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Outline

® SM & SUSY flavour issues, flavour models
® Kabhler corrections, irreducible SUGRA flavour & CP violation

® SU(3) flavour symmetry & SUSY CPV (EDMs)
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SM flavour “problem”

- why quark and lepton masses are so peculiar ?
- why the lepton mixing is so different from CKM ?

- what is the origin of CP violation ?
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Sample SU(3) flavour model with TB lepton mixing :

G.G.Ross, |. de Medeiros-Varzielas, Nucl. Phys. B733 (2006) f, f¢ € 3of SU(3)
Hipey, €1 of SU(3
[Ea fofCH(fc)) () Lo (3)
P123, P23, P3 € 3 of SU(3)
¢3)i(93); $123)i(P23); P23)i(P123); P23)i(P23) ;2
vi = y§<< 334(? 3)j) +y{<( 123]24% 23);) +y§<( 23)]\;]%123)3> +y£<( 23)]\(4?23)3 ),
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MY =
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S. F. King, Nucl. Phys. B576 (2000) 85 Harrison, Perkins, Scott, PLB530, (2002)
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SUSY flavour and CP problem

- _ ™
Wy ~ cag |HFQUY A + HFQP'Y Y + HYLP'YENY + HFLP'Y e | + N (Mpg)ij NY

Looft ~ Eap |HIQPALGY + HFQP AL dY + HILP'AY N + HFLPIAZ &% | + N*(m3ye)iN

+ Q1a(md)iQ™ + i (M) i + d* (mge)jd + L, (m})iL + &% (ml.)}e

ec/y
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2 y m%]; X m?+YfTYff02—|—A£]l
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vi=1| . . . M7 = ( M LR ) myp o< mie +Y]Vp? + AL
mprr MRR
.. 2f f
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SUSY flavour and CP problem

I _ ™
Wy ~ €ap HgQﬁim;%acj + HFQPY3dY + HYLP'YENY + HFLP'Y e | + N (Mg)ij NY

Esoft ~ saﬁ HaQﬁzA ~cg + HaQB'LAd dcg + Ha ﬁzAV Ncg HaiﬁiAgjécj_ 4+ Nic* (m?vc);]vc]

QL mBYQ +E (mB )i S (m3 )5 4 Ly (m 5L + 5" (m2.) e

N e Y,
2 y m%]; X mf + YTY Ve + Af 1
m m
Yl = .. M? = LL LR m2 . x mc—l—YTYfo —I—Af]l
f 2f 2f RR f
o Mprr MRR of J
mip o< Alv+pYy
Convenience - the ‘Super.CKM’ basis: Dugan, Grinstein, Hall, Nucl.Phys.B255(1985)
4 )
ylf VmeLLVf X VngchLf +ecrp1
y:{ fT f It Aafyf
Vi mLRV x |V/'TAT VI eLrl
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Example: SUSY FCNC SUSY CPV
l t o of
(07r) v (5§(Y)ij _ (Vxmxy Vy )ij (8% p)11 K
= ~ 92
Ghr) N, 2 +--. ) N, $ +--
P e/ E 2Ny
'.r XO \‘ " XU \‘
o CARAAAAAR > o AAAAAAAS
L € e e
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SM flavour “problem” SUSY flavour & CP problem
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SM flavour “problem” SUSY flavour & CP problem

!

Flavour symmetries

- SFSB : SU(3), SO(3),A4, D3...

- Yukawa & Majorana textures
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SM flavour “problem”

!

Flavour symmetries

- SFSB : SU(3), SO(3),A4, D3...

- Yukawa & Majorana textures

> -+ <«

v

SUSY flavour & CP problem

!

Models of SUSY breaking

- SUGRA, gauge medation, ...

- mSUGRA ansatz, MFV, spontaneous CPV...

“Complete” theory of flavour

However:

|) Kahler corrections important , soft masses sensitive to SFSB, ...

Elj;n = auﬁ;*f(f@a ng);@ufj +i7ikf(¢, qu)j-v“@ij + ..
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Flavour symmetries > -+ <« Models of SUSY breaking
- SFSB : SU(3),SO(3),A4, D3... - SUGRA, gauge medation, ...
- Yukawa & Majorana textures v - mSUGRA ansatz, MFV, spontaneous CPV...

“Complete” theory of flavour

However:

|) Kahler corrections important , soft masses sensitive to SFSB, ...
Llhn = OufiKp(0,01),0" 1 +if K (6, 6")7"0,f7 + ...

SUGRA:

Miope = MappKa =) Fg {‘9?’881366 — O Kae(K ‘1)03(‘95}?35} Fs
S,S

1 . .
> Fs {M2 (05 Khid.)Yabe + OsYabe — [(K_l)dEaSKEadec + CyCl-} }
S Pl
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- SFSB : SU(3),SO(3),A4, D3... - SUGRA, gauge medation, ...
- Yukawa & Majorana textures v - mSUGRA ansatz, MFV, spontaneous CPV...

“Complete” theory of flavour

However:

|) Kahler corrections important , soft masses sensitive to SFSB, ...

Elj;n = %ﬂ*fff(cb, ng);ﬂaufj +i7ikf(¢, qu);W“@ij + ..

SUGRA:
s . . —— .
Miope = MappKa =) Fg {8@/851(51, — Oy Kae(K 1)6335K3b} Fs
55
AabeYabe > Fs { 172 (OsKnia)Yabe + 9sYabe — [(f(_l)daasf(éaydbc + Cyd-} }
S Pl

2) Even in SUGRA, there are irreducible contributions to SUSY CPV and FV
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Induced flavon F-terms & irreducible FV & CPV in SUGRA flavour models

The generic SUGRA F-term:
2 — 1 * * — 2 *
Fy = —e"PMP(KTh) 5 (M—I%zw K7+ Wj) =—(K™Y) 7 (m3/2K7 - eK/ZMlej)

and thus

(Fy) = — <Z(Kf)¢<;/ (mg/g(Kf)g _ 6K/2M§LW(Z,)> ~ mgo(P) + ...
Y

Ross, Vives, Phys.Rev.D67 (2003)
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Induced flavon F-terms & irreducible FV & CPV in SUGRA flavour models

The generic SUGRA F-term:
Fr = —e//2Me (1) 5 ( iz WK W*) = (K75 (mayp Ky — /M EW)
and thus I s K /202
Ross, Vives, Phys.Rev.D67 (2003)

The pieces always present in the SUGRA soft masses and trilinears :

-

m?oft = m3/2 ab ZF [8—/8¢Kab 8—/ ac( ) 8¢de}F
9’

Aachabc = k {

Ox Khid.)Yabe Z Fy0pYape — Z Fy [ 14208 Koo Yape + cycl. ] }
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Induced flavon F-terms & irreducible FV & CPV in SUGRA flavour models

The generic SUGRA F-term:
Fr = —X/2Me (K1) - ( iz WK W*) = (K™Y 5 (m3 Py - eK/QM?Dlw;)
and thus I s K /202
Ross, Vives, Phys.Rev.D67 (2003)

The pieces always present in the SUGRA soft masses and trilinears :

-

mgoft = m3/2 ab ZF [8—18¢Kab 8—/ ac( ) 8¢de}F
9’

Aachabc = k { (aXKhzd abc + Z F(baquabc Z Fqb [ )deaqﬁKandbc + CyCl ] }

¢ ¢

Magnitudes: 1) The scale of trilinear couplings ~ F,0,Y 5. does not dependent on F!
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The generic SUGRA F-term:
Fr = —X/2Me (K1) - ( 3z WK W*) = (K™Y (m3 oK — eK/QM?DzW§)
and thus I s K202
Ross, Vives, Phys.Rev.D67 (2003)

The pieces always present in the SUGRA soft masses and trilinears :

-

migpe = miKa— Y Fy [&'%Kab Oy Kae(K ™), 3¢de}F
6.0

Aachabc = k {

Ox Khid.)Yabe Z Fy0pYape — Z Fy [ 14208 Koo Yape + cycl. ] }

Magnitudes: 1) The scale of trilinear couplings ~ F,0,Y 5. does not dependent on F!
2) Soft masses:

- XX XTX\ 1
Ka ~ 05 d d Vab T+ -
b b(c0+ OMI%Z)+<CQ+ QMI%Z>M2(¢¢)5+

- d d 1 ., 2
Fy(@yax ab)FX ~ mg/Q(XT><M%l+Mf%ZM2¢¢)<X>~m§/2 [(9(11)+0(§\’2>2’ )]

- ‘ XTx\ 1 {2)]°
FE (agaﬁb Eb) Fqb ~ m§/2<¢ > (02—|—d2 M%)l ) M2 <¢> Nm§/20( M2 )
subleading effect, but competitive !
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SM flavour “problem” SUSY flavour & CP problem

f !

Flavour symmetries > -4 <« Models of SUSY breaking
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SM flavour “problem” SUSY flavour & CP problem

1 -

Flavour symmetries

\

SUSY breaking model independent analysis

SU(3) flavour symmetry, spontaneous CP violation:

Soft sector :
(m?,fc)z_ = m2 <bg,fc5;j 4+ b{,fc ((¢123)(P123)") + bg’,fc ((¢23);(¢53)") + bg’fc <(¢3)j(¢§)z>> 4+

2 2 2
M7 e M7 e M e

Al = 4 <a§<(¢3§\}(;3)j> +a{<(¢123§;§%¢23)j> +a§<(¢23);§?123)j> +a£<(¢23);\(4§23)j2>> L
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SM flavour “problem” SUSY flavour & CP problem

1 -

Flavour symmetries

\

SUSY breaking model independent analysis

SU(3) flavour symmetry, spontaneous CP violation:

Soft sector :

2 i 2 ff€gi fofe <(¢123) '(¢T23)i> fof€ <(¢23) '(¢§3)i> f.f€ <(¢3) (¢§)7’>
(m% ) = mg (bo 05 + by M%fc + by ij%,fc + by ij%,fc ) +...

Al = A <ag <<¢3>M<§bg>g> af () é¢23>3> 4 of {0 Axn 4ot {02) A(;;) >> L
Kahler potential (canonical normalization) : | |
(f(f,fc);, _ kg,fc5§ 4+ k{,f‘: <(¢12§,\}j2(¢123)2> + kg,fc <(¢2}3\)4j2(¢23)2> 4 kg,fc <(¢§>\}j2(¢3)2> 4+
fre fre ffe
Yukawa sector (SCKM rotations) :
v =y <(¢3§\4(;3)3> +of <(¢123])w(?¢23)g> +ol <(¢23)j\§§§123)3> 4yl <(¢23)]\(%23)3 ) L
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Example : electric dipole moments

(0zr)11 !
- tightly experimentaly constrained [1m(0};") | $107°,  [Im(6},)rr| $ 107 \ T
x>l
(fg) ~ 500 GeV, () ~ 100 GeV A
e AAAAAAA——
e e

- not very sensitive to Kahler corrections
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Example : electric dipole moments

(6LR)11 !
- tightly experimentaly constrained [1m(0};") | $107°,  [Im(6},)rr| $ 107 \ T
EE N
(fg) ~ 500 GeV, () ~ 100 GeV T
e AAAARARA——
e e
- not very sensitive to Kahler corrections
Ag (500 GeV ad
Im (5} ~ 1x1077 = ( 8 ) al +ay) — —=(yi' +y5)|sin
| ( LR)11| <mu> <mu> ( 1 2) y% (yl y2) ¢1
Ay (500GeVY [ 10 ag’
d,l _ 0 d,l d,l d,l d,iN| -
|Im(5LR)11| ~ 2 x10 6<mdl> ( <mdl> ) (tanﬁ) (al —|—CL2 )_ %(yl +y2 ) Sln¢1

Tyz

SUSY breaking models enter here (plus running)

SU(3) flavour symmetry is a very powerfull tool to tackle SUSY Flavour and CP problem !
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SUSY breaking models enter here (plus running)

SU(3) flavour symmetry is a very powerfull tool to tackle SUSY Flavour and CP problem !

SUGRA estimate of effective coefficients:  A;; ~ Z Fx0xYij, X = ¢a3, 123, %
X

v/ = yg<(¢3§\4(;3)9> —|—y{<(¢123]24(?¢23)3> +y§<(¢23)]\£[<§123)9> +y£<(¢23)]\(4§23)3 ),
a; ~ 2y, .

az ~ 2y, (a1 +a2) = 2= (v +12)| = Iy + 32| ~ O(1)
ax, ~ 3Ys
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SUSY breaking models enter here (plus running)

SU(3) flavour symmetry is a very powerfull tool to tackle SUSY Flavour and CP problem !

SUGRA estimate of effective coefficients:  A;; ~ Z Fx0xYij, X = ¢a3, 123, %
X

v/ = yg<(¢3;\4(;3)9> —|—y{<(¢123]24(?¢23)3> +y§<(¢23)]\£[<§123)y> +y£<(¢23)]\(4§23)3 ),
a; ~ 2y, .

az ~ 2y, (a1 +a2) = 2= (v +12)| = Iy + 32| ~ O(1)
ax, ~ 3Ys

SU(3) flavour symmetry as good as SU(3) + SUGRA !
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Conclusions

® SUSY flavour and CP puzzles challenge the flavour models

® |[rreducible SUGRA flavour & CP violation due to flavon Fy-terms omnipresent

® SUSY CPV & FV :SU(3) as good as SU(3) + SUGRA !
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Thanks for your kind attention !
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