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Realistic flavour models at the LHC 2

Flavour physics: who ordered that??

e 3 families with
identical gauge

quantum numbers.

e Strong hierarchy

between generations.

e Small quark, large

lepton mixing angles.
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Realistic flavour models at the LHC 2-a
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Realistic flavour models at the LHC 2-b

‘ Flavour physics: who ordered that?? l
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Realistic flavour models at the LHC 2-C

‘ Flavour physics: who ordered that?? l
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Realistic flavour models at the LHC 3

Flavour symmetries in SUSY

o Very different elements in Yukawa matrices: 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 Froggatt-Nielsen mechanism and flavour symmetry to understand

small Yukawa elements. Example: U(1)

0)~1
H
Y Y a0
(O \ %]‘ — Yy = (W) <
> «——<—» <
Q=1 M Q=0
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Realistic flavour models at the LHC 4

e Flavour symmetry to understand
masses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only after Spontaneous

Symmetry Breaking.
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Realistic flavour models at the LHC 4-4,

e Flavour symmetry to understand
masses and mixings in Yukawas.

e Yukawas forbidden by symmetry,
generated only after Spontaneous

Symmetry Breaking.

CERN

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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Realistic flavour models at the LHC 4-b

e Flavour symmetry to understand
masses and mixings in Yukawas.

e Yukawas 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.

We can relate the structure in Yukawa matrices to

the nonuniversality in Soft Breaking masses !!!

CERN
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Realistic flavour models at the LHC 5)

‘ Yukawa textures l

e Masses and mixings in terms of a few fundamental parameters.

o Small mixing due to smallness of offdiagonal vs diagonal entries.

o Approximate texture zeros (GST) = relate masses and mixings

‘Phenomenological fits, quarks: I

(<& aed ped ) [ < 2 Of?) )
Yy o g2 ca2 |, Vx| < 2 O(e?)
<o) e,

| <

with € ~ 0.05 and ¢~ 0.15
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Realistic flavour models at the LHC 6

‘ Lepton textures: I

e Large leptonic mixings ...

/

Upymns = /2 /2 \? :
\ V2 vz v/

e C(Charged-lepton similar to down-quark masses

‘r—\O
__~

2

S
S

—> Quark/lepton unification a la Georgi-Jarlskog 77

o Neutrinos are (can be...) Majorana particles.

m,, = vsY,- ]\}R Y’
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Realistic flavour models at the LHC 7

‘ Symmetric texture I

e Non-Abelian flavour symmetries.

0 1.5e¢% 0463
Yée =] 15 %2
0.4 1.3 &2 1

e Universal sfermion masses in

in unbroken limit:

O1
L2 = mg®T® =mg (o1 ¢2 ¢3)" | ¢s
®3
e After symmetry breaking:
1+ &3 gt 0
M%R,EL ~ 8 148 g2 m2
0 g2 14&

CERN
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‘ Asymmetric texture I

e Abelian flavour symmetries.

et g3 &3
Yhe = | 3 &2 &2 | w
g 1 1

e In principle nonuniversal masses

in unbroken symmetry:
Lz =mi ¢1¢1 +ms $5¢2 +m3 ¢5¢3

e After symmetry breaking:

1 &€ ¢
2 ~ — 2
E b a
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Realistic flavour models at the LHC

FCNC constraints

e Large offdiagonal entries in sfermion mass matrices generally

overproduce FCNC and CP Violation transitions

—> ‘ SUSY flavour probleml

o Stringent bounds on d — s and p — e MI (mgz = 500 GeV)

Re{(6%),,} <4x1072, Im{(6%),,} <3.2x1073, [(6%),,| <0.001 —talr(l)ﬂ

e Less stringent bounds from b — s,d and 7 — u, e transitions

Re{(5%) ). Im{(5%) 1. [09)]. < 01 (125)

(= Simple Abelian models not allowed by AMy, ¢, and p — ey )



Realistic flavour models at the LHC 9

‘ Abelian Flavour symmetry l

e “Realistic” model with two Abelian groups U(1); x U(1)

e Charges under (U(1)1,U(1)2):

@1~ (0,1), Q2~(1,0), Qs~(0,0), ¢1 ~ (—1,0) with (¢1)/M = AZ
d§ ~ (3,—1), d5~ (1,0), d§~ (1,0), (flavons)
ui ~ (0,1), wu§~(-1,1), U3 ~ (0,0) g2 ~ (0,—1) with (¢2)/M = )‘2
| . | s (q1+47) (o) (g5+43)
e Yukawa couplings proportional to: Y;; = (W) (W)
AN N3 N0\
Md,e — <H1> )\2 0 )\2 )\2 : MY = <H2> )\5 )\3 )\2
0o 1 1 Moo 1
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Realistic flavour models at the LHC 10

e Soft mass coupling gb;fqbq; invariant under all symmetries

—> flavour diagonal soft masses allowed by flavour symmetry
e Diagonal masses required to be equal by phenomenology

e After symmetry breaking offdiagonal entries proportional to flavon vevs

gt —a] | g5 —a3|
g =mi (G9)° ()

1 AT\ 1 A2\
MZ z ~mg| AT 1 1 |, MZ ~mgf N 1 N |,
A1 1 AN 1
(D ST
ME =M ~mg| A 1 A2
A Il
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Realistic flavour models at the LHC 11

SU(3) Flavour model

e Q). L ~3and d°uc e ~3; flavon fields: 03,055 ~ 3, 03,023 ~ 3

e Family Symmetry breaking: SU(3) O S (2) Lo 0

0 2
03,05 = 0 , 023,023 = b |with (a_]\}) ~ O(1), (MLU) ~ (Mid) = ¢ ~ 0.05.
as

e Yukawa superpotential: Wy = Hy;9; {Qéﬁg + 0539‘;32 + 10,3 103,00, (923@)}

( 0 a e’ b e3 \
) 2 2 2
f_ | aed £? ce22_ | |asg|
= ] as® | 37
\ bed ce? e 1 )
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Realistic flavour models at the LHC 12

e Soft mass coupling ®'® invariant = common soft mass for the triplet
e Universality guaranteed in the exact symmetry limit.

e After symmetry breaking offdiagonal entries proportional to flavon vevs

M7, = mjg (5” + L [6376] + 63563,] + L[(6""“@:3,1@523,l)T(E‘jmngi%"'7’0523’”)])

M? M*?
14 &3 = 0
M%R, g, = 83 148 22 m2
0 = 1+¢
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Realistic flavour models at the LHC 13

‘ LHC & FCNC measurements l

Measure of sfermion mass matrices can help

e

to distinguish different flavour models !!

\

e Are squark and slepton mass matrices related by GUT?
—> Grand Unification of FCNCs.

o by, 71 and &g, i, masses and (0%),,, (0% ),, very different

in symmetric and asymmetric textures.
e b — s and 7 — pu FCNC processes are key measurements
to understand flavour.
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Realistic flavour models at the LHC

‘ You can help us !!!! |

B, oscillations = B, — D,
b — s penguin = B; — oK, By — ¢¢
Lepton Flavour violation = yu — ey, 7 — puy ...

Electric Dipole Moments, . ..

J

N

14
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Backup: FCNC Grand unification.
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