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b→ cℓνℓ anomalies

b→ sℓ+ℓ− anomalies

EFT fits

Models
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RD(∗) = BR(B → D(∗)τν)/BR(B → D(∗)ℓνℓ)
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RD(∗): BSM Explanations
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2022 Measurement

Using BaBar data (not official BaBar analysis)
and semi-leptonic tag: (2012 used hadronic)

R(D) = 0.316± 0.062± 0.019

R(D∗) = 0.226± 0.022± 0.012

ρ = −0.82

Yunxuan Li, Search for Beyond Standard Model

Physics at BaBar, (2022), Caltech Ph.D. thesis

https://resolver.caltech.edu/CaltechTHESIS:05232022-144829107
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b→ sl+l− in Standard Model

BR(B → Kµ+µ−) = BR(B → Ke+e−)

BR∼ O(10−6): loop+EW+CKM
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LHCb 2212.09152

RX(q
2) =

BR(B → Xµ+µ−)

BR(B → Xe+e−)
(q2)
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Other LFU

Bs → ϕℓ+ℓ−,

B → πℓ+ℓ,

B → Kπ+π−ℓ+ℓ−, . . . to come
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Form Factors
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Predicting B →Mℓ+ℓ−: FFs

A = local+ non-local

local: interpolate lattice at high q2 = m2
ll and

LCSR at low q2.

non-local: no lattice. Most use QCD
factorisation: perturbative charm loop+ad-hoc

EOS approach: interpolate q2 < 0 LCOPE and
measurements of BRs/angular dists at q2 =
M 2

J/ψ.
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BR(Bs → µ+µ−)1 SM: 1.6σ
Bs = (b̄s), Bd = (b̄d)

1SM: Feldmann, Gubernari, Huber, Seitz, 2211.04209;
Combination: BCA, Davighi, 2211.11766
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B0 → K∗0(→ K+π−)µ+µ−

15



P ′
5 = S5/

√
FL(1− FL)
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Bs → ϕµ+µ−: ϕ = (ss̄)
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BR(B → Kµ+µ−)
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µ Neutral Current Fits
Greljo, Salko, Smolkovic, Stangl, 2212.10497

L = N [CNP
9µ (b̄Lγ

αsL)(µ̄γαµ)+C
NP
10µ (b̄Lγ

αsL)(µ̄γαγ
5µ)]+H.c.

glo
ba

l 9
5%

µL

µV

CSM
9 = −CSM

10 = 4.2
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µ Neutral Current Fits
Alguero et al, 2304.07330; Altmannshofer, Stangl, flavio 2212.10497;

Ciuchini et al, HEPfit 2212.10516; Hurth et al, superIso 23??.?????

L = N [CNP
9µ (b̄Lγ

αsL)(µ̄γαµ)+C
NP
10µ (b̄Lγ

αsL)(µ̄γαγ
5µ)]+H.c.

µL

µV

Plot from B Capdevila-Soler Beyond Flavour Anomalies workshop
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µ/e Neutral Current Fits
Alguero et al, 2304.07330

L = N [CNP
9µ (b̄Lγ

αsL)(µ̄γαµ)+C
NP
9e (b̄Lγ

αsL)(ēγαe)]+H.c.
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Tree-level Explanations
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Simple Z ′ Models
SM-singlet scalar ‘flavon’ θ

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

SM+3νR fermion content

Zero charges for first two generations of quark

X = 3B3− [XeLe+XµLµ+(3−Xe−Xµ)Lτ ]

postdicts some small CKM2

2BCA, Mullin, 2306.08669
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Flavour problem

Postdicts CKM angles |Vcb|, |Vub|, |Vts|,
|Vtd| to be small

25



Important Z ′ Couplings

gZ′

(dL sL bL)
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2 sin 2θsb

0 1
2 sin 2θsb cos2 θsb

 /Z
′

 dL
sL
bL
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−(e µ τ)

 Xe 0 0

0 Xµ 0

0 0 (3−Xe −Xµ)

 /Z
′

 e

µ

τ




– LFU Violating, C9 ̸= 0
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LEP constraints

Put into flavio (Falkowski,
Mimouni 1511.07434)

Fit θsb and gZ ′/MZ ′
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BCA, Mullin, 2306.08669
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Leptoquark Explanation
S3 = (3̄,3, 13) only coupling to qµ (CNP

9µ =

−CNP
10µ ) as good as Z ′ only coupling to µµ

(CNP
10µ = 0) (BCA, Davighi, 2211.11766)

But coupling LQ to electrons as well leads to
trouble: BR(µ→ eγ) < 4.2 10−13 (MEG 2016)
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Epilogue

Remarkable that TeV-scale flavour
symmetries are still allowed

Plug for my music, book (18=C) and Quantum Selves art:
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https://share.amuse.io/artist/professor-jammin
https://benallanachwork.wixsite.com/quantumselves
https://share.amuse.io/artist/professor-jammin
https://www.amazon.co.uk/dp/1739940695?ref_=pe_3052080_397514860
https://benallanachwork.wixsite.com/quantumselves


Backup
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e ̸= µ allowed

Fleischer, Malami, Rehult, Keri Vos, 2303.08764; CNP
9ℓ = |CNP

9ℓ |eiϕNP
9ℓ

L = N(b̄Lγ
αsL)[C

NP
9µ (µ̄γαµ) + CNP

9e (ēγαe)] +H.c.
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3B3 − Le− 2Lµ model

gZ ′ = 0.2, θsb = −0.03 best-fit

BCA, Mullin, 2306.08669
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3 2 1 0 1 2 3 4
pull

Ms

BR(Bs-> )
RK(1.1, 6)

RK * (0.1, 1.1)
RK * (1.1, 6)
P ′5(2.5, 4)

P ′5(4, 6)
BR(Bs-> )(0.1,0.98)

BR(Bs-> )(1.1,2.5)
BR(Bs-> )(2.5,4)

BR(Bs-> )(4,6)
BR(Bs-> )(15,19)

SM
3B3 Le 2L
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3B3 − Le− Lµ− Lτ model

Greljo, Salko, Smolkovic, Stangl, 2212.10497
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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 lattice3.
3King, Lenz, Rauh, arXiv:1904.00940
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LXψ = gX

(
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,

Λ
(I)
ξ
Ξ

≡ V †
I
ξ
ΞVI, ξ =

 0 0 0

0 0 0

0 0 1

 ,Ξ =

 Xe 0 0

0 Xµ 0

0 0 Xτ


Xτ = 3−Xe −Xµ (BCA, Mullin, 2306.08669)

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

VuR = VdR = VeL = VeR = 1

VdL =

 1 0 0

0 cos θsb − sin θsb
0 sin θsb cos θsb

 .

⇒ VuL = VdLV
†
CKM and VνL = VeLU

†
PMNS.
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SMEFT WCs/(g2Z ′/M 2
Z ′)

| wilson | flavio | smelli > output
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BCA, Mullin, 2306.08669
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Flavonstrahlung
Models of Z ′ ilk possess L =

λHH†θθ† ⇒ a flavonstrahlung signature:

BCA, 2009.02197; BCA, Loisa, 2212.07440
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Scalar LQ4: eg S3 ∼ (3̄,3, 1/3)

4BCA, Corbett, Madigan, 1911.0445
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Anomaly cancellation

Need to pick X charges for
fermions consistent with QFT anomaly
cancellation.

X = 3B3 −
(XeLe +XµLµ + [3−Xe −Xµ]Lτ)

works (proof in 2306.08669).
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Trident Neutrino Process
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t−channel
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(g − 2)µ
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Hϑ potential

V = −µ2H†H + λH(H
†H)2 − µ2

θθ
∗θ +

λθ(θ
∗θ)2 + λθHθ

∗θH†H

= −1

2

(
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)
M 2
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Hϑ mixing

(
h

ϑ

)
=

(
cosϕ − sinϕ

sinϕ cosϕ

)(
h′

ϑ′

)
sin 2ϕ =

2λθHvhvθ
m2
ϑ −m2

h

. (-13)

Three parameters: vθ = MZ ′/gZ ′, mϑ
and ϕ.
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Higgs Signal Strength

µ :=
σ ×BR(exp)

σ ×BR(SM)

BCA, Loisa, 2212.07440
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ϑ BRs
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