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We report the results of a study of chargdlecays to thdD* 77 andD**7* #* final states using
completeD™*) reconstruction. The contributions of two-bo@—D** 7 decays with narrow j=3/2) and
broad (=1/2) D** states have been determined and the masses and widths ddféustates have been
measured. This is the first observation of the brBagave D3° andD’? mesons. The analysis is based on a
data sample of 65 millioB B pairs collected in the Belle experiment.
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| INTRODUCTION B(B™—DJ7 )X B(DI—D* "7 )=(7.8£1.9 10 *,

B decays toD# and D* 7 final states are two of the N
dominant hadroni® decay modes and have been measureoB(B -
quite well [1]. In this paper we study the production of
D-meson excited states, collectively referred tolds" s, ) ) ]
that areP-wave excitations of quark-antiquark systems con-The ratio of theB-meson branching fractions
taining one charmed and one light,f) quark. The results
provide tests of heavy quark effective thediyQET) and B(B*_>D’2*°7f)

QCD sum rules. Figure 1 shows the spectroscopy of = m
D-meson excitations. In the heavy quark limit, the heavy 1T
quark spin§C decouples from the other degrees of freedom
and the total angular momentum of the light quagkL
+§q is a good quantum number. There are fd¥wave
states with the following spin parity and light quark angular .
momenta: 0 (j,=1/2), 1" (jq=1/2), 1*(jq=3/2), and 2.6
2" (jq=3/2), which are usually labeled &%, D;, D4, and i
%, respectively. The twg 4=3/2 states are narrow with 2.4
widths of order 20 MeV and have already been observed [
[2-12]. The measured values of their masses agree with 22 i
model prediction$13—-16. The remaining ,=1/2 states de- :
cay viaSwaves and are expected to be quite broad. Although I
they have not yet been directly observed, their total produc- 2
tion rate has been measureddrmeson semileptonic decays !
[10]. 1.8 &

The CLEO Collaboration has observed the production of *
both the narronD** mesons ilB— D* w7 decays with the FIG. 1. Spectroscopy ob-meson excitations. The lines show
following branching fraction$17]: possible single pion transitions.

D% )X B(D3°—D* T )=(4.2-1.7)x 10" 4.
(W)

@

- L=0 L=1
s i, 12 12 32
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is calculated in HQET and the factorization approach in L(K)

Refs.[18,19. In Ref.[18] Ris found to depend on the values PID(K) = LK T L(m)

of subleading Isgur-Wise functions ;1(2) describing

Agcp/m, corrections. Variations o?-lyz by £0.75 GeV re- L()

sult in values oR that range from 0 to 1.5. In R€f19] some PID(7)= m= 1-PID(K).
of the subleading terms are estimated and the ratio is deter-

mined to be

At large momenta ¥ 2.5 GeVk) only the ACC anddE/dx
are used since the TOF provides no significant separation of
kaons and pions. Electron identification is based on a com-
) 3 bination of dE/dx measurements, the ACC responses, and
the position, shape, and total energy depositiafhp] of the
shower detected in the ECL. A more detailed description of
where 551®? are nonfactorized corrections that are ex-the Belle particle identification can be found in RgZ4].
pected to be small. The value Rfcalculated from the CLEO
results given in Eq(1) plus the ratio of branching fractions
B(D3°—~D*7")/B(D3°—~D**7")=23+0.8 [4,8 and IIl. EVENT SELECTION
the assumption thdd, andD% decays are saturated by the _
two-body D ,D* = modes, isR=1.8+0.8. This value is A 60.4 fo~ ' data samplg65.4 million BB events col-
higher than the prediction, although the uncertainties aréected at theY (4S) resonance with the Belle detector is
large. If more precise measurements do not indicate lowegsed. CandidateB™—D"#7 7~ and B-—D*"m 7~
values ofR, a problem for theory may arise. Thus, a mea-€vents as well as charge conjugate combinations are selected.
surement oR will allow us to test HQET predictions. The D' and D*" mesons are reconstructed in tie’
Another possible inconsistency between theory and ex—K 77" andD* * —D%7" modes, respectively. THa®
periment is in the ratio of the production rates of narrow andcandidates are reconstructed in tB€—K~ 7" and D°
broad states in semilepton® decays. QCD sum ruld@0] —K 7 7 m channels. The signal-to-noise ratios for
predict the dominance of narro** (j,=3/2) state produc- otherD decay modes are found to be much lower and they

tion in B—D**|v decays. On the other hand, the total are not used in this analysis.
branching fraction 3(B— D®) 77):(2_& 0.5)% mea- Charged tracks are selected with requirements based on

sured by the ALEPH and DELPHI Collaboratioft is not the average hit residuals and impact parameters relative to
saturated by the contribution of the narrow resonanceé,he interaction point. We also require that the polar angle of

(0.86+0.37)%[21], indicating a large contribution of broad each track be within the angular range of 17°—150° and that
or nonresonanb ™) 7 structures. the transverse track momentum be greater than 50 ®leV/

In this study we concentrate on charg8ddecays to for kaons and 25 Me\d_for pions. ) )
D= 2% 2% For these decays the final state contains two Charged kaon candidates are selected with the require-

pions of the same sign that do not form any bound statedn€Nt PIDK)=>0.6. This has an efficiency of 90% for kaons

making analysis of the final state simpler. and a pion misidentification probablhty of 10%. For pions
the requirement PID{)>0.2 is used. All tracks that are
positively identified as electrons are rejected.

Il. THE BELLE DETECTOR D* mesons are reconstructed frdfm 7" " combina-
tions with invariant mass within 13 Me¥¢# of the nominal
The Belle detectof22] is a large-solid-angle magnetic p+ mass, which corresponds to about,3,,. For D° me-

spectrometer that consists of a three-layer silicon vertex desons, theK# or K invariant mass is required to be

tector, a 50-layer central drift chamb@EDC) for charged \yithin 15 MeV/c? of the nominalD® mass (Fk.). We re-

particle tracking and specific ionization measurementgnstructD* * mesons from theD 7 combinatigns with a

(dE/dx), an array of aerogel thresholdef@nkov counters |5ss difference oMy, —Mpo within 1.5 MeV/c? of its

(ACCy), time-of-flight (TOF) scintillation counters, and an ominal value. i

array of 8736 C4IT) crystals for electromagnetic calorim-  candidate events are identified by their center of mass

etry (ECL) located inside a superconducting solenoid coiI(C_m_) energy difference AE=(S,E;)—E, and beam-

that provides a 1.5 T magnetic field. An iron flux return . _\/27»2 B _
located outside the coil is instrumented to det€ctmesons constrained mastpe= VEL— (Zipi)?, where Ep=s/2 s

and identify muongKLM). We use aceanT-based Monte ~the beam energy in the(4S) c.m. frame, anb; andE; are
Carlo (MC) simulation to model the response of the detectorthe ¢.m. three-momenta and energies of Bameson candi-

2

1+ 652
R~0.3 —Dl
1+ 64

and determine the acceptar{@3]. date decay products. We select events witfly.
Separation of kaons and pions is accomplished by com=5.20 GeVt? and|AE[<0.10 GeV.
bining the responses of the ACC and the TOF wdtB/dx To suppress the large continuum backgrouref "

measurements in the CDC to form a likeliho6¢h) where ~ —qq, whereq=u,d,s,c), topological variables are used.
h=(#) or (K). Charged particles are identified as pions orSince the produce®& mesons are almost at rest in the c.m.
kaons using the likelihood rati@PID): frame, the angles of the decay products of the Bumesons
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FIG. 2. The(a) M. and(b) AE distributions forB~—D* 7~ 7~ events. The hatched histogram(ip) is the D mass sideband|(M
—My.,.| — 26 MeV/c?|<6.5 MeV/c?).

are uncorrelated and the tracks tend to be isotropic, whileiency of (18.2-0.2)% is determined from a MC simulation

Continuumqaevents tend to have a two-jet structure. We uséhat uses a Dalitz plOt distribution that is generated aCCOfding
the angle between the thrust axis of eandidate and that to the model described in the next section.

of the rest of the event®,,,s) to discriminate between  Using the branching fractio(D " —K™ m"7")=(9.1
these two cases. The distribution [@0sO,,f is strongly ~ =0.6)%[1], we obtain

peaked neafcos®,l=1 for qq events and is nearly flat
for Y (4S)— BB events. We requirecos®;,,s/<0.8, which
eliminates about 83% of the continuum background while

- o .
ret?_lgg;g 2?2”;5;@ %Lflg/]\?heiﬂcr? Vti\?;&or more combinationsWhiCh is consistent with the upper limit obtained by CLEO,
B(B-—D" 7 7w )<1.4x10 3 [26]. The statistical signifi-

pass all the selection criteria. According to a MC simulation, ; . o )
this occurs primarily because of the misreconstruction of gance of the signal is greater thano2[27]. This is the first

. ™ (%) . observation of this decay mode. The second error is system-
low momentum pion from th®** — D"’ decay. To avoid . . . S
. X L - .. atic and is dominated by a 10% uncertainty in the track re-
multiple entries, the combination that has the minimum dif- ; ) .
. . . ; construction(a 2% per track uncertainty was determined by
ference of Z coordinates at the interaction poiniZ ; g Y0
, ) 1 comparing the signals fop— 7" 7~ 7 and p—yvy). The
—Z,,|, of the tracks corresponding to the pions frdn ncertainty in theD*—K~#*a* branching fraction is
—D** 7r; andD** —D™) =, decays is selectef®5]. This  6.6% and that for the particle identification efficiency is 5%.
selection suppresses the combinations that include pior®ther contributions are smaller. The uncertainty in the back-
from K¢ decays. In the case of multipl2 combinations, the ground shape is estimated by adding higher order polynomial
one with invariant mass closest to the nominal value is seterms to the fitting function, which results in less than a 5%
lected. change in the branching fraction. The MC simulation uncer-
tainty is estimated to be 3%. The possible contribution from
IV. BT=D*# & ANALYSIS charmlessB-meson decay modes is estimated from g
sidebands. The sideband distribution, shown as the hatched

The My, andAE distributions forB™ —D™ 77~ events  histogram in Fig. g), indicates no excess from such events
are shown in Fig. 2. The distributions are plotted for eventsp the signal region.

that satisfy the selection criteria for the other variable, i.e.,
|AE|<25 MeV and|My.—Mg|<6 MeV/c? for the M. and
AE histograms, respectively. A clear signal is evident in both
distributions. The signal yield is obtained by fitting tAd For a three-body decay of a spin zero particle, two vari-
distribution to the sum of two Gaussians with the same meanbles are required to describe the decay kinematics; we use
for the signal and a linear function for background. Thethe two D invariant squared masses. Since there are two
widths and the relative normalization of the two Gaussiandgdentical pions in the final state, we separate the pairs with
are fixed at values obtained from the MC simulation, whilemaximal and minimaMp . values.
the signal normalization as well as the constant term and To analyze the dynamics &— D 77 decays, events with
slope of the background linear function are treated as freAE and My, within the |AE|<25 MeV,|My.—Mg|
parameters. <6 MeV/c? signal region are selected. To model the contri-
The signal yield is 110146 events. The detection effi- bution and shape of the background, we use a sideband re-

B(B~—D*m 7 )=(1.02+0.04+0.15 X 10" 3,

B— D Dalitz plot analysis

112002-4
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FIG. 3. (a) The minimalD 7 mass distribution o8B~ —D* 7~ 7~ candidates. The points with error bars correspond to the signal box
events, while the hatched histogram shows the background obtained from the sidebands. The open histogram is the result of the unbinned fit
while the dashed one shows the fitting function in the case when the narrow resonance amplitude is set to zero. The transformation Jacobian
is calculated and an integration over the other variables has been performed to obtain the fitting f(mcfiom background-subtracté&r
mass distribution. The points with error bars show the events in the signal box, the hatched histograms show different contributions from
D3 ,Dg and virtualD} ,B? , and the open histogram is the coherent sum of all contributions.

gion defined as 100 Me¥|AE|>30 MeV with the signal To extract the amplitudes and phases of different interme-
M, given above. The minimdD 7 mass distributions for the diate states, an unbinned fit to the Dalitz plot is performed
signal and sideband events are shown in Fig. 3, where naksing a method described in the Appendix similar to CLEO’s
row and broad resonances are visible. [28]. The event density function in the Dalitz plot is the sum
The distributions of events in thev3_ .. versus Of the signal and background.
M2 _ .. Dalitz plot for the signal and sideband regions are _The background _distribution and_ nor_malization are ob-
shown in Fig. 4. The Dalitz plot boundary is determined bytained from theAE sideband analysis. Since tier mass
the decay kinematics and the masses of their daughter pagistributions for the upper and lower halves of the side-
ticles. In order to have the same Dalitz plot boundary forband have similar shapes, we can expect similar background
events in both signal and sideband regions, mass-constrainéehavior for the signal and sideband regions. The back-
fits of Krw to Mp and D## to Mg are performed. The ground Dalitz plot has neither resonance structure nor non-
mass-constrained fits also reduces the smearing from detetivial helicity behavior and is combinatorial in origin. The

tor resolution. background shape is obtained from an unbinned fit of the
= = 8 '
2 Tis) S
. =S . S 6k )
= = 55¢F
5¢ .
45t
40— 1 E
15 20 25
M, (GeV/cY M?  (GeV/cY)

FIG. 4. The Dalitz plot for(a) signal events an¢b) sideband events.
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sideband distribution to a smooth two-dimensional function: (L)
- A= F e () 2 p) ()
B(ql’qz):e_Q1plep2[QZ_qr2mn(Q1)](1_|_ psql) 12 BD ! qi_ME+|M LFL(Q%) D** D2
+e7q1p487 p5[Q27q?in(Q1)]W(ql)(p6q1+ p7) +(q1HQZ)’ (6)
+e—qlpgepg[qz—q?‘”(ql)]w(ql)(p10q1+ P11) where
) L)2
_|_e*qlplzepm[%*qzmm(ql)]w(ql)p14, (4) FL(qZ):FL'(p2/p2)2L+1(ML/\/?)F([)2* o(P2) (7

is the g? dependent width of th®** , with massM, and
width T', , decaying to theD 7 state with orbital angular
momentumL. The variable9,, p,, Pp, d1=P>+ pPp, and
g2= p;+pp are the four-momenta of the pioB, andD =
combinations, respectivelyaz,pg are the magnitudes of the

There is no generally accepted way to exactly describe ﬁ'on three-momenta in thB™** rest frame whezn the™*
three-body amplitude. In this paper we represent@her 135 @ four-(r)nomentum squared equatifoandM, respec-
amplitude as the sum of Breit-Wigner contributions for dif- tvely; p1,p; are the magnitudes of the pion three-momenta
ferent intermediate two-body states. This type of descriptiodn the B rest frame for the case when tHa** four-

is widely used in high energy physics for Dalitz plot analysismomentum squared is equaldd andM{ , respectively. The
[28]. However, such an approach cannot be exact since it i§écond term in Eq6) takes into account presence of the two
neither analytic nor unitary and does not take into account &lentical pions in the final state and provides Bose-Einstein
complete description of the final state interactions. NevertheSymmetrization. The angular dependence for different spins
less, the sum of Breit-Wigner contributions describes theof the intermediate states is

main features of the amplitude’s behavior and allows one to

find and distinguish the contributions of two-body interme- _, _1 T :MBp2pl
diate states, their interference, and the effective parameterg— (d1.02)=1, (91.02) \/?
of these states. !

where p; are parameters, andy*{q,), g5"'"(q;), and
w(g1) =05 2{q.)—d5""(q,) are the boundaries and width
of the Dalitz plot for a certaiig;. The number of background
events in the signal region is scaled according to the relativ

areas of the signal and sideband regions.

cosd, T(q;,qy)

IntheD "7~ 7~ final state a combination of tHe © me- M2p2p2
: . BP2P1
son and a pion can form either a tensor meﬁijf’ or a > (cogo—1/3), (8)
scalar stat®?°; the axial vector mesor3? andD'? cannot 1

decay t(.) two pseudqscalars because of angular momentuvr\r/}]eree is the angle between the first pion from tBalecay
and parity conservation. In the well-known decay mode of

H *%* H *%*
B-—D*%%, theD*° cannot decay to th®* 7~ because and the pion from th®** decay in theD** rest frame, and

| [ .

the D*° mass is lower than that d* 7. However, inB F(BI)D** (p) and I:(DZ** p(pz) are transition form factors,

decay a virtuaD*° (referred to aD*) can be produced off which are the most uncertain part of the resonance descrip-
v

shell with \/g? larger than theD " 77~ total mass and such a tion. For theB—D™** andD™* — D form factors, we use the
process will contribute to our final state. Another virtual had_BIatt-Welskopf parameterizatidi2]

ron that can be produced in this combinatioBis (referred 0o

to asB*): B—B* 7 andB* —D. For the masses @*° FO(p)=1, FY(p)= [1+(p7T)

andD*° we used the Particle Data Group values while their AB A8 1+ (pr)?’

widths are calculated from the width of t&* © assuming (9)

isospin invariance and HQET. The contributions of the above 9+3(p°r )2+ (p°r)*

listed intermediate states are included in the signal-event F@(p)= \/ 5 e

density[ S(q2,q3)] parametrization as a coherent sum of the 9+3(pr)“+(pr)

corresponding amplitudes together with a possible constant 1 .

amplitude @) wherer=1.6 (GeVk) * is a hadron scale. For the virtual

mesonsD?} and B} that are produced beyond the peak re-

S(g?,93)= |aD§A(2)(q§,q§)+aD3 e' %0 A0)(g3,02) gion, another form factor parameterization has been used:
+ap«e' 0 A)(g7,q35) +ag«e ?8; AB(q?,q3) Fag(p)=e "°~Po); (10
+azel 2@ R(AGD), (5) this provides stronger suppression of the numerator in Eq.

(6) far from the resonance region. The resolution function is

where® R(Ag?) denotes convolution with the experimental obtained from MC simulation; the detector resolution for the
resolution. Each resonance is described by a relativisti® ™ invariant mass is about 4 Mew?.

Breit-Wigner contribution with aj? dependent width and an _ 1he D** s parameters
angular dependence that corresponds to the spins of the ifMp3%1'px0,Mpx0,I'px0) as well as the amplitudes for
termediate and final state particles: the intermediate states and relative phases

112002-6
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TABLE . Fit results for different models. The model used to obtain the results includes amplitudgs fb; ,D ,B} intermediate
resonances. Adding the constant tgnpim.sp@s)] does not significantly improve the likelihood. Here and below phase units are radians.

Il I \Y v
Parameters D3 ,D§ D% ,D§ D D%, D§ Dy, B: D%, D§ ,D¥, B¥ ph.sp@s) D%, D§ , ph.sp@s)
Brps (10°%) 3.21+0.24 3.26-0.26 3.38-0.31 3.47-0.37 3.28-0.06
Brps (10°%) 6.09+0.42 4.96-0.47 6.12-0.57 8.35-0.94 6.33-0.06
¢ps (rad) —~2.01+0.10  —2.35+0.11 —2.37+0.11 —2.31+0.14 —1.88+0.20
Brps (10°4)— 1.46+0.23 2.21-0.27 2.23-0.32—

b (rad)— 0.03-0.15 —0.25+0.15 ~0.33+0.19—

Brgs (10 4)—— 0.67-0.04 0.72:0.04—

bg+ (rad)—— —~0.27+0.28  —0.39+0.24—

MDU;O (MeVi/c?) 2454.6-2.1 2458.9-2.1 2461.6-2.1 2462.7-2.2 2456.9-2.4
Tps0 (MeV) 43.8:4.0 44.2-4.1 45.6-4.4 46.1-4.5 45.2-4.3
Mpzo (MeV/c?) 2268+ 18 2280+ 19 2308-17 2326+ 19 230123
T'pzo (MeV) 324+ 26 28123 276-21 333-37 482+ 72

agX 10°——— 0.38-0.65 1.24-1.05

¢ (rad)——— —0.10+0.93 0.68-0.80

Neig 1058+ 47 100744 1056+ 46 106847 107549
—2InLIL, 115 26 0 -7 103

¥2IN 253.9/129 185.2/127 166.5/125 158.5/123 245.2/127

(aD;,aD:,aDg,aB:,ag,¢D:,¢D3,¢B*,¢3) are treated as improves and gives values of branching fractions that are
free parameters in the 1i83]. consistent with the expectation based on Bie width and

Table | gives the results of the fit for different models. Thethe B"—D*°7~ branching fraction. When thB} ampli-
contributions of different states are characterized by thdude is added, the likelihood is also significantly improved. A
branching fractions, which are defined as constant phase space teaxexp(¢s) does not substantially
change the likelihood and the final results are presented with-
out this term. The variation of the fit parameters when the
above amplitudes are included is used as an estimate of the
model error.

Figure 5 shows th® 7 and w7 mass squared distribu-
tions together with the curves obtained from the unbinned fit.
Figure 6 shows the minimd) = mass distributions for dif-

ferentD 7 helicity regions. The helicity (co&,) is defined as
are the amplitude coefficients and phases. The integration tfe cosine of the angle between the pions from Bhand

performed over all available phase spag (i is one of the  D** decays in the rest frame 8** . The number of events
intermediate stateB;,Dg,D} ,B} or phase space. When in each bin is corrected for the MC-determined efficiency
the D amplitude is included, the likelihood significantly that is obtained from the simulation using a method de-

a? | |A(Q)2dQ
ri: f
HZ a e YAI(Q)

B

a (11
dQ

whereA,(Q) is the corresponding amplitude, andand ¢;

o140 o 70 -
S10f @ = 60F ® =
v v > 60
S100} % 50+ S
S 80 S 40t S 4
S 60} S 30 g Al [ s
= ST = AR | Pl =
40 44f 20 ¢ W\§ 20
(e 4 | ¥ S \
20 PN it by o > \\
0 \\\\\\\\\\\\‘\\E\'\Q&\Q&\«\:\\:v- 0 é‘\‘@:‘j&&\\\\\\\\\\‘\\\\ . h o b S ot
4 6 8 10 12 10 15 20 25 30 0 2 4 6 8 10 12
M (GeV/ch) M%) (GeV/ch) M’ (GeV/ch)

FIG. 5. (a) The minimalD 7, (b) the maximalD 7, and(c) the =7 mass squared distribution 8f —D* 7~ 7~ candidates. The points
with error bars correspond to the events in the signal box, while the hatched histogram shows the background obtained from the sidebands.
The open histogram is the fitting function with the parameters obtained from the unbinned fit.
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400 0= +15+ 2
-1<c0s0, <-0.66 0'66<COT®h<1 MDOO (2308£17-15£28) Mevic’,

A

200 ['pso=(276+21+18+60) MeV.

!

f

2)() bRt —— I ' The values corresponds to the case when four amplitudes
@ -0.67<c0s0,<-0.32 | 0.32<c0s0,<0.67 (column 11l of Table ) were included. Here and throughout
z 100+ i | the paper the first error is statistical, the second is systematic,

and the third is the model dependent error described below.

300 mﬁ” ﬂf by s iy The values of the narrow resonance mass and width ob-

0.33<c0s0,<0 | 0<c0s0,<0.33 tained from the fit are

100F 3 | Mp30=(2461.6+2.1+ 0.5+ 3.3) MeV/c?,
L
0 J - ' by ['ps0=(45.6+4.4+6.5-1.6) MeV.
2 2.5 2 2.3
M, (GeV/C?) The value of theD}° width is larger than the world average

of 23=5 MeV, and is consistent with the preliminary result
FIG. 6. The minimaD 7 mass distribution for different helicity from FOCUS of 30.5:4.2 MeV[30]. The previous analyses
ranges. The two curves are the fit results for the cadejof D§,  did not take the interference of intermediate states into ac-
andD} amplitudegthe top curvgand the background contribution count; this suggests that there may be large unaccounted sys-
(the bottom ong The number of events in each bin is corrected fortematic errors in those measurements.
the efficiency obtained from MC simulation. The following branching ratio products are obtained:

— *0__— *0 +, -
scribed in the Appendix. The curve shows the fit function for B(B"—D3 m )X B(Dz =D 7

Fhe case when th®3, Df, [?j , and B} amplitudes are —(3.4+0.3+0.6+0.4) X104,

included. TheD3 resonance is clearly seen in the helicity

range |cos6,|>0.67, where theD wave peaks. The range B(B™—D:%r )xB(DL°—~D* ")
0.33<|c0s,|<0.67 where theD-wave amplitude is sup-

pressed shows th&wave contribution from thé®3 , while =(6.1+0.6+0.9+1.6) X 10" 4,

the low helicity rangecos#,|<0.33 demonstrates a clear in- ) . .
terference pattern. and the relative phase of the scalar and tensor amplitude is

Another demonstration of the agreement between the fit-
ting function and the data is given in Fig. 7, where the he-
licity distributions for differentg? regions are shown. The

¢pro=—2.37+0.11+0.08-0.10 rad.

histogram in the region of thB% meson clearly indicates a The background uncertainty is one of the main sources of the
|co6,—1/32 D-wave dependénce The distributions in thesystematlc errors. It is estimated by comparing the fit results
h ' for the case when the background shape is taken separately

other regions show reasonable agreement between the fittir?%m the lower or upper sideband in ta& distribution. The
function and the data except for a few bins in the smallfit is also performed with more restrictive cuts AfE, Mp,,

Mp 7 min region and with helicity close to [Fig. 7a)]. This andAMp that suppress the background by more than a fac-

o mit . . . . ;
region I1s populateq '.“a'”'y by.the virtual, andB, contri- tor of 2, keeping about 80% of the signal events. The results
butions, the description of which depends on the form factor,

; oo _“~"“obtained are consistent with each other. The maximum dif-
behavior. This discrepancy does not affect the dete.rm'nat'ofbrence is taken as an additional estimate of the systematic
of the D** parameters that are the main topic of this work.

The fi lity i . d usi di ional hi uncertainty. For branching fractions, the systematic errors
e fit quality is estimated using a two-dimensional Nis-4i54 include uncertainties in track reconstruction and PID
togram of minimumqg,. versus theD 7 helicity and calcu- efficiency, as well as the error in th2* —K ™ 7" 7+ abso-

lating thex?/N for the function obtained from unbinned like- lute branching fraction.

lihood minimization. The confidence level for the model  The model uncertainties are estimated by comparing fit
with D3, D5, D7, andB7 is about 0.8%. The low confi-  resylts for the case of different modéls-1V in Table 1) and
dence level is due to the poor description in the region whergyr values ofr that range from 0 to 5 (Ge¢} ~* for the

Mp 7 min IS small andVp . maxis large(or helicity is close to  transition form factor defined in Eq¢9) and (10).
1) as discussed above.

In Table I, the likelihood values are presented for the
case when the broad scalar resonance is excluded or when it
has quantum numbers different frali=0". For all cases For D* reconstruction, th®* *—D%" decay is used
the likelihood values are significantly worse. Thus, we claimand two decay modeB®—K ™ 7" andD°—K 7 7t 7~
the observation of a broad state that can be interpreted as thee included. TheAE and M, distributions are shown in
scalarDj . The fit gives the following parameter values:  Fig. 8. In each mode the number of signal events is obtained

V. B"—=D**# @~ ANALYSIS

112002-8



STUDY OF B~ —D** 97~ (D** °~D®)* 77) DECAYS

60

50 ¢

40

0 - 5(GeV/c?)’

80

PHYSICAL REVIEW D69,

112002 (2004

(b)

5-5.9(GeV/c)’

30 F

20 ¢

10

(©

. 5.9- 6.2(GeV/c?)*

05 1
coseh

120
100

0.5 1
coseh

FIG. 7. The helicity distribution for datgoints with error bansand for MC simulatior{open histogram The hatched distribution shows
the scaled background distribution from th& sideband region(a),(b) correspond to the? region belowDJ resonance(c) to the region

of the tensor resonance, afd) to the region higher than thgJ.

in a way similar to that described for tierr 7 selection. The
observed signal yields oNy,=273+21 and Ng3,=287
+22 for theK7 and K777 modes, respectively, are con-
sistent, based on tHe branching fractions and the efficien-

TABLE II. Comparison of models with and without a reso-
nance. The amplitudes fd3 and the virtualD} andB; are al-
ways included.

Model =2 In(L! L)
D3 D} ,D* ,B* 0
% ,D¥ ,B¥ ph.sp@y) 265
D ,D* ,B*,1° 355
D% ,D¥ ,B*,2* 235

cies determined from MC simulation: (13:®.2)% for
K-#" and (6.5-0.2)% forK ot 7w o ~.

The branching fraction of@* — D)7 events, calcu-
lated from the weighted average of the values obtained for
the two modes, is

B(B~—D**m 7 )=(1.25+0.08-0.22 X 10 3,

where the first error is statistical and the second is system-
atic. This measurement is consistent with the world average
value (2.10.6)x10 3 [1]. The systematic error is domi-
nated by the uncertainties in the track reconstruction effi-
ciency(16%) (for a low momentum track from thB* decay

the efficiency uncertainty is 8tand the PID efficiency
(5%). The background shape uncertainty is estimated in the
same way as for th® 7 analysis to be 5%.
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FIG. 8. The(a) My, and(b) AE distributions forB* —D* *#* 7~ candidates.

B—D* ma coherent amplitude analysis The D* 7 final state can include contributions from the

0 0 10 e
In this final state we have a decaying vedt particle. ~NaTowD3" andDy and the broad'; states. The minimal
Assuming the width of th®* to be negligible, there are two D* 7 mass distributions for the signal and sideband events
additional degrees of freedom and, in addition to @b &€ shown N Fig. 9. A narrow structure aroutdips
invariant squared masses, two other variables are needed -4 GeVE® and a broader component that can be inter-
specify the final state. The variables are chosen to be thereted as th®; are evident.

angle a between the pions from the** andD* decay in The Dalitz plot distributions for the signal and sideband
the D* rest frame, and the azimuthal angjeof the pion events are shown in Fig. 10. In order to have the same
from theD* relative to theB— D* 77 decay plane. boundary of the Dalitz plot distributions for events from both

For further analysis, events satisfying the selection criteriasignal and sideband regions as well as to decrease the smear-
described in the first section and haviag andM . within ing effect introduced by the detector resolution, mass-
the| AE|<30 MeV,|My.— Mg|<6 MeV/c? signal range are constrained fits 0D to Mp«+ andD* 77 to Mg are per-
selected. To understand the contribution and shape of thiermed.

background, we use events in the 100 MeME| To extract the amplitudes and phases for different inter-
>30 MeV sideband. mediate states, an unbinned likelihood fit in the four-
£y 70 &y 7():
> > 3
v 60 v 60F
= =
s S0 S 50 b
s ¥ s 9 |
= 30 =30 \
: =
: =
20 20 ¢ S
- |
: N
10 10 po
24 25 26 27 22 23 24 25 26 2]
M,.. .. (GeV/c)) M,.. .., (GeV/c))

FIG. 9. (a) The minimal mass distribution @* 7 events. The points with error bars are experimental data, the hatched histogram is the
background distribution obtained from the sideband, and the open histogram is the MC simulation with the amplitudes and intermediate
resonance parameters obtained from the unbinned fit. The dashed histogram shows the contribution of the broad r&soHaace.
background-subtracted* = mass distribution. The points with error bars correspond to the events signal box, hatched histograms show
different contributions fronD;, D, andD3 , and the open histogram is a coherent sum of all contributions.
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FIG. 10. The Dalitz plot for(a) signal and(b) sideband events.

dimensional phase space was performed. Assuming that thiistribution with a width depending og? and includes two
background distributiof3(q3,q3, , )] in the signal region  terms to provide Bose-Einstein symmeterization of the final
has the same shape as in th& sideband, we obtain the sState with two identical pionfsee Eq.(6)]. The angular de-
B(q?,93,a,y) dependence from a fit of the sideband distri- pendence of each resonance corresponds to the spins of the
bution to a smooth four-dimensional function: intermediate and final state particles,

B(0Z,3,a,y) =& UPigPaldz=03 "(@Wlyy(q,) M3p32p;ps

\CH

+2 cosf cosa),

TP (qy,0z,0,7)=ap, (sind cosysina

X (1+ pgCoSa+ P10 a)
+ pge 9iPag” Ps[%‘qrgnin(%)]ql

X (1+py,C0Sa+ p1,c0Fa) Mgp1Ps

T(ls)(%,Q2,a,7)=aDiei‘/’Di (sing cosysina

+pge 91P7e” r>g[qg—q2“”(q1)]q1 Ji?
X (14 piscosa+pycoa),  (12) —cosf cosa), (14)
i 2.2
where p; are parameters, and3*{(d), a3 (d:), and MgP2P1Ps

. T(D;)(ql!qZ’ai'y}:aD*eid)D;O
w(g1)=05*{(g.)—d5""(q,) are the boundaries and width 2

of the Dalitz plot for a certairm;.
The number of background events in the signal region is
normalized according to the relative areas of the signal an% : :
: : : : . ereap’, ap,, ap*, ¢p’, and are the relative ampli-
the sideband regions. The signal is parametrized as a sum aeredo;, ap,, @y, do; o3 P

Vai

X cosf siné sina sinvy,

the amplitudes of an intermediate tensbr;(), and two axial
vector mesons;,D,) convoluted with theg? resolution
function R(Aq?) obtained from MC simulation:
S(a1,a3,@,7)=|A®Y(qf,q3, @, 7) +APD(d},05,@,7)
+AP(q3,08,,7)
+ap €'%0.A%(q},03,a,7)
+age' eI AP (0F, 03, ,y) + age'¥3)?

®R(AG?). (13

Each resonance is described by a relativistic Breit-Wigner

tudes and phases for transitions via the corresponding inter-
mediate state. The amplitudes of tBeand D waves in Eq.

(14) correspond to decays via thgland 13, intermediate
states, respectively. Due to the finttequark mass, the ob-
served 1" states can be a mixture of pure states. Thus, the
resulting amplitude will include a superposition of the am-
plitudes for the corresponding Breit-Wigner distribution:

T(D:’L)(ql 1q21a17):T(1S)(q11q2 ,CY,’)/)COS(U
—e"T(0)(q,,q,,,7)siNw,
T(Dl)(QZL!QZ!ai7):T(18)(q11q2!a17)3inw

+e "T(1P)(q,,q,,a,y)coSw,

(15
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TABLE III. Fit results for different models. The model that is used to obtain these results includes amplitu@gs,y,D;,D, ,B
intermediate resonances. Adding a constant term does not improve the likelihood significantly.

D,D§D;  Dy,D}D;D,  D;D}D;D,Bf  D;D}D;D,.Bf  D;DjD,
ph.sp@s) ph.spé@s)
Brp, (107 7.02+0.75 6.86-0.72 6.78-0.69 6.73-0.69 7.00£0.74
Brps (107%) 1.89+0.28 2.06-0.28 1.83-0.26 1.82-0.27 1.88-0.26
¢ps (rad) -0.53+0.15 —0.56+0.14 —0.57+0.14 —0.56+0.14 —0.53+0.12
Brp; (10°%) 5.01+0.40 4.99-0.39 4.96-0.38 4.84-0.38 4.910.40
¢p; (rad) 1.86-0.18 1.65-0.23 1.68-0.20 1.7G6-0.20 1.89-0.18
Brp, (1079 - 0.52+0.19 0.570.19 0.570.19 -
ép (rad) - —2.68+0.26 —2.43+0.24 —2.43+0.25 -
Brgs (107%) - - 0.21+0.10 0.210.11 -
bg+ (rad) - - 1.19-0.44 1.23-0.43 -
MD”g (MeV/c?) 2421.4-1.6 2421215 2421.41.5 2421315 2421.51.4
T'po (MeV) 26.7+3.1 25.2+2.9 23.7+2.7 23.5-2.8 26.5-2.7
Mp.0 (MeV/c?) 2442+ 29 243329 2427 26 242526 2442+ 29
I'p.0 (MeV) 454+100 417105 384" 1Y 374+ 87 449+ 94
o (rad) —0.08+0.03 —0.09+0.03 —0.10+0.03 —0.10+0.03 —0.08+0.03
o (rad) 0.00:0.22 0.05-0.21 0.05-0.20 0.06-0.20 —-0.10+0.22
agx 10" - - - 0.510.77 0.42¢0.44
¢4 (rad) - - - —0.08+0.83 0.11+0.80
Neig2 277+21 27420 279+ 20 278+ 20 276+ 20
Nsiga 275+ 20 276+ 20 281+ 20 281+ 20 276+ 21
—21InLlL, 25 7 0 -2 23

wherew is a mixing angle ands is a complex phase. the experimental sample. We also added the expected num-
The D* 7 pair in the final state can be produced via aber of the background events from tidE sideband. For
virtual DS or B:O decaying tdD* " 7. Inclusion of a virtual each MC sample the same fits as for the experimental data
D, significantly improves the likelihood; including in addi- were performed. The results of the fits are shown in Table V.
tion B} and a constant term also improved the likelihood, The fits of the MC sample generated in the mo@®lwith
but the significance is not higisee Table Il. A fit without  the broad I state give likelihood values similar to those for
the inclusion of a broad resonance gives a considerablihe experimental data, while for the other MC samples the
worse likelihood(see Table 1V. We also tried to fit the data patterns of the obtained likelihood values are completely dif-
by including a broad resonance with other quantum numberferent. We conclude that we have observed the broad]
such as 0,17,2". In these cases the likelihood is also sig- state with a statistical significance of more thanr1@he
nificantly worse, as shown in Table IV. We also producemodel and systematic errors are estimated in the same way as
several MC samples of events generated according to thfer the D == case.
models, which includeD,,D%,D,,B,,D; (model O, The D} mass and width are fixed to the values obtained
D,,b%,D,,B, (model 3, D,,D},D,,B,(07) (model 2, from theD=# analysis. The axial vectdd** masses and
D,,D}.,D,,B,(17) (model 3, and D,,D},D,,B,(2")  widths as well as the branching fractions and phases of the
(model 4. For the masses, widths, relative amplitudes, ancamplitudesap ,ap;,ap#, ¢p!, ¢px are treated as free param-
phases of the intermediate resonances we take the valugfers of the fit, as are the mixing angle and the mixing
obtained from the experimental data fit in a correspondingyhasey.
model. The number of generated events was the same as in Since there is no good Way to graphica”y present the data
and the model in four dimensions, we show the projections
TABLE IV. Comparison of the models with and without a broad of the distributions for various variables. Figure 11 shows the

1% resonance. Th®3 andD; amplitudes are always included. MZD*W -~ Mé*w - and Mfm distribution together with
Model —2Incic, MC events that were genergted accordm_g to the_ model
containing D,,D;,D% and virtual D, ,B} intermediate
D3 ,D;,D;,D,,B* 0 resonances with parameters obtained from the fit.
D3 .D;,D,,BY, ph.sp@a) 170 Figure 12 shows a comparison of the data and the MC
D% ,D,,D,,B¥,0” 107 simulation forD** and D* helicities as well as the angle
D ,D;,D,,B*,1° 156 y for g? ranges corresponding to the two narrow
D% ,D,,D, ,B* 2" 166 resonancesD; [q?=5.76-5.98 (GeW?)?] and D} [g?

=5.98-6.15 (GeW?)?] and the regions populated mainly
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TABLE V. Comparison of the likelihood values for experimental data and the MC samples generated in
different models.

Fit models Data samples
Exp. Model 0 Model 1 Model 2 Model 3 Model 4
0 D,,b%.,Db,,B,,D} 0 0 0 0 0 0
1 D,,D%,D,,B,,phs 170 190 7 0 -5 -14
2 D,,b%,b,,B,,0” 107 125 -1 -1 -1 -6
3 D,,b3,D,,B,,1” 156 185 0 28 -14 -3
4 D,,b3,D,,B,,2" 166 184 4 13 -1 —18
5 D,,b},D,,B,,Di,phs -2 -2 -3 -3 -1 -2

by the broadD] state below[q?<5.76 (GeVE?)?] and  Observation of a similar state was repor}ed by CLEO byt
above[q2>6.15 (GeVE?)?] the narrow resonances. All dis- Was not pupllghed; our measuremen+t48|s consistent with
tributions indicate good agreement between the data and tifeLEO'S preliminary resultsMp,0=2461", MeV/CZ'FD/‘f

fit result. We cannot characterize the quality of the fit by the= 290" 32° MeV [31].

standardy? test since for a binned distribution with four  The results for the products of the branching fractions of
degrees of freedom and a limited data sample any reasonahiee B andD** mesons are

binning will result in only a few events per bin. Therefore, to

estimate the quality of the fit we determing values for B(B"—D,;7m )XB(D;—D**7")
different projections of the distributions in Figs. 9 and 12. 4
The x? obtained values correspond to confidence levels in =(6.8£0.7£1.3£0.3 X107,
the (5—90% range.
For theD; meson we obtain the following parameters: B(B~—D3 7 )xB(D3°—D**77)
Moo= 24214 1.5%0.40.8 MeVic?, =(1.8+0.3£0.350.2x10°%,

B(B™—D'%7 )xB(D'9—=D* " 7")
[po=23.7£2.7+0.2+4.0 MeV.

=(5.0=0.4+1.0+ 0.4 X 10" 4
These parameters are in good agreement with the , N , .
world average values MD§=2422-2‘3 1.8 MeV/cZ,FDg the relative phases of tH@; andD; amplitudes are
=18.9'32 MeV [1].

»0=—0.57+-0.14+0.06=0.13 rad,
The broadD'{ resonance parameters are ¢D2

MD/8:2427i26i20i 15 MeV/CZ, ¢Di:168’_"020'_'_007i016 rad,
0= 384" 107 o4+ and the mixing angles of the two axial states and the com-
I'p 0 38477522470 MeV. plex phase are
R 40 R (©
5 50 :; 30 :
g = (=]
e 40 z Z 20
§ 30 g 20 g
= 20 - 10
10
0 J LB i W TV 0 . g P Sl te8
4 5 6 27 8 9 2120 10 15 220 25 2?30 0 2 4 g 8 2%0
M D*rn min (GEV/C ) M D#*r max (GeV/c ) M nn (GEV/C )

FIG. 11. (a) The minimalD* 7, (b) the maximalD* 7, and(c) the =7 mass squared distribution 8 —D** 7~ 7~ candidates. The
points with error bars correspond to the events in the signal box, while the hatched histogram shows the background obtained from the
sidebands. The open histogram is the fitting function with the parameters obtained from the unbinned fit.
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w=—0.10-0.03+0.02+-0.02 rad, different background shapes is included in the systematic
error. The branching fraction errors also include an 18% sys-
#=0.05+0.20+0.04+=0.06 rad. tematic uncertainty in the detection efficiency. The model

o uncertainties are estimated by comparing fit results for the

To understand the uncertainties in the background shapgse of different modelgrable I1l) and for values of in the
and the efficiency of the cuts, additional studies were pefrange from 0 to 5 (Ge\) "%, wherer is the hadron scale
formed. The background shapes obtained separately for thesrameter in the transition form factors of E¢@. and (10).
upper and loweAE sidebands were used in the likelihood
optimization. We also applied more restrictive cuts bB
and M. that improve the signal-to-background ratio by V1. DISCUSSION
about a factor of 2 and repeated the fit. The maximum dif- '
ference between the values obtained with different cuts and From the measured products of branching fractions
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of B(B‘—>D’2‘°7T‘)B(D§°—>D*+7T‘) and B(B~ which is consistent with the world averadgé¢=2.3+0.6.
—D3%")B(D°—D*7~) we obtain the ratio of th®%°  Theoretical model§14-16 predictH to be in the range
branching fractions from 1.5 to 3. If theD3 decay is saturated by thew, D* 7
transitions, and th®, decay by theD* 7 one, then the ratio

R in Eq. (2) can be expressed as the following combination
of branching fractions:

B(D;OHDJ’W_)
B(D3°—D* " 77)

=1.9+£0.5,

. B(B™—D3% )[B(D3°—D* 7 )+ B(D5°—D" 7 )]

=0.77+0.15.
B(B~—D{7 )B(D{—D**7")

The value obtained is lower than that of the CLEO measureproduct of the branching fractions for i °:
ment (although the measurements are consistent within er-

rors) but is still a factor of 2 larger than the factorization MD§0=2461.6t 2.1+0.5+ 3.3 MeV/c?,
result[19]. From our measurement it is impossible to deter-
mine whether the nonfactorized part for tensor and axial me- ['p30=45.6+4.4+6.5£1.6 MeV,

sons is large, or whether higher order corrections to the lead-
ing factorized terms should be taken into account. According
to Ref.[18], the observed value d&® corresponds to a value
of the subleading Isgur-Wise functian=0.40"312 GeV. =(3.4+0.3+0.6+0.4) X 104,

For semileptonic decays, where there is no nonfactorized
contribution, the corresponding ratio is 6:6.6[12], which, In this mode we also observe production of a broad scalar
within experimental errors, is consistent with both our mea-Dg meson with the following mass and width:
surement and the model prediction. More accurate measure-

B(B~—D3%r )X B(D3°—D"7")

ments of semileptonic modes containiBg* mesons may Mpx0=2308+17+15+28 MeV/c?,
help resolve this problem.
Our measurements show that the narrow resonances com- TD;;°= 276+x21+18+60 MeV.

prise (36-6)% of Do decays and (686)% of D* 7

decays. This result is inconsistent with the QCD sum rulerpe product of the branching fractions for tB§ state is
[20] that predicts the dominance of the narrow state®in

—D®) 77 decays. It is also possible that B~ B(B~—DX%7 )X B(DL°—D* ")
—D** 9%~ decays the color suppressed amplitude is com- »
parable to the tree amplitude. For the color-suppressed dia- =(6.1+0.6+0.9+1.6)x10 %,

gram, theD** is produced from thé-quark decay and the . , )
amplitude is described bjp«+ constants that are larger for and the relative phase of the scalar and tensor amplitudes is
the (4= 1/2) state$32]. The ratio of the production rates for
narrow and broad 7 states in semileptoni&— D® )l v
decays measured at LEP2] also indicates an excess of the . ]
broad states. More accurate measurements of both semilepbis is the first observation of theg .

¢pro=—2.37+0.11+0.08-0.10 rad.

may resolve this discrepancy. Dz’ﬁ, D;m, andD,7 with D** —D* 7. From a coherent
amplitude analysis we obtain the mass, width, and product of
VIl. CONCLUSION the branching fractions for thB:
We have performed a study of the following chardgagd MD2=2421.4t 1.5+ 0.4+ 0.8 MeV/c?,
decays:B"—D* 7w 7~ and B"—=D* "7~ «# . The total
branching fractions have been measured to BB~ FD2=23.7t2.7t0.2i4.0 MeV,

—D*7r 7 )=(1.02+0.04+0.15)X 10*33 and B(B~
—D** 7~ 77)=(1.25+0.08+ 0.22)x 10 3. For the former _ _ _
decay this is the first measurement. B(B™—Dym ) xB(Dy—D* ")

A study of the dynamics of these three-body decays is =(6.8+0.7+1.3+0.3) X104,
reported. TheD "7~ 7~ final state is well described by the
production ofD5 7~ and D« followed by D** —D7.  and measure the product of the branching fractions for the
From a Dalitz plot analysis we obtain the mass, width, andensor meson process:
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B(B‘—>D§°7r‘)><B(D§O—>D*+7T‘) tion_s. This Qensity normali_zed to unity is used as the prob-
y ability function for the likelihood:
=(1.8£0.3£0.3£0.2 X104,

Nse (0%,05)S(03,05, &) + Npgb(as,a3)

and the relative phase of the tensor meson to the axial vector F(fﬁ,qg):

0. ’
o} Na [ o(02,02)5(02 3. ) dado+ g
qu;o: —0.57+0.14+0.06+=0.13 rad. (A1)
We observe the broaB’ resonance with the following WhereNs is the expected number of signal events distributed
1 g . . . 2 2 2 2y .
mass and width: according to the signal functio®(q7,05,&;),e(07,95) is the
reconstruction efficiency functiomy,q is the expected num-
M D,8:2427t 26+20+15 MeV/c?, ber of background events distributed with the density
b(gZ,03), and & is a set of parameter@nasses, widths,
n0=384197+24+70 MeV amplitudes, and relative phases of intermediate resonances
D —75 — — ' . L
! The parameterg; and Ng are obtained from the minimiza-
The product of the branching fractions is tion. The background shape is obtained from the unbinned fit
of the AE sideband region with a smooth function. The num-
B(B’—>D’27r’)><B(D’2—>D* ) ber of background events in the signal regiop,, is calcu-
lated according to the area of the signal box and the sideband
=(5.0+0.4+1.0=0.4)x 104 region.

Equation(Al) includes the eﬁiciencw(qi,qg) that we
determine from simulation. We avoid systematic uncertain-
ties that would arise from the parametrization of this function
by the following technique. The event density can be written
rin terms of the expected number of reconstructed signal
&vents ny=Nge=Nfe(a},03)S(a7,q3)de?dg? and a
renormalized function for the background description
w=—0.10+0.03+0.02£ 0.02 rad, B(a:,q3)=b(az,a3)/s(qf,a3):

and the relative phase @'9 to DY is

Q’)Di: 1.68+0.20=0.07£0.16 rad.

Our analysis also indicates that the axial vector states a
mixed. The mixing angle is

and the phase is nsS(a%,03. &)/ es+ NygB(aZ,a3)

F(a2,03)=¢(q%,q3)

— ns+ nbg
¢=0.05£0.20+0.04=0.06 rad. (A2)
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APPENDIX: UNBINNED LIKELIHOOD MINIMIZATION

To extract the amplitudes, phases and other parameters of (Ng+Npg— Nior)?

2 2
different intermediate states, an unbinned fit of the Dalitz (ns+ nbg)_evzemsln8(ql'qZ)Jr g2 ,
plot[34] has been performed. The event density in the Dalitz tot
plot is described as a sum of the signal and background func- (A4)
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where ao= \Nior + O'Zbg,obg is the uncertainty ofi,q. The
second term does not depend on the paramétensd can be
omitted in the minimizatiorj35]. The third term takes into
account our knowledge of the background contribution.

PHYSICAL REVIEW D69, 112002 (2004

This method was tested with MC events distributed
according to Eqs(5),(13) and reproduces the parameters of
the generated distributions within the statistical
accuracy.
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