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Standard Model of Elementary Particles

interactions | force carriers

three generations of matter

(fermions) (bosons)
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7. Hereafter we will consider only the case of (4,C). The first one is to
introduce another scalar doublet field ¢. Then, we may consider an interaction

with this new field ———————— Q
q c.,

,f’:tjgllcl';-ri 1)
¢° ¢* 0 0 cu 0 ¢y O
e —¢= ¢° 0 0 o 2. 0 4
L0 0§ oyt “lew 0 e 0 f
0 0 —¢ ¢ 0 duy 0 dy

where ¢;; and d;; are arbitrary complex numbers. Since we have already made

-
use of the gauge transformation to get rid of the CP.odd part from the quartet 2 W

mass term, there remains no such arbitrariness. Furthermore, we note that an
arbitrariness of the phase of ¢ cannot absorb all the phases of ¢;; and d;;. So,
this interaction can cause a CP-violation.

C P M&M\I Another one is a possibility associated with th®#trong interaction. Let us
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consider a scalar (pseudoscalar) field S which mediates the strong interaction.
For the interaction to be renormalizable and SUye(2) invariant, it must belong
to a (4,4*%) + (4*,4) representation of chiral SU(4) x SU(4) and interact with
g through scalar and pseudoscalar couplings. It also interacts with ¢ and possible
renormalizable forms are given as follows:

tr{G,S*@} +h.c.,
tr{G,S*pGip*S} +h.c.,

tr{G,/S*eG,’ S @} +h.c., (12)
with
# ot 00
—p~ ¢ 0 0
4 0 0 @ ot ’
0 0 —¢ ¢°

where G; is a 4 X4 complex matrix and we have used a 4 x4 matrix represen-
tation for S. It is easy to see that these interaction terms can violate CP-con-
servation.

M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973), 652.
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Next we consider a 6-plef model, another interesting model of CP-violation.
Suppose that 6-plet with charges (Q, Q, Q,Q—1,0—1, 0 —1) is decomposed into
SUygear (2) multiplets as 2+2+2 and 1+1+1+1+1+1 for left and right com-
ponents, respectively. Just as the case of (A, C), we have a similar expression
for the charged weak current with a 3 X 3 instead of 2X 2 unitary matrix in Eq.
(6). As was pointed out, in this case we cannot absorb all phases of matrix
elements into the phase convention and can take, for example, the following
expression:

cos 60, —sin 6, cos 0, —sin 6, sin 0, C '0 /ﬂjﬂ%

sin 6, cos f; cos 6, cos 0, cos 0; —sin §,sin 03003 6, cos 0, sin 05+ sin 0, cos 0:&*

sin @, sinf; cos 6, sin @, cos 03+ cos 0, sin Gg@cos 0, sin 0, sin ; — cos 6, sin 0,

Cobibter & g,;?mjhu. W (cem)
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The
standard Model

A Primer
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up quark ~?2 MeV top quark =~ 173 GeV
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