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B-Anomalies

• Discrepancies in b→ sµ+µ− data and SM: Angular Observables in
B → K∗µ+µ−, Branching Ratio in Bs → φµ+µ−: (Combined Signi�cance
4-5σ).

• Discrepancies in Lepton Flavor Universality Ratios in b→ s``:

RK(∗) =
B(B→ K(∗)µ+µ−)

B(B→ K(∗)e+e−)

Both RK and RK∗ are measured to be below the SM value by ∼ 2.5σ.

• Discrepancies in Lepton Flavor Universality Ratios in b→ c`ν̄:

RD(∗) =
B(B→ D(∗)τ ν̄)

B(B→ D(∗)`ν̄`)
RJ/ψ =

B(Bc → J/ψτν̄)

B(Bc → J/ψµν̄µ)

Both RD and RD∗ are measured to be above the SM value, the combined
signi�cance is ∼ 4.0σ. RJ/ψ is measured to be ∼ 2σ above the SM.
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Individual Explanations: EFT Approach

• The NP can be parameterized in terms of the Wilson Coe�cients.

Heff =
∑

CiOi

CX = CX(SM) + CX(NP)

b→ sµµ:

Oµµ9 = (s̄Lγ
µbL) (µ̄γµµ) , Oµµ10 = (s̄Lγ

µbL)
(
µ̄γµγ

5µ
)

b→ cτ ν̄τ :

OττV L = (c̄Lγ
µbL) (τ̄LγµντL)

(Global Fits):

• b→ sµµ:
Cµµ9 (NP ) = −Cµµ10 (NP ) ' −0.53.

• b→ cτ ν̄:

CττV (NP ) ' 0.10

See e.g. Phys. Rev. D 96, 095009, JHEP 1809 (2018) 152
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Combined Explanation: EFT Approach

SU(3)C × SU(2)L × U(1)Y Gauge Invariant Operators

There are two such Semi-Leptonic Operators relevant for b→ s`` and
b→ c`ν̄ with (V-A) structure

(Q̄iLγµQjL)(L̄kLγ
µLlL), (Q̄iLγµσ

IQjL)(L̄kLγ
µσILlL)

Operator (Q̄iLγµσ
IQjL)(L̄kLγ

µσILlL) relates b→ s`` to b→ c`ν̄
transitions.

[Phys.Lett. B742 (2015) 370-374]

J.Kumar (Université de Montréal) University of Victoria 4 / 14



Combined Explanation: EFT Approach

SU(3)C × SU(2)L × U(1)Y Gauge Invariant Operators

There are two such Semi-Leptonic Operators relevant for b→ s`` and
b→ c`ν̄ with (V-A) structure

(Q̄iLγµQjL)(L̄kLγ
µLlL), (Q̄iLγµσ

IQjL)(L̄kLγ
µσILlL)

Operator (Q̄iLγµσ
IQjL)(L̄kLγ

µσILlL) relates b→ s`` to b→ c`ν̄
transitions.

[Phys.Lett. B742 (2015) 370-374]

J.Kumar (Université de Montréal) University of Victoria 4 / 14



Combined Explanation: EFT Approach

SU(3)C × SU(2)L × U(1)Y Gauge Invariant Operators

There are two such Semi-Leptonic Operators relevant for b→ s`` and
b→ c`ν̄ with (V-A) structure

(Q̄iLγµQjL)(L̄kLγ
µLlL), (Q̄iLγµσ

IQjL)(L̄kLγ
µσILlL)

Operator (Q̄iLγµσ
IQjL)(L̄kLγ

µσILlL) relates b→ s`` to b→ c`ν̄
transitions.

[Phys.Lett. B742 (2015) 370-374]

J.Kumar (Université de Montréal) University of Victoria 4 / 14



Combined Explanation: EFT Approach

SU(3)C × SU(2)L × U(1)Y Gauge Invariant Operators

There are two such Semi-Leptonic Operators relevant for b→ s`` and
b→ c`ν̄ with (V-A) structure

(Q̄iLγµQjL)(L̄kLγ
µLlL), (Q̄iLγµσ

IQjL)(L̄kLγ
µσILlL)

Operator (Q̄iLγµσ
IQjL)(L̄kLγ

µσILlL) relates b→ s`` to b→ c`ν̄
transitions.

[Phys.Lett. B742 (2015) 370-374]

J.Kumar (Université de Montréal) University of Victoria 4 / 14



EFT to Models: Leptoquarks

Scalar Triplet: S3 (3,3,−2/3)
Vector Triplet: U3 (3,3,4/3)
Vector Singlet: U1 (3,1,4/3)

∆LS3
= hS3

ij

(
QiLσ

I iσ2LcjL
)
SI3 + h.c., (We allow General Couplings)

∆LU3
= hU3

ij

(
QiL γ

µ σILjL
)
U I3µ + h.c.,

∆LU1 = hU1
ij

(
QiL γ

µ LjL
)
U1µ + h.c.

Under the assumption that NP Couples to only II and III
Generations we have 4 Free(Real) parameters for each Model:

h22, h33, h23, h32.
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Observables

Six Minimal + Five Lelpton Flavor Violating (LFV) constraints.
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S3 and U3 Leptoquarks Models

The Fit of S3 and U3 to the Minimal set of Constraints yields:

χ2/dof = 7.5 (S3), 10 (U3),

Implying that simultaneous explanation is not possible within S3 or
U3.

• The constraint from B → K(∗)νν̄: −0.047 ≤ (g1 − g3)h33h23 ≤ 0.026.

• For the S3 LQ, we have

h33h23 = −0.28± 0.08 (RD(∗)),

h33h23 ≥ −0.094 (B → K(∗)νν̄).

• Similarly, the U3 LQ has

h33h23 = −0.14± 0.04 (RD(∗)),

h33h23 ≥ −0.013 (B → K(∗)νν̄).

The constraint from B → K(∗)νν̄ is not compatible with the RD(∗) .
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U1 Leptoquark Model

• No contributions to b→ sνν̄ (at Tree Level) since

(g1 − g2) = 0.

• Combined Fit of U1 Model:

9 Observables:

Minimal : b→ sµµ, R
τ//`
D , R

τ/`
D∗ , R

e/µ
D∗ , R

τ/µ
J/ψ.

LFV : B(B → Kτ±µ∓), B(τ → φµ), B(Υ→ µ±τ∓).

4 Free Parameters:

h22, h33, h23, h32 =⇒ d.o.f = 5.

χ2
min/dof = 1.

Therefore U1 LQ can explain both the charged and neutral current
B-anomalies simultaneously.
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LQ Couplings: Pattern & LFV Constraints

Using Minimal Observables only product of LQ couplings are
constrained but the individual couplings remain unconstrained.

b→ sµ+µ− : h32h22

b→ cτ ν̄ : Vcsh33h23 + Vcbh
2
33

B+ → K+τ−µ+ : h32h23

B+ → K+τ+µ− : h33h22

Υ(2S)→ µ±τ∓ : h33h32

τ → µφ : h23h22.

Lepton Flavor Vi-
olating Observables
put additional con-
straints:

|h22| ≤ 0.12, |h32| ≤ 0.7

|h23| ≤ 0.9, |h33| ≥ 0.1.
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LQ Couplings: Pattern & LFV Constraints

RD(∗) RK(∗)

LFV constraints prefer a large value of h33 coupling. A sizable
h23 ∼ O(0.1) is needed to �t the data.
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Predictions for U1 model

• Enhancement of same size in b→ u`ν̄ modes is predicted:

R
τ/µ
π`ν̄ = B(B→πτν̄)

B(B→π`ν̄) ' R
τ/`
D∗ ' 1.20.

• RGE running induce b→ sνν̄ mode:

B(B → Kνν̄) ' 1.3× B(B → Kνν̄)SM .

• More than two orders of enhancement is expected in the b→ sττ
modes !

B(B → Kττ̄) ' 250× B(B → Kττ̄)SM .
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Vector Boson (VB) Triplet Model

• An SM-like VB (W ′, Z ′) which transforms as (1,3,0) under the SM Gauge
group is another possibility.

Six Couplings : (gµµ, gττ , gµτ ), (gss, gbb, gsb)

• In addition to the Semi-Leptonic operators required to explain the
B-Anomalies the four Fermion are also generated at the Tree Level.

• Additional constraints like Bs −Bs Mixing, τ → 3µ, τ → `νν̄ come
into play.
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VB Triplet Model: Results

• Due to the constraints from τ → `νν̄ and Bs-Mixing the gττ ∼ O(0.01− 0.1)
is small, so the NP e�ect in b→ cτ ν̄ are limited.

• Therefore, to explain RD(∗) we need the suppress the denominator i.e NP in
b→ cµν̄. But in the light direct searches at the LHC of heavy bosons in
bb̄→ Z ′ → µµ challenge this possibility.

• So, we conclude that the VB model is excluded.
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Summary

• At present there are several anomalies in the B-decays, both in the neutral
currents as well as the charge current transitions. The combined signi�cance if
about 4− 5σ and 4σ respectively.

• Assuming that NP is responsible for this, there are four one particle
extensions of SM which in principle could be solution. Those are (SM + Scalar
triplet LQ), (SM + Vector Triplet LQ), SM+ Vector Singlet LQ or SM +
Vector Boson Triplet Model.

• Taking the general couplings(real) to the second and the third generation
only U1 (a Vector Singlet LQ) model can o�er a combined explanation.

• As a consequence a large enhancement (by orders of magnitude) are
predicted in the b→ sττ modes.

Thanks for your attention !
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