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Motivations

• Anomalies in B decays

Already discussed yesterday, thank you
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BSM experimental status (also extensively discussed)

Categories of  anomalous observables
• Angular observables and branching ratios  → “hadronically challenged”
• Ratios: theoretically «clean»

OUTLINE

 Focus on 𝑏 → 𝑠 𝑙 𝑙 decays

 Choose a viable 331 model allowing LFNU

 Express Wilson coefficients in that frame

 Compare with global fits & additional constraints



331 models main features:  1)

gauge group                        𝑆𝑈 3 𝑐 × 𝑆𝑈 3 𝐿 × 𝑈 1 𝑋

spontaneously broken to     → 𝑆𝑈 3 𝑐 × 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌

spontaneously broken to    → 𝑆𝑈 3 𝑐 × 𝑈 1 𝑄

arbitrary a and 𝛽

𝑎 = 1 embed isospin doublets 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌 into 𝑆𝑈 3 𝐿 × 𝑈 1 𝑋

𝛽 = ±1/ 3 no new particle with exotic charges

𝜷 = −𝟏/ 𝟑

P. Frampton ‘92, 
F. Pisano and V. Pleitez, ’92…



Anomaly free

331 models main features:  2)

Equal number of 3 and  3 fermionic representations

Minimal 331 model example: 

quarks in 𝑆𝑈 3 𝐿

2 families x3(color) 3
1 family    x3(color)            3

Same representation: 
LFNU not allowed

Lepton
All three families fixed to   3

e.g. Buras et al. 1211.1237, 1311.6729,
1405.3850, Diaz et al. 0411263, 309280….



Is that conclusive?

Is there a next-to-minimal 331 model which is compatible
with current LFNU hints?

First step towards: 

Can 331 models be excluded on the basis of 
actual anomalies?

Masaccio, 1424



For the left-handed components

SM particles

Anomaly cancellation in next-to-minimal 331 models

J. M. Cabarcas, et al. 1212.3586, 1310.1407...



Analyzing a next-to-minimal 331 model 
with 5 lepton generations 

Escher, 1946



𝑆𝑈 3 𝐿 × 𝑈 1 𝑋 Gauge Bosons

𝑊𝜇
𝑎 𝑎 = 1…8

Charged

𝑊3, 𝑊4,5 , 𝑊8 , XNeutral



Mixing patterns among neutral particles

𝑊3, 𝑊4,5 , 𝑊8 , 𝑋
𝜃331

𝑊3,𝑊4,5, 𝐵, 𝑍′
𝜃𝑊

𝑊4,5, 𝑍′, 𝐴, 𝑍

𝑔 𝑆𝑈 3 𝐿 gauge coupling constant

𝑔𝑋 𝑈 1 𝑋 gauge coupling constant

𝜃𝑊 Weinberg angle

Λ𝐸𝑊Λ𝑁𝑃

𝑉±, 
Massive  1SSB

Massive 2SSB
𝑊±



New particle content

gauge bosons

extended Higgs sector

heavy quarks 𝐵1,2, 𝑇3

heavy leptons 𝐸1,
−𝐸4

−, 𝑁2,3,4,5,
0 𝑃4

0

𝑉±, 𝑊4,5, 𝑍′

𝑆𝑈 3 𝐿triplets 𝜒, 𝜂, 𝜌 sextets 𝑆1, 𝑆𝑏, 𝑆𝑐



Yukawa coupling

Quark masses defined upon rotation of 5 x 5 (4x4) unitary matrices

In general not unitary



Mixing patterns

Order by order diagonalization

3x 3 SM Unitary at LO Unitary subspaces



Hieronymus Bosch 1482

Facing anomalies



• SM

• BSM  contributions in 𝐶9
𝜇

or (𝐶9
𝜇, 𝐶9′

𝜇 ) or (𝐶9
𝜇, 𝐶10

𝜇 )
from both LFUV observables and angular observables:
additional operators fitted values constrained to remain small

Descotes-Genon et al.,  15, 
Capdevila et al. 17, 
Altmannshofer et al., 
Genget al. 17, Ciuchini et 
al. 17, Hurth et al. 17….

Effective Analysis 𝑏 → 𝑠 𝑙 𝑙 transitions



Lowest level in ε

Interactions Z and Z’ with RH quarks

identity in flavour space: no contribution to 𝐶9,10
′

BSM  contributions

neutral gauge bosons 𝑾𝟒,𝟓, 𝒁′, 𝒁, A



Z’ 

no other contributions: A diagonal, 𝑾𝟒,𝟓 higher order in ε

flavour strucure

Z



Wilson coefficients and LFV

k, l quark index fixed at b, s
i,j lepton flavours

Both LFNU and LFV could
be induced by Z’ (only)

• LFV excluded

• No BSM 𝑪𝟗,𝟏𝟎
𝒆

Data and global fits driven constraints (See yesterday talks)



Global fits
Descotes-Genon et al.,  15, 
Capdevila et al. 17, 
Altmannshofer et al., Genget al. 
17, Ciuchini et al. 17, Hurth et 
al. 17….



Constraints from 𝐵𝑠 − 𝐵𝑠 mixing

BSM Z contribution: ε suppressed

BSM Z’ contribution

SM Z  contribution



𝑑 ∈ [−1,1]

𝑀𝑊

𝑀𝑍′
∈ [0,0.3]

Agreement global fits
Lenz et al 1203.0238, 
J. Charles et al. 1309.2293.



Conclusions

• Preliminary analysis of LFNU of a Z’ model embedded in a more global extension, the 331 
model 

• next-to-minimal assumptions:  5 lepton families + no LFV + no BSM in Ce

• NP scenarios in agreement with global fits are allowed


