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... AND ITS BREAKING

Vokum =

Ly =—QrYsDrH — Q1 Y, UrH®

QF = U(l)B X U(l)y
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FLAVOUR MODELS

Why three generations?

Why such a large hierarchy?
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MOTIVATIONS FOR FLAVOUR MODELS ~ |

Regularities often hide an undelying structure.
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MOTIVATIONS FOR FLAVOUR MODELS ~ ||

The Standard Model needs an UV completion.

Theory

Quadratic divergence of
the Higgs mass

Landau pole / vacuum
instability: possible internal
inconsistency

Structure of the Yukawa
coupling

Experiments

Where is the Higgs boson?
Not enough CP violation
Dark matter

Gravity
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MOTIVATIONS FOR FLAVOUR MODELS ~ |lI

Interesting phenomenology to compare
with the hints of New Physics from experiments.
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“... too early to despair, enough for depressing...” (G. Altarelli, a few days ago)
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AN ANALOGY WITH SOMETHING WE (SHOULD) KNOW WELL

> WPy — > Tr [A,A¥] — > meTT — Y I A, A

fermions gauge bosons fermions gauge bosons

Invariant under gauge SU(2).xU(1)y Breaks gauge SU(2).xU(1)y

Assume that SU(2).xU(1)y is an exact symmetry of Nature
Introduce a new scalar field H that gets a vev which breaks SU(2).xU(1)y

Invariant under gauge SU(2).xU(1)y

> WPy — Y Tr [AwA*™] —(D,H)+VH) - Y ULyUrH

fermions gauge bosons fermions

X (H>2 Azt x (H) VW
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PROMOTING FLAVOUR SYMMETRY

L N WPl o N Ay (A AR] o A DH Y SV ()

fermions gauge bosons

Invariant under global Gr

7 Z Qr yu Ur H® — Z Qr yp Dr H

3 generations 3 generations

Breaks global Gr

Assume that Gr is an exact symmetry of Nature

Introduce two new scalar fields Yy, Yp that get vevs which break Gr

v W N A (D)

fermions gauge bosons Invariant

under global Gr
— (DuYy)? — (D,Yp)? = V(H,Yy,Yp) #+ f(Qr,Ur,Dr;H,Yy,Yp)

O(QL<YU>URHC O(QL<Y;)>DRH
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GAUGING FLAVOUR SYMMETRY

Spontaneous breaking of global flavour symmetry
Goldstone bosons which mediate Flavour Changing Neutral Currents

We must assume that Gr is a gauge symmetry:.

SlES e, < 5L < SIS

(AQ)u (AT ) (AD)u

8 8 8
| e - o
O ZQQNQZ(AQ)M7 = ZQUNUZ(AU)M7 = ZQDNDZ(AD)M7

a1 i A
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PROBLEEMIGTREEZEBVELLECNCS

Fermion mass terms: (H) (Yp) QL Dg (Yr) o< SM Yukawas

Boson mass terms: (H)? (Yp)? (Ap),.(Ap)* ma, o< SM Yukawas

DANGER
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PROBLEM II: ANOMALIES

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

A gauge anomaly leads to
the inconsistency of the theory!

Using group theory we can say

if a theory is anomaly free:

Aabc P B [ta {tb,tc}}

The theory we have built until now is anomalous.
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SOLUTION: NEW FERMIONS

0,1 Var
v T

: <H> ~ 1 Inverted

: O D ¥

SM fermion mass terms: <YD>QL R (Yr) NP Nalrr hierarchy
1
; H)? (Yp)* (Ap).(Ap)*

Boson mass terms (H)"{Yp)" (Ap)u(AD) e SNl s

S d

X
(A% )

Grinstein, Redi, Villadoro - JHEP 1011
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Gauge
Bosons

Grinstein, Redi, Villadoro - JHEP 1011




CHARACTERISTICS AND PHENOMENOLOGY OF THE MODEL
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FERMION SPECTRUM AND BOSON SPECTRUM

10°
105 m:: -I('-
K E S PR RS
10" -
R T TR |
103_ -
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100 AT e Ry
10 -
e
- ) -
1 —
- .
107!

Grinstein, Redi, Villadoro - JHEP 1011
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MAIN DIFFERENCES IN THE SM SECTOR

Vcku 18 not unitary:

ur, (CUL VCdL )ﬂyudlz +ur (CuL VSdL >7Md2+ﬂ§; (SUL VCdL )/yludL _HZ/L (SUL VSdL ),ylud/L

The coupling of left handed quarks to the Z is modified:

G (TEE2, — 8%Qu) ur, + i (T cuy Sup Yy + @ (Tisuy cup )V ur, + 84 (T3, — s2,Qu)y v

The couplings of quarks to the Higgs is modified:

Aoh[—trCu, Suptr +T0Cu; Cuntn — U Su; Suptr + U1 Su, Cuntr] + (u — d) + h.c.

Sl

Grinstein, Redi, Villadoro - JHEP 1011
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PHENOMENOLOGICAL TESTS

S 227 d Sa dgs
ECENCsi=A =2
W W YuPrL,YuPr = YuPL, YuPr
- =
d ui) u/ S da 36

u, U ; A
FCNCs: b — s /Jﬂ%\ : : w > J"AMH
g 7,9

New CP-violating phases Ao

Ay

-

Z penguins

Buras, MVC, Merlo, Stamou - in preparation
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CONCLUSIONS

The origin of flavour is still a mystery.

Waiting for hints from experiments, people is working with creativity
to build flavour models.

For example, flavour could be and exact gauge symmetry of Nature
that is spontaneously broken by vacuum.

We are testing the consequencies of this fascinating idea.
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