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Minimal Flavour Violation in one slide

Flavour: excellent agreement between data and CKM picture

MFV paradigm

U(3)3 = U(3)QL
× U(3)UR

× U(3)DR

Yu ∼ (3, 3̄, 1),Yd ∼ (3, 1, 3̄) so that SM is formally invariant

Assumption: BSM also formally invariant, only with Yu,Yd

Scorecard:

X Flavour violation controlled by the CKM matrix

⇒ TeV scale new physics OK with flavour bounds

× Flavour blind CP violation (smallness of EDMs)?

× Hierarchies (pattern of masses and mixing angles)?
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A way to proceed

SUSY with heavy 1, 2 generations

X Flavour blind CP violation

Other virtue:
Ok with naturalness and collider bounds

Reduce symmetry, round 1

From U(3)3 to U(2)

X Partial explanation for hierarchies

Ö Too large flavour-violating effects in the RH sector
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U(2)3 in SUSY

Reduce symmetry, round 2

U(2)3 = U(2)QL
× U(2)UR

× U(2)DR

↓ ↓ ↓(
q1
L

q2
L

) (
uR
cR

) (
dR
sR

)
q3
L tR bR

Scorecard:

X Small flavour-violating effects (good flavour alignment)

X Small CP-violating flavour-conserving observables (EDMs)

X Partial explanation for Yukawa hierarchies
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Breaking U(2)3

Exact U(2)3 −→ mu = md = ms = mc = 0, VCKM = 1

Yu = yt

(
0 0

0 1

)
Yd = yb

(
0 0

0 1

)

Minimal breaking: only one doublet V ∼ (2, 1, 1)

Small ∆Yu ∼ (2, 2̄, 1), ∆Yd ∼ (2, 1, 2̄) to explain quark
masses

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Breaking U(2)3

Exact U(2)3 −→ mu = md = ms = mc = 0, VCKM = 1

Yu = yt

(
0 xtV

0 1

)
Yd = yb

(
0 xbV

0 1

)

Minimal breaking: only one doublet V ∼ (2, 1, 1)

Small ∆Yu ∼ (2, 2̄, 1), ∆Yd ∼ (2, 1, 2̄) to explain quark
masses

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Breaking U(2)3

Exact U(2)3 −→ mu = md = ms = mc = 0, VCKM = 1

Yu = yt

(
∆Yu xtV

0 1

)
Yd = yb

(

0

∆Yd xbV

0 1

)

Minimal breaking: only one doublet V ∼ (2, 1, 1)

Small ∆Yu ∼ (2, 2̄, 1), ∆Yd ∼ (2, 1, 2̄) to explain quark
masses

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Breaking U(2)3

Exact U(2)3 −→ mu = md = ms = mc = 0, VCKM = 1

Yu = yt

(
∆Yu xtV

0 1

)
Yd = yb

(

0

∆Yd xbV

0 1

)

Minimal breaking: only one doublet V ∼ (2, 1, 1)

Small ∆Yu ∼ (2, 2̄, 1), ∆Yd ∼ (2, 1, 2̄) to explain quark
masses

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Consequences

Diagonalize Yukawas and Squark mass matrix:

VCKM =

 1− λ2/2 λ suse
−iδ

−λ 1− λ2/2 cus

−sds e i(φ+δ) −scd 1



W L =

 cd κ∗ −κ∗sLe iγ
−κ cd −cdsLe iγ
0 sLe

−iγ 1


W R = 1

1 new angle sL and 1 new CP-violating phase γ

Crucial: minimal breaking leads to flavour alignement

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Consequences

Diagonalize Yukawas and Squark mass matrix:

VCKM =

 1− λ2/2 λ suse
−iδ

−λ 1− λ2/2 cus

−sds e i(φ+δ) −scd 1



W L =

 cd κ∗ −κ∗sLe iγ
−κ cd −cdsLe iγ
0 sLe

−iγ 1


W R = 1

1 new angle sL and 1 new CP-violating phase γ

Crucial: minimal breaking leads to flavour alignement

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Where I am?

Introduction/Motivations

The U(2)3 flavour symmetry in SUSY

Phenomenology of ∆F = 2 and ∆B = 1 observables

Conclusions

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



Where I am?

Introduction/Motivations

The U(2)3 flavour symmetry in SUSY

Phenomenology of ∆F = 2 and ∆B = 1 observables

Conclusions

Filippo Sala, SNS Pisa A U(2)3 flavour symmetry in SUSY



CKM fit tensions in the SM

No SΨK , SM:

No εK , SM:

SΨK

εK
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∆F = 2: K and B mixings

ξL =
cd sL
|Vts |

e iγ , F0(mb̃,mg̃ ) > 0

φ∆ = arg
(
1 + ξL

2F0

)

εK = εSM,tt
K

(
1+|ξL|4F0

)
+ εSM,tc+cc

K

∆Md ,s = ∆Md ,s
SM

(
1 + ξ2

LF0

)
SψKS

= sin (2β + φ∆)

Sψφ = sin (2|βs | − φ∆)

0.8 < |ξL| < 2.1

−9◦ < φ∆ < −1◦

−86◦ < γ < −25◦ or 94◦ < γ < 155◦
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Predictions

1. Sizeable non-standard Sψφ 2. mb̃,mg̃ < 1÷ 1.5TeV

F0
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∆B = 1: shopping list

BR(B → Xsγ)

direct CP asymmetry in B → Xsγ

angular CP asymmetries in B → K∗µ+µ− (〈A7〉, 〈A8〉)

CP asymmetries in non-leptonic decays like B → φKS or B → η′KS

BR(B → Xsγ) SφKS
Sη′KS

Future improvements
in sensitivity: ∼ a 2 factor ∼ a 5÷ 10 factor!
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∆B = 1: some results

Sf = sin (2β + φ∆ + δf ) , δf (ξL, γ,mb̃,mg̃ , µ tanβ − Ab), f = φKS , η
′KS
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Summary

∆F = 2 new phase φ∆ in ∆Md,s [model-independent]

∆Md/∆Ms SM-like [model-independent]

no new phase in K mixing [model-independent]

sign of correction to εK

0.05 . Sψφ . 0.20 mb̃,mg̃ < 1÷ 1.5TeV

∆B = 1 clean correlations between observables

effects can be large

Importance of correlated studies to distinguish between models
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Conclusions

We studied U(2)3 in SUSY with heavy first 2 generations

U(2)3 Enough flavour alignment

Yukawa hierarchies (partial explanation)

SUSY Small CP violation in flavour conserving observables

Ok with naturalness and collider bounds

Both Solve CKM fit tensions

Peculiar phenomenological pattern: wait for the LHC
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