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1.1. The Leptoquark (LQ)1.1. The Leptoquark (LQ)
 Symmetry between quark and lepton sectors 
  suggests a possible link at higher energy 
  scales (e.g. > mtop)

 Theoretical particle which couples to quarks 
  and leptons

Carries baryon and lepton numbers
Fractional charge
Color-triplet boson
Two possible spin structures:
➔Spin 0 (scalar)
➔Spin 1 (vector)

LQ
ℓ

q
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1.2. Scalar and Vector LQs1.2. Scalar and Vector LQs

 κ = 0, λ = 0 : Yang-Mills coupling
 κ = 0, λ = 1 : Minimal vector type coupling 

Scalar :

Vector :

anomalous magnetic moment :

electric quadrupole moment :

λ κ
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1.3. LQ1.3. LQ Pair Production Pair Production
 Feynman diagrams for leptoquark pair production by pp collision.

qq anihilation

gluon-gluon fusion
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2.1. 12.1. 1stst and 2 and 2ndnd Gen Scalar LQ Gen Scalar LQ
1st Generation 2nd Generation

β β

mLQ2 > 224 GeV/c2 (β=1)
mLQ2 > 177 GeV/c2 (β=0.5)

mLQ1 > 235 GeV/c2 (β=1)
mLQ1 > 176 GeV/c2 (β=0.5)

mLQ1,2 < 78 GeV/c2, mLQ1,2 > 117 GeV/c2 (β=0)

ννjj

LQ
e, µ

q

LQ
νe, νµ

q
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2.2. 32.2. 3rdrd Gen Scalar LQ Gen Scalar LQ

mLQ3 > 155 GeV/c2 (β=1)

RPV stop

3rd Generation Scalar LQ limit is fully applicable to RPV stop case.

LQ
τ

b
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3.1. 33.1. 3rdrd Gen LQs Gen LQs

➔ Various species of LQ3s
➔ 3rd generation decays:  

➔ Define: β = Br(LQ3→ τb)

We search for β=1 case.

LQ

b

τ
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3.2. Event Selection3.2. Event Selection
Lepton

Opposite sign charge ( Q(ℓ )*Q(τh) = −1 )
Conversion / Cosmic removal
DY removal using mass window cut 
( veto if 76 < mℓℓ < 106 GeV/c2 )
ET > 10 GeV
HT > 400 GeV (*) 
Njets ≥ 2 (ET > 15 GeV)

e: ET>10 GeV
µ: pT>10 GeV/c

separated from a jet

Hadronic Tau

pT>15 GeV/c

separated from a jet

Event Selection

*HT = ET(ℓ) + ET(τh) + ET + ∑ET(jets)

ℓ

τh

jet

jet

VLQ3

VLQ3

νℓντ

τ
b

b
τ

ντ

p p

1 or 3 track(s)

e or µ
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3.2. Event Selection3.2. Event Selection
HT > 400 GeV

HT cut is very strong event selection cut.
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3.3. Signal and Control Regions3.3. Signal and Control Regions

 * Existing limit is mVLQ3 > 225 GeV/c2 and HT > 250 GeV is
 sensitive region. So it was blind until cuts finalized

≥2

Njets

HT (GeV)

  1

  0

80 250 400

CR2J
● tt

SAFE
● Signal
  (mVLQ3 ~ 250 GeV/c2)

SIGNAL
● Signal
  (mVLQ3 > 300 GeV/c2)

CR1J
● Z0/γ* → ττ or ℓℓ
● W+jets 
● QCD 
CR0J
● Z0/γ* → ττ or ℓℓ
● W+jets
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3.4. Systematic Uncertainties3.4. Systematic Uncertainties

 µτh channeleτh channel

 Systematic uncertainties on signal, for 160, 260, 360 GeV/c2

Syst. = 10% ~ 7% 
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3.5. Event Yields (3.5. Event Yields (eeττhh))
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3.5. Event Yields (3.5. Event Yields (µτµτhh))
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3.6. Limits of Vector LQ3s3.6. Limits of Vector LQ3s

σ < 344 fb mVLQ3 > 317 GeV/c2

σ < 493 fb mVLQ3 > 251 GeV/c2

σ < 354 fb mVLQ3 > 303 GeV/c2

σ < 555 fb mVLQ3 > 235 GeV/c2

1 σ varied

1 σ varied
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3. Summary3. Summary
 List of CDF Run II results for Leptoquarks search. 

1st

2nd

3rd

1st

> 235 GeV/c2

> 224 GeV/c2

> 155 GeV/c2

> 176 GeV/c2

2nd > 177 GeV/c2

1st, 2nd < 78 GeV/c2,
> 117 GeV/c2

β=1

β=0.5

β=0

0

3rd > 317 GeV/c2(Yang-Mills)
> 251 GeV/c2(Minimal)β=11

Generation Mass Limit (95% C.L.)DecaySpin

203 pb-1

198 pb-1

322 pb-1

203 pb-1

198 pb-1

191 pb-1

322 pb-1

Int. L
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CDFCDF

Tracking Volume

Calorimeters

Muon Systems CMU & CMP(η<0.6)
                          CMX (0.6<η<1.0)

Beam line

pseudorapidity
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TEVATRONTEVATRON
√s = 1.96 TeV

CDF
p

TEVATRON (FNAL)
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Shrinking Cone AlgorithmShrinking Cone Algorithm

Signal Cone  (Shrinking Cone)

θ < αtrk (~2.9o - ~10o)

Isolation Cone (Fixed Cone)

αtrk < θ < 0.52 (~30 o)
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Production Cross SectionProduction Cross Section

VLQ3 signal MC was produced by GR@PPA + PYTHIA

mailto:GR@PPA

