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Leptoquarks
� Leptoquarks appear naturally in GUTs

� Remarkable symmetry between leptons and quarks

� Leptoquarks have:
� Color
� Fractional electric charge
� Lepton and baryon numbers
� Can be vector or scalar 
� 3 generations favored by observed limits on lepton-number violation 

and flavor-changing neutral currents

� Constrained by established limits on proton decay
� If LQ cannot couple to diquark, proton is stable
� LQ discovery possible in the first 100pb-1 of data 

� with β=1 for LQ � l + q and mLQ < 550 GeV
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β β

Mass Limits (LQ����eq w/ β=1)
DØ:   mLQe > 292 GeV at 1 fb-1

CDF: mLQe > 236 GeV at 200 pb-1

Mass Limits (LQ����µq w/ β=1)
DØ:   mLQµ > 316 GeV at 1 fb-1

CDF: mLQµ > 226 GeV at 200 pb-1

Leptoquarks
Tevatron Limits
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σ/pT ~ .1 at 1 TeVMuon

σ/E ~ .5/√E + .03Had Cal

σ/E ~ .1/√E + .005EM Cal

σ/pT ~ 5x10-4Inner Det.

ResolutionSubdetector

15-30%Limited MC Statistics

6-28%Jet Energy Resolution

16-35%Jet Energy Scale

20%Luminosity

Systematic Uncertainty
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ATLAS Detector
Resolution, Particle ID, Fakes

(Conservative Estimates for Early Data)



Toroid
ribs

Support Legs

ATLAS Detector
Trigger Efficiencies

Full Chain 
Evt. Dec.

Level 1 
Evt. Dec.

Physics 
Channel

96.4%100%LRSM (ee)
mWR = 1800 GeV, 
mNe = 300 GeV

94.5%96.8%LRSM (µµ)
mWR = 1800 GeV, 
mNµ = 300 GeV

96.5%97.7%2nd Gen LQ
mLQ = 400 GeV

97%100%1st gen. LQ
mLQ = 400 GeV

Single Reconstructed Particle 
LVL1 Trigger Efficiencies

Muon ~  78% at pT > 20GeV
Electron  ~100% at pT > 20GeV
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Signal Event Decision

Holes in Muon LVL1 Geometric Acceptance



Leptoquark Production with LHC
Signal and Background

LQ
DY

ttbar
WW, ZZ, WZ

Single Production – dependent on λ

Pair Production – dominated by QCD processes
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LQ Background Suppression
Dilepton Mass and ST = |pTjet1| + |pTjet2| + |pTl1| + |pTl2|
1st Gen.

Mee > 120 GeV

ST > 490 GeV

2nd Gen.

Mµµ > 110 GeV

ST > 600 GeV

ST = ∑ |pT|

LQ
DY

ttbar
WW, ZZ, WZ

mLQ=400GeV
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LQ mass
Before and After Background Suppression

mLQ=400GeV

LQ
DY

ttbar
WW, ZZ, WZ
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LQ Discovery Potential
5σ Significance

mLQ=400GeV

2nd Gen1st GenMass 

664 pb-11094 pb-1800 GeV

103 pb-1123 pb-1600 GeV

7.7 pb-111.8 pb-1400 GeV

1.6 pb-12.8 pb-1300 GeV

100 pb -1
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Left-Right Symmetric Models
� Introduces Majorana Neutrinos, generating light 

neutrino masses via the sea-saw mechanism
� Majorana Neutrinos allow Baryogenesis via 

Leptogenesis
� Majorana decays do not conserve lepton number

� Same sign dilepton signal with negligible background
� CP violation gives leptonic matter/antimatter asymmetry

� Leptons converted to baryons via (non-perturbative) 
sphaleron interactions
� Leptonic asymmetry is converted to baryonic asymmetry

� LSP stable

� Parity is an exact symmetry at high energies

ν
ν
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LRSM Current Limits
DØ  Direct Limits: mWR > 739 GeV for g’=gW g’/gW < .72 for mWR = 600 GeV at .9 fb-1

CDF Direct Limits: mWR > 800 GeV for g’=gW g’/gW < .65 for mWR = 600 GeV at 1.9 fb-1

Indirect limits on KL -KS mass difference indicate MWR > 1.6 (+1.2, -0.7) TeV.

Shanti Wendler, University of Pittsburgh, LHC2008

pg 11

Note: These Tevatron studies were not done with l l j j final states

CDF Limits

V.M. Abazov et al., The DØ Collaboration, Phys. Rev. Lett. 100, 211803 (2008) 
D. Amidei et al., W’-like Resonances in the tb Decay Channel with 1.9 fb-1, CDF Note 9150 (2008)



LRSM Signatures with ATLAS
Signal and Background

LRSM (mWR=1800GeV, mN=300GeV)
LRSM (mWR=1500GeV, mN=500GeV)

DY(white)
ttbar

WW, ZZ, WZ
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Mee > 300 GeV

ST > 700 GeV

Mµµ > 300 GeV

ST > 700 GeV

mWR=1800GeV  
mN=300GeV

mWR=1500GeV  
mN=500GeV
DY(white)

ttbar
WW, ZZ, WZ

ST = ∑ pT

LRSM Background Suppression
Dilepton Mass and ST = |pTjet1| + |pTjet2| + |pTl1| + |pTl2|
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MNe

MNe

MNµ

MNµ
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mWR=1800GeV  
mN=300GeV

mWR=1500GeV  
mN=500GeV
DY(white)

ttbar
WW, ZZ, WZ

Majorana Neutrino mass
Before and After Background Suppression



WR mass
Before and After Background Suppression

mWR=1800GeV  
mN=300GeV

mWR=1500GeV  
mN=500GeV
DY(white)

ttbar
WW, ZZ, WZ
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LRSM Discovery Potential

with syst. unc.

w/o syst. unc.

w/o syst. unc.

w/ syst. unc.

LRSM (mWR=1800GeV, mN=300GeV)
LRSM (mWR=1500GeV, mN=500GeV)

5σ Significance
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•LRSM and LQ channels have great potential for results with early data

•Working to understand detector response with beam events, cosmic data

•Extending analyses to include single LQ production, Z’�NN, and other channels

Summary

ATLAS Collaboration, Expected Performance of the AT LAS Experiment, 
Detector, Trigger and Physics, CERN-OPEN-2008-020, Geneva, 2008, to appear.


