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1. Introduction

Time reversal (T) is a fundamental symmetry in particle physics and observation of T-asymmetry
plays a crucial role to investigate the property of theoretical aspects. BaBar collaboration an-
nounced their result[1] that they observed the T-asymmetry through B-meson mixing system. The
idea of taking T-asymmetry is based on Refs.[2]-[4]. BaBar stated that the observation is the first
evidence of T-violation in B-system, and BaBar observable naively seems to be T-asymmetry. How-
ever, discussion in Ref.[5] shows that BaBar observable slightly deviates from a T-odd quantity.

In this article, we construct an asymmetry which consists of B; meson system. The difference
between BaBar asymmetry and the one in this article is stated. The mixing induced CP violation
of Kaon system contributes to the asymmetry so that one needs to take account of such mixing
effect. The contribution from &g to an observable is extracted. The formulation in this article is
independent from phase redefinition of quark fields. For further detail, one can refer the paper[6].

2. Time dependent asymmetry with B;-decays

In this section, an event number asymmetry is constructed and one can check how it behaves
under T-transformation. Using processes which come from Y(4S) decay, the following processes
in B, system are considered,

(a)B_ — B, (b)B*—B_, 2.1)

where B_ indicates the CP odd state of B; meson. The processes (a) and (b) are naively related
with time reversal since the time direction is opposite to each other. In Fig.1, the entire processes
of (a) and (b) are shown respectively.
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Figure 1: (Left) Process (a) in Eq.(2.1), (Right) Process (b) in Eq.(2.1)

Hereafter, we explain how B mesons in (a) are identified. In (a), CP tagging is conducted at
time #; to determine B, (CP even B meson), and one also identify B_ due to Einstein Podolsky
Rosen (EPR) correlation from Y(4S) decay. At time 7,, B meson decays into /=X and the flavor
tagging method enables us to determine B°. Hence, one can select the event of B_ — BY. Similarly,
one can obtain events of (b) with flavor tagging and CP tagging.

Time dependent asymmetry is defined as,

Ay = =0 (22)
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where I'(,) and I are time dependent decay rates for the processes (a) and (b) in Eq.(2.1). Hence,
the asymmetry above is naively thought to be T-odd quantity. Here, time dependent decay rate is
given as,

Ty = e TOHRIN K, |cosh(VTE) + %@ Sinh(yTr) + ) cos(xTt) + Y@ sin(xI't) |, (2.3)
Ka) Ka) K(a)
I'e+17 x:mH—mL y:FH—FL
27 r - 2r 7
where the coefficients N(,), K(4), 0(q),C(s) and S(,) are given in [5][6] and we do not specify the

t=th—t;, I'=

expression of these coefficients in this article. Here the following quantities are introduced,

N K
Np = NOKO) |y v (2.4)
Na)K(a)
X X N Xa X
ax= L Ko e g L X e Xe) (X =0, SandC)  (2.5)
Nk K(a) Kip) Nr K(a) o)

where Ng in Eq.(2.4) is ratio of overall factors for the time dependent decay rates in Eq.(2.3). ANg
shows the effect of non-zero difference of the overall factors in Eq.(2.3). ANk consists of small
parameters such like mixing induced CP violation of B; system and CP violation in By — [ X
decay and ANy is evaluated in Ref.[6]. BaBar collaboration measured the processes: B_ — BO
and B® — B_. BaBar-constructed asymmetry eliminates the effect of overall factors so that the
definition of BaBar asymmetry is not identical to the event number asymmetry in Eq.(2.2). In
Ref.[5], BaBar asymmetry[1] is analyzed.

In this article, we investigate the event number asymmetry so that the contribution from ANg
in Eq.(2.4) needs to be taken account and the contribution from & is calculated. With the time
dependent decay rate in Eq.(2.3), the asymmetry in Eq.(2.2) is given as,

AN A AS AC
_R ﬁyrt +5 sin(xI't) + > cos(xI't)

Alt) ~ —2 62 - = . (2.6)
1+ Eyf‘t +3 sin(xI't) + > cos(xIr)

The event number asymmetry in Eq.(2.6) is expanded as,

A(t) ~ Ry +Crcos(xI't) + Sy sin(xI'7)
+By sin?(xI't) 4 Dy sin(xI't) cos(xIt) + Er (y[t) sin(xI'7). (2.7)

Hereafter, we discuss the coefficient of cos(xI't) and the other coefficients in Eq.(2.7) are evaluated
and discussed in Ref.[6]. The following quantities are introduced,

1 ID A _ AID
_apkAve 140 1P 2imd Aol — A, Al

) C= ’ S= 5 K — = —
P K A‘VKO 16k 1+ ‘;{‘2 1+ M|2 AWKOAH/DKO +Au/150AEIDK_0

,(2.8)

where B, decay amplitude is denoted A ko for B® — yK" and Aw1€0 for BY — l//[fo, while inverse

decay amplitudes are written as A{;]/)KO for wK° — B and A{/]/DIEO for wK° — B®. Mixing parameters
in B and K systems are denoted as,

K)in = Pr VI F 2k |K®) — qrv/T— 2 |KO) , |Ks)in = Prv/T — 2x |K®) +qx /T + 25 |KO) , (2.9)
B)in = pV1+2|B% —qv1—2|B?), |BL);, = pv1—2|B°) +qv/1+2|B%)  (2.10)
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One can check[6] that C, S, 6k, zx and z in Egs.(2.8-2.10) are odd or even under T-transformation.
The transformation property is exhibited in Tab.1.

Table 1: Transformation properties of the parameters under T-transformation. These parameters are to
express the asymmetry so that one can show the transformation property of each term.

C|S|6kl|lzk| z | AN
T|—-| -]+ |+ |+ -

The coefficient Cr in Eq.(2.7) is parameterized as,

Cr = A—zczc-Sz’+9}§+SA/l,’. .11)
In Eq.(2.11), Cr is written in terms of parameters which transform odd or even under T-transformation
as shown in Tab.1. AA; in Eq.(2.11) denotes wrong sign semi-leptonic decays of B; meson such like
BY — I=X and B® — [ X. Formulation of A is given in Ref.[6]. One can find that the quantities
in Eq.(2.11) include not only T-odd terms but also T-even contribution. This slight deviation from
T-odd is pointed out in Ref.[5] regarding to BaBar asymmetry[1]. The event number asymmetry
coefficients in Eq.(2.11) slightly deviate from a T-odd quantity as well as BaBar asymmetry. There
exists contribution from indirect CP violation in K system since the final states in Fig.1 include K,
and Ks which differ from exact CP eigenstates. Extracting €x in Eq.(2.11), one expresses,

Cr ~C—S7 + 08 + SAA] ~ (C' —2Reex) — S7' + 68 + SAN/, (2.12)

1— |/ Aypo [1+6
o= 12 gl 1160 2.13)
1+ |22 pAu V T—6¢
Under phase redefinition of a quark such like (K°| — e~i® (K°| and (K0| — et/ (KO|, A’ trans-
forms as A/ — A’e*%%  Therefore, C' in Eq.(2.13) is shown as a phase convention independent

parameter. One also sees that Regg is phase convention independent and the quantities in Eq.(2.12)
are phase convention independent. We find that Regx ~ ¢(1073) arises to contribute to Cr in
Eq.(2.12) and Cr becomes a quantity of &(1073) [6].

3. Conditions for asymmetry to be a T-odd quantity

In the previous section, T-even parts in Eq.(2.11) are found and the coefficients slightly deviate
from T-odd quantities. Hereafter, we discuss conditions for the coefficients in Eq.(2.7) to be T-odd
(T-violating) quantities.

There are two types of such a condition. The first one is (1) B-meson state equivalence which is
originally suggested and calculated in Ref.[5]. This condition is regarding to B-meson states which
appear in Fig.1 and it requires that B meson states should be equivalent to the states which reveal in
diagrams whose time direction is totally opposite to Fig.1. (therefore such diagram contains e e~
as a final state and WK/~ X as an initial state) This is diagrammatically discussed in Ref.[6].

The second type of the conditions is (2) AN; = 0; T-even part of the ratio of the overall nor-
malizations in Eq.(2.4) should vanish. Since the event number asymmetry in Eq.(2.2) is evaluated
with non-zero ANg, ANf can give rise to T-even effect. This is not the case for BaBar asymmetry[1]
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since it eliminates the effect of overall normalization difference between the two processes (a) and
(b) in Eq.(2.1). However, when ANj = 0 is satisfied, AX (X = ¢,C,S) is a T-odd quantity while
X(X = 0,C,S) is proven[6] to be a T-even quantity. Therefore, Eq.(2.6) reads as,
ANp Ao AS . AC
A = - + Tyl“t + > sin(xI'7) + TCos(xl"t) _ T-odd

5 N ¢
1+ %yl"t + 5 sin(xI't) + > cos(xI7)

and A(t) turns out to be T-odd quantity. One can show that the event number asymmetry coefficients

3.1

T—even’

in Eq.(2.7) become T-odd when the two types of the conditions are simultaneously satisfied[6].

4. Summary

In this article, the event number asymmetry is investigated for the two processes: (a) B — B_
and (b) B_ — B°. The constructed asymmetry in Eq.(2.2) appears to include not only T-odd part
but also T-even part, as shown in Ref.[5] with respect to BaBar asymmetry[1]. The mixing induced
CP violation of Kaon system, i.e., € contributes to the asymmetry since the final states given in
(a) and (b) contain K; and Ks. We extracted the effect of ¢ and showed the contribution to an
observable in Eq.(2.12). Formulation in this article is phase convention independent so that the
coefficients in Eqs.(2.12) are invariant under phase redefinition of quarks.

Furthermore, we discussed the conditions for the asymmetry to be a T-odd quantity. The two
types of such a condition are investigated; (1) B-meson state equivalence and (2) Vanishment of
T-even part of overall normalizations’ ratio of the decay rates which form the asymmetry (denoted
as AN; = 0). The condition (1) requires [5] that the B-meson state which appears in the process in
Fig.1 should be equivalent to the B-meson which reveals in a process whose time direction is totally
opposite to Fig.1. The condition (2) is regarding to the difference of normalization of the rates. We
consider the event number asymmetry so that one should take into account the condition (2) unlike
BaBar asymmetry [1]. One found that the T-even part of ANy yields T-even contribution to the
coefficients of the asymmetry. We conclude that the coefficients of the event number asymmetry
become T-odd quantities when the conditions (1), (2) are simultaneously satisfied.
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