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Summary



Fermion masses and flavour symmetries

Use experimental information + your favourite form of mass matrices

Experimental information
e Fermion Masses

{my, me, m¢} = {(0.0015,0.004),(1.15,1.35),174.3 £ 5.1}GeV
{mg, ms, mp} = {(0.004,0.008),(0.080,0.130),(4.1,4.4)} GeV
e CKM matrix 1— % \ A)\3(,0 — in)
Vekm = —A — % AN?
AN(1—p—in) —AN 1

(0.9739,0.9751)  (0.221,0.227)  (0.0029,0.0045)
= (0.221,0.227)  (0.9730,0.9744)  (0.039,0.044)
(0.0048,0.014)  (0.037,0.043)  (0.9990,0.9992)



Figure 1: (p, ) including the measurementon Ampg. .



Favourite form of mass matrices
Determine your form of mass matrices
My = LT M“R", MGag = LT MR’
Vekm = LuTLdl Unins = LT LY
— we can determine the structure above the diagonal and the eigenvalues and
constrain elements below the diagonal.

We have many possibilities for the structure of mass matrix but a natural description of
masses in terms of ¢ = O(\), A = 0.224 it is a hierarchical description

> > > >
826 83 823 8—6 86 8—6 8—6 83 8—3
d U > e >
M = My 52 52 , M = Mt 5—4 54 ,M = M- 52 5—2
1 1 1

Need to make extra assumptions
e Elements below diagonal: Symmetric matrix, anti-symmetric

e Which powers to keep in certain places?

— Gatto-Sartori-Tonin Relation Vs = |8§l2 — € 812‘ ‘ ) / ) o




Choose your flavour symmetries

Which GUT?, which horizontal symmetry?

Some possibilities

Just GUT’s [Senjanovic et. al.]

SU (5) + vr + horizontal symmetries [Masina & Savoy, Z. Tavartkiladze, Z. Berezhiani,
K. Babu et. al.]

SO(10) + non-Abelian horizontal symmetries  [Ross, V-S, Raby & Dermisek, M-C. Chen & K.T.
Mahanthapa, Bando & et al. ]

Just horizontal symmetries, e.g. U (1) [Dreiner & Thormeier et. al.]

Emerging scenarios

Symmetric Non-symmetric

Non-Abelian Abelian or Non-Abelian
f _ f

miy = my; # 0

! !
SU(4)e x SU(2)r x SU(2)L SU(5)



Flavour structure of Yukawa couplings

At EW scale we set up the off diagonl Y ¢ entries with the CKM mixings, and we also assume

the same mixings for the charged lepton sector.

0 Oey) O(en) 0 Ofez) O(en)
Y'=| O() che O(@) |, Yi=]| O(h) chei cher |-
O(e;j) 0(63) C33 0(62) 062136621 c§3
0 O(ez) O(en)
Yo=1 O(eg) chaeq ci3eq
0(63) 033631 C53

How to determine the Flavour Structure in the Supersymmetric Sector?



Minimal Flavour Violation hypothesis

The global symmetry in the gauge sector of the SM
U(3)> = SU(3)g x SU3)y x SU(3)p X ...
Broken only by the Yukawa couplings
Yd—>§Q X 3d, Yu—>§Q X 3u, Yo — 31 X 3¢,

e

Specific symmetry+ symmetry-breaking pattern — responsible for the supression of
FCNC, CPV effects, etc..

However in general soft breaking terms of the MSSM allow a richer structure
1 . o
£ = -3 (MlBB + MWW + Mggg) +he.
— (éauHu”& -+ éadeCi—I— l:)aeHdé) + h.c.
~QMZQ" — LMZLY — aMZa' — dM3d' — eMze’
—m3; HiH, —my HjHs— (BpH,Hq + c.c.)



Within the MSSM, the MFV hypothesis implies a strong restriction on the soft terms
M%QQT X Z T (Y Y™ ~ o] + 21V, Y,
0 ) e o yi(Vorkme)* (Vexme)

As a consequence we have the same CKM factors as in the SM: only flavour-independent

magnitude of FCNC amplitudes can be modified

A(b — 57) o< [(Verm)i (Vexn)n], AMp, o< [(Vern)w(Vorm )id)”

#

Excellent supression of BSM effects in flavour parameters (e.g. SM CKM fits)



Flavour violation with an underlying supergravity theory

Trilinear terms

f
f_ g (Oayp)™ _ o \0p)
Y;'j_ba M 9 Ef_f(Mf)7

where the order of magnitud of € 7 is fixed through the minimization of the scalar potential

involving them.

These fields also couple to the s-fermions through the trilinear terms

(a?)ijHrQiq5

The generic form of the trilinear couplings matrices in the main supersymmetric models of

breaking, i.e. supergravity mediation, gauge mediation or anomaly mediation, is of the form
fF —vIAfy;4 f —_vriiaf
a;; =Y (Ap)eg, < a;; = Y55 (Ap)

In minimal supergravity Ay becomes a constant and hence the proportionally of MFV is

achieved, if just the evolution of one family is considered.



Once a family symmetry is considered, there are additional terms to the trilinear couplings giver

by derivatives of the Yukawa couplings with respect to the flavon fields:

aijg = YigpFo0u [K(X,,00) + n(Kg(Hp) Kl () K72 (9)]
+ F%0,Yijs + (ap, )iz
o= X,,0,.

FY is proportional to the vacuum expectation value of the corresponding flavon field, (0, ):

Fl = f@am3/2<0a>a

where fg_ is a consant determined by the flavour symmetry.

The Yukawa couplings in term of the flavon fields are generically written as QGT
f f f
a;; = Yi;((Ao)iy + kij),

kf are the coefficients (e.g.) produced when taking the derivatives with respect to the flavon

f1e1ds times a mass term:

k,f; = fo. a{jm3/2.



Thus a generic form of the trilinear couplings under these conditions is:

0 0 0 0 0 0
u U U d _
0 0 Ags Y3y 0 A5Y5 AsYss

Soft squared mass masses

Once the flavour symmetry is specified, the Kahler potential can be trivially written as

K = S wwVK;(), =un, dp, er, va, Qu, Li,
(G

Ki;(W) = 6 |c (¢)+d(Xpa¢)Xng]
036! -
t 3y [0 ®) +d0u, Xy, $)XPX]].

Then the squared mass matrices are given by

m2— — mg/QK_ FXp |:8Xp8XqK’L§ — (8X Kl)(K_ )

1] )

Im
_Fea [%aaQbKii o (aéaKzl_)( m (00, K mj } F% mDA ij>



For example in S U (3) flavour models, we have an structure like

(rl 0 0 )

m% —m3/25— 0 2 O (%22>
oo

O

Hence we consider in the analysis the following form of soft-squared masses

(w2 0 0 )
szg: 0 m?,-z m?,-% ., f=Q,u,d, L,e.

\ 0 m?;?) m?":%)




B(B — Xsy) and B(B — X.1717)

B g— I'l"
B(B— X,v)=(3.55+0.2419% +0.03) x 10~*

B(B— X, it )=(1.6++0.51) x 10~°

3x3 flavour- V|olat|ng

(‘md+DdLL ]‘M mdtanﬂ) ( (M2)HE )

’UlTT umg tan 8 m—l—md—l—DdRR



The starting point in the calculation of inclusive B decay rates is the low-energy effective

Hamiltonian

4G
Hep = — F %bzc 16)Oi (b)) -

In the massless strange quark limit, the operators relevant to our discussion are

O = S5spyuerccyor,
eEmy _ U
07 — 1671' SLO'MVF'LL bR,
m
08 = Js bSLO'M,/G Y1 bR

1672



When the mass of the strange quark is taken into account we need to consider the operators

~ €My _

O; = = SroLEFHby

i~ gsmb — v

08 = 1672 SRO'ILWGZ tabL .

The prediction for the B — X 47y branching ratio is obtained by normalizing the result for the

corresponding decay rate to that for the semileptonic decay rate, thereby eliminating a strong

dependence on the b-quark mass:

F(B — XS’Y) |E’Y>(1_5)E’rynax

B(B N Xsfy)} E7>(1_5)E$ax = B(B — Xceﬁ)exp F(B N Xceﬂ)

Vi Vi | 60 1
B(B — X, = B(B — Xcel)exp |~ | — [P(Eo) + N(E
(B — X)| B,>E0 (B — Xcel)exp Vo . [P(Eo)+ (0)]7“(T/1“c<

Instead of |C$H:(MW)|2 to B(XS — b’y),we have
CF (m)[* —  P(Eo) + N(Eo)
2
P(E) = |X0);+Xe+ X +eu| +B(E).



GUT boundary conditions and RGE evolution

Boundary conditions at GUT scale

0 0 0 0 0 0

Yu = 0 CgQGi 0 3 Yd — 0 63263 Cg?)e?i )
0 0 Cy3 0 ch3e; 53
0 0 0

Y® = 0 0526621 05363

e 2 e
0 Co3€4 C33

With the above parameterization of Yukawa matrices then soft masses are as follows:

1 0 0 1 0 O
Mg Mi,=10 1 & |ms M =0 1 & |[mg
0 € 1 0 e 1
1 0 0 1 0 0
Po= 0 1 & |mg, N 0 1 € |mo
0 e 1 0 € 1
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Mg
me, m1/27 A07 Slgn(:u)
d
€usy €dy Co9, CSZ >
Loop corrections to masses & mixings
MSSM rge g J

Susy spectrum

EWSB

tanB, my, mp, ms, me. + C K Mmixings

»

FCNC



tan B =50, u>0,M;, =10155GeV

100 1000 2000



m, = 400 GeV, my /o = 670 GeV, A, = 0,sign(p) > 0
tan = 50,

my = 1714, my = 4.25, my = 0.095 ,m, = 1.3m,, = 0.106] [GeV]
b—sy b—sy
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Within parametric errors, most part of the region lies within the 20 region



Determination of Yukawa structure

(Cu)zz
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s-fermion mass spectrum




Summary



