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® Flavour models, SUSY FV and CPV & SUGRA

® Flavon F-terms
e Fxcontra Fy

® Irreducible SUGRA flavour & CP violation in flavour models
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Models of flavour

Flavour symmetries provide a handle to the generic Yukawa sector of the Standard Model.
If matter is charged with respect to F some (or even all) of the couplings arrise at the effective
level only after the proper breakdown of F by means of gauge-singlet F-nonsinglet Higgs fiedls.

(flavons, @)
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If matter is charged with respect to F some (or even all) of the couplings arrise at the effective

level only after the proper breakdown of F by means of gauge-singlet F-nonsinglet Higgs fiedls.

(flavons, @)

Exampe: U(1) flavour symmetry x (H) (¢)
I e =L
Qr[Qs] = Qrlas] = 0 ! Mo

QrlQ2] = Qrlg] =1 Qi ~\ q; A 32

Qrl@Q1] = Qrlqi] =2 ,)\"(\ Y~ | &3 &2 ¢

Qr[H] =0 w7y e e 1

Qrlpl = -1 X (¢)
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In practice, the neutrinos tend to call for non-abelian symmetries (like for example SU(3)r)
or their discrete subgroups. In such a case matter fields and flavons enter higher dimensional
irreps of the flavour symmetry group and the Yukawa patterns arise as a consequence of

flavour-nontrivial vacuum alignment of (¢)’s.

— —

Ly ~ (GO GEHH + ..

2
m
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Currently, there is a plenty of models like this... Extra input is badly needed to constrain them.
One such option is SUSY with the constraints coming from SUSY flavour and CP puzzles...
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SUSY flavour and CP puzzle

MSSM
( i i
Wy ~ g HSQ&}Q?QCJ + HFQPYAdY + HSLP'YY N + HFLP'Y e | + N (Mp);; N
['soft ~  Ea8 HonBzAu ~cj + HaQ,BzAd dcg + HozLB’LAV Ncg + HozLﬁer ~cg 4+ Nzc*(m%vc);Ncy
+ Qia(mQ)anj + @ (mie)ja + d§*(m3e)5d + Li, (m3)5 L% + &t (m2.)]
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SUSY flavour and CP puzzle

Wy ~ eap |[HEQPYE0Y + HFQPY A + HELPYY N + HFLPIYEe | + N (MR);j N

Looft ~ €ap |HIQP'ALGYT + HFQP'ALdY + HYLPIAY N + HYLPUAZ 69| + NE*(miye)i N

+ Qia(mg)jQ™ + af*(mle);a + di* (me)jd™ + L, (m] )L + & (m?e) e

J ec

Convenience - the ‘super CKM’ basis:  Dugan, Grinstein, Hall, Nucl.Phys.B255(1985) l///
/

- basis in which the neutralino couplings to matter are flavour diagonal 9

- obtained by rotating the soft masses and trilinears by the matter sector rotations \
X
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Convenience - the ‘super CKM'’ basis:  Dugan, Grinstein, Hall, Nucl.Phys.B255(1985) l///
/
- basis in which the neutralino couplings to matter are flavour diagonal 9
- obtained by rotating the soft masses and trilinears by the matter sector rotations \
X
SUSY flavour and CP problem:
- no reason for the soft terms to be flavour diagonal (and real) in the superCKM basis !
- mixing and extra phases lead to dramatic enhancement of the FCNC and CPV .
i N
Lo
A
H €
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SUSY flavour and CP puzzle

MSSM:
-
Wy ~
Esoft ~
+

cap | Ho QY507 + HYQP'YJdY + HILPYENY + HF LY 567 | + N (Mp)y; N

Eaf _Hgéﬁm;g.acj + HQP AL dY + HYLPPAY, N + Hy LP' A 6 | + N&* (me)s N

iJ

Qia(mg));Q% + af* (mye);a% + df*(me)5d + L, (m); L + & (m?.

Convenience - the ‘super CKM’ basis: Dugan, Grinstein, Hall, Nucl.Phys.B255(1985)

- basis in which the neutralino couplings to matter are flavour diagonal

)

- obtained by rotating the soft masses and trilinears by the matter sector rotations

SUSY flavour and CP problem:

- no reason for the soft terms to be flavour diagonal (and real) in the superCKM basis !
- mixing and extra phases lead to dramatic enhancement of the FCNC and CPV
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I:{> strong constraints on off-diagonalities & phases of soft terms
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Convenience - the ‘super CKM’ basis: Dugan, Grinstein, Hall, Nucl.Phys.B255(1985)

- basis in which the neutralino couplings to matter are flavour diagonal

)

- obtained by rotating the soft masses and trilinears by the matter sector rotations

SUSY flavour and CP problem:

- no reason for the soft terms to be flavour diagonal (and real) in the superCKM basis !
- mixing and extra phases lead to dramatic enhancement of the FCNC and CPV

Minimal flavour violation: m?oﬁ X m(Q)L Al AOYf

Michal Malinsky

I:{> strong constraints on off-diagonalities & phases of soft terms
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SUGRA ‘solution’ to SUSY flavour and CP puzzles

-
Miop = mipKa— )  Fy [8@/851(51) — Og Kae(K _1)0335K3b} Fs
15,5’
Aachabc X Z FS { M%l (aSKhid.)Yabc = aSYabc — [(K_l)dg(?skgaydbc + CyCl.} }
S

where KW, X,..)=Ka(X,.. )0y + ...+ Knig (X, ...) (Fx) #0
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SUGRA ‘solution’ to SUSY flavour and CP puzzles

~

Miope = MypKa — ) Fg {({%"%Kab — O Kac(K _1)6385%5} Fs
S,S

~

1 - ~
AawcYabe o Y Fgs { (s Khid.)Yabe + OsYabe — [(K ") ae0s Kea Yave + cycl.} }
S

2
Mz,

where K(waXa):KEb(Xa)wgwb_F+Khzd(X7) <FX>7éO

Example: ‘Sequestered’ shape of a Kahler potential makes the soft masses universal !
(after canonical normalization of V7Kg, D, v" 1s)

If, moreover, the Yukawas do not feel X (or do in a flavour-blind way), the A-terms
are aligned toY’s and CP and FV is essentially O.K.
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If, moreover, the Yukawas do not feel X (or do in a flavour-blind way), the A-terms
are aligned toY’s and CP and FV is essentially O.K.

If not happy about sequestered or factorized Kahler potentials...

Flavour symmetries can still control the Kahler so that one does not get far from universality.
However, in flavour models, there are always fields with nonzero F-terms felt by the Yukawas !
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If not happy about sequestered or factorized Kahler potentials...

Flavour symmetries can still control the Kahler so that one does not get far from universality.
However, in flavour models, there are always fields with nonzero F-terms felt by the Yukawas !

THE FLAVONS...
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Induced flavon F-terms & irreducible flavour
violation in SUGRA flavour models

The generic SUGRA F-term:
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violation in SUGRA flavour models

The generic SUGRA F-term:

_ f _)
(s
¢ Ross, Vives, Phys.Rev.D67 (2003)
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Induced flavon F-terms & irreducible flavour
violation in SUGRA flavour models

The generic SUGRA F-term:

and thus

(Fy) = — <Z(Kf) - (m3/2(Kf)g— GK/QMI%ZW;/>> ~ mga(P) + ...

¢’ Ross, Vives, Phys.Rev.D67 (2003)

This means that the following pieces are always present in the soft masses and trilinears:

(

Mips = MyKay— )  Fy [%'%Kab — 8 Kqe(K _1)035’¢kab] Fy
6.0/

F
Aachabc = k { S (8XKhzd abc =+ g Fqbaquabc § Fq§ { )d66¢K€CLdeC CyCl-] }
¢ ¢

and give an irreducible contribution to flavour violation...
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6.0/

F
Aachabc = k { S (8XKhzd abc =+ Z Fqbaqbyabc § Fq§ [ )deaqbKandbc CyCl-] }
¢ ¢

and give an irreducible contribution to flavour violation... How about the magnitude ?
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lrreducible flavour violation in SUSY flavour models

If flavour symmetry is broken well below the Planck scale, we get Fy < F.
Does this mean the [ corrections are always subleading ?
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A trivial example: the sequestered Kahler setting - no F'’x sensitivity (up to overall scale)
and FV and CPV driven entirely by /.
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and FV and CPV driven entirely by /',. How about the magnitude ?

The scale of trilinear couplings ~ F404Y 5. does not dependent on F !
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A (non)trivial example: generic Kahler with both X and ¢ mixed together

-

~

XX XX\ 1
awéa d d *6
Kap b(c0+ OM%)Z>+(CQ+ QMI%Z)MQ(M)w

Amgoft = FY (%fkf(ab) Fx — FE (858915[?55) F¢ + ...
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lrreducible flavour violation in SUSY flavour models

If flavour symmetry is broken well below the Planck scale, we get Fy < F.
Does this mean the [ corrections are always subleading ?

NO !

A trivial example: the sequestered Kahler setting - no F'’x sensitivity (up to overall scale)
and FV and CPV driven entirely by F;. How about the magnitude ?

The scale of trilinear couplings ~ F404Y 5. does not dependent on F !
Ross, Vives, Phys.Rev.D67 (2003)

A (non)trivial example: generic Kahler with both X and ¢ mixed together

-

~

XtX XX\ 1
af\/éa d d *a
Kap b(c0+ OM%)Z>+(CQ+ QMI%Z)MQ(M)w

Am?oft = FY (ayaka,) Fx — FE (858¢Kab) F¢ + ...

~ XX 1 2
FE (85%[(%) Fo ~ m§/2<q§*> (CQ + do M]%l ) Ve (p) ~ m§/2(’) (‘<¢>‘ >

d do 1 2
P (0x0xa) Fx ~ mi (X)) (51 + 37 370" ) (X) ~mis Jom +0 (105 )

Once the catastrophic leading order terms are tamed the the irreducible part is competitive !
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Conclusions

® SUSY flavour and CP puzzles challenge the flavour models

® |rreducible SUGRA flavour violation due to flavon F-terms present even
in ‘minimal’ models

® Although Iy < Fx the Fy-effects are important even for the soft masses
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Thanks for your kind attention !
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