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The standard model: general jeatures

There are two other parameterizations of the KM matrix that are com-
monly used in the literature. Many of the older sources parameterize the
KM matrix in terms of the Euler angles of an O(3) rotation together with
one phase:
10 0)\/f a = o\ /100 /1 0 0
Vo= |0 e —s |l ms a0 &ozo (0 cs 53
0 s2 @}\ 0 0 1/)\00 & /J\0 —s5 ¢
1 51€3 8153
= —c981 C1C2C3 T s953€l0  c10983 — 0332@5 ) (2.91)
—5189 C152C3 — 5302615 18283 0203ei5 /

Again ¢;(= costi) and s;(= sin@;) denote trigonometric functions of the

Euler angles.
The third common parameterization is the Wolfenstein

e of each matrix element in particularl
h order in the small quantity A, by:

parameterization,
y simple way.

4 o(x%)

which indicates the siz
Tt is given, up to fourt

1— 152 A AX3(p —1in)
V= -2 — A2 AN? (2.92)
AN(1 —p—in) —AN? 1

The utility of this parameterization is that, since A is found experimentally
o be a small quantity, A = 0.2, and A and p? 4+ n? are O(1), Eq. (2.92)
arizes the small size and hierarchy of the off-diagonal elements of Vinn-

Tt turns out (see Subsection 2.5.1) that these interactions preserve time
reversal symmetry, T (or equivalently, CP) if the KM matrix can be made
real by suitably redefining fields. Hence, it is interesting to know under which
circumstances this is possible. In does not take
any special form this can be decide
available in a real versus a complex unitary matrix.

Tt is instructive to make the argument for the case of N generations of
fermions. The counting goes as follows. The KM matrix is an N % N unitary
matrix and so generically contains N? real parameters. If the KM matrix
were real then it would be an orthogonal matrix, which can be described in
terms of —%N (N — 1) real parameters. The difference between these numbers,

IN(N=1)= IN(N+1), 18 therefore the number of complex “phases”

N? -z

2
contained in Vin. Not all of these phases, however, are physically significant,
ious quark fields.

since some may be removed by absorbing phases into the varl
Since such a redefinition does not affect any other term in the Lagrangian,
any phase that can be removed in this way cannot cause any physical effects.

: Even though there are 9N species of quark fields, only 2N — 1 phases may

SUMmim.

the generic case in which Vinn
d by comparing the number of parameters
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