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Flavour Anomalies
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RD(∗) =
B(B→ D(∗)τ ν̄)

B(B→ D(∗) ˆ̀̄ν)

RK(∗) =
B(B→ K(∗)µ+µ−)

B(B→ K(∗)e+e−)

– Lepton Flavour Universality (LFU) violated, hint of new physics ??
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Leptoquarks as a viable solution
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– A U1 vector LQ with charge 2/3, a proposed model to explain
both the B-anomalies simultaneously.

– It is color triplet, weakly singlet and has non-zero baryon and
lepton numbers.
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U1 model

L ⊃ xLL1 ij Q̄iγµU
µ
1PLL

j + xRR1 ij d̄
i
RγµU

µ
1PR`

j
R + H.c.,

– xLL1 ij and x
RR
1 ij are 3× 3 matrices in flavour space.

– The couplings are real. We consider those couplings which
contribute to RD(∗) and RK(∗) anomalies.

xLL1 =

0 0 0
0 λL22 λL23
0 λL32 λL33

 xRR1 =

0 0 0
0 λR22 0
0 λR32 λR33


– We have considered the above flavor ansatz for simplicity.
– Red ones contribute to RK(∗) and black ones to RD(∗) .
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RD(∗) anomalies
– For the b→ cτ ν̄ transitions,

L ⊃ −4GF√
2
Vcb
[(
1+ CVL

)
OVL + CSLOSL

]
– U1 can contribute to b→ cτ ν̄ transitions through the modified
Wilson coefficients,

CU1VL =
1

2
√
2GFVcb

λLcν
(
λLbτ
)∗

M2U1
; CU1SL = − 1

2
√
2GFVcb

2λLcν
(
λRbτ
)∗

M2U1

RD(∗) scenarios λLcν λLbτ λRbτ

RD1A λL23 V∗
cbλ

L
23 −

RD1B VcbλL33 λL33 −

RD2A VcsλL23 + Vcbλ
L
33 λL33 −

RD2B VcsλL23 − λR33
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RK(∗) anomalies

– For the b→ sµ+µ− transitions,

L ⊃ 4GF√
2
VtbV∗ts

∑
i=9,10,S,P

(
CiOi + C′iO′i

)

– The U1 modified Wilson coefficients are given as,

CU19 = −CU110 =
π√

2GFVtbV∗ts

λLsµ(λLbµ)∗

M2U1
;

CU1S = −CU1P =

√
2π

GFVtbV∗ts

λLsµ(λRbµ)∗

M2U1
;

C′ U19 = C′ U110 =
π√

2GFVtbV∗ts

λRsµ(λR∗bµ)

M2U1

C′ U1S = C′ U1P =

√
2π

GFVtbV∗ts

λRsµ(λL∗bµ)

M2U1
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RK(∗) Scenarios

RK(∗) scenarios λLsµ λLbµ λRsµ λRbµ

RK1A V∗
csλ

L
22 V∗

cbλ
L
22 − −

RK1B V∗
tsλ

L
32 V∗

tbλ
L
32 − −

RK1C − − VcsλR22 VcbλR22
RK1D − − VtsλR32 VtbλR32
RK2A λL22 λL32 − −
RK2B λL22 − − λR32
RK2C − λL32 λR22 −
RK2D − − λR22 λR32

Arvind Bhaskar · Flavour anomalies motivated LHC bounds on U1 Leptoquark models · July 26, 2021 7 / 19



LHC phenomenology: Variety of final states

(Scenario RD1A: λL23 = 1)

pp→


U1U1 → sτ sτ ≡ ττ + 2j
U1U1 → sτ cν ≡ τ + /ET + 2j
U1U1 → cν cν ≡ /ET + 2j


(Scenario RD1B: λL33 = 1)

pp→


U1U1 → bτ bτ ≡ ττ + 2j
U1U1 → bτ tν ≡ τ + /ET + jt + j
U1U1 → tν tν ≡ /ET + 2jt


– Considering RD(∗) and RK(∗) scenarios gives us different
signatures to look for at the LHC.
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Different production Modes and Decays

Resonant Production processes
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Non-resonant Production processes

q
ℓ

U1

q̄ ℓ̄

– The non-resonant production interferes with the SM
backgrounds process of pp→ γ/Z(W)→ `+`−.

– The interference and t-channel U1 exchange are independent of
the branching ratio.

– The non-resonant production methods contribute significantly
for large values of the couplings.
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ATLAS ττ search 139 fb−1 and CMS µµ search
140 fb−1

– All the production modes result in dileptons in the final state.
– The t channel process interferes destructively with the SM
process. This leads to a reduction in the number of events.
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Recasting the LHC data
Chi-square test is performed, with the test statistic:

χ2 =
∑
i

[
NiT − NiD

∆Ni

]2
Events are combined as follows:

NiT = NiS1 + NiBG

=
[
Np + Nincls + Nt − N×

]i
+ NiBG

using total uncertainity,

∆Ni =

√(
∆NiStat

)2
+
(

∆NiSyst
)2

where, ∆Nistat =
√
NiD and we assume ∆Nisys = δi × NiD
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LHC Exclusion Limits
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Bounds from LHC and RD(∗) data
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Bounds from LHC and RK(∗) data
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A 1.5 TeV U1 can explain RD(∗) and RK(∗)

Arvind Bhaskar · Flavour anomalies motivated LHC bounds on U1 Leptoquark models · July 26, 2021 15 / 19



Conclusions

– The RD(∗) and RK(∗) can lead to different signatures at the LHC.
From an EFT approach the new couplings may appear same but
decay modes of the LQ due to the couplings are different.

– At the low mass regions, the contributions from the resonant
production are significant.

– The interference between the t-channel U1 process and the SM
is destructive.

– A 1.5 TeV LQ can explain RD(∗) and RK(∗) anomalies.
– For a detailed study, please refer to arxiv: 2101.12069
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Backup Slides

Cross-section Parametrization: Pair Production
Total cross section:

σp
(
MU1 , λ

)
= σp0

(
MU1

)
+

n∑
i

λ2i σ
p2
i

(
MU1

)
+

n∑
i≥j

λ2i λ
2
j σ
p4
ij

(
MU1

)
No. of surviving events:

N p = σp × εp (MU1 , λ)× B2(MU1 , λ)

=

σp0 × εp0 +
n∑
i

λ2i σ
p2
i × ε

p2
i +

n∑
i≥j

λ2i λ
2
j σ
p4
ij × ε

p4
ij

×B2(MU1 , λ)×L
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Backup Slides

Cross-section Parametrization: Single Production
Total cross section:

σs(M, λi) =
n∑
i

λ2i σ
s2
i (MU1) +

n∑
i≥j≥k

λ2i λ
2
j λ
2
kσ
s6
ijk(MU1)

No. of surviving events:

N s = σs × εs (MU1 , λ)× B(MU1 , λ)× L

=∑
i

λ2i σ
s2
i (MU1)ε

s2
i (MU1) +

∑
i≥j≥k

λ2i λ
2
j λ
2
kσ
s6
ijk(MU1)ε

s6
ijk(MU1)

·B(MU1 , λi)·L
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Backup Slides

Cross-section Parametrization: Non-resonant
Production
Total cross section:

σnr(MU1 , λ) =
n∑
i

λ2i σ
nr2
i (MU1) +

n∑
i≥j

λ2i λ
2
j σ
nr4
ij (MU1)

No. of surviving events:

N nr = σnr × εnr (MU1 , λ)× L

=


n∑
i

λ2i σ
nr2
i (MU1)× ε

nr2
i (MU1) +

n∑
i≥j

λ2i λ
2
j σ
nr4
ij (MU1)× ε

nr4
ij (MU1)

×L
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