CHAPTER §

APPLICATIONS

5.1 INTRODUCTION

In this chapter, we apply the results of the previous chapter to study the
mixing phenomenon in the BY - By and B’ — B systems. To begin with, we discuss
in Section 5.2, the formalism required to understand mixing. In Section 5.3, we

analyse in detail the behaviour of the dispersive and absorptive parts. Finally, Section

16l

5.4, we the mixing p inthe B) - BY and B - B! systems.

52 FORMALISM FOR THE MASS AND WIDTH DIFFERENCE AND THE
PARAMETERS OF MIXING
A description of the P°—P° system is provided by the mass matrix,

M-iT. The ph logical Hamiltonian, 4, in the flavour eigenbasis, can be

written as

(5.1)

where both M and I' are 2 x 2 Hermitian matrices. Due to the P° > P° transition,
the original P°, PPstates are no longer the physical states. Diagonalizing the matrix

in Eq. (5.1), one obtains the mass eigenstates which are given by [2]
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1+9)|P)£(1-0)P")] 2)

= T

with mass M, (P). € is the CP violation parameter which vanishes if ‘Pf y are CP
eigenstates. The mass and width differences are respectively given by
AM, = M, (P)~ M_(P) =2Re(Q) (5.3)
Ar, =T, -T_=-4ImQ (5.4)

where M, (P) and T, (P) are, respectively , the mass and width of ‘Pf yand

(5.5)

In Eq. (5.5), My, and T, are respectively the dispersive and absorptive parts of the
P° - P° transition amplitude. Mixing in the P° - Psystem is described by the
parameters rand 7 which are defined respectively as [42]

Pr (P°=P°)  xb+yp

ry = =1 56
PTpr (PP PP 2+xb-yd =
and
5.7
(5.8)
AM,
xp=—t (5.9)
Tp
Ar
Y=o (5.10)
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In Eqs. (5.10) and (5.11), the width T is
T ———[r (P)+T_(P) (5.11)
PTolh s :

It can be seen from Egs. (5.6) and (5.7) that when e<< 1, r=7. Alternatively,

mixing can also be described by another parameter x which is given by

=1 (5.12)

53 THE BEHAVIOUR OF M,, AND T},
Using Egs. (4.41) and (4.42) and summing over for i, j = u,c,t we are able to
obtain the following expressions for M;, and I'),:

Gi My, fim,B,
My = =L [0 AL + Rl + 3, 4D + 2 2, A

+20 A, A9 1200, 4D (5.13)

iGEME f*m B . o .
= S AL AP 4N, AD 122 AP

+2A 4, 4D + 20,49 ] (5.14)
where p is either BY or BY. By exploiting the unitarity property of the KM matrix,
Ay +A, +A, =0 (5.15)
in Egs. (5.15) and (5.16), we finally obtain:
Gr My f,

2
m,B,
My, = ——I—zn’;#[ U + Ul + 20 AU | (5.16)
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iGEME fim,B
= —%{ KU vl < U ] (5.17)

where

Ut = A 4 4lda) — 4fda) - 40 (5.18)
It can be seen from Egs. (5.16) and (5.17) that 3 terms contribute to M, and I,
and to find the dominant contribution we need to calculate U, ,J(»"'“) first. To do this, we
shall use the results obtained for A{” and A in Sect4.4 and Eq. (5.18). The

numerical values for U, ,}"") are presented in Table 5.1.

Table 5.1: Numerical values for U,fd"‘)

U =277 U =-677x107

U@ =270%x107 | UL =-840x107

U9 =200x10™ | U@ =255x10°

The magnitudes of the KM matrix elements are approximately given by [43]

1022 0003)
[r]=|022 1 004 (5.19)
001 004 1

and from Eq. (5.19), we obtain

1PVl =810

|7, =]V V| = 10x 1072 (5.20)
for the B} — B system, and

[]= ~40x102

Ve Vs
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[%] =7 V| = 40x 107 (5.21)
for the BY - BY system.
Using the magnitudes of the KM matrix elements in Eq. (5.20) and the numerical
values in Table 1, we obtain the following values for the Bg - t_i,,“ system:

[RU@|~155x10"

2 ~4.75x107

A A UL

[0~ 277 <107 (522)
and
[2U@|=197x107
1A, U9~ 148x 107

[2ue

~677x107 (5.23)
Similarly, for the Bf - t—?_,o system , we get the following values:

[R2U@]%320x107

2r A, U~ 864 x 107
[2U|~443x107 (5.24)
and
|20~ 408x10°

2 ~269x107°

AA, U

U] ~108x107 (5.25)

From our analysis in Eqs.(5.22)-(5.25), the following inequalities hold:
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[20] 5> [1209), 2dr Ul (5.26)

2r7(a)
MU

> 2| A, U9 >> [R2U9

(527

and so the dominant contribution to M,, comes from the IA.Z,U ,(,d)] term, with the

internal quarks being the top quarks. Therefore, the dispersive and absorptive parts in

both these systems can be represented approximately by

GEMyy fim,B
My, » —— 2P |y2 )| (5.28)
127
GEM;, fim,B
T, =~ ,—IZT”Z—”—"IM,U,‘,“’ (529)

From Egs. (5.28) and (5.29), we obtain the ratio of the absorptive part to the
dispersive part,

}FIZ} ~ IUI(Ia)
[My] |

(5.30)

and from the values in Table 5.1, it is seen that \1'1:] << |M,2|.

5.4 CALCULATION OF THE MIXING PARAMETERS
As ]F,z} << ‘M,zi, the expression for the mass difference given by Eq. (5.3)

reduces to

AM, =2Re M, »

GEMY f7mpB
r—rgf;uwuﬂ (531)

and from Eq.(5.4), the width difference becomes AI', = 0. For our calculations, we

‘shall use the input parameters given in Table 5.2
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TABLE 5.2: Input parameters

133 meson Bf meson
fp 173 £40 MeV 200.68 £4.00 MeV
Bp 12+02 12£02

mp 52792+18 MeV .| 5369.6+24 MeV

tp | (156£006)x 10725 | (161+010-009)x 1075

We shall now take into account the QCD corrections to AM . The experimental

value of the QCD correction is 1 = 0.55+0.01 [44]. Eq. (5.31) now becomes:

GEME fimpBpm
FMwJpMpDp Bl"erA(rd)l

AM, =2Re M, = 5 (5.32)
67
Let us cal the mixing p inthe BY - B) system first. Using Eq. (5.32)
and the input parameters in Table 5.2, we obtain
AM,; =427x107% GeV (5.33)

The mixing parameters, 7, can X, now be determined. Noting that the width, ', is
the inverse of the mean life time, 7, and using the value of AM, from Eq. (5.33), we
obtain from Eq. (5.6):
ry =034 (5.34)
Using Eq. (5.12), weAget
X4 =025 (5.35)
The experimental values are [32]

xg =0175£0016 and AM,, =(3121£0204) x 107" GeV.
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The calculated values for AM, andy, are larger than the
experimental values. There are several reasons for this. Firstly, certain parameters like
fpand B, cannot be obtained from experiment and need to be estimated
theoretically, for example from lattice QCD calculations. Secondly, the ¥, and V
matrix elements, which were used in calculating the dominant contribution to M,
are not known accurately.

A similar treatment for the BY — B system gives

AM, =935x 107 GeV (5.36)
rel (537
2%y =05 (5.38)

From experiment, 0.4975 < x, < 0.5, and AM,>3883x 1072 GeV. The value of ,
in Eq. (5.37) indicates that the effect of mixing in the BY — B system is close to the
maximum value of one, whereas the corresponding value for the B — By system is
0.42. From these values we may conclude that mixing is more substantial in the

B? —B? system than in the B - B system.
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