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|Standard Model|

All Observed Flavour transitions can be accomodated in Yukawa
couplings: B )
Ly = HQ Yd + H Q Y}y
Only masses and CKM mixings, Vi, observable...
But... = a) what is the origin of the Yukawa structures??

b) why is there a CP-violating phase in CKM?7?
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|Standard Model|

All Observed Flavour transitions can be accomodated in Yukawa
couplings: B )

Ly = HQY{d + H Q Yy
Only masses and CKM mixings, Vi, observable...

But... = a) what is the origin of the Yukawa structures??
b) why is there a CP-violating phase in CKM?7?

(New flavour observables needed !! ]

New Physics

New flavour structures generically present => measure of
new observables provides new information on flavour origin...
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(SUSY’Fbvour(and CP)[NoMenBJ

Soft masses fixed by m3z/,. O(m3/,) elements in soft matrices.

—> Severe FCNC problem !!!

CP broken, we can expect all complex paramaters have O(1)
phases. —> Too large EDMs !!!
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(SUSY’Fbvour(and CP)[NoMenBJ

Soft masses fixed by m3z/,. O(m3/,) elements in soft matrices.
—> Severe FCNC problem !!!

CP broken, we can expect all complex paramaters have O(1)
phases. —> Too large EDMs !!!

(SM Flavour and CP]

Fermion masses fixed by Myy. If O(1) elements in Yukawa matrices
and O(1) phases

= Impossible reproduce masses, mixings
and CP observables !!!
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Flavour symmetries in SUSY

e Very different elements in Yukawa matrices: y; ~ 1, y, ~ 107°
e Expect couplings in a “fundamental” theory O(1)
e Small couplings generated as function of small vevs or loops.

e Froggatt-Nielsen mechanism and flavour symmetry to understand
small Yukawa elements.
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Flavour symmetries in SUSY

e Very different elements in Yukawa matrices: y; ~ 1, y, ~ 107°
e Expect couplings in a “fundamental” theory O(1)
e Small couplings generated as function of small vevs or loops.

e Froggatt-Nielsen mechanism and flavour symmetry to understand
small Yukawa elements. Example: U(1)g
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e Flavour symmetry explains
masses and mixings in Yukawas.

e Yukawa couplings forbidden

by symmetry, generated only
after Spontaneous Symmetry
Breaking.

e Unbroken symmetry applies
both to fermion and sfermions.

e Diagonal soft masses allowed by
symmetry.

e Nonuniversality in soft terms
proportional to symm. breaking.
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|

We can relate the structure in Yukawa matrices to
the nonuniversality in Soft Breaking masses !!!
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Froggatt-Nielsen effective theory

e Yukawa couplings in W,g after integration of heavy states.
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H

= 3 0

Yij ~

e Even with flavour universal SUSY breaking, F, = mo,
non-universal corrections to trilinear couplings.
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e Yukawa couplings in W,g after integration of heavy states.

H
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non-universal corrections to trilinear couplings.
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Froggatt-Nielsen effective theory

e Yukawa couplings in W, after integration of heavy states.

H

e Even with flavour universal SUSY breaking, Fx = mo,
non-universal corrections to trilinear couplings.
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e Similar with corrections to kinetic terms and soft masses.
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e Similar with corrections to kinetic terms and soft masses.
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e Similar with corrections to kinetic terms and soft masses.
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Abelian Flavour symmetry

e “Simple” Abelian model with charges
QIN?’, Q2N2a Q3N07 d]_cha d2CNO7 d3CNO7
U~ 3, U~ 2, u§ ~0, ¢~ —1 with @1 =)

e Yukawa couplings proportional to:  Yj; = ({(¢1)/M) (di-+a1)

A+ A3 )3 PUNDLIIDS
Md:<H1)()\3 A2 )\2), M”:(H2><)\5 A4 A2).

A1 1

12/19




Abelian Flavour symmetry

e “Simple” Abelian model with charges
QIN37 Q2N27 Q3N07 d]_cha d2CNO7 d3CNO7

U~ 3, U~ 2, u§ ~0, ¢~ —1 with @1 =)

1)
e Yukawa couplings proportional to:  Yj; = ({(¢1)/M) (a}+a})

A+ A3 )3 PUNDLIIDS
M= (H) | N X2 X2 | MU= (Hy) [ A% A »2
A1 A1

e Trilinear couplings::

PR OCEY O 1305 110> 78
Y= 7A3 502 5X2 |, YA=| 11)° 9)\* 5\

3\ 1 1 73 5)\? 1
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Abelian Flavour symmetry

e “Simple” Abelian model with charges
QIN37 Q2N27 Q3N07 d]_cha d2CNO7 d3CNO7

U~ 3, U~ 2, u§ ~0, ¢~ —1 with @1 =)

1)

e Yukawa couplings proportional to:  Yj; = ({(¢1)/M) (a}+a})
A% PP SIS

MI=(H) [ A3 22 22 |, Me=(H) | 25 A a2 .
A1 1 AN

e Trilinear couplings::

o\t TN T3 1300 1105 73

Y= 703 502 52 | YA=| 11)0° 9\* 5\ |.

3\ 1 1 73 5)\? 1

:> In SCKM basis trilinear couplings not diagonalized,
preserve the structure of Yukawas in flavour basis!!!
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e Soft mass coupling gb:-rgb,' invariant under all symmetries
=> flavour diagonal soft masses allowed by flavour symmetry

e Diagonal masses equal with single F, as required by
phenomenology

e After symmetry breaking offdiagonal entries proportional to
flavon vevs, Mz = mj ((d1)/ M)l
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e Soft mass coupling gb:-rgb,' invariant under all symmetries
=> flavour diagonal soft masses allowed by flavour symmetry

e Diagonal masses equal with single F, as required by

phenomenology

e After symmetry breaking offdiagonal entries proportional to

flavon vevs, Mz = mj ((d1)/ M)l

1
M2 ~ M2 ~ M2 ~m? 63
Q Ur Dr 0 6.3
e After canonical normalization:
1
M2~ M2~ M2 ~m2 | 4)
Q Ur Dr 0 403

63
1
)\2

4 )3
1

3,4
SA

6)\3
)\2
1

4 )3
3)\4

13/19




(Flavour Observables)

e K-K and B-B mixing most sensitive observables
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e K-K and B-B mixing most sensitive observables
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Red area excuded by K—K, gray rectangle LHC direct searches, black
lines average squark masses.
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Discrete Non-Abelian symmetries: A4

e A4, Z4, U(1)g charges for leptons:

[ Field [ e[ 1]e [p 7 [ha[hu o1 [ & [ws]&]
Aq 3 /3|1 |1 1 1|1 3 |13 |1
Zy |ilifr il i [i]

Ug | 11|11 |1]o]o]o]o]o]o

with <90T> = (0’ VT7O)' <£> = u <905> = VSX(]-?L]-)' <€> =

. . !
e Dirac and Majorana masses, %F ~ ¥ = ¢, % ~ & =¢/:

AT ATENYA
0 M’ + 2bvg —bvs —bvs
Y[_l)/ ~ Yv 0 s MVR ~ —bVS 2bV5 M — sz
1

O O =
O = O

_bVS M/ — bVS 2bV5
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Discrete Non-Abelian symmetries: A4

e A4, Z4, U(1)g charges for leptons:

| Field [[v° [ /[ e [ p |7 ha| bl o7 | & | s ]| €]
Ay 3131 ]1|1|1|1 3|13 ]1

Zy S1i )1 i [ -1]1 i i i 171
Ur | 11| 1|11 lo]lo]olo]olo

with (o) = (0,v7,0), () = u, {¢s) = vs x(1,1,1), (§) = v

Ys o

e Dirac and Majorana masses, € R

e =0.06, ¢’ =0.03, tan3 =5, Upmns = (

vT

A

~

u
A

0.83
—0-31
—0.44

u
A

/

=
—0.53 0.15
—0.71 —-0.62
—0.47 0.77
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e Charged-lepton-Higgs matrices:

e g2 g% 7¢?
Yi~e| ee e el |, YA~ mype| Ted
e ¢ 1 5¢’

e Soft mass matrices,

9e2¢’
5e
5¢’

9¢2¢!

Tece

/
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e Charged-lepton-Higgs matrices:

2 g2 % 7e?  9e%e’ 9eg%¢’
Yy ~e| e e &g ., YA~ mg;pe | Tee'  5e Tee!
g ¢ 1 5¢/  5¢’ 3

e Soft mass matrices,

1+2(e+¢'?) 2" 2"
M? ~ m? 2e7 1+2(e2 +¢'2) 2e7
Tr 3/2
26/2 26/2 1 +2(€2 +€/2)
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e Charged-lepton-Higgs matrices:

2 g2 % 7e?  9e%e!
Y ~el ee e el |, YA ~mgpe| Tee! 5

g ¢ 1 5¢/  5¢’
e Soft mass matrices,

1+2(e2 +€'?) 2¢"? 2¢"?
M2 ~ m?2 2¢"2 1+2(e2 +¢'2) 2¢"
Tr 3/2
26/2 26/2 1 + 2(62 + 6/2)

e After canonical normalization and SCKM basis:

1 —0.006 0.005
M2 ~m2,| —0006 1  —0.006
L
0.005 —0.006 1

9¢2¢!
Tee!
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[Lepton Flavour VioIationJ

e 1 — ey and u — 3e very sensitive even with heavy sfermions
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(Lepton Flavour VioIationJ

e 1 — ey and u — 3e very sensitive even with heavy sfermions
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searches.
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Conclusions

e Flavour symmetries solve the CP and flavour problems both in
New Physics (SUSY) and in the SM.

e New flavour structures will provide valuable information on the
origin of flavour

e In SUSY, non-universality always present in soft-breaking terms.

e Flavour structures of soft masses and trilinears remember
structures in flavour basis.

e Large reach of flavour observables in realistic flavour models,
beyond LHC.

e Lepton Flavour Violation and Kaon sector very sensitive to SUSY
flavour structures.
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Backup 1

[I\/Iediator Superpotentialj

w Dgz:q; (’(/)Qi)_(—‘Ii+1¢ + Xqi_)_(—q.-+1¢ + Xq;—li—q;(g + >_<—q; f,q;H)
+ MY g XgX—gq + Mod + ...
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Backup 1

[I\/Iediator Superpotentialj

w Dgz:q; (wqii—qﬁlﬁb + Xqi_)_(—q.-+1¢ + Xq;—li—q;(g + >2—q,-z/}f,q;H)
+ MY g XgX—gq + Mod + ...

[Diagrams in components)

o1 91 01 H -1 o1 91 H
X X X X X X
R T S TR B AU R B
—»—I——(—J——(—J——(—J——(— + ——>—J—-»--l—-(-J——<—J——<—J——<——Jr
M M M M M M M
+ X-2 X1 Xo X2+ X-2 X-1 Xo
X Fx X Fy
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