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Minimal Flavour Violation (MFV)

MFV is a symmetry approach to the flavour problem
e The MFV hypothesis: The Yukawa couplings are the only

sources of flavour violation in anokyond the Standard
Modet.

e Generations are distinguished by masses and mixing angles; in the

limit of zero masses the SM presents an extended symmetry group:
Gf = SU(3)QL X SU(3)DR X SU(3)UR X
Dr = (dR,SR,bR)T Dr ~ (1,3,1~ . )

This is the symmetry of the high scale theory. At this scale the
Yukawa couplings are also invariant:

QLYpDrH Yo ~ (3,3,1)

At low energies Yp adquires a v.e.v. and breaks the flavour
symmetry. Yy & Yp are the only directions of flavour breaking.

Such an hypothesis is strongly supported by current data

1G. D'Ambrosio, G. Giudice, G. Isidori, and A. Strumia, Nucl. Phys. B645:(2002)
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The Dynamics Behind MFV
In this scheme Yy & Yp have a dynamical origin. At some regime
the Yukawa Interaction involves extra fields increasing the
dimension of the "Yukawa Operator’:
e Dimension Group Representation

e Dimension 5 <> Bifundamental Fields N —l~

6L%DRH zd ~ (37é71)

e Dimension 6 <+ Fundamental Fields

6 XEXET DwH Xh ~ (3a 1, 1) (Q[)n (DR)(;
L=p2 Dr R
Xd ~ (1a 3, 1)

e Dimension 7 ; Georgi & Chivukula’s originals idea: a fermion
condensate®

The next question is how these fields adquire a v.e.v.
Through a Scalar Potential ...

Lphys. Lett. B188 (1987) 99.
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Dimension 5 Yukawa Operator
The potential will also respect the flavour symmetry, so it will be
built with the Gy invariants:

Tr (ZUZL) . det(Xy), T (zuzﬂzdzg) ,

Tr (zdzj,) . det(Zq) ,
These invariants can be expressed in terms of masses and
mixing angles (2 generations):

(fu) =A-V'Diag{yy},  (Za) =A-Diag{ya}

1
T T _ T A4 2 _ 2 2 _ 2 .
T ((muxlzex)) = A" (v~ ¥8) (v2 - vé) cos2tc + -]

The most general Potential is:

V=3 (- (miE]) - i det(s)) +

i=u,d

3 (AijTr (zizﬁ) Tr (ijf) + X det () det () + - )

iji=u,d
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Minimum of the Potential

Dimension 5 Yukawa Operator

The minimum of the Potential is given

by:
’ M=0 =0

oy 00;
Take the angle for example:
ov

50 (06 = ¥4) (¥ = yd) sin20c = 0
C

Can the actual masses and mixings fit naturally in the minimum of
the Potential?
The answer is worse than NO .

e Not only we have to input the hierarchy of masses in the
potential parameters, wich was to expect but - - -

e To accommodate the mixing we must introduce wild fine
tunnings of O(10~1%) and nonrenormalizable terms of
dimension 8
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Dimension 6 Yukawa Operator

Let’s first have a carefull look at the Yukawa structure:

L R L R
Yp = <Xd/i<2d ) Yy = <XU/i<2u )

The Yukawas are composed of two 'vectors’. Such a structure
has only one eigenvalue, one mass . This fact becomes evident
when rotating the v.e.v.s of the fields to the form:

. ’XLHXR’ 0 0O
Vv YpVp, = % 00o0 |,
0 0 1
‘XHX’ 1 0 0O
V/YyVy, ulltu 0 cosa sm0 0 0O
0 —sinf cosé 0 0 1

This means a hierarchy among the masses and an angle only by
construction! .
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Minimum of the Potential

Dimension 6 Yukawa Operator
The invariants are:

L R L
XUTXlI] ) XUTXE ; XdTXId_ s
R L
Xa X, xixd=|xal|xg|cost..

We can fit the angle and the masses in the
Potential; as an example:

N LTL_M_EZ L. L Hd
u (Xu Xu ZAU) + Ad | Xd'xa 22g
5 \2

+Aud XtTXI(]_ZIu;\LUdd

Whose minimum sets (2 generations):
y2 p

2 2 A
= , yi= M cosg = HuaVuld Audd
2\ 2Xg\ Hufid Aud
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Conclusions

e The Potential of MFV requires further assumptions
about the underlying dynamics.

e The outcome is radically varying with the assumptions.

e A first approximation to masses and mixings fits
naturally in a symmetry breaking mechanism of the
flavour group

Thank you for your attention
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