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Background 1/2

NP possibilities:

Tau case:・ 

　— Solutions to the RD(*) anomaly  
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Electron & muon cases:・ 

　— NP can be hidden behind the Vcb measurement・  

　— possible size is < 5% of the SM size
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So, what about the LHC bounds?

C
e,µ
X ≈ 0.05
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        missing energy search:

Background 2/2
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The LHC bound is competitive to the RD(*) anomaly solution
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T |LHC < 0.20 (95%CL)
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— Missing transverse mass  

mT =
√

2pl
T Emiss

T (1 − cos φlν),

— Large mT region (>500GeV) sensitive to NP effect

CMS (2019)

Data available:・ 

　— Tau with 36fb^-1  

　— Light leptons with 139fb^-1 

— Tail of the W boson has potential to search for NP  

ATLAS (2019)
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(1) EFT breakdown at high-pT tail

Topics 

(2) Current LHC bounds in EFT and Leptoquark models

(3) “+ b-jet tag” simulation to improve the bound



High-pT tail 1/1

EFT breakdown at large mT:

　ex)
spin SU(3)c SU(2)L U(1)Y

Uµ
1 1 3 1 4/3
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q̄i
L�µ`jL
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　　The region                               is dominant                      

Distribution at high-pT:
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　　・                                is no longer negligibleq2 = 2E2(1 ± cos θ)
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　　・ the angular dependence induces  

　　　　　 non-trivial effect on the distribution 
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Prepare LQ interactions that generate 4 Fermi currents:

∑

|MLQ
V1

|2 = 4 (h21
LQh31∗

LQ )2 E4Ĉ2
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)2 E4Ĉ2
t (1 + cos θ)2,
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|2 = 16 (h21
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h31∗
LQ2

)2 E4Ĉ2
t ,
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S2/T |2 = (h̃12∗
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h̃13
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)2 E4

[

Ĉ2
t (1 + cos θ)2

+Ĉ2
u (1 − cos θ)2 ± 2Ĉt Ĉu(1 − cos2 θ)

]

,

(Amplitude)

where Ĉt and Ĉu involve the LQ propagator written as

Ĉt =
[

2E2(1 + cos θ) + M2
NP

]−1
,

Ĉu =
[

2E2(1 − cos θ) + M2
NP

]−1
.

EFT: Ĉt = Ĉu = 1/M2

NP
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Analysis setup 1/2

　— Every given LQ mass, the coupling h is constrained from LHC data

　— The result is represented as the WC bound: 2
√

2GF VcbCX = NX

h1h2
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Available data:

Analysis setup 2/2

(Numerical Analysis)・ 

・— Selection cuts exactly following ATLAS (light lepton) / CMS (tau) 

・— Data/Simulated-signal in distribution of mT bin(~ 1TeV) are compared 

・— The mT bin range is provided in the literature

　— Tau with 36fb^-1 from CMS 

　— Light leptons with 139fb^-1 from ATLAS ATLAS (2019)
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Result 1/3 
(Light leptons)

Mediator (LQ) mass dependence:
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Impact on Flavor (Vcb+NP fit):  competitive only at future HL-LHC (3ab^-1)
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Summary for both tau & light leptons:・ 

　2TeV LQ:  EFT bound is 40~100% overestimated・ 

　5TeV LQ:  10~20% overestimated・

Mediator (LQ) mass dependence:
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                                              ↔  

Impact on Flavor (RD(*) anomaly):  

Result 2/3 
(Tau lepton)

RD(∗) explained: 1σ
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Result 3/3 
(Tau lepton)Specific LQ case:

　— Singlet/Doublet scalar LQs (S1/R2) induce Scalar-Tensor current

CS2(ΛLQ) = +4CT (ΛLQ) for ΛLQ ≈ MLQ = 2TeV/100TeV
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　— R2-LQ has solution to the RD(*) anomaly, in which non-EFT is crucial as well

EFT limit of R2-LQ 2TeV R2-LQ
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+ b-jet tag

— Requiring additional b-jet greatly reduces the SM background 

— can look into detail of the U1-LQ model = SM-like vector operator 

2111.104748

　　　　Improvement ①:  stronger bound is simply expected

`
±
⌫ + b

���
SM

⇒ gq → b`⌫ (q = u, c) ⇒ |Vub,cb|2 suppression
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　　　　Improvement ②:  complementary bound on the two couplings
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+ b-jet tag

(BG/Signal events generated & simulated:  details skipped)

Improvement ①:　　　　　　　　　　　　　　　　　　　　　Improvement ②: 

2111.104748

Observations:・ 

　・+b search improves the bound by ~50% 

　・+b search at HL_LHC can achieve CX~0.1,   i.e. 10% NP effect  

　・Given the LQ mass, the two couplings (not combination) are constrained 

���� ��
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Closing

・The process for RD(*) can be searched at the LHC from “lepton + missing”

　・— Tau: EFT bound kills some RD(*) solutions, but it survives in the LQ model. 

　・— Light lepton: LHC bound is not significant yet, but HL-LHC can be competitive.

・lepton + b + missing greatly reduces the SM backgrounds

・EFT breakdown is crucial for the LHC search at high-pT 

　・— The bound can be improved by ~50% 

　・— HL-LHC has search potential for 10% NP effect (of the SM size) 

　　— The famous U1 leptoquark scenario for RD(*) can be tested at the LHC
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U(2) flavor symmetry:

U1 leptoquark with symmetry

Scenario by Isidori
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CS1 = −2βRCV1 ,where βR = eiφR denotes a relative phase
φ π
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Signal & Background
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Vcb~10-2, Vub~10-3

s check
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j->b mis tag less than 1%

Vcb~10 , Vub~10

BG (cut b) W j j Z j j (Z → νν) tt Z,γ DY VV single t total

0.7 < mT < 1 TeV 0.58 0.37 0.056 0.28 0.018 0.029 1.33

1 TeV < mT 0.16 0.06 0.01 0.007 0.005 0.005 0.25

1 TeV < mT [34] 0.18(5) 0.21(12) 0.29(3) 4.2(4)×10−5 0.35(5) 0.067(7) 1.10(14)

Table 2. Expected number of SM background events after cut b (the τ±ν+b search) for
R
Ldt = 35.9 fb−1

and
√

s 13 TeV in each background category. The last row shows the result by Ref. [34], where a number

Results for b → u
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NP in bu → eν
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NP in bu → µν
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NP in bu → τν
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Vector boson coupled to quark & lepton

LU = h
ij
U

⇣

q̄i
L�

µ`
j
L

⌘

Uµ + h.c.
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spin SU(3)c SU(2)L U(1)Y
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Productions at LHC:

→ ① QCD pair production・・・② LQ coupling induced (pair and single)・・③ B anomaly specific

→ Sketch of the LHC bound

ℒ ⊃ yqℓ q ℓ Φ + h.c.p p→ Φ Φ

p p→ Φ ℓ

p p→ ℓ ℓ

mLQ

y q
ℓ

hq`
U
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①

②

③
① provides absolute limit (Br = 1)

② not much studied yet

mLQ > 1.5TeV (1st & 2nd gen.)
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mLQ > 0.9TeV (t τ )
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mLQ > 1.0TeV (b τ )
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