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Abstract
The LHCb experiment has recently provided several new measurements to test the lepton flavor universality in the Standard Model (SM) and confirmed some of the prevailing anomalies from the B-meson decays in BaBar

and/or Belle experiments. We consider the setup where scalar leptoquarks or extra U(1) gauge bosons have flavor-dependent couplings to the SM. In this work, we discuss the flavor structure for quarks and leptons and 
various constraints on the model and propose a natural candidate for dark matter.

Scalar Leptoquarks for B-meson Anomalies and Dark Matter.
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❖ Lepton Flavor Universality

Tau decay

𝐵𝑅 𝜏− → 𝜐𝜏𝜇
− ҧ𝜐𝜇

𝐵𝑅 𝜏− → 𝜐𝜏𝑒
− ҧ𝜐𝑒

= 0.9761 ± 0.0028

Z boson decay

𝐵𝑒: 𝐵𝜇: 𝐵𝜏 ≈ 1: 1: 1

where 𝐵𝑙 = 𝐵𝑅 𝑍 → 𝑙+𝑙−

⇒ Lepton Flavor Universality

for Weak interaction

❖ B-meson Decay

𝑅𝐾(∗) Anomaly
𝑅𝐾(∗) =

𝐵𝑟(𝐵 → 𝐾(∗)𝜇+𝜇−)

𝐵𝑟(𝐵 → 𝐾(∗)𝑒+𝑒−)

But,  𝑅
𝐾(∗)
𝐸𝑥𝑝

= ൝
0.66−0.07

+0.11 ± 0.03 (0.045 < 𝑞2 < 1.1)

0.69−0.07
+0.11 ± 0.05 (1.1 < 𝑞2 < 6.0)

Deviations from SM at ൝
2.1 − 2.3 𝜎 (0.045 < 𝑞2 < 1.1)

2.4 − 2.5 𝜎 (1.1 < 𝑞2 < 6.0)

𝑅
𝐾(∗)
𝑆𝑀 ≅ 1

𝑅𝐷(∗) Anomaly

𝑅𝐷(∗) =
𝐵𝑟(𝐵 → 𝐷(∗) ഥ𝜈𝜏𝜏

−)

𝐵𝑟(𝐵 → 𝐷(∗)ഥ𝜈𝑙𝑙
−)

𝑅
𝐷(∗)
𝑆𝑀 = 0.257 ± 0.003

But, 𝑅
𝐷(∗)
𝐸𝑥𝑝

= 0.310 ± 0.015 ± 0.008

SM expectations at 4𝜎

Leptoquarks Model
❖ Model Independent Interpretation

ℋ𝑏→𝑠𝜇+𝜇− = −
4𝐺𝐹

2
𝑉𝑡𝑏𝑉𝑡𝑠

∗ σ𝑖 𝐶𝑖𝒪𝑖

Best fit

𝐶9𝜇
𝑁𝑃 = −𝐶10𝜇

𝑁𝑃 = −0.62

while taking [−0.75,−0.49] with 1𝜎
and [−0.88,−0.37] with 2𝜎

Effective Operator for 𝑏 → 𝑠𝜇+𝜇−

𝒪9𝑙 =
𝛼

4𝜋
ҧ𝑠𝛾𝜇𝑃𝐿𝑏 ҧ𝑙𝛾𝜇𝑙

𝒪10𝑙 =
𝛼

4𝜋
ҧ𝑠𝛾𝜇𝑃𝐿𝑏 ҧ𝑙𝛾𝜇𝛾5𝑙

Effective Operator for 𝑏 → 𝑐𝜏− ҧ𝜐𝜏

ℋ𝑏→𝑐𝜏−ഥ𝜐𝜏 =
4𝐺𝐹

2
𝑉𝑐𝑏𝐶𝑐𝑏 ҧ𝑐𝛾𝜇𝑃𝐿𝑏 ҧ𝜏𝛾𝜇𝑃𝐿𝜐𝜏

where 𝐶𝑐𝑏 = 1 in the SM
by charged current 𝑊− - interactions

Best fit
Δ𝐶𝑐𝑏 = 0.1

while taking [0.072, 0.127] with 1𝜎
and [0.044, 0.153] with 2𝜎

❖ LHC and HL-LHC for the Leptoquark production

❖ Singlet real scalar dark matter
Lagrangian  generalizes the Higgs portal interactions to those for leptoquarks.
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❖ Singlet Scalar Leptoquark 𝑆1(ത3, 1,1/3) ❖ Triplet Scalar Leptoquark 𝑆3(ത3, 3,1/3)
Lagrangian for a 𝑆𝑈(2)𝐿 singlet scalar leptoquark 𝑆1

ℒ𝑆1 = −𝜆𝑖𝑗 ത𝑄𝑐
𝑅𝑖
𝑎 𝜖𝑎𝑏𝑆1𝐿𝐿𝑗

𝑏 + ℎ. 𝑐.

where 𝜖𝑎𝑏 = 𝑖𝜎2 𝑎𝑏 =
0 1
−1 0

Four fermion interaction 𝑏 → 𝑐 ҧ𝜈𝑙𝑙
−

ℒ𝑆1 ⊃ −
𝜆2𝑖𝜆3𝑗
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𝑅𝐷(∗) effective operator coefficient
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Lagrangian for a 𝑆𝑈(2)𝐿 singlet scalar leptoquark 𝑆3

ℒ𝑆3 = − ሚ𝜆𝑖𝑗 ത𝑄𝑐
𝑅𝑖
𝑎 𝑆3𝑎𝑏𝐿𝐿𝑗

𝑏 + ℎ. 𝑐.

where 𝑆3𝑎𝑏 =
2𝜙3 −𝜙2

−𝜙2 − 2𝜙1

Four fermion interaction 𝑏 → 𝑠𝑙+𝑙−

ℒ𝑆3 ⊃
ሚ𝜆2𝑖 ሚ𝜆3𝑗

∗
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𝑅𝐾(∗) effective operator coefficient

ሚ𝜆2𝜇 ሚ𝜆3𝜇
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Best Fit

Λ𝐷 ~ 2.271 𝑇𝑒𝑉

Best Fit

Λ𝐾 ~ 36.956 𝑇𝑒𝑉

Leptoquarks Production

For 𝑆1(𝑅𝐷 ∗ 𝑎𝑛𝑜𝑚𝑎𝑙𝑦)

𝑚𝐿𝑄 > 850𝐺𝑒𝑉 at 𝑠 = 13𝑇𝑒𝑉

❖ Relic density for scalar dark matter
In this cases, Lagrangian includes term for 𝜆3 in contrast with general scalar dark matter (without leptoquarks).

So, two diagrams for tree-level annihilation cross section are added. And we need to consider the loop-induced annihilation 
cross sections.

Tree-level diagrams Loop-induced diagrams
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❖ Direct detection bounds

Spin-indep. cross section for DM-nucleon elastic scattering is 
given by

𝜎𝑆−𝑁 =
𝜇𝑁
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are constants

❖ Higgs Data

Γ ℎ → 𝛾𝛾 =
𝐺𝐹𝛼𝑒𝑚
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𝑖=1,⋯,𝑁𝐿𝑄

𝑄𝐿𝑄
2 𝐴0 𝑥𝐿𝑄
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Γ ℎ → 𝑔𝑔 =
𝐺𝐹𝛼𝑠

2𝑚ℎ
3

36 2𝜋3

3
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𝑓

𝐴1/2 𝑥𝑓 +
3

4
𝑁𝐿𝑄𝑔𝐿𝑄

2 𝐴0 𝑥𝐿𝑄

2

𝑅𝛾𝛾,𝑔𝑔 ≡
Γ ℎ → 𝛾𝛾, 𝑔𝑔

Γℎ ∙ 𝐵𝑅 ℎ → 𝛾𝛾, 𝑔𝑔 𝑆𝑀

Γℎ ≈ Γℎ,𝑆𝑀 + Γ(ℎ → 𝑆𝑆)

𝑤ℎ𝑒𝑟𝑒 Γℎ,𝑆𝑀 = 4𝑀𝑒𝑉

𝜇𝛾𝛾 = 𝑅𝑔𝑔𝑅𝛾𝛾 = 1.10
+0.23
−0.22

Pair production

Single production

❖ Branching ratios of annihilation cross sections for dark matter

𝑆1 Leptoquark portal (𝑚𝑆 ) 𝑆3 Leptoquark portal (𝑚𝑆)

❖ XENON 1T + Higgs data + Gamma-ray constraints in the parameter space, 𝜆4 𝑣𝑠 𝑚𝑆

𝑆1 Leptoquark portal (𝜆4) 𝑆3 Leptoquark portal (𝜆4)


