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Who ordered that??
1937, Isidor I. Raby

The universe is simple,
it is the explanation that is complex ...
Woody Allen
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FLAVOUR FACTS

1.- All flavour observables consistent with a Yukawa
description of flavour in SM.
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3.- Most of the observable parameters already
known at betfter than per cent level
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FLAVOUR FACTS

1.- All flavour observables consistent with a Yukawa
description of flavour in SM.

2.- 22 incoherent flavour parameters 1o be fitted
(6+6+4+6)

3.- Most of the observable parameters already
known at betfter than per cent level

Still, lots of work needed!! |
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Standard Model I

All Observed Flavour Changing Neufral Currents can be
accomodated in Yukawa couplings:

Ly = HQYjdj + H* QY u

Only masses and CKM mixings., Veokw . Observable...

—> a) what is the origin of the Yukawa structures??
) why is there a CP-violating phase in CKM??

‘ New flavour observables needed ! l
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accomodated in Yukawa couplings:

Ly = HQYjdj + H* QY u

Only masses and CKM mixings., Veokw . Observable...

—> a) what is the origin of the Yukawa structures??
) why is there a CP-violating phase in CKM??

‘ New flavour observables needed ! l

‘ New Physics I

New flavour structures generically present —> measure of
new olbservables provides new information on flavour origin...
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‘ SUSY Flavour (and CP) problems I

Soft masses fixed by m3 /5. O(mg,2) €lements in soft matrices.

—> | severe FCNC problem !!!

CP broken, we can expect all complex paramaters have
O(1) phases. = | Too large EDMs Ill




‘ SUSY Flavour (and CP) problems I

Soft masses fixed by m3 /5. O(mg,2) €lements in soft matrices.

—> | severe FCNC problem !!!

CP broken, we can expect all complex paramaters have
O(1) phases. = | Too large EDMs Ill

| SM Flavour and CP'

Fermion masses fixed by My, . If O(1) elements in Yukawa
maftrices and O(1) phases

; Impossible reproduce masses, mixings

and CP observables !l
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FLAVOURED NEW PHYSICS

‘ 2 Higgs Doublet Models I

e Four possible Yukawa matrices. —> Large FCNC.

e Discrete symmetry (type |, type ) to forbid FCNC., —
No connection with structure of flavour matrices.

e Alignment of Yukawa matrices —> ad hoc requirement, no
connection with struct. of flavour matrices.

e Flavour symmetry fixes Yukawa structures —> Yukawa
couplings fo the same quark quasi-aligned.
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‘ 2 Higgs Doublet Models I

e Four possible Yukawa matrices. —> Large FCNC.

e Discrete symmetry (type |, type ) to forbid FCNC., —
No connection with structure of flavour matrices.

e Alignment of Yukawa matrices —> ad hoc requirement, no
connection with struct. of flavour matrices.

e Flavour symmetry fixes Yukawa structures —> Yukawa
couplings fo the same quark quasi-aligned.

‘ Supersymmetry I

e Five sfermion mass matrices and Three trilinear matrices
:> Lots of new observables to understand flavour.

FLAVOURED NEW PHYSICS
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Flavour symmetries in SUSY

o \Very different elements in Yukawas: vy, ~ 1, y, ~ 107°

e Expect couplings in a “fundamental” theory O(1)

e SMall couplings generated at higher order or function of
small vevs.

e Froggaftt-Nielsen mechanism and flavour sysmmeftry o
understand small Yukawa elements. Example: U(1) ¢

(0)Q=-1
X

H
Y Y ¢ (0)
Y 1\ ¢Rj — Yy = (W) <
> «——<—» <
Q=1 V] Q=0
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e Flavour symmmetry fo understand
mMasses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only after Spontaneous

Symmetry Breaking.
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e Yukawas forbidden by symmetry,
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Symmetry Breaking.

e Unbroken symmetry applies
both to fermion and sfermions.
e Diagonal soff masses allowed
by symmetry.

e Nonuniversality in soff ferms

proporfional fo symm. breaking.
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e Flavour symmmetry fo understand
mMasses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only after Spontaneous

Symmetry Breaking.

J

e Unbroken symmetry applies
both to fermion and sfermions.
e Diagonal soff masses allowed
by symmetry.

e Nonuniversality in soff ferms

proporfional fo symm. breaking.

We can relate the structure in Yukawa matrices to

the nonuniversality in Soft Breaking masses !l

FLAVOURED NEW PHYSICS
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‘Symme’rric texture I

e Non-Abelian flavour symmmetries.

0 1.5 ¢° 0.4 &°
yde = 1.5¢&° » 2 1.3 % &2 Yb
043 1.3% &7 1

e Universal sfermion masses in

iN unbroken limif: b1
L2 =mi®T® =mg (¢ ¢2 ¢3) ( )

e After sysmmetry breaking:

1+¢&° z3 0
WS- 2 142 2 m2
0 g2 14+¢

‘Asymme’rric fexture I

e Abelian flavour symmetries.

et & g&°
vhe=1 & &2 &2 |
e 1 1

e In principle nonuniversal masses
iINn unbroken symmetry:

L2 =mi ¢io1 +m3 P5da +m3 ¢33

e After symmmetry breaking:
1

>
I
M)
Q o (O
S
()}

3
Dgr,Ep, ¢
b

M)
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‘ Abelian Flavour symmetry l

e "Realistic” model with two Abelian groups U(1)1 x U(1)2

e Chargesunder (U(1)1,U(1)2):

Q1 ~ (0,1), Q2~ (1,0), Q3 ~ (0,0), 1 ~ (—1,0) with {(¢1) /M = N2
T~(3,—1), d5~(1,0), d§g ~ (1,0), (flavons)

u§ ~ (0,1), u§~ (—1,1), u§~ (0,0) P ~ (0, —1) with {¢2) /M = X3

(1) (¢ +q7) (o) (¢5+a3)
o Yukawa couplings proportional to: Y;; = (—]\} ) (7\; )

AN N8 A0 N
M&e=(Hi) X[ 0 XN X |, M*=(H)| X X N |[.

0o 1 1 0 1
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e SOft mass coupling gblgbi invariant under all symmetries
—> flavour diagonal soft masses allowed by flavour symmetry

e Diagonal masses required to be equal by phenomenology

e Affer symmetry breaking offdiagonal enftries proportional to flavon vevs

| D S | D SRSt
2 2 7 2 2 2 5
MDR o3 ~ o A 1 1 MﬁR ~ My A 1 A
A1 1 AN 1
| D G
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SU(3) Flavour model

° Q, L, dc, uc, e ~ 3: flavon fields: 93, 923 ~ g, §3,§23 ~ 3

e Family Symmeftry breaking: SU(3) 9 SU(2) (23] 0

0 0 .
o as 0 = ay elu 0
<93>(0>®< 0 adex >'<03>(0)®< 0 ad eted
1 1
0 0
<023> — ba3 y <9_23> = bas eiﬂé .

)
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e Yukawa superpotential:

Wy = Hy)5 (0505 + 053055 (0303) + €"'023,103,055 (02305)]

0 ae3eir  bedetldiths) ,
. - a
Y/ = a e3ets g2 c e |J\;‘2
b €3€i(5f+53) C 5267:53 1

e SOft mass coupling ®'® invariant = common soft mass for
the triplet

e Universality guaranteed in the exact symmetry limit.
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e Affer symmetry breaking offdiagonal enftries proporfional to

(complex) flavon vevs
ij it nj v it i —if —j

Mz‘2j = mg (5‘7 + #[9;9?& + 0505 + 9229%3 + Oy3653] +

ﬁ (€03 1023,0) T (€703 1,023.n) + (€ik105053) T (€jmn 05 053)] + . .. )

| 428 S
_3 .
M%R (MI%;L) X % 14+ &2 2o-i(Bs—x) | md
FBe—i(Bs—x) F2p—i(B3—X) 14¢
1+& & g3
M2 P 6 M2, 1+ #1482 2 | md
g g2 1+4¢

(with € ~0.15,e ~ 0.05)
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e Affer symmetry breaking offdiagonal enftries proporfional to
(complex) flavon vevs

ME = md (09 + L[0i0] + 050, + 0kods + Dosts] +
ﬁ (€405 1023.1) T (7™ 05 1,023 1) + (€ik105045) T (€jmnb50%5)] + . .. )

=3

1+ &7 % g3~ (B3—x)
MZE (M3 ) o % 1+82 g2eilBsx) [ mg
FBe—i(Bs—x) F2p—i(B3—X) 14¢
1 0.003 0.003
M3 P a6 M2, 1+ | 0003 1 002 | m3

0.003 0.02 1
(with € ~0.15,e ~ 0.05)
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‘A’r My, in The SCKM basis: I

M7~ 6 M, 1+

MZ  ~ 0.15 Mi,, 1 +

Er

Mz =~ 0.5 M, 1+

1+ &° gg £2E + Cpup E°
_ _ 2
828 1 -+ 52 82 + Crun 82 mo
28 4+ Coun 0 €2 + Cpun E2 1+&
3 53 3
-3 2
5 14& & mo
g3 g2 14z
3 52_ 2 3
]. + 9 T 9 g—i_ Crun g
2 _
e 1—|—€2 €2+30run 5_2

£%E+ Crun E°

£2 4+ 3 Crun E°

1+ ¢
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‘A’r My in The SCKM basis: I

1 4 %1074
M7 =~ 6Mi, 1+ [ 4x107* 1
7 x 1074 4 %1077
1 0.001
Mg~ 015 M7 1+ | 0001 1
0.003  0.02
1 1x10°*
Mg ~05Mip1+ | 1x107" 1
7 x 1074 1 x 1072

7 x 107%
4 x 1073
1

0.003
0.02 | mg
1

7x 1074
1 x 1072

mg
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LEPTON FLAVOUR VIOLATION

Off-diagonal entries in slepton masses generate LFV

Processes.
31 (5¢e).. ’
3mag | (01)ij Mo tan 3 Fyr(asz,b)

Gt | mi  (M§—p?)

BR(l; — 1) =~

LEPTON FLAVOUR VIOLATION
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LEPTON FLAVOUR VIOLATION

Off-diagonal entries in slepton masses generate LFV

Processes.
2

:37TC¥3 (6fi)ij lL]klé‘tallxg ]gbl;(aﬁg b)

Gt | mi  (M§—p?)

tanﬂle,Aon tanB:10,A0:mo

BR(l; — 1) =~
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FLAVOURED EDMS

— SUSY EDMs in presence of flavour-blind phases (¢,,, ¢ .4)
directly proportional to lepton masses,

—aemytan f IM[Ms p] A(ry) — A(ra)

47t sin? Oy m% m?,. —m?,
e X1 Xo

— JSill, if ¢, 04 = 0, contributions fo EDMs from  offdiagonall
elements in sfermion masses:

de x (07,1)1i(07 r)i1 J1+(07p)1i(0%R)i1 f2 +(070)1i(07 R)ij (ORR)j1[3
— In 2HdM d; proportional to three masses and mixings

d; o< my m? | Kyl f

! ~
d ., =~

Three leptonic EDMs must be measured
independently to discriminate the sourcelll
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‘ Conclusions l

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 LFV processes (i — ey) close to present exp. limits.

e Ratios of leptonic EDMs depend on flavour structures and
new physics model.

e Sizeable conftribution in the Kaon sector natural.

e LFVV and EDMs can explore large areas of flavour MSSM
in near future.
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