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(Some of) The problems of particle physics

EWSB: Which physical origin for the Fermi scale?

Flavour: How to explain masses and mixings of SM 
matter?

Dark Matter: What makes a major part of the 
universe?
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While all indirect tests (EWPT, flavour) indicate no new
scale below several TeV’s, the Higgs boson mass is
apparently around the corner and is normally sensitive
to any such scale

1999: “the LEP Paradox” 
2001: “the little hierarchy” problem

2011: the problem still there, more than ever

B, Strumia
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Current flavour constraints
2000÷2010: The CKM picture quantitatively successful

Isidori, Nir, Perez

A problem and an opportunity

2010

Le f f = LSM+LNP
e f f LNP

e f f = Σi
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Tomassini, Pomarol  1996

Some (approximate) flavour symmetry 
must be operative

↕U(2)
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with little communication between        and q1,2 q3

U(2)→ U(2)Q × U(2)u × U(2)d

only weakly broken along specific minimal directions

B, Dvali, Hall 1996

V = (2, 1, 1) Γu = (2, 2̄, 1) Γd = (2, 1, 2̄) all � O(λ2)
with λ = 0.2254

L ≈ Σi=1,2,3(Q̄i
LD/ Q

i
L + ū
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(as opposed to MFV:                           )U(3)Q × U(3)u × U(3)d

Γd = (3, 1, 3̄)Γu = (3, 3̄, 1)



A relevant example: supersymmetry
Particle spectrum

Flavour changing interactions

TeV’s, not controlled by symmetry breaking
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nor by naturalness

standard parametrization, in non standard notation

1 new angle       and 1 new phasesL γ

(MFV:         quasi degenerate)q̃1,2,3



ΔF = 2  -  Our own SM fit

|�K |× 103
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details subject to discussion
a hint of a potential problem for the SM



Supersymmetric fit
including:
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Constraints on extra parameters:

Prediction: F0x

γ

π
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An approximate U(2):           in the quark masses/mixingsf1 ↔ f2An approximate U(2):           in the quark masses/mixingsf1 ↔ f2

Input 
data

SBs→Ψφ = 0.12± 0.5

U(2)3 prediction



An approximate U(2):           in the quark masses/mixingsf1 ↔ f2An approximate U(2):           in the quark masses/mixingsf1 ↔ f2

general U(2)3

M(K0 → K̄0) =MSM (K0 → K̄0)(1 + hK)

M(Bd → B̄d) =MSM (Bd → B̄d)(1 + hBe−2iγ)
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=
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ΔF = 1  - (under study)

More operators involved

Processes of interest mostly in B-physics

More parameters: tanβ =
mt

mb

λb

λt

, mH± , m
g̃,h̃

,

trilinear terms, “flavour-blind” phases

No large effect (for moderate tanβ)
as in ΔF=2

Consider flavour-blind phases as
illustrative example



Electric Dipole Moments with flavour blind phases only



CP asymmetries in B-physics



ACP (b→ sγ)[%]
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Flavour and CPV in charged leptons

A sensible extension of U(2)3q to leptons
although with a main unknown Mijν
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with no analogue in the quark sector
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Summary and conclusions
Natural EWSB

Flavour symmetries Flavour signals

An approximate U(2):           in the quark masses/mixingsf1 ↔ f2

Actually: U(2)→ U(2)Q × U(2)u × U(2)d

q3
q1,2

q̃1,2

q̃3

An approximate U(2):           in the quark masses/mixingsf1 ↔ f2An approximate U(2):           in the quark masses/mixingsf1 ↔ f2

, a definite correlation in ΔF=2From minimal breaking of U(2)3

More CPV signals in ΔB=1, EDMs and charged leptons ...
... badly need to understand the origin of flavour breaking at all

If supersymmetry with mg̃, mb̃L
� 1÷ 1.5 TeV

(SM: 0.041 ± 0.002)
SBs→Ψφ = 0.12± 0.05



More conservatively: Λ > ~5 TeV
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Taking                 and considering one operator at a timeci =±1

1σ-bounds ⊕ a light Higgs
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