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In the Standard Model with SU(2) x U(1) as the gauge group of electroweak
interactions, both the quarks and leptons are assigned to be left-handed doublets
and right-handed singlets. The quark mass eigenstates are not the same as the weak
eigenstates, and the matrix relating these bases was defined for six quarks and given
an explicit parametrization by Kobayashi and Maskawa [1] in 1973. It generalizes the
four-quark case, where the matrix is parametrized by a single angle, the Cabibbo angle [2].

By convention, the mixing is often expressed in terms of a 3 x 3 unitary matrix V
operating on the charge —e/3 quark mass eigenstates (d, s, and b):
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The values of individual matrix elements can in principle all be determined from weak
decays of the relevant quarks, or, in some cases, from deep inelastic neutrino scattering.
Using the constraints discussed below together with unitarity, and assuming only three
generations, the 90% confidence limits on the magnitude of the elements of the complete
matrix are

0.9742 to 0.9757 0.219 to 0.226 0.002 to 0.005

0.219 to 0.225 0.9734 to 0.9749 0.037 to 0.043 . (11.2)

0.004 to 0.014 0.035 to 0.043  0.9990 to 0.9993

The ranges shown are for the individual matrix elements. The constraints of unitarity
connect different elements, so choosing a specific value for one element restricts the range
of others.

There are several parametrizations of the Cabibbo-Kobayashi-Maskawa (CKM) matrix.
We advocate a “standard” parametrization [3] of V' that utilizes angles 012, 023, 013, and
a phase, 9,4

Ci15C S16C Si1q€ 1513
12¢13 5 12€13 5 13
_ _ _ (3 _ (3
V= 519Co3 —C12523513€¢ 13 Cj9Co3—S198938 3¢ 13 $23€13 ) (11-3)

(3 (3
519893 C19C93513€¢ 13 —Cj9853—819Cg35 3¢ 13 Cy3¢yg

with ¢;; = Cos 0;; and s;; = sin6;; for the “generation” labels i,j =1,2,3. This has
distinct advantages of interpretation, for the rotation angles are defined and labelled in
a way that relates to the mixing of two specific generations and if one of these angles
vanishes, so does the mixing between those two generations; in the limit o3 = 613 =0
the third generation decouples, and the situation reduces to the usual Cabibbo mixing of
the first two generations with 612 identified with the Cabibbo angle [2]. The real angles
012, 023, 013 can all be made to lie in the first quadrant by an appropriate redefinition of
quark field phases.
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