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RK =
∫
q2max
q2
min

dΓ(B+ →K+µ+µ−)
dq2

dq2

∫
q2max
q2
min

dΓ(B+ →K+e+e−)
dq2

dq2
= 1+O(m2

µ/m2
b)

Key observable to test LFU violations at LHCb
Hiller, Kruger (2014)



The RK anomaly LHCb, Phys.Rev.Lett. 113 (2014)



Other anomalies present in b→ sµ+µ− LHCb data

covered in Matias talk
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J. Virto et al. [1510.04239]



Lepton Universality Violation



A possibility
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BGL Yukawa textures Branco, Grimus, Lavoura Phys.Lett. B380 (1996)

Textures imposed by global symmetry

−LY = Q0
L [ΓBGL

1 Φ1 + ΓBGL
2 Φ2]d0R +Q0

L [∆BGL
1 Φ̃1 +∆BGL

2 Φ̃2]u0R
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Γ1 Γ2 ∆1 ∆2

Higgs FCNCs at tree-level controlled by CKM matrix elements

Hd̄idj ∝ (VCKM)∗ti(VCKM)tj mdj



U(1)
′

gauged
BGL models

SM fermion
content

BGL Yukawa
textures in

quark sector

Anomaly
cancellation
fixes lepton

sector

LFUV and
no LFV

No new
sources
of CPV

AC,Fuentes,Jung,Serodio’15



BGL Yukawa textures + anomaly cancellation

Anomaly cancellation involves both quarks and leptons

charge permutations...

▸ 18 models with FCNCs in the up-quark sector

▸ 18 models with FCNCs in the down-quark sector

Z′ FCNCs at tree-level determined by CKM matrix elements

Pheno. analysis of these models, extensions with ν-masses....

Work in progress [AC,Fuentes,Jung,Serodio]

In this talk I will discuss:

Phys.Rev. D92 (2015) [1505.03079]
Idea of gauged BGL models + discussion of RK anomaly



down-quark
FCNCs

up models

up(3,2,1)

⋮
up(1,2,3)

charm models
charm(3,2,1)

⋮
charm(1,2,3)

top models

top(3,2,1)

⋮
top(1,2,3)



The scalar sector consists of
two-Higgs doublets and a complex scalar (singlet under GSM)

SM

H1,2;A;H±

Z ′

GSM ×U(1)′

GSM

U(1)em

Particle spectrum Symmetry breaking



Z′ mass and Z −Z′ mixing
Z ′ gets large mass via Higgs mechanism (∣⟨S⟩∣ = vs = O(TeV))

LZ′ ⊃ Z ′
µνZ

′µν + ∣Dµ S∣2 + ∣DµΦ1,2∣2 + V (Φ1,Φ2, S)

Kinetic mixing

sχ

2
Z ′
µνB

µν

● χ ≠ 0
[Babu, Kolda, March-Russell ’97]

● We take χ = 0

Mass mixing

∆ (v1, v2)Z ′
µνZ

µν ⇒ ξ ∝ ∆

For XΦ2 = 0,

g′ξ ≃ − 9e

8cW sW
( g

′v1
MZ′

)
2

so ξ ≪ 1 for large tβ

ongoing analysis of EWPD keeping kinetic mixing and mass mixing

[AC,Fuentes,Jung,Serodio]



FCNCs are determined exactly by CKM matrix elements

Z ′

d̄j

di

∝ (VCKM)∗ti(VCKM)tj

VCKM
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Only left-handed Z′ FCNCs ⇒ No contributions to C′
9,10

O`′9 = (sγµPRb) (`γµ`) O`′10 = (sγµPRb) (`γµγ5`)

Prediction in our models ⇒ RK = RK∗ = Rφ Hiller, Schmaltz’14

Correlations between C9,10 for ` = e, µ, τ .

O`9 = (sγµPLb) (`γµ`) O`10 = (sγµPLb) (`γµγ5`)



Correlations at flavour factories

O`9 = (sγµPLb) (`γµ`) O`10 = (sγµPLb) (`γµγ5`)
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Correlations at colliders

µf/f ′ =
σ(pp→ Z ′ → ff̄)
σ(pp→ Z ′ → f ′f̄ ′)

μ�/μ
μ�/τ

μμ/τ

μe/μ

μe/τ

μμ/τ

(1,2,3) (3,1,2)



Constraints

Bs mixing

APV

LHC

LEP

. . .



Z′ searches at the LHC

ℓ−

ℓ+

Z ′

P

P



Possible to accommodate the RK anomaly

RK and Bs mixing give

Model CNPµ
9 (2σ)

(1,2,3) [−2.92,−0.61]
(3,1,2) [−1.16,−0.17]
(3,2,1) [−1.54,−0.20]

Good with B→K∗µ+µ−

1
JAN eagerly waiting LHCb results for RK∗ and Rφ



(1,2,3) (3,1,2)



(3,2,1) (3,1,2)



LFV and LFU

“any departure from lepton universality is necessarily
associated with the violation of lepton flavor conservation.”

Glashow, Guadagnoli, Lane [PRL 114 (2015)]

No

Model LFV

Lµ −Lτ + VL quarks Gori et al. [1403.1269]

Horizontal U(1)
′

Crivellin et al. [1503.03477]

Gauged BGL [1505.03079]
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