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b→ sµ+µ− anomalies

B3 − L2 Z
′

S3 Leptoquark
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BR(Bs → µ+µ−):1 Bs = (b̄s), B0 = (b̄d)

1BCA, Davighi, 2211.11766: SM: 1.6σ
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B0 → K∗0(→ K+π−)µ+µ−

3



P ′
5

P ′
5 = S5/

√
FL(1− FL), leading form factor uncertainties

cancel 2

2LHCb, 2003.04831
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Bs → ϕµ+µ−: ϕ = (ss̄)
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Stolen from Capdevila et al, Flavour Anomaly Workshop ’21

pre-Dec 2022
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LHCb: 20/12/22

RX(q
2) = BR(B → Xµ+µ−)/BR(B → Xe+e−)

LHCb 2212.09152: evidence for lepton flavour universality

violation has gone away ; smelli2.3.2:
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L = N(s̄γαPLb) [C9(µ̄γαµ) + C10(µ̄γαγ5µ)]
Greljo, Salko, Smolkovic, Stangl, 2212.10497
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Theory: uncertainties

parametric form factors non-local

MEs

BR(B →Mll) yes large large

angular no small large

BR(Bs → ll) yes small no

LFU no tiny no

Parametric uncertainties easy

Large theory uncertainties3 are taken
into account

3Gubernari, Reboud, van Dyk, Virto 2206.03797
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Neutral Current Fits
Alguero et al, 2104.08921; Altmannshofer, Stangl, flavio 2103.13370;

Ciuchini et al, HEPfit 2011.01212; Hurth et al, superIso 2104.10058;

L = N [C9(b̄Lγ
µsL)(µ̄γµµ)+C10(b̄Lγ

µsL)(µ̄γ
5γµµ)] +H.c.

µL

µV
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Simple Z ′ Model
SM-singlet scalar ‘flavon’ θX ̸=0

Additional U(1)X gauge symmetry broken by
⟨θ⟩ ∼TeV

SM+3νR fermion content

Zero X charges for first two generations of
quark, electrons and taus

Postdicts heavy third family quarks4

4X = B3 − L2: Bonilla et al, 1705.00915; Alonso et al 1705.03858,
BCA 2009.02197 (simplified EFT )
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Flavour problem

Lq = YtQ3
′
LHt

′
R + YbQ′

3LH
cb′R +H.c.,

Postdicts small CKM angles
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LXψ = gX

(
uLΛ

(uL)/Z
′
uL + uRΛ

(uR)/Z
′
uR

+dLΛ
(dL)/Z

′
dL + dRΛ

(dR)/Z
′
dR

−3eLΛ
(eL)/Z

′
eL − 3eRΛ

(eR)/Z
′
eR

−3νLΛ
(νL)/Z

′
νL − 3νRΛ

(νR)/Z
′
νR

)
,

Λ(I) ≡ V †
I ξVI, ξ =

 0 0 0

0 0 0

0 0 1


Z ′ couplings, I ∈ {uL, dL, eL, νL, uR, dR, eR}
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A simple limiting case

VuR = VdR = 1

VdL =

 1 0 0

0 cos θ23 − sin θ23
0 sin θ23 cos θ23

 , VeL,R
=

 1 0 0

0 0 1

0 1 0

 ,

⇒ VuL = VdLV
†
CKM and VνL = VeLU

†
PMNS.
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Important Z ′ Couplings

gX

(dL sL bL)
 0 0 0

0 sin2 θ23
1
2 sin 2θ23

0 1
2 sin 2θ23 cos2 θ23

 /Z
′

 dL
sL
bL



−3(e µ τ)

 0 0 0

0 1 0

0 0 0

 /Z
′

 e

µ

τ




– LFU Violating, C9 ̸= 0
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S3 Leptoquark Model

TeV scale Scalar5 S3 = (3̄, 3, 1/3):

L = . . .+ λQ′
3L2 + ����������������

YijQiQjS
†
3 + h.c.

= . . .+ λ(cos θ23Q3L2 + sin θ23Q2L2) + h.c.

C9 = −C10

5Capdevila et al 1704.05340, Hiller and Hisandzic 1704.05444,

D’Amico et al 1704.05438
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Bs− B̄s Mixing

Measurement agrees with SM.

Z ′b̄

s

s̄

b

b̄
s

s̄

b

µ̄

µ
LQLQ

gsb =
gX
2

sin 2θsb
<∼ MZ ′

194 TeV
but uncertain

from QCD sum rules and lattice6.
6King, Lenz, Rauh, arXiv:1904.00940
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Best fits BCA, Davighi, 2211.11766

Wilson, flavio, smelli
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Pull=(theory-exp)/error

BCA, Davighi, 2211.11766
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Parameter Space

BCA, Davighi, 2211.11766
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Summary
b→ sµ+µ− anomalies remain with caveat

Remarkable that models with TeV-scale flavour
symmetry are still allowed

Shameless plug for my music, textbook and Quantum Selves art:
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Backup
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Trident Neutrino Process
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Z ′ Decay Modes

Mode BR Mode BR Mode BR

tt̄ 0.15 bb̄ 0.15 νν̄ ′ 0.23

µ+µ− 0.46

pp Z ′ Production:

σprod ∝ g2X cos4 θsb = g2X
(
1− 2θ2sb +O(θ4sb)

)
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Z ′ → µµ ATLAS 13 TeV 139
fb−1

ATLAS analysis: look for two track-based isolated µ,

pT > 30 GeV. One reconstructed primary vertex. Keep

only highest scalar sum pT pair7

m2
µ1µ2

= (pµ1 + pµ2)
(
p1µ + p2µ

)
CMS also have released8 a 139 fb−1 analysis.

71903.06248
82103.02708
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ATLAS l+l− limits

1903.06248
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B3 − L2 Z
′ at HL-LHC

Trident

Bs −Bs

non-pert: Γ/M > 1/4

Azatov, Garosi, Greljo, Marzocca, Salko, 2205.13552 with old RK(∗)
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B3 − L2 Z
′ at FCChh

Trident

Bs −Bs

non-pert: Γ/M > 1/4

Azatov, Garosi, Greljo, Marzocca, Salko, 2205.13552 with old RK(∗)
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