
Leptoquark interpretations of 𝑅"(∗)
and top quark FCNC

Peiwen Wu (吴培⽂)
Korea Institute for Advanced Study (KIAS)

arXiv: 1812.08484, under JHEP revision
Tae Jeong Kim (Hanyang U.) Pyungwon Ko (KIAS)
Jinmian Li (Sichuan U.) Jiwon Park (Hanyang U.) 

1

“14th Workshop on TeV Physics”
Nanjing Normal University

April 19-22, 2019



Outline

• Anomalies in rare 𝐵 decays
• Leptoquark explanations of 𝑅"(∗)
• SU(2) singlet: 𝑆(, 𝑈(

• Implications on top FCNC
• tree level
• 1-loop level

• Collider prospects
• Summary
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Anomalies in rare 𝐵 decays, lepton Non-universality

~ 2.5 σ~ 3.8 σ

Moriond, 2019

SM ~ 1



Low-energy EFT, 𝑅"(∗)



LQ contributions
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Dumont et al, 1603.05248



LQ contributions
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Angelescu et al, 1808.08179

𝑅"(∗)focus of this talk:



Numerical fit
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𝑚,- = 1 TeV Dumont et al, 1603.05248



Numerical fit
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𝑚,- = 1 TeV Dumont et al, 1603.05248



Top quark at LHC
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* Preliminary
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Sept. 2018 LHCTopWG Summary

• fairly good agreements for cross section
• within theoretical uncertainties: scales of Ren. & Fact., PDF, 𝛼6



Top quark at LHC
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total uncertainty
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WGtopLHCLHC comb. (Sep 2013) 7 TeV  [1] 0.88)± 0.95 (0.35 ±173.29 

World comb. (Mar 2014) 1.96-7 TeV  [2] 0.67)± 0.76 (0.36 ±173.34 

ATLAS, l+jets 7 TeV  [3] 1.02)± 1.27 (0.75 ±172.33 

ATLAS, dilepton 7 TeV  [3] 1.30)± 1.41 (0.54 ±173.79 

ATLAS, all jets 7 TeV  [4] 1.2)± 1.8 (1.4 ±175.1 

ATLAS, single top 8 TeV  [5] 2.0)± 2.1 (0.7 ±172.2 

ATLAS, dilepton 8 TeV  [6] 0.74)± 0.85 (0.41 ±172.99 

ATLAS, all jets 8 TeV  [7] 1.01)± 1.15 (0.55 ±173.72 

ATLAS, l+jets 8 TeV  [8] 0.82)± 0.91 (0.39 ±172.08 

ATLAS comb. (Oct 2018) 7+8 TeV  [8] 0.41)± 0.48 (0.25 ±172.69 

CMS, l+jets 7 TeV  [9] 0.97)± 1.06 (0.43 ±173.49 

CMS, dilepton 7 TeV  [10] 1.46)± 1.52 (0.43 ±172.50 

CMS, all jets 7 TeV  [11] 1.23)± 1.41 (0.69 ±173.49 

CMS, l+jets 8 TeV  [12] 0.48)± 0.51 (0.16 ±172.35 
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CMS, single top 8 TeV  [13] 0.95)± 1.22 (0.77 ±172.95 
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CMS, all jets 13 TeV  [16] 0.76)± 0.79 (0.20 ±172.34 
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all other processes are zero
Each limit assumes that

𝑚7 = 172.69 ± 0.48 GeV 𝐵𝑟 𝑡 → 𝑞𝑉

𝑞 = 𝑐
𝑉 = 𝑔, 𝑍, 𝛾, 𝐻 ~ {10LM, 10LM, 10LN, 10LN}

𝑞 = 𝑢,  slightly stronger limits, but same order

Sept. 2018 LHCTopWG Summary



LQ limits at LHC
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Angelescu et al, 1808.08179

• to set limits, specific LQ decay modes are assumed
• currently, LQ mass bounds are 1 ~ 2 TeV, stronger for Vector LQ



Top FCNC at tree-level, 3-body
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scalar 𝑆( vector 𝑈(

Tree



Top FCNC at one-loop, 2-body
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+ external leg diagrams

1-loop

scalar 𝑆( vector 𝑈(

• we only consider loop for scalar 𝑆(
• loop of vector 𝑈( needs UV-completion of 𝑚QR generation

• SM-GIM-like mechanism needed to cancel divergence
• more complete flavor structure needed

𝑡 → 𝑐V



Tree-level:
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𝑅"(∗) fit of  STSU
VTW
X naturally implies 𝐵𝑟7YZ[Z

vector 𝑈(scalar 𝑆(



Loop-level:
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+ external leg corrections
Given the coupling chirality we choose,
only left-handed part appears in dipole



Loop-level:
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+ external leg corrections

we kept O(𝑚7
() in loop function expansions for 𝑚] = 0

unlike 𝑏 → 𝑠𝛾, 𝜇 → 𝑒𝛾 where 𝑚b,𝑚c are ignored



Loop-level:
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V = γ V = g V = Z
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𝑔(,NN𝑔(ghN∗ = 1

𝐵𝑟 𝑡 → 𝑐𝑔 ~5× 10L(h
𝐵𝑟 𝑡 → 𝑐𝛾 ~10L(k
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lm 7→nS
lm 7→no

≈ 0.05, why?
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• qr
qst

uvXL(
huv

≃ 20
• Scalar S1 𝑓y

S ≪ 𝑓y
o 𝐵𝑟7nS/𝐵𝑟7n| ≃ 20 ∗ 0.002 ≃ 0.05.

• SM has W boson |𝑓y
S ~𝑂 1 𝑓y

o| 𝐵𝑟7nS/𝐵𝑟7n| ≃ 20 ∗ O 1 ≳ O(10)



𝑆( collider prospects via 𝑡 ̅𝑡 production
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Top pair

(step-2) N ~ 2,500 @𝐵𝑟���u�~10L�

(step-3) N ~ 500 @ leptonic top

(step-1) N ~ 2.5×10� @ 3 abL( LHC-13



𝑡 ̅𝑡 estimation
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1 ℓ, ≥ 3 𝑗 ∋ 1 𝑏, 2 𝜏

2 ℓ ∋ 𝜇, ℓ , ≥ 2 𝑗 ∋ {1 𝑏, 1 𝜏}

1 ℓ, ≥ 2 𝑗 ∋ 1 𝑏

@ 3 abL( LHC-13 
one leptonic top

• simple cuts give signal/BG ~ 10L�
• advanced techniques needed, e.g. multivariate analysis



Summary

• Anomalies in rare 𝐵 decays have stimulated active discussions.

• LQ  𝑆(, 𝑈( interpretations of 𝑅"(∗) naturally imply top FCNC
• tree-level: ~10L�
• loop-level: ~10L(k

• Collider searches
• simple analyses of 𝑡 ̅𝑡 are challenging
• advanced/alternative methods needed
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Thank you for listening



Back up
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WC of 1-loop 𝑡 → 𝑐𝑉 via 𝑆(
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For both 𝑚7 ≠ 0 and 𝑚� ≠ 0, loop function reductions are 
tediously long. Thus we do not proceed with further expansion.


