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Motivations

« Anomalies in B decays

Already discussed yesterday, thank you

@ For the first time, we observe in particle physics a large set of coherent deviations in observables:
LHCb has been able to probe very rare b+s Il and inb— sutpu=: Pl Bpt skt utu—» Bp,»outu- (Iow and large-recoil).
challenging b-clv transitions. [2] in LFUV observables: Ry.Rx-, Qa5
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* B — K*u*pu~ angular observable P¢ (or Ss): 2.8 and 3.00 in [4.0-6.0] and [6.0-8.0] GeV? bins with Flavor anomalies
3 fb~! at LHCb

b — sptp~ anomaly =
_ . . . . _ iate from Standard model (SM) predictions by 2-30
« BR(B; — ¢u*u7): 3.20 tension in the [1-6] GeV? bin with 3 fb~! at LHCb (2015) Several LHCb measurements deviate from Siart

deviation from SM by 4¢.
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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 — slldecays

» 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 SUB3).xSUBB), xU(1)y
spontaneously broken to - SU(3), x SU(2), x U(1)y

spontaneously broken to  — SU(3), x U(1),

. .Y ) . i
O =al? + = aT® + 878 + X1 arbitrary aand g

a=1 embed isospin doublets SU(2); x U(1)y into SU@3), x U(1)y

B = £1/vV3  no new particle with exotic charges

B=-1/V3



331 models main features: 2)

Anomaly free

Equal number of 3 and 3 fermionic representations

Minimal 331 model example: e.g. Buras et al. 1211.1237, 1311.6729,

1405.3850, Diaz et al. 0411263, 309280....
quarks in SU(3);,

2 families x3(color) 3
1 family x3(color) 3
Lepton Same representation:

All three families fixed to 3 LFNU not allowed



First step towards:

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

Masaccio, 1424




Anomaly cancellation in next-to-minimal 331 models

For the left-handed components T. M. Cabarcas, et al. 1212.3586, 1310.1407...

e three generations of quarks

SM particles




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

Escher, 1946
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Mixing patterns among neutral particles
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New particle content

heavy quarks

heavy leptons

gauge bosons

extended Higgs sector

Bl,Z' T3

— - 0 0
El, E4- ' N2,3,4,5, P4

v, w7

SU(3)triplets y,n,p

sextets 51,5, S¢




Yukawa coupling
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Quark masses defined upon rotation of 5 x 5 (4x4) unitary matrices
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Mixing patterns

Order by order diagonalization e = Apw/ANp

o at order €, the SM fields are massless and they only mix among themselves;

massive exotic particles mix also only among themselves;
e at order €', there is only mixing between SM and exotic particles;

e the ¢ correction vields a mixing among all the particles of the same flavour vector.

CKM _ y/(u)t {th
4 VIV Unitary subspaces 3x 3 SM Unitary at LO
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Facing anomalies

Hieronymus Bosch 1482



Effective Analysis b — s I transitions
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al. 17, Hurth et al. 17....



BSM contributions

neutral gauge bosons W*>, 7', Z, A

Lowest level in ¢

Interactions Z and Z' with RH quarks
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Wilson coefficients and LFV

HeffDC O +C’ O

y 1 1 —2tan?4¢ 1+ tanZ @
¢y = 7|52 AT Ry T

2@'9’+ 2

IA(L) 1—2tan29W/\(R)+ —1+3tan29w

L
Co=[ [5 ij T

ij + 1 (5@} + fZ(—l + 3 tan? Qw)csij

57;3} + fz(l + tan? Qw)(sij

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

2 4
/ 1 41 1 g2 (d)sy »(d)
fZ - e 2 5 Var Vg
2\/§GFVﬂ,V a 3 — tan” Oy Mz,
fZ B 1 47T (3082 9W(3+taﬂ2 9W Zv(d ( ) BOTh LFNU Gnd LFV COUId
2GRV a 24 g 2T be induced by Z' (only)
/\Z(jL) _ V1(@e)*v1g?) /\( ) _ Wzs(@e) Wéj)

e LFV excluded

* No BSM (3 4

Data and global fits driven constraints (See yesterday talks)
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Constraints from B; — B, mixing

BSM Z contribution: € suppressed °’ b
BSM Z' contribution
Hegr O 5451!?2:%52 93310;&(({)‘ ')A (Dir" Dy) (D" Dy) = Z0
T V203 ffjn 2 0w ) t{; (V*(d)I (d}) (D" Dy ) (D" Dy) , © .

SM Z contribution

2 2 S(E;) ~ 2.35, for a top mass of about 165 GeV, and
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Figure 3: Allowed points in the (C§,7p,) plane.
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d € [-1,1]

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



