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Sψϕ : mixing-induced CP 
asymmetry in the Bs system
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... AND OLD TENSIONS
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2.9σ discrepancy
between BR(B → τ ν) and its prediction

`sin 2
0.5 0.6 0.7 0.8 0.9 1.0

)io 
A

B
R

(B
 

0.00

0.05

0.10

0.15

0.20

0.25

0.30
-310×

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0
1-CL

Summer 10

CKM
f i t t e r

Lenz, Nierste and CKMfitter, 1203.0238

3.9σ deviation 
of the semileptonic CP asymmetry in Bd,s

-0.04

-0.02

0

0.02

-0.04 -0.02 0 0.02

SM

DØ, 9.0 fb-1

Standard Model

B Factory W.A.

DØ BsAµDsX

DØ Ab
sl

DØ Ab
sl 95% C.L.

ad
sl

as sl

D0 Collab., Phys. Rev. D 84 (2011)

0.6 0.7 0.8 0.9

S KS
✏K

Buras and Guadagnoli, Phys. Rev. D 78 (2008)
Lunghi and Soni, Phys. Lett. B 708 (2012)

3.2σ discrepancy
when extracting sin2β from εK and SψKs 

0.0025 0.0030 0.0035 0.0040 0.0045

inclusive

HPQCD Collab., Phys. Rev. D 73 (2006)
HFAG, 1010.1589

3.3σ discrepancy
between the determinations of ｜Vub｜



INTRODUCTION

MOTIVATIONS FOR STUDYING 331 MODELS
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Explanation of why
just 3 generations

Different treatment
of the 3rd generation

Solution to the
strong CP problem

Are they compatible with LHC data? Can they solve the flavour tensions?

Update the phenomenological analysis 
of New Physics models

Features of 331 models
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DEFINITION
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Gauge group

Charge

Gauge bosons

Fermions

G = SU(3)C ⌦ SU(3)L ⌦ U(1)X
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ANOMALY CANCELLATION
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A gauge anomaly leads to the inconsistency of the theory!

Using group theory we can say
if a theory is anomaly free: Aabc = Tr

⇥
ta
�
tb, tc

 ⇤

Anomaly: a symmetry of the classical action
is destroyed by loop corrections.

Nq = N` ⌘ N t` + 3tq = t̄` + 3t̄q = 2N

Asymptotic freedom: N<5
N = 3

tq = 2 , t̄q = 1

Results:
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SYMMETRY BREAKING
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SU(3)L ⌦ U(1)X SU(2)L ⌦ U(1)Y U(1)Q
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331 MODEL: ..................
8/14

0

@
u
d
D

1

A

0

@
c
s
S

1

A

0

@
b
�t
T

1

A 1

2

0

@
. . .

p
2W+

µ

p
2Y +

µp
2W�

µ . . .
p
2V 0

µp
2Y �

µ

p
2V̄ 0

µ . . .

1

A

0

@
Aµ

Zµ

Z 0
µ

1

A

� = 1/
p
3

Fermions Gauge bosons Higgs sector

Feynman rules: what to take home

Y+, V0, V0 only interact with D, S, T              all phenomenologically irrelevant

qidL

qjdL

Z 0
µ

/ i g v⇤3iv3j
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• neutral current mediated by Z 0
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It can be noticed that while the current mediated by the SM W± bosons depends on
the CKM matrix elements, the currents mediated by the new gauge bosons V, Y and Z 0

depend on the elements of the two rotation matrices UL and VL introduced above. Due
to the relation U †

LVL = VCKM one can choose VL and VCKM as independent matrices.
In the following we adopt the parametrization of the matrix VL reported below [22]3:
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(64)
One advantage of this parametrization is that the elements of the third line which will
appear in the Z 0 contributions to FCNC observables have a small number of parame-
ters, e.g. s̃

12

, c̃
12

and the CP violating phase �
3

do not occur. As pointed out in [22]
this parametrization is compatible with the choice to treat D and S both as mass and
interaction eigentstates.

3A similar parametrization had been proposed in [39] with the di↵erence that the weak phases were ne-
glected.

Z’ mediates FCNCs governated by 4 parameters:

s13 s23 �1 �2
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TENSIONS IN THE UNITARITY TRIANGLE: !K - S!Ks VS. Vub

Scenario 1
exclusive (small) Vub

εK below the data of 1-2σ
SψKs in agreement with data

BR(B → τ ν) below data of 3σ

Scenario 2
inclusive (large) Vub

εK in agreement with data
SψKs above the data of 2-3σ

BR(B → τ ν) below data of 1σ
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FCNCS AND THE PARAMETER SPACE
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..................  AND THE PARAMETER SPACE
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MOVING TO THE K SECTOR: !K VS "Md,s
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MORE OBSERVABLES AND CORRELATIONS
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Last data from LHCb indicates that the SM has passed also to the tests of 
Sψϕ and  Bd,s → µ+µ- ; nevertheless, 1-3σ tensions in flavour observabes 
continue to seriously afflict the SM.

The 331 models are worth of study since they explain why there are just 3 
generations of fermions. They feature a Z’ which mediate tree-level FCNCs 
with few new parameters.

The parameter space will be strongly constrained in the next future: the 
model can survive and relax many flavour tensions, or can be ruled out.

Buras, De Fazio, Girrbach and MVC, 1211.1237
MVC, 1210.5421; MVC, 1210.0719; MVC, 1209.5230
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