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Leptoquark(LQ) physics

• The leptoquark is a boson that couples to a lepton and a quark with coupling  𝜆 ,
and carries both lepton and baryon number.

• LQ Charge : ±
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• Types : 
• Scalar : LQs

• Vector : LQV

• Couplings
• 𝜆 : LQ and SM lepton/quark
• k : dimensionless,  relevant only for vector

• k=0 : minimal coupling , k=1 : Yang-Mills

• Production
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Motivation

• Searches for LQ at the LHC are well-motivated.
• LQ is a possible candidate to explain some recent anomalies in B-physics and g-2 measurement.
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This talk is based on recent CMS public results

• 1st generation : LQ > eq
PRD.99.052002(2019), arXiv:1811.01197
PRD.93.032005(2016), arXiv:1509.03750

• 2nd generation : LQ > mu q
PRD.99.032014(2019), arXiv:1808.05082
PRD.93.032005(2016), arXiv:1509.03750
PRL.121.241802(2018), arXiv:1809.05558

• 3rd generation : LQ > tau q
JHEP03(2019)170, arXiv:1811.00806
JHEP07(2018)115, arXiv:1806.03472
EPJC(2018)78:707, arXiv:1803.02864
arXiv:2012.04178(submitted to PLB) ( full run2 data , 137 fb -1 )

• Neutrino coupling : LQ >  nu q, (q=u d c s t b)
EPJC(2020)80:3, arXiv:1909.03460 ( full run2 data , 137 fb -1 )
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1st generation scalar LQ - pair production

• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV
• LQ → 𝑒𝑢 , LQ → 𝜈𝑒𝑑
• Search channels

• 𝑒𝑒𝑗𝑗
• 𝑒𝜈𝑗𝑗

PRD.99.052002(2019) 
(arXiv:1811.01197)
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< 1.44 TeV < 1.27 TeV

𝛽 = 𝐵𝑅(𝐿𝑄 → ej)

6



< 1.1 TeV

Reinterpretation for RPV stop
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1st generation scalar LQ - single production PRD.93.052002(2016) 
(arXiv:1509.03750)

• ℒ = 19.6 fb-1 , 𝑠 = 8 TeV
• Only LQ → 𝑒𝑢 is considered
• Search channel

• 𝑒𝑒𝑗

The s-channel LQ production

The t-channel LQ production
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<  1.76   (𝜆 = 1)
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2nd generation scalar LQ - pair production PRD.99.0322014(2019) 
(arXiv:1808.05082)

• 2016 data
• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV

• LQ → 𝜇𝑢 , LQ → 𝜈𝜇𝑑

• Search channels
• 𝜇𝜇𝑗𝑗
• 𝜇𝜈𝑗𝑗
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< 1.53 TeV < 1.23 TeV
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Reinterpretation for long-lived RPV stop 
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2nd generation scalar LQ - single production PRD.93.052002(2016) 
(arXiv:1509.03750)

• ℒ = 19.6 fb-1 , 𝑠 = 8 TeV
• Only LQ → 𝜇𝑢 is considered
• Search channels

• 𝜇𝜇𝑗

The s-channel LQ production

The t-channel LQ production 13



< 660 GeV
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Search for LQ coupled to muon and 3rd quarks – pair production PRL.121.241802(2018) 
(arXiv:1809.05558)

• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV
• LQ → 𝜇𝑡 ( LQ coupings to 2nd and 3rd SM fermions)
• LQ → 𝜏𝑡 , LQ → 𝑏𝜈
• Search channels

• 𝜇𝜏𝑡𝑡
• 𝜇𝜈𝑡𝑏
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@ BR(LQ → t 𝜇) = 1
<  1.42 TeV : Scalar LQ
<  1.70 TeV : Vector LQ, k=0
<  2.05 TeV : Vector LQ, k=1
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3rd generation scalar LQ - pair production

• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV
• LQ → 𝜏𝑏
• Search channels

• 𝜏ℎ𝜏ℎ𝑏𝑏
• 𝜏ℎ : hadronic tau channel

JHEP03(2019)170 
(arXiv:1811.00806)
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< 1.02 TeV
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3rd generation scalar LQ - single production JHEP07(2018)115 
(arXiv:1806.03472)

• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV
• LQ → 𝜏𝑏
• Search channels

• 𝜏𝜏𝑏 : Leptonic and hadronic 𝜏 decays considered.
• 𝑒𝜏ℎ𝑏 , 𝜇𝜏ℎ𝑏 , 𝜏ℎ𝜏ℎ𝑏 , 𝑒𝜇𝑏
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< 0.74 TeV

20



3rd generation scalar LQ decaying to top and tau - pair production EPJC(2018)78:707 
(arXiv:1803.02864)

• ℒ = 35.9 fb-1 , 𝑠 = 13 TeV
• LQ → t𝜏
• Search channels

• 𝑒𝜏ℎ + jets , 𝜇𝜏ℎ + jets , 𝑒𝜏ℎ𝜏ℎ + jets , 𝜇𝜏ℎ𝜏ℎ + jets
• 𝑒, 𝜇 and 𝜏ℎ are coming from 𝜏 or top   
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< 0.9 TeV
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3rd generation scalar/vector LQ decaying to 3rd fermions – pair/single production
Summitted to PLB 
(arXiv:2012.04178)• ℒ = 137 fb-1 , 𝑠 = 13 TeV

• Scalar LQ → 𝜏t or 𝜈b , vector LQ → 𝜈t or 𝜏b
• Search channels

• Scalar : LQLQ → 𝜏t 𝜈b , 𝜈LQ → 𝜈 𝜏t
• Vector : LQLQ → 𝜏b 𝜈t , 𝜏LQ → 𝜏 𝜈t
• 𝜏 t 𝜈 b : top and tau  hadronic dacay
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pair

single

Pair +
single

Scalar Vector(k=0) Vector(k=1)

Summary of Obs(Exp) limits
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Scalar/vector LQ decaying to neutrino and quark – pair production EPJC(2020)80:3
(arXiv:1909.03460)

• ℒ = 137 fb-1 , 𝑠 = 13 TeV
• LQ → 𝜈q , q=u d c s b t
• Search channels

• 𝜈𝜈qq : MET + multijets
• MT2 
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Summary

• CMS have performed the searches for LQ  since LHC started

• The LQ searches have covered all of 
o generations of LQ  – 1st , 2nd , 3rd

o types – scalar, vector(k=0, k=1)  
o parameters – couplings, BR, mass
o processes – pair, single production.

• The searches have not found any LQ-like signal yet, and set 95 % limits on LQ parameters
➔ Next page !

• However, we have more fascinating chances at RUN 3 and HL-LHC.  Let’s stay tuned.
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arXiv:2012.04178

arXiv:2012.04178
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