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Measuring D°-D' mixing in D — f,(980)K* and more’
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Abstract We investigate the D°-D° mixing through the doubly Cabibbo suppressed (DCS) channel D —
£o(980)K*° and its charge conjugate channel, in which the K** meson is reconstructed in both K7~ and
Ksn” final state. Although the decay D° — f5(980)K* has a small branching ratio, the final state mesons are

relatively easy to identify. The £5(980) meson can be replaced by the S-wave 7

Tr~ state, or a longitudinally

polarized vector meson p°. All mixing parameters, including the mass difference and decay width difference,
can be extracted by studying the time-dependent decay width of these channels. We show that the method is
valid in all regions for mixing parameters and it does not depend on the strong phase difference.
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1 Introduction

The neutral D° meson mixes with its CP-
conjugate D’ through box diagrams in the standard
model (SM). In the box diagrams, the b quark cou-
pling is small and the s and d quark have small
masses. Thus the mixing of DO-D’ in the SM is very
small, measurements on the mixing parameters serve
as a probe to detect new physics scenarios. In the
presence of mixtures, the interference in transition
amplitudes of D and D’ is possible. Experimentalists
can study the time-dependent decay widths to extract
the mixing parameters. Recently, the BaBar, Belle
and CDF collaborations have reported their measure-
ments on D°-D° mixing™ ®). Meanwhile, a number
of theoretical methods are proposed to measure the
mixing parameterswfl‘o’].

In this note, we propose a new method to ex-
tract the mixing parameters in D°-D’ mixing: using
the doubly Cabibbo suppressed (DCS) channel D° —
MK*® (M denotes a f,(980) meson, a non-resonant S-
wave H7t~ state, or a longitudinally polarized p° or
w meson) and its C'P-conjugate channel. The decay
D® — MK*® can proceed in term of the DCS ampli-
tude or the amplitude from the mixing followed by
a Cabibbo allowed decay D’ — MK**. The two am-
plitudes interfere with each other. If the K*°(K*°)
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meson is reconstructed in both Kzt~ (K~7*) and
Kg7° final state, the mixing parameters can be de-
termined through the time-dependent studies on the
decay widths.

2 DD’ mixing in D — K*f,

At present, there is no direct experimental mea-
surement on D° — £,(980)K*°. The branching ratio
for D° — £,(980)Kg is given by!™*:

BR(D® — £,(980)Ks) = (1.361939) x 1073, (1)

where {,(980) is identified in the 7wtz final state.
This value can be used to estimate the decay rate
of D® — f£,(980)K*°, together with the following
results™:

BR(D° — n°Kg) = (1.14+0.12)%,
BR(D - K2 ) = (1.91+0.24)%,
BR(D® —»’K;l o) = (6.3715)x107%,  (2)
where the subscript denotes the daughter mesons to
reconstruct the K*® meson. Under the factorization
assumption, the decay amplitudes are proportional to

D — 7t%(fy) form factor times the Ko (K*°) decay con-
stants. From Egs. (1) and (2), we expect a somewhat
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larger branching fraction for the D° — £,(980)K*® de-
cay channel than BR(D° — £,(980)Kg). Since the
sum of masses of ,(980) and K*° is close to the mass
of D meson, this decay channel will be suppressed
by the phase space. To obtain some information on

the phase space suppression, we can compare the two
decays D° — ¢pKg and D° — pRoM,

BR(D° — prik-Ks) = (2.10£0.16) x 1072,
BRMD = prr- K2 4 ) = (1.01+0.20) x 107*. (3)

The branching ratio of D — ¢K*° is about 5% of
that of D — ¢pKg. Assume the same suppression for
D — £,(980)K*°, we expect this decay has a branch-
ing ratio of O(10~") which can be studied by the fu-
ture experiments. In our method, one can also re-
place the f,(980) by the non-resonant 7wt7t~ final state
where tnt™ is restricted to be an S-wave state. The
three-body (non-resonant) decay D° — it~ K* also
possesses a sizable branching fraction!":

BR(D® -t K2 )=(9.7£2.1)x 1075 (4)

In the following, we will take D — £,(980)K* as an
example and use f; to denote f,(980) for convenience.

For D° — £,K**(K*?), the transition in quark level
is either ¢ — sdu or ¢ — dsu. The former transition is
proportional to V V., ~ 1 and the latter is suppressed
by the CKM matrix elements: V.4V’ ~ 0.04. Since
there is only one amplitude for each decay in the SM,
the direct C'P asymmetries are 0 and the amplitudes
satisfy the relation: A(D°— f,K*%) = A(ﬁo — fOK*O)
and A(DOHfOK*O) = A(ﬁOHfOK*O) = A k-. Ne-
glecting direct C'P asymmetries, one often defines the
two parameters 7 x+ and dg,x- by:

=0 —*0
7i6foK* = A(DO —>f0K*O) o A(D —>f0K )

ADY - K" AD

—TtK*€ ) .
A(D —>f0K*O)

(5)

Under the assumption of C'PT invariance, mass

eigenstates of neutral D meson system are given by:

ID,) = p[D°) +¢[D"), |Ds)=p|D°)—¢D"), (6)

where p and ¢ satisfy the normalization condition
Ip|>+ |q|> = 1. ¢ is defined as the phase of ¢/p:
¢ = arg(q/p). In the SM, the phase ¢ is very small
and thus the large value for this parameter will def-
initely imply the presence of new physics. D; and
D, have different masses and different decay widths.
The differences are defined as: AM = M, — M, and

AI'=T1)—1T,. For convenience, experimentalists also

_AM AT

use the two parameters x = T Y= CYal
is the averaged decay width of the D-mesons.

In the limit of x < 1, y < 1 and I't <€ 1, the

time-dependent decay amplitudes squared of D° — f

in which there is a purely D° state at ¢ = 0 is given

, where I"

by:

[AD°(t) = £)]* =e " [Xe + Vit + Ze(I't)* + -],
(7)
where the expansion is only at O(I't)? accuracy. It is
similar for |A(ﬁo (t) — )%

JAD (t) = )P =e " [ X; 4+ Y Tt+Z(I't)* +---].
®
In the following, we will take f=fyK*® and f = f,K*°.
If the K*(K*®) meson is reconstructed in K*mF
mode, the coefficients in the time-dependent decay
amplitudes squared are given by:

Xegxr = Xigxr = [Argrer 1 o (9)
Yixe = ]% |Af0K* ZTfOK* X

(Yt i+ COS O — Tf v SIN D), (10)
Vi = g | Agyic- [T %

(Yt, i+ COS P+ T i SIN D), (11)
Zixe = % 2|Af0K* ”2‘2”’2, (12)
T — g | Ay 2”32;”2. (13)

2’ and y’ are linear combinations of x and y:

T e = (2008 0+ +ySin k- ),
Ytk = (ycosdyi- — zsindg k- ). (14)

The amplitude squared |Agk~|?> can be easily mea-
sured using the time-integrated rate for Cabibbo fa-
vored mode D° — fOK*O. In D° — fOK*O, the Y and
Z terms come from the mixing followed by the DCS
decay D’ - fOK*O which are at least suppressed by
re, i+ ~ 0.04. Neglecting the power suppressed terms,
only the first term X = | A, k- |* survives and the time-
integrated rate is given by:
oo 2
J JADO(t) — £,K ) [2dt ~ |Af°7K*. (15)
o r
With | A¢ k-« |* determined, the ratio rg k- is easily de-
termined by combing the measurements on X, x~ and
|Agx+|?. Furthermore, |¢/p| and z? + y* are deter-
mined using Zy, k- and Zg k- in Egs. (12) and (13)
where terms proportional to T?OK* are neglected.
Using the decay widths given in Eq. (7), Eq. (8)
and Eq. (15), the four parameters are determined
while the other ones (¢, dsx~, x/y) still remain un-
known. The decay D° — f,K*® where the K* is
identified by the Kg7t° final state could provide more
measurements which are helpful to extract the other
parameters. The amplitudes receive two parts of con-
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tributions: our method: the ratio of 2 and %? is finite even for
= tiny ¢; our method does not need the strong phase
AD? — K} =AD" —=£K; = ’
( 0 Ksmd ) ( oKicem) difference § which is unknown at all.
AfoK* [1 — TEK* eiléfUK*] = AfOKST” (16)

where the appropriate reconstruction factors with a
K*® identified by the Kgm® are assumed in the ex-
perimental measurements. The coefficients in time-
dependent decay widths are given by:

XfoKsﬂZonKsﬂ: |Af0Ks71|27 (17)

]%|Af0Ksﬂ|2(—:csin¢+ycos¢), (18)

}/f()Ks’)T =

Vigon =7 || Ausarl* (wsing +ycoss),  (19)

where we have added the subscript Kgm for the co-
efficients. With these measurements, the mixing pa-
rameters, tan? ¢ and (x/y)?, are solved by:

2f2 _FfoKsT[ - \/‘FfzoKSTr _4f2}/1°(()¥()52n

tan® ¢ = (20)
2
ffOKSTf + \/‘7:1‘20}(571 - 4f2}/f[()¥()s7t
z? B ffOKSTf - 25/;((;{()5271 + \/‘7:301(371 - 4.](‘2}/&();)5271 921
E - 2y(+)2 ’ ( )
foKgm

where cos2¢ is chosen positive (very small ¢ in SM).
For convenience, the two coefficients have been reex-
pressed by:

) _ Yekenldl* +Yixarlpl®

Y Kon = = —yCosQ, 22
Xl yeosg,  (22)

- 7fK n|q|2—YfK 7'r|p|2 .
Vi = —2 928 =—xsing, (23
Xl (23)
and Fiyigrn = [+ ko= Yi 2. In the limit of ¢ — 0,

the measured value of Yf[();)sn is very small and thus
we can expand the above solutions in Eq. (20) and
Eq. (21) into:

tan2¢— foKgm e (24)
f2 = Yiin
2 (+)2 (=)2 2
:E_ZZ f _}/foKsT[ _ }/foKsnf +.. (25)
2 2 2 )
y2 }/f(();)srr }/f(()JIE)Sﬂ(fz - }/f(()JIE)STr)

where higher powers of Yf[()}{)sn were neglected. As we
can see from Eq. (25), there are two advantages in

3 Discussions and conclusions

The authors in Ref. [13] propose to extract the
mixing parameters using the time-dependent study
of D — K*nt°. The four parameters, |Ag oyx~|?,
| Agy (=0 %, |p/q| and f? = 2®+y?, are determined
in the similar way but the other parameters are ex-
tracted in different ways. In D° — Kgm®7t® decays,
the final state contains two neutral pion. It requires
four photons to reconstruct them which is a rather
difficult job. Thus they suggest to use the normal-
ization of D° — Kgm®nt® to give a constraint on the
strong phase difference. In the present method, the
normalization constraint is not used and we utilize
measurements on the time-dependent decay width of
DO — fOK;}SﬁO instead. Although the D° — f,K* has
a small branching ratio, the advantage is that the f;
meson is easier to re-construct than 71° on the exper-
imental side.

In summary, we have studied the D°-D’ mixing
in D — fyK* decay, where the K*® meson is recon-
structed in both K*7t~ and Kgmt® final state. The
method can be directly generalized to the three-body
decay D — i K* where the mwtmt™ is an S-wave
state. The f, meson can also be replaced by a lon-
gitudinally polarized p° meson. All parameters in
D°-D’ mixing can be extracted by studying the time-
dependent decay widths of these channel. The ex-
traction is valid in all regions for mixing parameters
and it does not depend on the strong phase difference
defined in Eq. (5). The future experimental studies
on D — f,K* decay, together with the D — p°K*
decay in which the vector meson is longitudinally
polarized and the three-body decay D — mtm K*,
can provide another alternative method to extract
the mixing parameters.

We would like to thank Hai-Bo Li, Rahul Sinha,
Mao-Zhi Yang and Shun Zhou for valuable discus-

s1ons.

References

1 Aubert B et al. Phys. Rev. Lett., 2007, 98: 211802

2 Staric M et al. Phys. Rev. Lett., 2007, 98: 211803

3 Abe K et al. Phys. Rev. Lett., 2007, 99: 131803

4 Aaltonen T et al. arXiv:0712.1567 [hep-ex]

5 Aubert B et al. arXiv:0712.2249 [hep-ex]

6 Gronau M, Grossman Y, Rosner J L. Phys. Lett. B, 2001,

508: 37
7 Rosner J L, Suprun D A. Phys. Rev. D, 2003, 68: 054010

8 Asner D M, SUN W M. Phys. Rev. D, 2006, 73: 034024

9 Grossman Y, Kagan A L, Nir Y. Phys. Rev. D, 2007, 75:
036008

10 LI H B, YANG M Z. Phys. Rev. D, 2006, 74: 094016

11 CHENG X D, HE K L, LI H B, WANG Y F, YANG M Z.
Phys. Rev. D, 2007, 75: 094019

12 XING Z Z, ZHOU 8. Phys. Rev. D, 2007, 75: 114006

13 Sinha N, Sinha R, Browder T E, Deshpande N G, Pakvasa
S. Phys. Rev. Lett., 2007, 99: 262002

14 YAO W M et al. J. Phys. G, 2006, 33: 1



