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Abstract
The maximal CP violation hypothesis depends on the phase convention of the CKM

matrix, when we assume that three rotation angles in the CKM matrix are fixed by the ob-
served values of |Vy,|, |Ves| and |Vys| . Phase conventions which lead to successful prediction
under the maximal CP violation hypothesis are only two: the original Kobayashi-Maskawa
phase convention and the Fritzsch-Xing phase convention. Thereby, possible structures of

the quark mass matrices are speculated.

1 Introduction

Recent remarkable progress of the experimental B physics has put the shape of the unitary
triangle in the quark sector within our reach. The world average value of the angle 3 [1] which
has been obtained from By decays is sin28 = 0.736 + 0.049 <ﬂ = 23.7°f§:3:>, and the best
fit [1] for the Cabibbo-Kobayashi-Maskawa (CKM) matrix V also gives v = 60° £ 14°, and
B = 23.4° + 2°, where the angles «, # and ~ are defined by
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We are interested what logic can give the observed magnitude of the C'P violation.

Usually, we assume a peculiar form of the quark mass matrices at the start, and thereby, we
predict a magnitude of the C' P violation and a shape of the unitary triangle. However, at the
present talk, I would like to investigate a quark mass matrix model on the basis of an inverse
procedure [2]: by noticing that predictions based on the maximal C'P violation hypothesis [3]
depend on the phase convention, I will, at the start, investigate what phase conventions can give
favorable predictions of the unitary triangle under the maximal C'P violation hypothesis, and
then I will investigate what quark mass matrices can give such a phase convention of the CKM
matrix. Here, we have assumed that the three rotation angles in the CKM matrix V are fixed
by the observed values [1] of |Vys|, |Vos| and |V,3|, and only the C'P violating phase parameter
4 is free.

There are, in general, 9 cases for the phase convention of the CKM matrix. When we define

the expression of the CKM matrix V as

V=V(ik) = BIPRR.  (i#]##k), (12)
where
0 0 c 0 s c s 0
Ry(0) = c s |, Ra20)= 0 1 0|, Rs300)= -5 ¢ 0 |, (1.3)
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(s =sinf and ¢ = cosf) and P, = diag(e®, 1, 1), P, = diag(1, €, 1), and P3 = diag(1, 1, €¥).
For example, the standard phase conventions of the CKM matrix, which corresponds to the

case V(1,3), is given by
Vsp = R1(023)P3(513)R2(013)P§(513)R3(012)- (1.4)

The rephasing invariant quantities is given by J = 0%3513012512023523 sin 813. The maximal C'P
violation hypothesis asserts that the C'P violation phase is chosen so that J is maximal, i.e.
813 = 7/2. The choice ;3 = m/2 leads to the prediction

o =68.5° =215 =~ =89.96°. (1.5)

The predicted value of 3 is favorable to the observed value, but the value of 7 is in disagreement
with the observed value.

On the contrary, in the original Kobayashi-Maskawa phase convention V(1,1)
Vim = R:{‘(02)P3(5KM + 7T)R3(01)R1 (03), (1.6)

the rephasing invariant J is given by J = ¢ 5%02 s9c3s3 sin dx s, so that the maximal C P violation

hypothesis g = m/2 predicts
a=89.96°, §=23.2° =668, (1.7)

which are in good agreement with experiments.
Thus, the predictions under the maximal C'P violation hypothesis are dependent on the phase

conventions.

2 Why does the shape of the unitary triangle depend on the phase convention?
Note that in the present maximal C'P violation hypothesis we have assumed that only free
parameter is a C'P violation phase ¢ and the rotation angles 6; are fixed.
Our assumption is as follows: The phase factors in the quark mass matrices M; (f = u,d)

are factorized by the phase matrices P; as
My = Pl M;Pp, (2.1)
where M., ¢ are real matrices and they are diagonalized by the orthogonal matrices R as
RIMR; = Dy , (2.2)
so that the CKM matrix V is given by
V =RIPR,, (2.3)

where P = PJPd. The quark masses my; are only determined by Mf. In other words, the
rotation parameters are given only in terms of the quark mass ratios, and they are independent
of the phase parameter 8. In such a scenario, the maximal C'P violation hypothesis means that

the C'P violation phase § takes its maximum value without changing the quark mass values.



3 General expressions of the CKM matrix and the related formulae
We define the general forms of the CKM matrix V (i, k) by Eq. (1.2). Then, for the 9 cases
of V (3, k), the rephasing invariant quantity J is given by

_ Vi1 |[Vaal [ Vis|| Vikl | Var || Vak| .
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The angles ¢; (I = 1,2,3) in the unitary triangle are also given by

) |Vir Va2 || Vis||Vik| | Var || Vak | sin 6
sin ¢y = , 3.2
= 1V Vsl Ve Vsl (1 — [V ) Vi (3:2)

where (I,m,n) is a cyclic permutation of (1,2,3) and (¢1, ¢2, ¢3) = (8, a,v). Note that the
magnitudes |V;1], |Vial, [Vis|, |Vikl|, |Var|, and |V3| are independent of the phase 4.

Under the approximation 1 > |Vis|? ~ [Vea? > |Veal> ~ [Vis|? > |Vis|?, we obtain the
following 4 types of J: Case (a) J =~ |Vi||Vea||Vis| ~ 6 for V(1,2), V(1,3), V(2,1) and V(2,3);
Case (b) J =~ |V ||Vip|siné for V(1,1) and V' (3,3); Case (c) J =~ |Vys||Ves||Vial siné for V(3,1)
and V (3,2); Case (d) J ~ |Vy|?siné for V(2,2).

Under the maximal C'P violation hypothesis, only two cases can give the observed shape of
the CKM matrix and value of J: one is V(1,1), i.e. the original Kobayashi-Maskawa phase

convention; another one is V' (3, 3), i.e. the Fritzsch-Xing phase convention [4].

Table 1 Predictions from the V(1,1) and V(3,3) models

o B g
V(1) 90.0° 23.2° 66.8°
V(3,3) 89.0° 23.2° 67.8°
Experiment 8= 23.7°f§:(2): v = 60° + 14°

4 Quark mass matrices speculated from the Fritzsch-Xing phase convention
The successful case V(3,3) = RgPl R Rg suggests the following quark mass matrix structure
[4, 5]:
My = Ri(64;)Ry(6],)D; By (01,)RY (6]3) (f = w, d). (4.1)

The explicit forms of My are given by

2 2
miciy + M287y (m2 — m1)crasi12¢23 —(ma — m1)c12512523
_ 2 2 1.2 2 2 2
M; = (ma —may)ciasiacas  (m1siy + maciy)css + massy  (ma — macl, — my87,)Cc23523

2 2 2 2 )2 2
—(m2 — mi)ci2812823 (M3 — maci, — M18Ty)ca3s23 (M1, + Maciy)ss + maciy

(4.2)

If we assume M{} = 0, we obtain the well-known relation

[Vis| = 8% ~ /mg/m, ~0.22 . (4.3)



Also if we assume M7} = 0, we obtain

|Vasl/|Ven| = sTo/cts = v/ Mu/me = 0.059 , (4.4)

which is roughly consistent with the observed value [1] |Vy|/|Ves| = 0.08973012. If we assume
MY, = 0 together with s%;, we obtain

|Vep| = s23 = 855 =~ v/m./my ~ 0.061 . (4.5)

For a further detailed phenomenological study of the V(3,3) model with the renormalization
group effects, see Ref. [5].

5 Application to the lepton sector
From the analogy to the quark sector, we consider that the lepton mixing matrix U is also
given by V(3,3). Then, the maximal C'P violation hypothesis predicts J ~ (1/4) sin 20,,4,|U1s].

The requirement M7, = 0 predicts |Us| ~ y/me/m, = 0.049, where we have assume sy3 = 7/4.

6 Summary
Under the maximal C'P violation hypothesis, only two expressions V'(1,1) and V (3, 3) can give
the successful predictions for the unitary triangle: a = 90°, 8 = 23° and v = 67°. The Fritzsch-
Xing expression V(3,3) suggests a quark mass matrix structure M, = P1R1R3DQR§1R{P1)[ )
which leads to |Vy,s| ~ \/mg/m, under M} = 0 and to |Vi,|/|Vep| ~ /mu/m, under MY = 0.
However, we have some open questions:

(i) What mechanism can cause such a maximal CP violation?

(ii) What mechanism can give the successful quark mass matrix structure, M, = P R; R3DqR§R{P11 ?

(iii) Is there a simple ansatz for the mixing angle f»3 (especially, for 823 = 7/4 in the lepton
sector)?
Anyhow, phenomenology on the unitary triangle will provide a promising clue to the unified

understanding of the quark and lepton mass matrices.
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