symmetry

LeptonPhoton2023
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Motivation
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EXPERIMENTAL MOTIVATION 
Ø Semi-leptonic decays of B mesons have proved to be an additional lever-arm to test  LFU

𝓡(𝑯𝒔) =
𝓑(𝑯𝒃 → 𝑯𝒔𝝁#𝝁$)
𝓑(𝑯𝒃 → 𝑯𝒔𝒆#𝒆$)

𝒃 → 𝒔 quark transition

Ø Some excitement in 2021 with a 3.1𝜎-
deviation from the SM for 𝓡(𝑲(∗)) by LHCb:                                                
Nature Physics volume 18, pages 277–282 (2022)

Ø Updated result (Dec 2022):
Ø arXiv:2212.09152 and arXiv:2212.09153

SM Consistent! 

LeptonPhoton2023

𝒃 → 𝒄 quark transition

𝓡(𝑯𝒄) =
𝓑(𝑯𝒃 → 𝑯𝒄𝝉#𝝂𝝉)
𝓑(𝑯𝒃 → 𝑯𝒄𝝁#𝝂𝝁)

Ø Since 2012, three experiments reporting on 
𝓡(𝑫(∗)): BaBar, Belle and LHCb

Ø Including the latest LHCb result (Feb 2023): 
arXiv:2302.02886

𝟑. 𝟑𝝈-deviation 
from the SM!

NEW

https://www.nature.com/articles/s41567-021-01478-8
https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2212.09153
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.101802
https://arxiv.org/abs/1904.08794
https://arxiv.org/abs/2302.02886
https://arxiv.org/abs/2302.02886
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Ø Possible LFU violation will be clear indication of new Beyond-the-SM (BSM) physics:
qExtended Higgs or Gauge sector or LeptoQuarks (LQ at CMS in Ben’s talk)

SM ?

Ø Impact: to give the idea
• Last Flavour Anomaly Workshop attended by >550 scientists at CERN
• If one searches for “LFU violation” in iNSPIRE >1500 contributions appear

THEORETICAL MOTIVATION

LeptonPhoton2023

https://link.springer.com/article/10.1007/BF01571294
https://link.springer.com/article/10.1140/epjc/s10052-018-5680-9
https://www.sciencedirect.com/science/article/abs/pii/037026938790637X
https://indico.cern.ch/event/1114856/contributions/5360087/attachments/2685927/4660081/Leptoquarks-LP2023-Kilminster-final.pdf
https://indico.cern.ch/event/1055780/timetable/
https://inspirehep.net/literature%3Fsort=mostrecent&size=25&page=1&q=lepton%2520flavor%2520violation%2520LHC
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The CMS LFU Program 
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THE CMS EXPERIMENT 

LeptonPhoton2023

Ø One of the four proton-proton interaction 
points of the LHC ring

Ø Multi-purpose detector with a broad physics 
programme 

Ø We are currently in the Run 3 data-taking 
operations

Ø Most of the results shown in this talk are 
based on 138 fb-1, full Run-2 statistics, at 
𝑠 = 13 TeV

Ø Special B Physics Trigger since Run 2
§ aimed at maximizing the CMS physics 

potential also for LFU studies 
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THE CMS LFU PROGRAM

LeptonPhoton2023

LFU 
Violation 
at CMS

HIGGS1

TOP2

LEPTON3
EXOTICS4

B PHYSICS5

TWO DIRECT SEARCHES:
1. Search for 𝐻 → 𝑒𝜇

arXiv:2305.18106
2. Search for 𝐻 → 𝑒𝜏 and         

𝐻 → 𝜇𝜏
Phys. Rev. D 104, 032013 

ONE DIRECT SEARCH:
1. Search for t→ 𝑒𝜇𝑢, t→ 𝑒𝜇𝑐
fopr tensor, vector and scalar 
interactions                                    
CMS-PAS-TOP-22-005 

ONE DIRECT SEARCH:
1. Search for 𝜏 → 3𝜇
CMS-PAS-BPH-21-005

TWO R(X) MEASUREMENTS:
1. Ongoing efforts for  ℛ 𝐾 ∗

2. Ongoing efforts for ℛ 𝐽/𝜓 , 
leptonic and hadronic decays 
of 𝜏-leptons
Ø Results soon

TESTS ON ANGULAR PARAMETERS: 
1. For 𝐵" → 𝐾∗"𝜇#𝜇$ and               

𝐵# → 𝐾∗#𝜇#𝜇$
Phys. Lett. B 781 (2018) 517-541 
and JHEP 04 (2021) 124

TWO DIRECT SEARCHES:
1. Search for 𝑍! with b-quark jets                              

CMS-PAS-EXO-22-016 
2. Search for Heavy resonances in 𝑒𝜇, 

𝜇𝜏 and e𝜏 arXiv:2205.06709

https://arxiv.org/abs/2305.18106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
https://cds.cern.ch/record/2851002
https://cds.cern.ch/record/2860087%3Fln=en
https://www.sciencedirect.com/science/article/pii/S0370269318303149%3Fvia%253Dihub
https://link.springer.com/article/10.1007/JHEP04(2021)124
http://cds.cern.ch/record/2859355%3Fln=fr
https://arxiv.org/abs/2205.06709
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HUNTING FOR LFUV

LeptonPhoton2023

Where?
Ø From low-pT to high-pT … 

Huge phase-space!
LFUV 

Hunter

pT

B-Physics Higgs

Top

Exotics

Lepton Decays
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How?
ØDifferent approaches: 

§ Classic bump searchLFUV 
Hunter

𝒎ℓℓ1

5𝝈!

HUNTING FOR LFUV
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LEPTON3

ONE DIRECT SEARCH:
1. Search for 𝜏 → 3𝜇
CMS-PAS-BPH-21-005

HIGGS1
TWO DIRECT SEARCHES:
1. Search for 𝐻 → 𝑒𝜇

arXiv:2305.18106
2. Search for 𝐻 → 𝑒𝜏 and         

𝐻 → 𝜇𝜏
Phys. Rev. D 104, 032013 

LFU 
Violation 
at CMS

EXOTICS4

TWO DIRECT SEARCHES:
1. Search for 𝑍! with b-quark jets                              

CMS-PAS-EXO-22-016 
2. Search for Heavy resonances in 𝑒𝜇, 

𝜇𝜏 and e𝜏 arXiv:2205.06709

CLASSIC BUMP SEARCH

https://cds.cern.ch/record/2860087%3Fln=en
https://arxiv.org/abs/2305.18106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
http://cds.cern.ch/record/2859355%3Fln=fr
https://arxiv.org/abs/2205.06709
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How?
ØDifferent approaches: 

§ Infer the impact of 
additional contributions 
due to LFU violation

LFUV 
Hunter

𝓛 = 𝓛𝑺𝑴
(𝟒) +

𝟏
𝜦𝟐
+
𝒂

𝑪𝒂
(𝟔)𝑶𝒂

(𝟔) + …

Ø Additional EFT LFUV Operators: 

Ø Deviation of SM processes 
looking at clear observables

New Physics?
𝒃 𝒔

𝝁

𝝁

HUNTING FOR LFUV
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LFU 
Violation 
at CMS

INFERRING THE IMPACT OF LFUV

B PHYSICS5

TWO R(X) MEASUREMENTS:
1. Ongoing efforts for  ℛ 𝐾 ∗

2. Ongoing efforts for ℛ 𝐽/𝜓 , 
leptonic and hadronic decays 
of 𝜏-leptons
Ø Results soon

TESTS ON ANGULAR PARAMETERS: 
1. For 𝐵" → 𝐾∗"𝜇#𝜇$ and               

𝐵# → 𝐾∗#𝜇#𝜇$
Phys. Lett. B 781 (2018) 517-541 
and JHEP 04 (2021) 124

TOP2

ONE DIRECT SEARCH:
1. Search for t→ 𝑒𝜇𝑢, t→ 𝑒𝜇𝑐
fopr tensor, vector and scalar 
interactions                                    
CMS-PAS-TOP-22-005 

https://www.sciencedirect.com/science/article/pii/S0370269318303149%3Fvia%253Dihub
https://link.springer.com/article/10.1007/JHEP04(2021)124
https://cds.cern.ch/record/2851002
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LFU VIOLATION IN HIGGS PHYSICS

LeptonPhoton2023

𝑯 → 𝒆𝝁
Ø Search for new resonance with mass of 110 -160 GeV in the 𝑒𝜇-final state with 138 fb-1

§ ggF and VBF productions with separate BDTs to separate signals from main backgrounds (𝑡 ̅𝑡 𝑎𝑛𝑑 𝑊𝑊)

Observed(expected) most stringent limit:                
𝓑 𝑯 → 𝒆𝝁 < 𝟒. 𝟒 𝟒. 𝟕 6 𝟏𝟎!𝟓𝒂𝒕 𝟗𝟓% 𝑪𝑳

No excess observed for H(125)! 
Excess observed with local(global) 

sign. of 𝟑. 𝟖 𝟐. 𝟖 𝛔 𝐚𝐭 𝒎𝒆𝝁 ∼ 𝟏𝟒𝟔 𝑮𝒆𝑽

arXiv:2305.18106

1

https://arxiv.org/abs/2305.18106
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LFU VIOLATION IN TOP PHYSICS

LeptonPhoton2023

Top Decays and Production
Ø Search in both top decay and production, looking at 

the trilepton final state with 138 fb-1

Ø LFU violation is parametrized via a dim-6 EFT Operator 
Ø SM Background: prompt (from EW bosons producing 3 

leptons) and non-prompt(Drell-Yan) separated via BDT 

Observed most stringent limits at 𝟗𝟓% 𝑪𝑳 :
𝓑 𝒕 → 𝒆𝝁𝒖 < 𝟎. 𝟎𝟐𝟑 𝒐𝒓 𝟎. 𝟎𝟏𝟔 𝒐𝒓 𝟎. 𝟎𝟗 6 𝟏𝟎!𝟔
𝓑 𝒕 → 𝒆𝝁𝒄 < 𝟎. 𝟎𝟐𝟓𝟖 𝒐𝒓 𝟎. 𝟏𝟗𝟗 𝒐𝒓 𝟎. 𝟏𝟎𝟓 6 𝟏𝟎!𝟔
𝒇𝒐𝒓 𝒕𝒆𝒏𝒔𝒐𝒓, 𝒗𝒆𝒄𝒕𝒐𝒓 𝒂𝒏𝒅 𝒔𝒄𝒂𝒍𝒂𝒓 𝒊𝒏𝒕𝒆𝒓𝒂𝒄𝒕𝒊𝒐𝒏𝒔

arXiv:2305.18106

2

LFUV from top decays LFUV from top production

No excess observed w.r.t. the SM! 

https://arxiv.org/abs/2305.18106
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LFU VIOLATION WITH LEPTON DECAYS

LeptonPhoton2023

Search for 𝝉 → 𝟑𝝁 Decay
Ø Strongly suppressed process in the SM
• Allowed via neutrino oscillations with 
𝓑 𝝉 → 𝟑𝝁 ~𝟏𝟎$𝟓𝟓

• BSM models predict 𝓑 𝝉 → 𝟑𝝁 ~𝟏𝟎$𝟗
10.1007/JHEP10(2018)148

3

LFUV via 𝝂-oscillations LFUV in BSM theories

Ø Search with 131 fb-1 focused 
on two production categories:  
𝜏-leptons from W and heavy 
flavour (HF) mesons

CMS-PAS-BPH-21-005

NEW

Ø BDT to separate signal from SM 
backgrounds (main: D-meson decays, 
EW and combinatorics)

𝒎 𝟑𝝁 mass-resolution in differet BDT 
categories for HF: different signal purtiy!

https://doi.org/10.1007/JHEP10(2018)148
https://cds.cern.ch/record/2860087%3Fln=en
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LFU VIOLATION WITH LEPTON DECAYS

LeptonPhoton2023

Search for 𝝉 → 𝟑𝝁 Decay

No excess observed w.r.t. the SM!
Observed(expected) limits at 𝟗𝟓% 𝑪𝑳 :

𝓑 𝝉 → 𝟑𝝁 < 𝟑. 𝟔 (𝟑. 𝟎) 𝟏𝟎-𝟖

3
CMS-PAS-BPH-21-005

NEW

https://cds.cern.ch/record/2860087%3Fln=en
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HUNTING FOR LFUV

LeptonPhoton2023

Often you move from
Ø low-pT to high-pT
Ø one approach to another
… in a complementary mode!

LFUV 
Hunter pT

B-Physics Higgs

Top

Exotics

Lepton Decays

Connecting the research dots …



16/07/2023 20Luigi Marchese

LFU VIOLATION IN EXOTICS SEARCHES

LeptonPhoton2023

Heavy Resonances/Black Holes in 𝒆𝝁, 𝒆𝝉, 𝝁𝝉
Ø Model- dependent search with 138 fb-1

Ø Three benchmark signals arXiv:2205.06709
§ Resonant 𝜏 sneutrino for R parity violating SUSY
§ Heavy Z’ with LFUV decays
§ Quantum black holes (QBH) with extra dimensions

Ø SM Background: 𝑡 ̅𝑡, diboson and multijets

Observed limits at 𝟗𝟓% 𝑪𝑳 :
𝝉 sneutrino 𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅 𝒖𝒑 𝒕𝒐 𝟒. 𝟐 𝑻𝒆𝑽 𝒆𝝁 , 𝟑. 𝟕 𝒆𝝉 , 𝟑. 𝟔 𝝁𝝉 𝑻𝒆𝑽
𝒁! 𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅 𝒖𝒑 𝒕𝒐 𝟓. 𝟎 𝒆𝝁 , 𝟒. 𝟑 𝒆𝝉 , 𝟒. 𝟏 𝝁𝝉 𝑻𝒆𝑽
𝑸𝑩𝑯 𝒆𝒙𝒄𝒍𝒖𝒅𝒆𝒅 𝒖𝒑 𝒕𝒐 𝟓. 𝟔 𝒆𝝁 , 𝟓. 𝟐 𝒆𝝉 , 𝟓. 𝟎 𝝁𝝉 𝑻𝒆𝑽

4

Benchmark Signals 

No excess observed w.r.t. the SM!

https://arxiv.org/abs/2205.06709
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LFU VIOLATION IN EXOTICS SEARCHES

LeptonPhoton2023

Search for 𝒁3 → 𝝁𝝁 boson with b-quark jets
Ø Model independent search with 138 fb-1

§ First search at LHC sensitive to 𝑍& couplings to 2nd, 3rd

generation of quarks (𝑍&𝑠𝑏) CMS-PAS-EXO-22-016 
§ 𝑍& with 𝑚'& > 350 GeV + at least 1 b-quark jet 
§ Leading background: Drell-Yan and 𝑡 ̅𝑡 significantly 

reduced w.r.t. previous searches
§ Dimuon-mass fit to analytical functions 

4

Benchmark Signals 

No excess observed!

Constraints in the 𝒈𝒃 − 𝒈ℓ plane for LFU model

NEW

http://cds.cern.ch/record/2859355%3Fln=fr
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LFU VIOLATION IN B PHYSICS

LeptonPhoton2023

Angular Analyses 
Ø Analyses of 𝐵6 → 𝐾∗6𝜇!𝜇$ and 𝐵! → 𝐾∗!𝜇!𝜇$ with 20.5 fb-1

Ø 𝑏 → 𝑠ℓℓ are neutral flavour changing processes
§ Not possible in the SM at tree level
§ Can happen via higher-order diagrams 
§ Deviations from SM => BSM effects 

CMS results compatible with SM!

5

𝐁( → 𝐊∗(𝛍(𝛍! in the SM

Ø Differential rate fully described by three angles 
and 𝑞I = (𝑚JJ

I )
Ø Previous LHCb results with some deviations 

from SM: Phys. Rev. Lett. 125, 011802 

Phys. Lett. B 781 (2018) 517-541 and JHEP 04 (2021) 124

𝑩𝟎 → 𝑲∗𝟎𝝁#𝝁$

𝑩# → 𝑲∗#𝝁#𝝁$

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://www.sciencedirect.com/science/article/pii/S0370269318303149%3Fvia%253Dihub
https://link.springer.com/article/10.1007/JHEP04(2021)124
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Conclusions



CONCLUSIONS
ØLepton Flavour Universality Violation is an interesting research area where to 

look for new physics 
ØSome experimental indications are puzzling the scientific community
ØDedicated Trigger Campaign in CMS aimed also at maximizing the potential for 

LFU measurements  
ØThe CMS LFU Program is ramping up with searches and tests in many different 

sectors: 
§ Higgs sector
§ Top sector
§ Lepton sector
§ Exotics sector
§ B Physics sector 

ØThree different R(X) measurements to be released soon ...  
... STAY TUNED!

16/07/2023 Luigi Marchese 24LeptonPhoton2023
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BACK-UP

LeptonPhoton2023
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EXPERIMENTAL MOTIVATION I
Ø Semi-leptonic decays of B mesons have proved to be an additional lever-arm to test  LFU

𝓡(𝑯𝒔) =
𝓑(𝑯𝒃 → 𝑯𝒔𝝁#𝝁$)
𝓑(𝑯𝒃 → 𝑯𝒔𝒆#𝒆$)

Ø Loop-level process: leading-order 
Feynman diagrams 

Ø Experimentally, full reconstruction
Ø Theoretically, good precision

𝒃 → 𝒔 quark transition Experimental results
Ø Some excitement in 2021 with LHCb

reporting on a 3.1𝜎-deviation with the 
SM for 𝓡(𝑲(∗)):                                                
Nature Physics volume 18, pages 277–282 (2022)

Ø Updated result (Dec 2022):
Ø arXiv:2212.09152 and arXiv:2212.09153

Consistent 
with the SM! 

LeptonPhoton2023

https://www.nature.com/articles/s41567-021-01478-8
https://arxiv.org/abs/2212.09152
https://arxiv.org/abs/2212.09153
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Ø Semi-leptonic decays of B mesons have proved to be an additional lever-arm to test  LFU

Ø Tree-level process:

Ø Experimentally, no full reconstruction
Ø Sensitive to QCD calculations
Ø Motivation regardless of 𝒃 → 𝒔

𝒃 → 𝒄 quark transition Experimental results
Ø Since 2012, three experiments reporting 

on 𝓡(𝑫(∗)): BaBar, Belle and LHCb
Ø Including the latest LHCb result (Feb 2023): 

arXiv:2302.02886

𝓡(𝑯𝒄) =
𝓑(𝑯𝒃 → 𝑯𝒄𝝉#𝝂𝝉)
𝓑(𝑯𝒃 → 𝑯𝒄𝝁#𝝂𝝁)

LeptonPhoton2023

𝟑. 𝟑𝝈-deviation with the SM!

EXPERIMENTAL MOTIVATION II

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.101802
https://arxiv.org/abs/1904.08794
https://arxiv.org/abs/2302.02886
https://arxiv.org/abs/2302.02886


𝒃 → 𝒔 and 𝒃 → 𝒄 MOTIVATION
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SM New physics?

Ø In 2021 some excitement as the LHCb
collaboration reported on a 3.1𝜎-
discrepancy (single-experiment evidence) 
with the SM also in the 𝑏 → 𝑠𝜇𝜇 quark 
transition

Ø Theoretically, less motivated. BSM effects are 
mostly expected for the heavier 𝜏 − lepton

Ø In 2022 new result from LHCb showing there 
was an error in one background estimate: 
results consistent with the SM!

Ø The theoretical motivation for BSM physics in 
the proposed project is disconnected from this 
and more grounded!

https://doi.org/10.1038/s41567-021-01478-8
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://arxiv.org/pdf/2212.09153.pdf
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THE CMS EXPERIMENT 

LeptonPhoton2023

Ø One of the four proton-proton interaction 
points of the LHC ring

Ø Multi-purpose detector with a broad physics 
programme 

Ø We are currently in the Run 3 data-taking 
operations

Ø Special B Physics Trigger since Run 2
§ aimed at maximizing the physics potential 

also for LFU studies 
§ selection of 12 billion events with 75% 

𝑏F𝑏 -purity based on a logic requiring a 
single displaced muon

§ To not affect the CMS core-physics 
program, trigger thresholds loosened 
when the instantaneous luminosity drops

𝑩𝑷𝒂𝒓𝒌𝒊𝒏𝒈 at CMS
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LFU VIOLATION IN HIGGS PHYSICS

LeptonPhoton2023

𝑯 → 𝒆𝝁 arXiv:2305.18106

1
Ø So far, good consistency with SM, with little space for for BSM Higgs  

ℬ 𝐻 → 𝑖𝑛𝑣𝑖𝑠𝑖𝑏𝑙𝑒 < 0.16 at 95% CL
Ø LFU violation of Yukawa couplings expected in BSM theories with more than one Higgs 

doublet, the Randall-Sundrum model or composite Higgs models
Ø Indirect limit of ℬ 𝐻 → 𝑒𝜇 < 10$= at 95% CL only from µ → 𝑒𝛾 with strong 

assumption on the almost exclusive contribution of Higgs in FCNC and on  𝚼𝛍𝛍 and 𝚼𝐞𝐞

SIGNALS produced at NLO QCD
• ggF and VBF SM H(125) 
• ggF and VBF for 𝑋 → 𝑒𝜇 with

𝑚* = [110, 120, 130, 140, 150, 160] 𝐺𝑒𝑉

Backgrounds
• 𝐻 → 𝜏𝜏 and 𝐻 → 𝑊𝑊∗– leptonic decays

Strategy: 
• Events classified using BDT in each VBF and ggF

category (6 categories)
• BDT input variables chosen to avoid correlation

with the 𝑚+, variable
• Simultaneous fit to of signal (sum of Gaussians) 

and backgrounds (Bernstein polynomials) in 
each category

https://arxiv.org/abs/2305.18106
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LFU VIOLATION IN HIGGS PHYSICS

LeptonPhoton2023

𝒈𝒈𝑭
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LFU VIOLATION IN HIGGS PHYSICS

LeptonPhoton2023

𝑯 → 𝝁𝝉 and 𝑯 → 𝒆𝝉
Ø Search for SM Higgs boson in the 𝜇𝜏- and e𝜏-final states with 137 fb-1

Ø Hadronic and leptonic channels of 𝜏-leptons  studied 

Observed(expected) limit: 
𝓑 𝑯 → 𝝁𝝉 < 𝟏. 𝟓 𝟏. 𝟓 6 𝟏𝟎!𝟐𝒂𝒕 𝟗𝟓% 𝑪𝑳

Observed(expected) limit: 
𝓑 𝑯 → 𝒆𝝉 < 𝟐. 𝟐 𝟏. 𝟔 6 𝟏𝟎!𝟐𝒂𝒕 𝟗𝟓% 𝑪𝑳

Phys. Rev. D 104, 032013 

1

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032013
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LFU VIOLATION WITH LEPTON DECAYS

LeptonPhoton2023

Search for 𝝉 → 𝟑𝝁 Decay

3
CMS-PAS-BPH-21-005

NEW

• Chain of BDTs to separate signal 
from background at:
§ Mass-resolution level
§ Misidentified-muon level (global 

- tracker muons)
• In total 36 categories for each year

https://cds.cern.ch/record/2860087%3Fln=en
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LFU VIOLATION IN EXOTICS SEARCHES

LeptonPhoton2023

Search for 𝒁3 → 𝝁𝝁 boson with b-quark jets

Ø Background rejection: 
§ Drell-Yan via the request of at least a b-jet
§ 𝑡 ̅𝑡 via the request of 𝑚() > 175 GeV
§ Other bkg (𝑡𝑍 + 𝑋,𝑊𝑍 etc.) via vetoing additional 

leptons or isolated charged hadrons 

4

Systematic uncertainties

𝒈𝒃 = 𝒈ℓ = 𝒈𝝂 = 𝟎. 𝟎𝟓 and 𝜹𝒃𝒔 = 𝟎

Model-dependent (B3-L2) interpretation


