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PART I:
MOTIVATION & SETUP



Brief history of particles...
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Standard Model of Particle Physics
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Gauge bosons
• spin 1 (vector)

Higgs boson
• spin 0 (scalar)
• gives mass

Quarks
• spin ½
• 6 flavors
• forms hadrons

Leptons
• spin ½
• 6 flavors

matter forces / interactionthree generations of matter
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Lepton flavor universality ?
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three generations of matter

gauge bosons cannot 
differentiate lepton flavors

why three generations ?

why hierarchical mass pattern ?

⇒ can “new physics” with 
preferential couplings to 3rd

generation explain ?

⇒ test LFU in Nature !
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Flavor puzzle ?
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The Standard Model is incomplete
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Dark Matter ?

Gravity ? grand
unification ?

galaxies
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SM

Lepton flavor universality tests
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ratio of decay rates

SM

ℓ = e, !
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R(D(*)) combined 3.2! deviation

⇒ signs of new physics violating lepton flavor universality ?

R(D*) vs. R(D) anomaly

HFLAV

SM SM

measured by the
BaBar, Belle, LHCb 
experiments

https://hflav-eos.web.cern.ch/hflav-eos/semi/fall22/html/RDsDsstar/RDRDs.html


Leptoquarks
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• scalar or vector boson

• couple/decay to ℓq

• coupling strength !ℓq
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THE CMS DETECTOR



LHC acceleratorproton beams in both directions

collisions of 13 TeV



• measure particle
– trajectory
– momentum
– energy
– charge

• pseudorapidity "
– # = 0: “central” 
– # = 3: “forward”

• 1 billion collisions / second

⇒ trigger system
40 MHz → 1 kHz

• Run-2 data (2016–2018)

13 TeV, 138 fb–1
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CMS detector
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CMS subdetectors
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Particle signatures
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Particle signatures
• electrons: charged track + ECAL

• muons: charged track + muon detector

• hadrons: (charged track) + HCAL

• quarks, gluons create jets of hadrons
– b quarks create b jets

• neutrinos: missing transverse momentum

LxyLxyLxy

PV

SVSVSV

d0
z0

z

y
x

b jet

jet
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PART II: ! LEPTON
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heaviest lepton
(m! ~ 1.78 GeV)
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⇒ can decay to electrons, 
muons, light hadrons !



Particle signatures: ! lepton
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64%
hadronic decay ($h)

%± → hadrons + 1 neutrino
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!h background
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jet initiated by a quark/gluon 
⇒ “j → "h fake”

real "h

⇒ need for an efficient identification algorithm (“DeepTau”)

red = signal cone

blue = isolation cone

⇒ exploit "h properties: long lifetime, isolation, ...
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PART III:
SEARCH FOR LQ → b!

g

q

q

LQ

p+

p+

`

`

q

�

<latexit sha1_base64="tREF2g2zcPI0EfFMyy0T+EPsBmY="></latexit>



LQ → b! production at CMS
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• most dominantly from QCD and W + jets
• data-driven “fake factor” method
• measure fake rates in special regions of data 

using different selection criteria
• measure separately for 3 backgrounds:

– QCD → more gluons
– W+jets → more light quarks
– ttbar → more b quarks

j → !h fake background estimation
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Systematic uncertainties
• 'h modeling:

ID efficiency, energy scale, ...
• j → 'h fake estimation:

stat. & syst. fit uncertainties, corrections, ...

• theoretical uncertainties:
(N)LO pT spectrum, (R & (F scales, PDFs, ...
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Vector, 1400 GeV, # = 1 Vector, 2000 GeV, # = 2.5

more sensitive to 
nonres. signal
⇒ systematics also 

become important

more sensitive to
LQ pair signal
⇒ uncertainty 

statistically 
dominated
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• sum of distributions
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• no significant excess over the SM observed

• scalar (vector) LQ excluded up to 1.25 (1.86) TeV for # = 1

! = 1! = 1

Scalar Vector
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• ~3$ excess above M > 1800 TeV coming from nonresonant signal

• scalar (vector) LQ excluded up to 1.37 (1.96) TeV for # = 2.5

! = 2.5! = 2.5

Scalar Vector
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mass limit up to ~1.9 TeV

• ~3.5- excess in nonresonant channel
• no sensitivity to mass or coupling:

LQ → b! exclusion limits of " and mass
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1. fit total signal (pair+single+nonres)

2. reorder and stack %, STMET bins by 
S/(S+B)

3. group backgrounds by category



CMS LQ summary
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• LQ → b! couplings are well motivated by theory
and recent experimental results like the B anomalies

• reconstruction & identification of !h at the CMS
detector is important for physics analyses
– derived corrections to ID efficiency & energy scale in 

simulation for CMS physics analyses
– good modelling of the data can be achieved

• performed a search for LQ coupling to b!
– combined single, pair, and nonresonant

production modes for the first time
– scalar & vector
– target (b)(b)!! final state with (b) jet categories
– found excess up to 3.4$ for a total LQ signal

• looking forward to
– publication of the full & final results
– follow-up studies

Summary
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