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• SM & SUSY flavour issues, flavour models

• Kahler 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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L ! f Y ffcH(fc)

f, fc ∈ 3 of SU(3)

φ123, φ23, φ3 ∈ 3 of SU(3)

H(fc), Σ ∈ 1 of SU(3)

G.G.Ross, I. de Medeiros-Varzielas, Nucl. Phys. B733 (2006)

Mν
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Sample SU(3) flavour model with TB lepton mixing :

- 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 :

- 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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SUSY flavour and CP problem

4

MSSM:

WY ∼ εαβ

[
Ĥα

u Q̂βiY u
ij û

cj + Ĥα
d Q̂βiY d

ij d̂
cj + Ĥα

u L̂βiY ν
ijN̂

cj + Ĥα
d L̂βiY e

ij ê
cj

]
+ N̂ ci(MR)ijN̂

cj

Lsoft ∼ εαβ

[
Hα

u Q̃βiAu
ij ũ

cj + Hα
d Q̃βiAd

ij d̃
cj + Hα

u L̃βiAν
ijÑ

cj + Hα
d L̃βiAe

ij ẽ
cj

]
+ Ñ c∗

i (m2
Nc)i

jÑ
cj

+ Q̃∗
iα(m2

Q)i
jQ̃

αj + ũc∗
i (m2

uc)i
j ũ

cj + d̃c∗
i (m2

dc)i
j d̃

cj + L̃∗
iα(m2

L)i
jL̃

αj + ẽc∗
i (m2

ec)i
j ẽ

cj

m2f
LL ∝ m2

f + Y †
f Yfv2 + ∆f

L

m2f
RR ∝ m2

fc + Y †
f Yfv2 + ∆f

R

m2f
LR ∝ Afv + µYf

M2
f =

(
m2f

LL m2f†
LR

m2f
LR m2f

RR

)
Y f =




. . .
. . .
. . .




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

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

V f†
L Y fV f

R =




yf
1

yf
2

yf
3



 M2
f !






V f†
L m2f

LLV f
L ∝ V f†

L m2
fV f

L + cLL

V f†
R m2f

RRV f
R ∝ V f†

R m2
fcV f

R + cRR

V f†
L m2f

LRV f
R ∝ V f†

L AfV f
Rv + cLR
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
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1
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f !
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



V f†
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LLV f
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L m2
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L + cLL
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SUSY FCNC SUSY CPVExample:

(δl
LL)12

(δl
RR)12 + . . .

(δl
LR)11

+ . . .
(δf

XY )ij ≡
(V †

Xm2f
XY VY )ij

〈m̃2f 〉
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Lf
kin = ∂µf̃∗

i K̃f (φ, φ†)i
j∂

µf̃ j + if iK̃f (φ, φ†)i
jγ

µ∂µf j + . . .

Models of SUSY breaking

- mSUGRA ansatz, MFV, spontaneous CPV...

- SUGRA, gauge medation, ...



/9Michal Malinský SUSY flavour & CP violation in SUGRA flavour models 5

SM flavour “problem” SUSY flavour & CP problem

Flavour symmetries

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

- Yukawa & Majorana textures

“Complete” theory of flavour

+

However:

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

Lf
kin = ∂µf̃∗

i K̃f (φ, φ†)i
j∂

µf̃ j + if iK̃f (φ, φ†)i
jγ

µ∂µf j + . . .

m2
soft = m2

3/2K̃ab −
∑

S,S′

FS
′

[
∂S

′∂SK̃ab − ∂S
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Induced flavon F-terms & irreducible FV & CPV in SUGRA flavour models

6

FI = −eK/2M2
P l(K−1)IJ

(
1

M2
Pl

W ∗KJ + W ∗
J

)
= −(K−1)IJ

(
m3/2KJ − eK/2M2

P lW ∗
J

)The generic SUGRA   -term:F

〈Fφ〉 = −
〈

∑

φ′

(Kf )−1
φφ′

(
m3/2(Kf )φ′ − eK/2M2

P lW ∗
φ′

)〉
∼ m3/2〈φ〉+ . . .

and thus

Ross, Vives, Phys.Rev.D67 (2003)
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soft = m2
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[
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′∂φK̃ab − ∂φ
′K̃ac(K̃−1)cd∂φK̃db

]
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AabcYabc = k





FX

M2
Pl

(∂XKhid.)Yabc +
∑

φ

Fφ∂φYabc −
∑

φ

Fφ

[
(K̃−1)de∂φK̃eaYdbc + cycl.

]




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Magnitudes: 1) The scale of trilinear couplings                    does not dependent on      !Fφ∼ Fφ∂φYabc
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Magnitudes: 1) The scale of trilinear couplings                    does not dependent on      !Fφ∼ Fφ∂φYabc

2) Soft masses:

K̃ab ∼ δab

(
c0 + d0

X†X

M2
Pl

)
+

(
c2 + d2

X†X

M2
Pl

)
1

M2
(φφ∗)ab + . . .

FX

(
∂X∂XK̃ab

)
FX ∼ m2

3/2〈X†〉
(

d0

M2
Pl

+
d2

M2
Pl

1
M2

φφ∗
)
〈X〉 ∼ m2

3/2

[
O( ) + O

(
|〈φ〉|2

M2

)]

Fφ

(
∂φ∂φK̃ab

)
Fφ ∼ m2

3/2〈φ∗〉
(

c2 + d2
X†X

M2
Pl

)
1

M2
〈φ〉 ∼ m2

3/2O
(
|〈φ〉|2

M2

)

subleading effect, but competitive !
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Flavour symmetries Models of SUSY breaking

- mSUGRA ansatz, MFV, spontaneous CPV...

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

- Yukawa & Majorana textures

“Complete” theory of flavour

+

7

SM flavour “problem” SUSY flavour & CP problem

Flavour symmetries
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SM flavour “problem” SUSY flavour & CP problem

SUSY breaking model independent analysis

Flavour symmetries

SU(3) flavour symmetry, spontaneous CP violation:

(m2
f,fc)i

j = m2
0

(
bf,fc

0 δi
j + bf,fc

1

〈(φ123)j(φ∗
123)i〉

M2
f,fc

+ bf,fc

2

〈(φ23)j(φ∗
23)i〉

M2
f,fc

+ bf,fc

3

〈(φ3)j(φ∗
3)i〉

M2
f,fc

)
+ . . .

Af
ij = A0

(
af
0

〈(φ3)i(φ3)j〉
M2

f

+ af
1

〈(φ123)i(φ23)j〉
M2

f

+ af
2

〈(φ23)i(φ123)j〉
M2

f

+ af
Σ

〈(φ23)i(φ23)jΣ〉
M3

f

)
+ . . .

Soft sector :
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SUSY breaking model independent analysis

Flavour symmetries

(K̃f,fc)i
j = kf,fc

0 δi
j + kf,fc

1

〈(φ123)j(φ∗
123)i〉

M2
f,fc

+ kf,fc

2

〈(φ23)j(φ∗
23)i〉

M2
f,fc

+ kf,fc

3

〈(φ3)j(φ∗
3)i〉

M2
f,fc

+ . . .

Y f
ij = yf

0

〈(φ3)i(φ3)j〉
M2

f

+ yf
1

〈(φ123)i(φ23)j〉
M2

f

+ yf
2

〈(φ23)i(φ123)j〉
M2

f

+ yf
Σ

〈(φ23)i(φ23)jΣ〉
M3

f

+ . . .

Yukawa sector (SCKM rotations) :

Kahler potential (canonical normalization) :

SU(3) flavour symmetry, spontaneous CP violation:

(m2
f,fc)i

j = m2
0

(
bf,fc

0 δi
j + bf,fc

1

〈(φ123)j(φ∗
123)i〉

M2
f,fc

+ bf,fc

2

〈(φ23)j(φ∗
23)i〉

M2
f,fc

+ bf,fc

3

〈(φ3)j(φ∗
3)i〉

M2
f,fc

)
+ . . .

Af
ij = A0

(
af
0

〈(φ3)i(φ3)j〉
M2

f

+ af
1

〈(φ123)i(φ23)j〉
M2

f

+ af
2

〈(φ23)i(φ123)j〉
M2

f

+ af
Σ

〈(φ23)i(φ23)jΣ〉
M3

f

)
+ . . .

Soft sector :
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Example : electric dipole moments

- tightly experimentaly constrained

- not very sensitive to Kahler corrections

(δl
LR)11

+ . . .|Im(δu,d
11 )LR| ! 10−6, |Im(δl

11)LR| ! 10−7

〈m̃q〉 ∼ 500 GeV, 〈m̃l〉 ∼ 100 GeV
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Example : electric dipole moments

- tightly experimentaly constrained

- not very sensitive to Kahler corrections

(δl
LR)11

+ . . .|Im(δu,d
11 )LR| ! 10−6, |Im(δl

11)LR| ! 10−7

〈m̃q〉 ∼ 500 GeV, 〈m̃l〉 ∼ 100 GeV

|Im(δu
LR)11| ∼ 1× 10−7 A0

〈m̃u〉

(
500 GeV
〈m̃u〉

) ∣∣∣∣(a
u
1 + au

2 )− au
Σ

yu
Σ

(yu
1 + yu

2 )
∣∣∣∣ sinφ1

|Im(δd,l
LR)11| ∼ 5× 10−6 A0

〈m̃d,l〉

(
500 GeV
〈m̃d,l〉

) (
10

tanβ

) ∣∣∣∣∣(a
d,l
1 + ad,l

2 )− ad,l
Σ

yd,l
Σ

(yd,l
1 + yd,l

2 )

∣∣∣∣∣ sin φ1

SUSY breaking models enter here (plus running)

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



/9Michal Malinský SUSY flavour & CP violation in SUGRA flavour models 8

Example : electric dipole moments

- tightly experimentaly constrained

- not very sensitive to Kahler corrections

(δl
LR)11

+ . . .|Im(δu,d
11 )LR| ! 10−6, |Im(δl

11)LR| ! 10−7

〈m̃q〉 ∼ 500 GeV, 〈m̃l〉 ∼ 100 GeV

|Im(δu
LR)11| ∼ 1× 10−7 A0

〈m̃u〉

(
500 GeV
〈m̃u〉

) ∣∣∣∣(a
u
1 + au

2 )− au
Σ

yu
Σ

(yu
1 + yu

2 )
∣∣∣∣ sinφ1

|Im(δd,l
LR)11| ∼ 5× 10−6 A0

〈m̃d,l〉

(
500 GeV
〈m̃d,l〉

) (
10

tanβ

) ∣∣∣∣∣(a
d,l
1 + ad,l

2 )− ad,l
Σ

yd,l
Σ

(yd,l
1 + yd,l

2 )

∣∣∣∣∣ sin φ1

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 :

Y f
ij = yf

0

〈(φ3)i(φ3)j〉
M2

f

+ yf
1

〈(φ123)i(φ23)j〉
M2

f

+ yf
2

〈(φ23)i(φ123)j〉
M2

f

+ yf
Σ

〈(φ23)i(φ23)jΣ〉
M3

f

+ . . .

Aij ∼
∑

X

FX∂XYij , X ≡ φ23, φ123,Σ

∣∣∣∣(a1 + a2)−
aΣ

yΣ
(y1 + y2)

∣∣∣∣→ |y1 + y2| ∼ O(1)
a1 ∼ 2 y1

a2 ∼ 2 y2

aΣ ∼ 3 yΣ
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SU(3) flavour symmetry as good as SU(3) + SUGRA !
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• SUSY flavour and CP puzzles challenge the flavour models 

• Irreducible SUGRA flavour & CP violation due to flavon     -terms  omnipresent

• SUSY CPV & FV : SU(3) as good as SU(3) + SUGRA !

Conclusions

9

Fφ



/9Michal Malinský SUSY flavour & CP violation in SUGRA flavour models

• SUSY flavour and CP puzzles challenge the flavour models 

• Irreducible SUGRA flavour & CP violation due to flavon     -terms  omnipresent

• SUSY CPV & FV : SU(3) as good as SU(3) + SUGRA !

Conclusions

9

Fφ

Thanks for your kind attention !


