Mixing angles for non-degenerate coupled systems in QFT
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Introduction

Non-degenerate coupled systems :
e Bosons, such as binary systems of neutral kadps- Ky

e Fermions in the standard model (coupled through non-dialgdaukawa couplings in flavour space)

A fundamental feature:

In QFT, due to the mass differences between particles, gpxatrices of such systems shoalgriori never
be considered as unitary

— In the following approach, considering massive fermionthaSM :
e \We parametrize mixing matrices as non-unitary

e \We derive, through basic physical requirements, somefsgni results on the value of the mixing angles



Flavour and mass states in QFT

Two types of states :

Flavour eigenstates Mass eigenstates
(6;7M;7V6,f7yu,f"') VS (61:17M;17V6,may/1,m“')
gauge interaction eigenstates propagating eigenstates

In QFT thephysical masseare the poles of the full renormalized propagator,
i.e. the values of = ¢ which satisfy

det A™'(2) = 0, for z = (1)

Themass eigenstatese the corresponding eigenvectors :

ANz =z)pp, = 0. (2)
In terms of the renormalized quadratic lagrangidfi(z) = A~!(z) :

det L (2) = 0 LO(z = z)¢! =0. (3)



Why mixing matrices have no reasons to be unitary

The mixing matrices connect flavour eigenstates) (o mass eigenstate$ () :
V=KV,
LP?)(z = ¢?) hermitian

—>  at each, the eigenstates df®)(z) form an orthonormal basig(z).

The mass eigenstates respectively belong to differenbnaimal bases
— they do no form themselves an orthonormal basis

If the flavour states form an orthonormal basis,
the mixing matrix/ cannot be unitary

w ah ME=0 gl

(4)



Leptonic weak neutral currents |
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e Parametrize the mixing matrices as non-unitary with twolemgistead of one (preserving a unit norm fc
all states) :

€% efs efcq s,

K, = : Ky = - (6)
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e Neutralcurrent§WW?) = K]K,, KK,
e Two characteristics in flavour spacaniversalityandabsence of FCNC

— If K unitary — automatically achieved in mass space too.
— If K non-unitary = no longer automatic.

Hence we imposk: universality of neutral currentandl | : absence of "TFCNCih the space ofhassigenstates
(experimentally observed).



Leptonic weak neutral currents |l

Given

2 2 i(0—a) _ i(y—0)
KiKV _ c1 + 55 C151€ C989€
01816“0‘_5) — 02326“5_7) S% + c%

these constraints translate into :

— | : identity of diagonal elements : ¢? + s3 = ¢3 + s

— Il : vanishing of non-diagonal elements ic;s; = 389 Or ¢85 = —989 .

Two sets of solutionsarise:

e One-parametgi’Cabibbo-like”) solutions 9, = +6; + k= for which | andlI coincide.

e Two-parametesolutions, for whicH andl| are independent.
They are of the fornt, = &7 ; 0 = £0, + km, i.e. give rise tanaximal mixing

(7)



Mixing angles
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Constraints given by the two conditions of universality abdence of FCNC'’s.



Getting the Cabibbo angle

Neighborhood of the Cabibbo casé,.= +6; + ¢.

. .y 10 sin(20.)  —acos(26.)
— K deviates from unitarity by 'K = + €

01 —a* cos(20,) —sin(26,)
e Conditionsl andll cannot any more be simultaneously fulfilled

e Butl andll reduce to a single conditidior a value off. which turns out to be that of the Cabibbo ang
experimentally measured
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tan(20,.) = 3 — cos 6. = 0.9732.




Conclusion

Forthreegenerations, the same type of conditions leads to
e aconfiguration31.7,45,0) which matches quite well the mixing matrix measured at prek® neutrinos

e an exact realization of thBuark-Lepton Complementarity



