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Measurement of branching fraction ratios and CP asymmetries inBÁ\DCPKÁ
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We report results on the decayB2→DCPK2 and its charge conjugate using a data sample of 85.43106 BB̄
pairs recorded at theY(4S) resonance with the Belle detector at the KEKB asymmetrice1e2 storage ring.
Ratios of branching fractions of Cabibbo-suppressed to Cabibbo-favored processes are determined to be
B(B2→D0K2)/B(B2→D0p2)50.07760.005(stat)60.006(syst),B(B2→D1K2)/B(B2→D1p2)50.093
60.018(stat)60.008(syst) andB(B2→D2K2)/B(B2→D2p2)50.10860.019(stat)60.007(syst) where the

indices 1 and 2 represent theCP511 andCP521 eigenstates of theD0-D̄0 system, respectively. We find
the partial-rate charge asymmetries forB2→DCPK2 to be A150.0660.19(stat)60.04(syst) andA25

20.1960.17(stat)60.05(syst).
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The extraction off3 @1#, an angle of the Kobayashi
Maskawa triangle@2#, is a challenging measurement ev
with modern high luminosityB factories. Recent theoretica
work on B meson dynamics has demonstrated the direct
cessibility of f3 using the processB2→DK2 @3,4#. If the
D0 is reconstructed as aCP eigenstate, theb→c and b
→u processes interfere. This interference leads to directCP
violation as well as a characteristic pattern of branching fr
tions. However, the branching fractions forD meson decay
modes toCP eigenstates are only of order 1%. SinceCP
violation through interference is expected to be small, a la
number ofB decays is needed to extractf3. Assuming the
absence ofD0-D̄0 mixing, the observables sensitive toCP
violation that are used to extract the anglef3 @5# are

A1,2[
B~B2→D1,2K

2!2B~B1→D1,2K
1!

B~B2→D1,2K
2!1B~B1→D1,2K

1!

5
2r sind8sinf3

11r 212rcosd8cosf3

*On leave from Nova Gorica Polytechnic, Nova Gorica.
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R1,2[
RD1,2

RD0 511r 212r cosd8cosf3 ,

d85H d for D1

d1p for D2 ,

where the ratiosRD1,2 andRD0
are defined as

RD1,25
B~B2→D1,2K

2!1B~B1→D1,2K
1!

B~B2→D1,2p
2!1B~B1→D1,2p

1!
,

RD0
5

B~B2→D0K2!1B~B1→D̄0K1!

B~B2→D0p2!1B~B1→D̄0p1!
,

D1 andD2 areCP-even andCP-odd eigenstates of the neu
tral D meson,r 5uA(B2→D̄0K2)/A(B2→D0K2)u is the
ratio of the amplitudes of the two tree diagrams shown
Fig. 1 andd is their strong-phase difference. The ratior
corresponds to the magnitude ofCP asymmetry and is sup
pressed to the level of;0.1 due to the Cabibbo-Kobayash
1-2
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Maskawa~CKM! factor (;0.4) and a color suppression fa
tor (;0.25). Note that the asymmetriesA1 and A2 have
opposite signs.

The ratio of the Cabibbo-suppressed decayB2→D0K2

to the Cabibbo-favored decayB2→D0p2 has been reported
by CLEO @6# to beRD0

50.09920.01220.006
10.01410.007 while Belle finds

RD0
50.07960.00960.006 @7#. Assuming factorization, the

ratio RD0
is expected to be tan2uC( f K / f p)2'0.074 in the

tree-level approximation, whereuC is the Cabibbo angle, an
f K and f p are meson decay constants. The measurement
in good agreement with this theoretical expectation.

Previously, Belle reported the observation of the dec
B2→D1K2 andB2→D2K2 with 29.1 fb21 @8#. This paper
reports more precise measurements of these decays w
data sample of 78 fb21, containing 85.43106 BB̄ pairs, col-
lected with the Belle detector at the KEKB asymmetr
energye1e2 ~3.5 on 8 GeV! collider operating at theY(4S)
resonance. At KEKB, theY(4S) is produced with a Lorentz
boost ofbg50.425 nearly along the electron beam line.

The Belle detector is a large-solid-angle magnetic sp
trometer that consists of a three-layer silicon vertex detec
a 50-layer central drift chamber~CDC!, an array of silica
aerogel threshold Cˇ erenkov counters~ACC!, a barrel-like ar-
rangement of time-of-flight~TOF! scintillation counters, and
an electromagnetic calorimeter comprised of CsI~Tl! crystals
located inside a super-conducting solenoid coil that provi
a 1.5 T magnetic field. An iron flux return located outside
the coil is instrumented to detectKL

0 mesons and to identify
muons~KLM !. The detector is described in detail elsewhe
@9#.

We reconstructD0 mesons in the following decay chan
nels. For the flavor specific mode~denoted byD f), we use
D0→K2p1 @10#. For CP511 modes, we useD1
→K2K1 and p2p1 while for CP521 modes, we use
D2→KS

0p0, KS
0f, KS

0v, KS
0h andKS

0h8.
The charged track,KS

0 andp0 selection requirements hav
been described in Ref.@8#. For each charged track, informa
tion from the ACC, TOF and specific ionization measu
ments from the CDC are used to determine aK/p likelihood
ratio P(K/p)5LK /(LK1Lp), whereLK and Lp are kaon
and pion likelihoods. The particle identification requireme
and cuts on other kinematic variables are optimized us
continuum background and signal Monte Carlo. For kao
~pions! from the D0→K2p1 mode we used the particl

FIG. 1. B2→D0K2 andB2→D̄0K2.
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identification requirement ofP(K/p).0.4 (,0.7). For ka-
ons from theD0→K2K1 mode we requireP(K/p).0.7
while for pions from D0→p2p1 mode we require
P(K/p),0.7.

The v mesons are reconstructed fromp1p2p0 combi-
nations in the mass window 0.732 GeV/c2,M (p1p2p0)
,0.82 GeV/c2 with the charged pion particle identificatio
requirementP(K/p),0.8. To reduce the contribution from
the non-resonant background, a helicity angle cutucosuhelu
.0.4 is applied whereuhel is the angle between the norm
to thev decay plane in thev rest frame and thev momen-
tum in theD0 rest frame. To remove the contribution from
D0→K* 2r1, we require theKS

0p2 invariant mass to be
greater than 75 MeV/c2 from theK* 2 nominal mass.

The f mesons are reconstructed from two opposit
charged kaons in the mass window of 1.008 GeV/c2

,M (K1K2),1.032 GeV/c2 with P(K/p).0.2. We also
apply thef helicity angle cutucosuhelu.0.4 whereuhel is the
angle between one of thef daughters in thef rest frame and
thef momentum in theD0 rest frame. We form candidateh
andh8 mesons using thegg andhp1p2 decay modes with
mass ranges of 0.495 GeV/c2,M (gg),0.578 GeV/c2 and
0.903 GeV/c2,M (hp1p2),1.002 GeV/c2, respectively.
The h momentum is required to be greater than 0.5 GeVc.
Both h and h8 candidates are kinematically constrained
their nominal masses. TheD0 candidates are required t
have masses within62.5s of their nominal masses, wheres
is the measured mass resolution which ranges from 4.9 M
to 17.7 MeV depending on the decay channel. AD0 mass
and ~wherever possible! vertex constrained fit is then per
formed on the remaining candidates.

We combine theD0 and p2/K2 candidates~denoted by
h) to form B candidates. We apply tighter particle identific
tion cuts,P(K/p).0.8(,0.8) for prompt kaons~pions!, to
identify B2→D0K2(p2) events. The signal is identified b
two kinematic variables calculated in the center-of-ma
~c.m.! frame. The first is the beam-energy constrained ma

Mbc5AEbeam
2 2upW D1pW hu2, where pW D and pW h are the mo-

menta ofD0 andK2/p2 candidates andEbeam is the beam
energy in the c.m. frame. The second is the energy dif
ence,DE5ED1Eh2Ebeam, whereED is the energy of the
D0 candidate,Eh is the energy of theK2/p2 candidate cal-
culated from the measured momentum and assuming

pion mass,Eh5AupW hu21mp
2 . With this definition, realB2

→D0p2 events peak atDE50 even when they are misiden
tified asB2→D0K2, while B2→D0K2 events peak around
DE5249 MeV. Event candidates are accepted if they ha
5.2 GeV/c2,Mbc,5.3 GeV/c2 and uDEu,0.2 GeV. In
case of multiple candidates from a single event, we cho
the best candidate on the basis of ax2 determined from the
differences between the measured and nominal values ofMD
andMbc. The fraction of multiple candidates is less than 2
According to Monte Carlo simulation the correct candidate
chosen in all cases.

To suppress the large combinatorial background from
two-jet continuum processes such ase1e2→qq̄ (q5u, d, s
or c), variables that characterize the event topology are u
1-3
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FIG. 2. DE distributions for ~a! B2→D fp
2, ~b! B2→D fK

2, ~c! B2→D1p2, ~d! B2→D1K2, ~e! B2→D2p2 and ~f! B2

→D2K2. Points with error bars are the data and the solid lines show the fit results.
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We construct a Fisher discriminantF, from 6 modified Fox-
Wolfram moments@11#. Furthermore, cosuB , the angle of
the B flight direction with respect to the beam axis is al
used to distinguish signal from continuum background.
combine these two independent variablesF and cosuB to
make a single likelihood ratio~LR! variable that distin-
guishes signal from continuum background. We apply a
ferent requirement for each sub-mode based on the expe
signal yield and the backgrounds in theMbc sideband data
For B2→D0p2 where D0→K2p1, K2K1 we require
LR.0.4, whereas forD0→p1p2, KS

0p0, KS
0f, KS

0v, KS
0h

and KS
0h8 we requireLR.0.6. To give an example of th

performance of this selection, theLR.0.4 requirement
keeps 87.5% of theB2→D0@→K2p1#p2signal while re-
moving 73% of the continuum background.

The signal yields are extracted from a fit to theDE dis-
tribution in the region 5.27 GeV/c2,Mbc,5.29 GeV/c2.
TheB2→D0p2 signal is parametrized as a double Gauss
with peak position and width floated. On the other hand,
calibrate the shape parameters of theB2→D0K2 signal us-
ing theB2→D0p2 data. This accounts for the kinematic
shifts and smearing of theDE peaks caused by the incorre
mass assignments of prompt hadrons. The peak position
width of the B2→D0K2 signal events are determined b
fitting the B2→D0p2 distribution using the kaon mass hy
05110
e

f-
ted

n
e

nd

pothesis for the prompt pion, where the relative peak po
tion is reversed with respect to the origin. The shape par
eters for the feed across fromB2→D0p2 are fixed by the fit
results of theB2→D0p2 enriched sample. The continuum
background is modeled as a first order polynomial funct
with parameters determined from theDE distribution for the
events in the sideband region 5.2 GeV/c2,Mbc
,5.26 GeV/c2. Backgrounds from otherB decays including
contributions from B2→D* 0K2 and B2→D0K* 2 are
modeled as a smoothed histogram from Monte Carlo sim
lation. The fit results are shown in Fig. 2.

The ratios of branching fractions of Cabibbo-suppres
to Cabibbo-favored processes are determined as foll
@12#:

RD5
N~B2→DK2!

N~B2→Dp2!
3

h~B2→Dp2!

h~B2→DK2!
3

e~p!

e~K !
,

where N is the number of observed events,h and e are
the signal detection and the prompt pion/kaon identificat
efficiencies, respectively. The signal detection efficie
cies were determined from a Monte Carlo simulation e
h(B2→D fp

2)5(44.660.7)% and h(B2→D fK
2)

5(42.560.7)%. The particle identification efficiencies fo
the prompt pion and kaon,e(p) and e(K), are determined
1-4
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TABLE I. Signal yields, feed-acrosses and ratios of branching fractions. The errors onRD are statistical
and systematic, respectively.

Mode
B2→Dp2

events
B2→DK2

events
B→Dp2

feed-across
RD5

B(B2→D0K2)

B(B2→D0p2)

B2→D fh
2 6052688 347.5621 134.4614.7 0.07760.00560.006

B2→D1h2 683.4632.8 47.368.9 15.666.4 0.09360.01860.008
B2→D2h2 648.3631.0 52.469.0 6.365.0 0.10860.01960.007
c.

d

e
ed

h

s
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e
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b
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-

ld
by
from a kinematically selected sample ofD* 1

→D0@→K2p1#p1 decays, where theK2 andp1 mesons
from D0 candidates have been selected in the same
momentum (2.1 GeV/c,pc.m.,2.5 GeV/c) and polar angle
regions as prompt hadrons in theB2→Dh2 decay. With our
requirementP(K/p).0.8, the efficiencies were determine
to bee(K)50.76860.001 ande(p)50.97660.001, and the
rate for misidentification ofp as K is 0.02460.001. The
ratio of B→Dp2 feed-across in theB→DK2 signal toB
→Dp2 signal is 2%–2.5%, which is consistent with th
measured pion fake rate. The ratios of Cabibbo-suppress
Cabibbo-favored decay modes are shown in Table I. T
double ratios are found to be

R151.2160.25~stat!60.14~syst!,

R251.4160.27~stat!60.15~syst!

for CP-even andCP-odd eigenstates, respectively. The sy
tematic errors in the ratiosRD are due to the uncertainty i
yield extraction~3%–7%! and particle identification~1%!.
The systematic error in the yield extraction includes unc
tainties in theBB̄ background and signal shape parametri
tion. The uncertainty in theDE signal shape parametrizatio
was determined by varying the mean and width of the dou
Gaussian parameters within their errors. The uncerta
05110
m.

to
e

-

r-
-

le
ty

from the slope of the background was determined by cha
ing its value by its error. Both of the resulting changes we
included in the systematic error from fitting. Also other bac
grounds including rare decays such asB2→K2K1K2 and
B2→K2p1p2, which could contribute to theDE signal
region, are estimated from theD0 sideband data. This unce
tainty ~0.5%–3%! is also included as a source of systema
error.

The asymmetriesA1,2 are evaluated using signal yield
obtained from separate fits to theB1 andB2 samples shown
in Fig. 3. The results are given in Table II. We find

A150.0660.19~stat!60.04~syst!,

A2520.1960.17~stat!60.05~syst!,

where the systematic uncertainty is from the intrinsic det
tor charge asymmetry~3.2%!, the B2 and B1 yield extrac-
tions ~2.4%–3.3%!, and the asymmetry in particle identifica
tion efficiency of prompt kaons~1%!. The intrinsic detector
charge asymmetry is calculated from theB2

→D0@→K2p1#p2 sample. The systematic error from yie
extraction is calculated by changing the fitting parameters
61s.

In summary, using 78 fb21 of data collected with the
Belle detector, we report measurements of the decaysB2
FIG. 3. DE distributions for the charge conjugate modes~a! B2→D1K2, ~b! B1→D1K1, ~c! B2→D2K2, ~d! B1→D2K1.
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TABLE II. Yields, partial-rate charge asymmetries and 90% C.L. intervals for asymmetries.

Mode N(B1) N(B2) ACP 90% C.L.

B6→D fK
6 165.4614.5 179.6615 0.0460.0660.03 20.07,Af,0.15

B6→D1K6 22.166.1 25.066.5 0.0660.1960.04 20.26,A1,0.38
B6→D2K6 29.966.5 20.565.6 20.1960.1760.05 20.47,A2,0.11
r
tia

e
l

e,

rc

ce
ina
and
f
o-
tate
3B
s-
nd
ce
e

→DCPK
2, whereDCP are the neutralD mesonCP eigen-

states. These supersede the results reported in@7,8#. The ra-
tios of the branching fractionsRD1,2 for the decaysB2

→DCPK2 and B2→DCPp2 are consistent with those fo
the flavor specific decay within errors. The measured par
rate charge asymmetriesA1,2 are consistent with zero.
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