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4 Flavour Physics

o 3 fermionic families with
identical gauge numbers 7

o Origin of the mass hierarchy 7

« Intergenerational mixing 7
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Flavour and C'P Problems

e Yukawa couplings in Superpotential and soft

breaking masses different origins.
e In general, not simultaneously diagonalizable

e New complex parameters in W and soft

U

breaking terms.

Too large Flavour Changing and

C P violating contributions

Stringent bounds on sfermion mass matrices
and SUSY phases at Myy .

-

Solutions:

Universality, Alignment ...
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Minimal Supergravity

Canonical Kahler potential for chiral
Superfields K = Y. |¢'|> and Superpotential

0

. a(,5)
W = Whd(y,) + <M> H.QLiqr; +

with (perhaps several) 6/M generate Yukawa

structure.

Scalar potential (F-terms):

[+

with  Fy, = —e&/2 (W 4+ ¢;W™).

SUSY breaking in hidden sector (W) ~ mg/s,
we obtain Soft Breaking terms.

- 3|W|2]

Cannonical Kahler potential — Universal

scalar masses

m3, Gig™ = (W) ¢ig"
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However trilinear couplings:
Aij Yy HaQridy; =
oW oW _ A oW -
a7 Hy + —=—QLi + 5=qRr; | {(W"
<8H@ 3QLiQL i IqR; qR]) W

G0 (W) = (3+ali, )W) Yy HaQ iy,

Yukawa matrices as effective operators as
powers of scalar vevs. Irrespective of the source
of SUSY breaking

‘ Nonuniversal trilinear terms !! l

Universality and Alignment not possible in this

U

‘ New sources of FCNC l
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7 A
Yukawa Textures and

Soft breaking
- J

e Explain fermion masses and mixings in terms
of a few fundamental parameters

e Off-diagonal entries small relative on-diagonal

e Approximate texture zeros: mixings in terms
of masses

Textures fitting the experimental data:

R. G. Roberts, A. Romanino, G. GG. Ross and

L. Velasco-Sevilla, Nucl. Phys. B 615 (2001) 358
Symmetric Texture

0 bed et 0 bes
M., M
_ / / _ — -2
— =] Ve & deé e =1 & e
M b
/ _
et a'é? 1 cet  qé’

with € ~ 0.05 and €~ 0.15
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if €=(0)/M and €= (0)/M we obtain as
trilinear

0 6b'e3 Tl
<YA>7;]' = Y;Jinj = h3m3/2 Gb/€3 562 5&’62

7€t 5a’€? 3

Asymmetric Texture

Iy 0 cee’ 0 0 ¢ 0

uo_ / ) Mg !

p—— cee’.  (Be*  be Ty = € e €
0 ae 1 0o t 1

with € ~ 0.08, ¢ ~ 0.006 and t ~ 0.3.
if e=(0)/M,& ={(0"Y/M and t=(6;)/M

0 5cee’ 0

<YUA>7;]' = htmg/g 5cee’ 5562 4be
0 4ae 3

0 4 0

(V)i = hemsp | 4€’ 4ae  4e

0 4t 3

Non diagonal Trilinear couplings = Left-Right
FCNC
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FCNC and (P Phenomenology

e Soft breaking terms at high scale ~ Mgyt

e RGE evolution to electroweak scale.
1.- Diagonal elements receive large gaugino

contribution

(m%)ii(Mw) = 6 mi 5 + (m7)ii(Mpi)

2.- Trilinear couplings align with gaugino
Ai(Mw) ~0.25 AY — 2 my
Au(Mw) ~ 0.6 A, —2.9 my
Ad<MW> ~ 1 Ag — 3.6 m1/2

small tanf3 ~5 :
Ap(Mwy) ~1 A) — 3.4 my s

large tan (# ~ 30 :

‘ “String C'P problem” and MI bounds l

University of Oxford “. ‘ ' H & i




“String C'P problem”

S. Abel, S. Khalil and O. Lebedev, hep-ph/0112260.

e Yukawa matrices contain O(1) C'P violating

phases (o x )
e If nonuniversal, even real A can overproduce

EDMs
Super CKM basis

VqTLYqVqR - Dia%(hl? h27 h3> f/qA = VqTLYqAVqR

Can we have (Y,)11 oc e my €' 77

Abel et al., assume nonuniversal A terms and
(Vi,r)ij ~ V:§™M, both in up and down sector
However
e Before diagonalizing Yukawas, with real
trilinear terms arg(Y,*);; = arg(Yy):;.

hu = (V)i (Ya) i (VR)j1 = €

(Vi = (V)i (V)i (V) jn
It there is a single leading contribution
h* ~ (V)5 (Ya)21 then (Y, 2)1; is also real .
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If several terms of the same order contribute to
the up mass,

h* ~ (VL)51 (V)21 + (V)31 (Yu)22(VR)21 + ...
— qePaet 4+ bePret + ...

(Y11 = a(1,2)ae® et + a(2,2)be®re* + . ..
which is not real in general... EDMs constrain
this element to have a phase < 1072

= “String C'P problem”.
However, freedom to rotate away 6 phases from

Yukawa = observable effects must involve all
three generations .

Possible solutions:
e Hermitian Yukawa (and trilinear)

e single contribution to h,,

e Higher order 3" generation contrib. to Yﬁ‘

Important constraints on the structure of the
Yukawas = Talk by G. G. Ross tomorrow
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Mass Insertion limits

Mass Insertions

2 . .
(64). = (M, )i
() m%
6, = ¥
LR iz 6 m%/z + mi
3/2

~ m
YA ~ V3mgp My/vg + NG

Symmetric Texture

<(5d )21N m3/2m5€3 N mb€3

oo 6 mi, +mg  18mg)

~ 8 x 107°

i) _
2 m3/2 myp € my 62

12

(5%1%)32 ~1x107*

Gm%/Q—I—mg 9 mzy

using mg ~ 500 GeV = mg/o >~ 120 GeV with
my /o = \/§m3/2.
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Asymmetric Texture

(6¢R) ~ mg/met 5 Mot ~ 4 x 10"
32 6 my,, +my 18 Mgy
u Mg /o1 € mee —3
(07 R)30 =~ ~ ~ 7 x 10

6 m%/Q +mi 18 mg)s

minimal suppression in down
my,/(6ms2) <5 x 1079, no suppression a priori
in up sector.

However, in the leptonic sector, even
symmetric texture

_3 _
m3/2 m+r € mr 63

¢ ~ ~ ~1.3x107°
< LR>12 1.5 m%/2 —+ mg 5.5 m3/2

with mj; = 280 GeV, while the
phenomenological bound with photino...
(0%7),, $6.6x107°

Requires larger sfermion masses: OK for
m3/2 = 170 GeV.
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