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We examine T violating triple product correlations in the processes B-—>D" K'*, D*—»Dn’, Dy, D—f, where the
neutral D(D") meson is a superposition of D°(D’) and D’ D™). It is shown that large T violating asymmetries
(~18% for the weak phase y = 62°) are possible within the Standard Model for hadronic final states ‘f* such that
D—>f is doubly Cabibbo suppressed mode while D’—f is Cabibbo allowed mode.
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1. INTRODUCTION

Within the Standard Model (SM), CP violation
arises due to the presence of a nonzero complex phase
in the Cabibbo-Kobayashi-Maskawa (CKM) quark
mixing matrix [1,2]. Although the CKM phase is, very
likely, the dominant source of CP violation in low-
energy flavor-changing processes. Nevertheless, our
knowledge on the origin of CP violation is still unclear
because it is known that the same CP violating phase
cannot explain the observed asymmetry of matter and
antimatter [3]. That is, searching a new CP violating
source is one of the most important issues in B
factories.

The most straightforward indication of CP violation
would be a rate asymmetry between two CP conjugate
decays. For channels with only two (pseudo-)scalar
mesons or a (pseudo-)scalar and a vector meson in the
final state only of this kind the CP asymmetry can
become apparent. However, for states with more
complex spin content or larger number particles in the
final states, asymmetries in the distributions of
kinematics variables can also be used to search for CP
violation. While traditionally most discussions of CP
violation have centered on the partial rate asymmetries,
there is another type of CP violating signal, which could
potentially reveal the presence of physics beyond the
SM. Thus, for example, the decay of the B meson into
two vector mesons B—»>V, V, is possible by searching
for a triple product correlation. The correlation takes the

form G- (&) x€5), where g is the momentum of one of

the final vector mesons in the rest frame of the B
meson, and g, are the polarizations of V; and V.

This quantity is sensitive to the T violation. The
experimental searches for such correlations are in
progress at the B factories [4,5].

Some triple product correlations in decays of a B
meson (charged or neutral) into two final-state vector
mesons have been studied within the SM in [6-9]. In
these papers, it was found that these correlations with
ground state vector mesons are almost all small.
Detailed analysis of triple product correlations, based
on generalized factorization and involving radially-
excited mesons, has been performed in [10]. Moreover,
it is set up that triple product asymmetries are maximal
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when the strong-phase difference vanishes [6,10]. We
will find that this result cannot always be correct.

In this paper, we study the possibility to observe T
violating effects in the following processes:

B~ 5 D*0(5 DV (= finOK* (> Kn); (1)
B~ > D> D> fHINK T (> Kn); )
B~ 5> D> D> HnHK*T (> Kn); 3)
B~ > D> D%- /)K" (> Kn) 4)

and their CP conjugate partners at B factories. Here we

use notation D° (5*0) to indicate a superposition of

D° and D° (D*O and D*° ). The final state ‘f* is
chosen to be Cabibbo-allowed mode of annd,
therefore, a double Cabibbo-suppressed mode of D°
(e.g., ‘P=K'n", K", K'nn’, etc.). Recall that the
main decay modes of the D* are D (62%) and
Doy (38%) [11]. We will show that combined

analyses of these D* decay modes are useful not only
for increasing statistics, but also, due to the effective

phase difference of m between the D* decays in

D°n’ and Eoy [12], for clearing the new ways to
search for T effects

BY > D" K**,

violating in decays of

2. TRIPLE PRODUCT ASYMMETRIES

A decay of a B meson, into two vector mesons
B—V, V,, is characterized by three amplitudes. In the
transversity basis [8], the decay amplitudes correspond
to linear polarization states of the vector mesons which
are either longitudinal (0), or transverse to their
directions of motion and parallel (||) or perpendicular
(L) to one another. The states 0 and || are P-even,
while the state | is P-odd.

B™ meson can decay into a D*® K* final state via a
b —> ciis transition or into a D** K*~ final state via a
b — ucs transition. In the SM, the decay amplitudes for
each of the three possible helicity states may be written as
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A (B~ 5D OK* Y=A, =V, Vi a0 ;
— ~*0 -k— * .(Su -7)

4H(B>D K )=A, =V Ves |aukel » >

where the helicity index A takes the values {0,|,L }. In

above, a.; and a,, are positive parameters, d.; and

8, are strong phases, V; ; are CKM matrix elements,

y=arg(V,,) [13]. These decay amplitudes interfere,

when D*and D™ decay into the same final state,
which can lead to possibility of observing T odd CP
violation in these decays. Notice that these types of
interferences are similar to those proposed for the
extraction of the weak phase y [14,15].

Let us denote the helicity amplitudes for the cascade

. fn 4 fr  4frm I
decays (1) - (:4) as 45 °, 4 ', 4~ and 457,
respectively, and its CP conjugate processes as Zx/ 'n,
Z}{ ‘Y, Z{ ™ and Z){ ‘Y, respectively. In the SM,

ignoring possible small effects due to p’—Dp° mixing
[16] and taking into account the effective phase
difference of m between the D* decays in D’ and
Dy [12], the helicity amplitudes for these decays can
be written as:

A = £27) A )
A0 = (U e 0T A 6)
Z{”(” =265,(rp ; £27) A s )
A =6y (1t pzfe P ) A, ®)

where 6y=0 =1, o, =-1,
AD° > 1) Br(D’ - f)
8 = - 0 | =TT Y= >
bf arg[ AD° > f)} I\ BD > )

where 63)\ Esux _ack’sk ESB}\. +6D_f .

In the above, + = + for the decays (1) and (3) and its
CP conjugate and + = — for the decays (2) and (4) and
its CP conjugate.

The differential decays rates of a B meson into two
vector particles

B—)Vl V2

with subsequent decays of V; V, have been studied in
[7,8,17].

It is convenient to define ratios between the
differential decay rate (1) and the decay rate (3) (the
differential decay rate (2) and the decay rate (4)) as well
as ratios for its CP conjugate decays as:

> Rypne)  _
d cos0d cosf,dD )
- Trone)
DY) d cosBid cosOrdd’
3=
TR aiy)  _
d cos0;d cos0,dD
3T7-
T 4T prr)
S D) d cos0;d cosB,dd

(10)

The advantage of using of the ratios is that most
theoretical and experimental uncertainties cancel.
Equations (9) and (10) assume no CP violation in the
normalization modes (3) and (4). In fact, we can make
the observations, which are based on Eqs.°(6), (7), that
CP violation in these decays are expected to be small
since rp s rpy, ~0.01. Certainly, rp » and rp; are key

quantities which values have a significant impact on the
ability to measure CP violation in the decays (1)-(4) at
the B-factories. Detailed analysis of possible values of
these parameters has been performed in [18]. Here we
only note that for numerical results we will use the
following inputs: the final state ‘°=K'n", for which
"Dk ) oKy 0.06%0.002 [19], and the values
of rp; could be an order of 0.2 [20] for all helicities.

The ratio between the differential decay rate (1) and
the decay rate (3) in the linear polarization basis can be
expressed as follows:

d3R;

J.Dr =i<2Rg cos2 0 cos2 0,

d £0s01d cosO,dd 167

+ R"|t cos? @+ RT sin? @ —ﬁ"“ sin 2<I))sin2 0, (1D
C™ cos®—& sin®

J2

and the ratio between the differential decay rate (2) and

the decay rate (4) as

xsin2 0, + sin 20 sin 20,

3
d°Rrpy  _
d cos0d cosO,dd 32n
- ( ﬁ( cos? @ + R]’_ sin® @ —éﬁ' sin2<13)sin2 0,

xsinZ 0, +(R|’" +R]_)sin262

(ZRg sin?0; cos> 0,

LY cos®—E] sin®

2

where 0, is the angle between the direction of the D
momentum from the D'—>D n or D'»D v and the
direction opposite the B momentum in the D* rest
frame; 0, is the angle between the direction of the K
momentum from the K'—K n and the direction
opposite the B momentum in the K~ rest frame; ® is the
angle between the decay planes of D" and K in the B

rest frame. The observablest"(Y), &&ﬁﬂ and ™)

(12)

sin20; sin 20, |,

can be written as

133



Rkn(y) =R, ((rp s +x)2+(v)?); (13)

S(AIR(Y) (Aifﬂ(Y))*) .
3 A{'ﬁ(y) 2
A=0,,L
sR(AHﬁT(Y) (A({R(Y))*)

a_’t(Y) =
i

b

¢ = : (14)

N
3 A{n(v)
A=0,. L

where i={0, ||}, x, and y*, are defined as the real and
imaginary parts of the complex parameters z°,

2

a

C)‘Z , where
acyn

A=0,]|,L

R.o, R. and R, denotes longitudinal, transverse

respectively. In the above,R.) =

parallel and transverse perpendicular polarization
fraction in the decays (3) and (4). Recall, that the value
of R,y has  been  measured to  be

R,.7=0.86 £0.06 £0.03 [21]. The ratios for the case of
B" mesons are identical to those ones of Egs. (11) or
(12), where @, Rxﬁm, @fm, and ™) were replaced

by —®, FX’T(Y), Eiﬁ(v)’ and C™") | respectively.
Moreover, the observables §kﬁ(v) are given as
BTV = Ry (O p £+ ()P,

and the expressions for the observables &

(15)

(v)
iny and

C’T(Y) are similar to those ones given in Eq. (14), with

the replacements and

40 Z{ m(y)
4/ 0 53S0

By performing angular analysis of the decays (1)-(4)
and their corresponding CP conjugate processes, one

can measure the observables RKR(Y), E}L’T(Y), &in(Y),

Ein(Y), g™, €™ and R., and determine the

magnitudes 6., . Thus, we can measure CP violating

asymmetries RXH(Y) _§kﬁ(v) and ™) — 77 a5 well

as T-violating triple product correlations E”-TE(Y) + Ein(Y) )

Estimates of CP violating
Rkn(y) —EXR(Y) can be found in [18].
Using Egs. (5), (6) and (14), the expression for the

observable &inm

gi“(Y) = _m(rgf sin@.; —8.1)

trpyrpy sin(y; +y)Erp prp; sin(@; —y)

asymmetries

can be written as

(16)

+7g 1 rp; Sin(0,; —8,1)),

where ¢; =8,; -6, +8prand ¥; =8, -8, —8p,

the two signs on the right-hand-side correspond to the
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decays (1) and (2). We can obtain giﬂ(v) by changing y

to —y and multiplying the right-hand-side of Eq. (16) by
the factor —1. From Eq. (16), one sees that if the ratio
rpy, is the same for all helicities, i.e., rgg =rg =rp.,

§inm is zero in absence of any final-state interactions.

Let us define the T-odd quantities R;7. and R.}. for

the decays (1) and (2) as:
@TE(Y) _gﬂ(v)
l

— [ 2
R;TT(V) E"‘#:i RCJ_Rci (er
><Sin(sci _SCJ_)+FBJ_FBZ' Sin(sui _SuJ_)

(17)

From Eq. (17), one sees that even if the weak phase

trpr(rp1 siny; + rg; Sing;)cosy ).

y vanishes, RiT}(Y) is nonzero in the presence final-state
interactions. In addition to these of quantities we define
the T-violating quantities 4 and A4}

n(y) g ()
& FE;

B S rDf|ReiRei

x(rg ) cosYy; —Fp; COSQY;)siny .

o) _ -
Ap" =%

(18)
This is a true T-violating signal in that it is nonzero only
if y#0 (i.e., if CP violation is present). The two signs on
the right-hand-side of Egs. (17), (18) correspond to the
decays (1) and (2).

Note that if the ratio rg; is the same for all

helicities, i.e., rgg =rg =rp, , then it is easy to show
that the quantities AI.TTE(Y) are given by

AfT(Y) =2rpsrp1|ReiRe;

x sin @it Xi sinSi 31
2 2

(19)

siny .

From Eq. (19), one sees that AI.TTE(Y) is zero if the strong

phases differences vanish as well as if they satisfy very
special conditions, for instance, §,.; +98,; =06, +9, | -

Therefore, the statement that triple product asymmetries
are maximal when the strong-phase difference vanishes
[6,10] is not accurate. On the other hand, if the value of

7y, will different for the different helicity states then
the quantities AZ.TT[(Y) for @; = x; =0 can be written as

A,'TET(Y) =rp r(rgy —7Bi)\|Re1 Re; siny . (20)

Thus, a true T-violating signal in the decays (1) and
(2) depend not only on the weak phase y and unknown
strong phases from the B and D decays, but it also
depends on whether the magnitude of the ratios of the

amplitudes B~ - D*0k*" decay to B~ - DO K*
decay depends on the polarization states the vector
mesons.

The expectation for the size of the triple products
asymmetry in the decays (1) and (2) will, in general,



depend on the values rg; and v, the strong phases of

the B decay and the strong phase of the D decays, the
polarization fractions of the vector mesons in the decays
(3) and (4). The strong phases 8.;, 8,; and 8p r

that the result from hadronic final state interactions
cannot be reliably calculated with any known method
and must be determined experimentally. Therefore, for
our illustrative calculations we will assume that these
phases are chosen completely arbitrary. From Eq. (19)
with R.(=0.86 [21] we get:

| AT 1£0.69 7, gy [siny |,
ie., for mode ‘P=K'n~ and for rz, =0.18 and y=62
[22] it means that |Ag}Y) < 0.007. However, this small
value does not indicates that T-violating effects in the

decays (1) and (2) are small since the quantities Ai’}(y)

are proportional to R™Y),
Rypne) *Rpomer) _ o

() = -2
R = 2 Df
+ Y Reprpy (rpy, £2rp s cosd cosy),
A=0,],L

which itself is small magnitude.
Therefore, the size of the T-violating effects in the
decays (1) and (2) will be better characterized by

n(y)

another parameters «;'’ or ;7 , which we define as:

R™ +RY
—
from Eq. (19) and the observed size for R, [21] it

AR = FORT and 4™ =i,y Now,

DfYBL
2
1”2 + 1”2
Df Bl

mode ‘P=K'n~ and for rg,=0.18 and y=62" [22] it

follows that |xg7 [<0.69|siny | ie., for

means that |kg7 [€0.18 for either of the two modes

D*0 decays.

Thus, combined analysis of two D* decay modes,
D°7° and Doy , leads to the conclusion that the T-
violating asymmetries are expected to be large for
B* > D'K*™*.

Note as well that combined investigation of D*
decays in D 5 p%x® and D* - Doy can allow
the extraction of the T-odd effects in the decays
B* - D*K** . In fact, from Eq. (17) it follows that

AR;r =R —Rl; =2 [R.| R.; (rgf

xsin(@¢; =8¢ )+rp1rpi sSin@d,; —6,1)); (21
R% +RY. =2rp s [Rei R (rp; sing;
+7rp ) siny;)cosy . 22)

Thus, the quantities AR;; include contributions

b—cus and b—ucs transitions in the T-odd

effects while the quantities (22) include contributions
only from the interference of b — cus and b —> ucs

transitions in these effects.

3. CONCLUSION
We have considered the T-violation effects in

B* 5> D*K** decays, where the neutral D* meson is

a superposition of D* and D™. To study triple-
product correlations in these decays, we suggest to use

two D" decay modes, namely: D°/D7° and
p°/D Oy , with D°/D° meson further decaying to a

final state “f* that is common to both D° and D°. The
final state ‘f* is chosen to be a Cabibbo-allowed mode

of DY and, therefore, a double Cabibbo-suppressed
mode of D° (e.g., ‘P=K'n", K™n", K'n n’, etc.). We
showed that combined analyses of these D* decay

modes are useful not only for increasing statistics, but
also, due to the effective phase difference of © between

the D" decays in Dn°’ and Dy, it allows to separate
contributions of b — cus and b—>ucs transitions

into the T-odd triple-product correlations. We found
that a true T-violating effect depends not only on the
weak phase y and on unknown strong phases, from the
B and D decays, but it also depends on whether the
magnitude of the ratios of the amplitudes

B~ >D*Kk* decay to B~ > D Kk*"
depends on polarization states the vector mesons. We

illustrated that the large T-violating effect (~18% for
y=62") is possible within the SM.
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T-HEYETHBIE KOPPEJISILIAA B PACITAJIAX B* DK™
B.A. Kosanvuyx

v} * *. *
HccneoBaiy TpoiiHble KOPPEIALMH, KOTopble HapymaoT T-cumMerpuio, B nponeccax B*—>D" K™, D' —Dn’,

Dy, D—f, rne HeliTpanbHBIHA D(D") Me30H ecTh CYTIePIIO3UIIHS DD u I_)O( D ). TlokazaHo, 9TO B pamKax
CTAaHIAPTHOI MOJEIH BO3MOXKHBI Gonbimie T-Hapymaromme acummerpun (~18% ams cnaboit dassr y = 62°) ms
KOHEYHBIX aJAPOHHBIX COCTOSIHUM "f” TakuX, 4TO D'—>f— nBaxkael Kabn600-nogaBaeHHass Moaa, Toraa Kak D' f—
Kab6u060-paspernieHHas Moa.

T-HEHDAPHI KOPEJISILIII ¥ PO3IAJIAX B* 5D K™
B.A. Kosanbuyx
JlocipKyBas moTpiitei Kopessii, siki mopyuryiots T-cuMerpiio, y nporecax B*—»D" K™, D'—Dn’, Dy, D—f,
nie meiirpansamii D(D”) meson € cynepnosuuis D’(D™) Ta  D( D ). [lokazaHo, 1110 y paMKax cTaHIapTHOI MoJei

MOXIUBI Besmki T-nopyunyrodi acumerpii (~18% s cnadkoi dasu y = 62") 115t KiHIEBHUX aAPOHHHX cTaHiB 'f’
takux, mo D’—f - noxsiitno Ka6i660 MIpUTHIYEHA MOJIA, TOJII 5K D’—f — Ka6i660-103B0JIeHA MOZA.
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