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We present Dalitz plot analyses for the decays of B mesons to D−D0K+ and D0D0K+. We report
the observation of the D∗

s1(2700)
+ resonance in these two channels and obtain measurements of the

mass M(D∗

s1(2700)
+) = 2699+14

−7 MeV=c2 and of the width Γ(D∗

s1(2700)
+) = 127+24

−19 MeV, including

statistical and systematic uncertainties. In addition, we observe an enhancement in the D0K+

invariant mass around 2350–2500 MeV=c2 in both decays B0
→ D−D0K+ and B+

→ D0D0K+,
which we are not able to interpret. The results are based on 429 fb−1 of data containing 471×106 BB
pairs collected at the � (4S) resonance with the BABAR detector at the SLAC National Accelerator
Laboratory.

PACS numbers: 13.25.Hw, 14.40.Nd

I. INTRODUCTION

In the B ! D(�)D(�)K �nal states [1], where D is a
D0 or a D+, D� is a D�0 or D�+, and K is a K+ or a
K0, we have the possibility to search for D(�)D(�) res-
onances (charmonium or charmoniumlike resonances) as
well as D(�)K resonances (c�s resonances). These �nal
states have been useful in the past to determine prop-
erties of the Ds1(2536) and ψ(3770) mesons and of the
X(3872) state at BABAR [2] and Belle [3, 4] as well as the
D�

s1(2700)
+ meson at Belle [4]. These analyses, based on

the studies of invariant mass distributions, were able to
extract properties such as the mass, width, and spin of
the resonances.
The analysis presented here gives useful information

about c�s mesons present in these decays. Before 2003
only four c�smesons were known and their properties were
consistent with the predictions of potential models [5].
Since then the D�

s0(2317) and Ds1(2460) states have
been discovered by BABAR and CLEO [6] with widths
and masses in disagreement with the expectations. The
D�

s1(2700)
+ meson was discovered by BABAR decaying to

DK in inclusive e+e� interactions [7], and con�rmed by
Belle in the �nal state B+ ! D0D0K+ [4]. The LHCb
experiment studied the D�

s1(2700)
+ meson in the D+K0

S

and D0K+ �nal states [8] and obtained a more precise
determination of its properties. The D�

s1(2700)
+ meson

was also observed in inclusive e+e� interactions decaying

a Now at: University of Tabuk, Tabuk 71491, Saudi Arabia
b Also at: Università di Perugia, Dipartimento di Fisica, I-06123
Perugia, Italy

c Now at: Laboratoire de Physique Nucléaire et de Hautes Ener-
gies, IN2P3/CNRS, F-75252 Paris, France

d Now at: University of Huddersfield, Huddersfield HD1 3DH, UK
e Deceased
f Now at: University of South Alabama, Mobile, Alabama 36688,
USA

g Also at: Università di Sassari, I-07100 Sassari, Italy
h Now at: Universidad Técnica Federico Santa Maria, 2390123
Valparaiso, Chile

to D�K [7]. An additional c�s state, the D�

sJ(2860)
+, was

discovered by BABAR decaying to DK and D�K [7], and
con�rmed by LHCb [8]. Recently, LHCb claimed that
the structure at 2.86 GeV/c2 was an admixture of spin-1
and spin-3 resonances [9]. Finally, theDsJ (3040)

+ meson
was observed in the D�K �nal state by BABAR [7].
In this study, we perform Dalitz plot analyses for the

channels B0 ! D�D0K+ and B+ ! D0D0K+ which
contain only pseudoscalar particles in the three-body de-
cay. These Dalitz plot analyses allow the interferences
between the di�erent amplitudes which are present in
the �nal states to be taken into account correctly. This
is the �rst time that such Dalitz plot analyses have been
performed for these decays.

II. THE BABAR DETECTOR AND DATA
SAMPLE

The data were recorded by the BABAR detector at the
PEP-II asymmetric-energy e+e� storage ring operating
at the SLAC National Accelerator Laboratory. We an-
alyze the complete BABAR data sample collected at the
Υ (4S) resonance corresponding to an integrated luminos-
ity of 429 fb�1 [10], giving NBB = (470.9�0.1�2.8)�106

BB pairs produced, where the �rst uncertainty is statis-
tical and the second systematic.
The BABAR detector is described in detail else-

where [11]. Charged particles are detected and their mo-
menta measured with a �ve-layer silicon vertex tracker
and a 40-layer drift chamber in a 1.5 T axial magnetic
�eld. Charged particle identi�cation is based on the mea-
surements of the energy loss in the tracking devices and
of the Cherenkov radiation in the ring-imaging detector.
The energies and locations of showers associated with
photons are measured in the electromagnetic calorimeter.
Muons are identi�ed by the instrumented magnetic-ux
return, which is located outside the magnet.
We employ a Monte Carlo simulation to study the rele-

vant backgrounds and estimate the selection e�ciencies.
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We use EVTGEN [12] to model the kinematics of B
mesons and JETSET [13] to model continuum processes,
e+e� ! qq (q = u, d, s, c). The BABAR detector and its
response to particle interactions are modeled using the
GEANT4 [14] simulation package.

III. EVENT SELECTION AND SIGNAL YIELDS

The selection and reconstruction of B0 ! D�D0K+ and
B+ ! D0D0K+, along with 20 other B ! D(�)D(�)K
modes, is described in Ref. [15]. We briey summa-
rize the selection criteria in this section. We recon-
struct D mesons in the modes D0 ! K�π+, K�π+π0,
K�π+π�π+, and D+ ! K�π+π+. The B candidates
are reconstructed by combining a D (representing either
a D� or a D0), a D0, and a K+ candidate. For the
mode B+ ! D0D0K+, at least one of the D0 mesons
is required to decay to K�π+. A mass-constrained kine-
matic �t is applied to the intermediate particles (D0, D+,
π0) to improve their momentum resolution and the reso-
lution of the invariant masses of the studied resonances.
Two kinematic variables are used to isolate the B-

meson signal. The �rst variable is the beam-energy-
substituted mass de�ned as

mES =

√

(

s/2 + ~p0.~pB
E0

)2

� j~pBj2, (1)

where
p
s is the e+e� center-of-mass energy. For the mo-

menta in the laboratory frame, ~p0, ~pB, and the energy,
E0, the subscripts 0 and B refer to the e+e� system and
the reconstructed B meson, respectively. The other vari-
able is �E, the di�erence between the reconstructed en-
ergy of the B candidate and the beam energy in the e+e�

center-of-mass frame. Signal events havemES compatible
with the known B-meson mass [16] and �E compatible
with 0 MeV, within their respective resolutions.
For the modes B0 ! D�D0K+ and B+ ! D0D0K+,

we obtain 1.1 and 1.3 B candidates per event on average,
respectively. If more than one candidate is selected in an
event, we retain only the one with the smallest value of
j�Ej. According to Monte Carlo studies, this criterion
�nds the correct candidate, when present in the candi-
date list, in more than 95% of the cases for the two �nal
states. We keep only events with j�Ej < 10 � 14MeV
depending on the D �nal state [15].
In order to obtain the signal and background yields,

�ts are performed on the mES distributions, as described
in detail in Ref. [15]. The probability density function
(PDF) of the signal is determined from Monte Carlo
samples. A Crystal Ball function [17] (Gaussian PDF
modi�ed to include a power-law tail on the low side of
the peak) is used to describe the signal. The background
contribution is the sum of cross-feed events and combina-
torial background. The cross-feed background to a mode
consists of all incorrectly reconstructed B ! D(�)D(�)K
events. The ratio of cross-feed events to signal events is

11% for B0 ! D�D0K+ and 17% for B+ ! D0D0K+.
The cross-feed events are described by the sum of an AR-
GUS function [18] and a Gaussian function, where the
latter allows us to take into account the cross-feed events
peaking in the signal region. For both modes, the Gaus-
sian part represents a negligible contribution to the total
cross feed. Since the �t for the yield for one channel
uses as input the branching fractions from other chan-
nels, an iterative procedure using the 22 B ! D(�)D(�)K
modes is employed [15]. The combinatorial background
events are described by the sum of an ARGUS func-
tion and a Gaussian function, reecting the fact that a
small fraction of events peaks in the signal region (com-
ing for example from DD0K+ events where one of the
D mesons is not decaying to a studied mode). The �ts
performed on the mES distributions using the sum of the
PDFs for the signal and for the background are shown in
Fig. 1. We obtain 635� 47 and 901� 54 signal events for
B0 ! D�D0K+ and B+ ! D0D0K+, respectively [15].
We impose an additional condition to enhance the pu-

rity for the Dalitz plot analysis. We require 5.275 <
mES < 5.284GeV/c2, obtaining a total number of 1470
events with a signal purity of (38.6�2.8�2.1)% for B0 !
D�D0K+ and obtaining a total of 1894 events with a
signal purity of (41.6� 2.5� 3.1)% for B+ ! D0D0K+,
where the �rst uncertainties are statistical and the second
systematic.

IV. DALITZ PLOT ANALYSES

A. Method

We use an isobar model formalism to perform the Dalitz
plot analysis [19]. The decays are described by a sum of
amplitudes representing nonresonant and resonant con-
tributions:

M =
∑

i

ciAi, (2)

where the ci � ρie
i�i are complex coe�cients of modulus

ρi � jcij and phase φi. The quantities Ai are complex
amplitudes and can be written as:

Ai = Di � Ti(Ω), (3)

where Di represents the dynamical function describing
the ith intermediate resonance, and Ti(Ω) represents the
angular distribution of the �nal state particles as a func-
tion of the solid angle Ω. For nonresonant events, we
have Ai = 1. The quantity Di is parametrized by a
Breit-Wigner function, whose expression for a resonance
r ! AB is given by

D =
FBFr

M2
r �M2

AB � i�ABMr

, (4)

where FB and Fr are the Blatt-Weisskopf damping fac-
tors for the B meson and for the resonance, Mr is the
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FIG.1.FitsofthemESdatadistributions[15]forthemodes
B0→ D−D0K+(top)andB+→ D0D0K+(bottom).Points
withstatisticalerrorsaredataevents,thereddashedline
representsthesignalPDF,thebluedashedlinerepresents
thebackgroundPDF,andtheblacksolidlineshowsthetotal
PDF.Theverticallinesindicatethesignalregionusedinthe
restoftheanalysis.

massoftheresonance,MAB theinvariantmassofthe
systemAB,andΓAB its mass-dependentwidth. The
expressionforthemass-dependentwidthis

ΓAB=Γr
pAB
pr

2J+1
Mr
MAB

F2r, (5)

whereΓrandJarethewidthandthespinoftheres-
onance. ThequantitypAB isthemomentumofeither
daughterintheABrestframe,andpristhevalueof
pAB whenMAB =Mr. Theresonanceswestudyhere
havealargeenoughnaturalwidthandwecanignorethe
effectofthedetectorresolutions.
Theexactexpressionsofthe Blatt-Weisskopffac-
tors[20]aregiveninRef.[21]anddependonthemo-
mentaoftheparticlesinvolved,onthespinofthereso-
nance,andontheradiusoftheBlatt-Weisskopfbarrier.
FortheBmesonandfortheintermediateresonance,we
usearadiusof1.5GeV−1. TheangulartermTi(Ω)is
alsogiveninRef.[21]anddependsonthemassesofthe
particlesinvolvedinthereactionaswellasonthespin
oftheintermediateresonance.
Weextractthecomplexamplitudespresentinthedata
(fromtheirmodulusρiandphaseφi),andthemassand

widthoftheD∗s1(2700)
+resonance.Toobtainthesepa-

rameters,weperformanunbinnedmaximumlikelihood
fitwherethelikelihoodfunctionfortheeventncanbe
writtenas

Ln=p×εi(m
2
1,m

2
2)×

|M|2

|M|2ε(m21,m
2
2)dm

2
1dm

2
2

+(1−p)×
B(m21,m

2
2)

B(m21,m
2
2)dm

2
1dm

2
2

, (6)

where|M|2= i,jcic
∗
jAiA

∗
jiscalculatedfortheevent

n.Inthisexpression,m1andm2representtheinvariant
massofDD0andD0K+ fortheeventn.Thequantity
pcorrespondstothepurityofthesignal. Thefunction
ε(m21,m

2
2)istheefficiencyacrosstheDalitzplot,and

thefunctionB(m21,m
2
2)representsthebackgroundinthe

Dalitzplot. Theintegralsarecomputedusing Monte
Carloevents:sinceweusevaryingresonanceparameters,
theintegrationisperformedateachminimizationstep.
Weminimizethetotalnegativeloglikelihood

F=
n

−2×log(Ln), (7)

wheretheindexnrepresentsaparticulareventandthe
sumisperformedoverthetotalnumberofevents. We
comparethedifferentfitsusing ∆F = F−Fnominal,
whereF isthevalueofthetotalnegativeloglikeli-
hoodforagivenfitandFnominalisthisvalueforthe
nominalfitdefinedbelow. Wearesensitiveonlytorel-
ativemoduliandphases,whichmeanswearefreetofix
onemodulusandonephase. WechoosetheD∗s1(2700)

+

resonanceasthereferenceamplitudewithassignments
|cD∗s1(2700)+|=1andφD∗s1(2700)+ =0.
A MonteCarlosimulationisperformedusingthefit
resultsandissuperimposedonthedataintheDalitz
plotoroninvariantmassprojections.Inadditiontothe
valueofF,wecomputethequantityχ2/ndof,wherendof
isthenumberofdegreesoffreedom,computedasthe
numberofbinsintheDalitzplotminusthenumberof
freeparametersinthefit. Weuseanadaptivesizefor
thebinssothateachbincontainsatleast15eventsto
getanapproximatelyGaussianbehavior.
Thefitfractionforeachamplitudeisdefinedas:

fi=
|ci|
2 |Ai|

2dm21dm
2
2

j,kcjc
∗
k AjA∗kdm

2
1dm

2
2

. (8)

Thefitfractionsdonotnecessarilyaddupto1,dueto
theinterferencesthatcantakeplacebetweenthedifferent
finalstates.Theerrorsonthefitfractionsareevaluated
bypropagatingthefullcovariancematrixobtainedfrom
thefit.
Theinitialvaluesoftheparametersarerandomized
insidetheirboundsand250differentfitsareperformed
withtheserandomizedinitialvalues. Wechoosethefit
whichpresentsthesmallestvalueofthetotalnegative
loglikelihoodF,whichallowsustoavoidlocalminima
andtoobtaintheglobalminimumofthenegativelog
likelihood.
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B. Efficiencyandbackgrounddetermination

AsseeninEq.(6),theefficiencyvariationoverthe
Dalitzplotneedstobeparametrized. WeemployMonte
Carlosimulationsofthesignaleventsforeachrecon-
structedD decayforthemodesB0→ D−D0K+ and
B+→ D0D0K+.Thesignaldensityissimulatedasbe-
ingconstantovertheDalitzplot. WedividetheDalitz
plotinbinsofsize0.36×0.53(GeV2/c4)2.Foreachtwo-
dimensionalbin,wedividethenumberofsimulatedsig-
naleventsafterselectionandreconstructionbythegen-
eratednumberofevents. Wecombineneighboringbins
withlowstatisticssothateachbinhasmorethanten
simulatedeventsafterthereconstruction. Weobtaina
mappingoftheefficiencyforeachreconstructedDmode,
andcombinethesemappingsbyweightingthemtogether
accordingtotheDsecondarybranchingfractions.
Toobtainthefunctionε(m21,m

2
2)ofEq.(6),weusea

bilineartwo-dimensionalinterpolationmethodappliedon
theglobalefficiencymapping. Theinterpolationmakes
useofthefourvaluesfromthebinsaroundagivenmass
coordinatetocomputetheefficiency.Attheedgeofthe
mapping,weusethevalueofthebinwithoutinterpola-
tiontoavoidbiastowardanullefficiency.
ThebackgrounddistributionintheDalitzplotisde-
scribedbythefunctionB(m21,m

2
2)ofEq.(6). Weob-

servethatthe MonteCarlosimulationreproducescor-
rectlythedatabycomparingeventsinthemES side-
band(mES < 5.26GeV/c

2)betweenthedataandthe
simulation. Wethereforeemploya MonteCarlosimu-
lationofbackgroundevents,usingthesamereconstruc-
tionandselectionasinthedata. Weobtainadistri-
butionofthebackgroundintheDalitzplotusingbins
ofsize0.27×0.37(GeV2/c4)2. Thedistributionofthe
backgroundincludesthecontributionfromthecombina-
torialbackground(includingthebackgroundwhichpeaks
inthesignalregion),andwecheckthatthesmallpro-
portionofcross-feedeventshasasimilardistributionas
thebackgroundintheDalitzplot.Thebackgrounddis-
tributionisinterpolatedwithabilineartwo-dimensional
methodtogetthevalueatanycoordinate.

C. FitsoftheDalitzplots

The Dalitzplotsfor B0 → D−D0K+ andB+ →
D0D0K+ areshowninFig.2. Theknownamplitudes
thatcouldgiveacontributionintheDalitzplotforboth
modesare

•nonresonantevents,

•theD∗s1(2700)
+meson,and

•theD∗s2(2573)
+meson,whichcandecaytoD0K+,

buthasnotbeenobservedinB→D(∗)DKdecays.

TheD∗sJ(2860)
+ statedecaysalsotoD0K+ butisnot

includedinthenominalfit.Furthermore,forthemode

B+→D0D0K+,additionalcontributionsfromcharmo-
niumstatesarepossible,andareincludedinthefit:

•theψ(3770)meson,and

•theψ(4160)meson.

Theχc2(2P),ψ(4040),andψ(4415)mesonscanalsode-
caytoD0D0. However,theyarenotincludedinthe
nominalfitandaretreatedseparately.Inthefollowing
fits,themassesandwidthsoftheresonancesarefixed
totheirworldaverages[16],exceptfortheD∗s1(2700)

+

wheretheparametersarefreetovary.Thespinofthis
resonanceisassumedtobe1.
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FIG.2.DistributionsofthedatafortheDalitzplotforB0→
D−D0K+ (top)andB+ → D0D0K+ (bottom),whereeach
dotrepresentsaBcandidate.

1. Preliminaryfits

WestartbyafittotheDalitzplotwiththepreviously
listedamplitudesinthedecaysB0→ D−D0K+ and
B+→ D0D0K+.TheprojectionsontheD0K+ invari-
antmassareshowninFig.3(nononresonantcompo-
nentisincludedforB+ → D0D0K+ asexplainedbe-
low). Weseeclearlyinbothcasesthatthefitsarenot
satisfactory,withvaluesofχ2/ndof (of ∆F)equalto
82/48(36)and265/51(223)forB0→ D−D0K+ and
B+→D0D0K+,respectively.Inparticular,weseethat
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the D0K+ region between 2350 and 2500 MeV/c2 is not
well described, especially for B+ ! D0D0K+. This re-
gion corresponds to the threshold in the D0K+ phase
space. The Belle experiment has also reported this en-
hancement of data with respect to the background in the
study of the B+ ! D0D0K+ decay mode [4].

2. D0K+ low-mass excess

We check that the enhancement is due to the signal and
not the background using two methods to subtract the
background. The �rst method consists of dividing the
D0K+ invariant mass range into 20MeV/c2 slices and
�tting the mES distribution in each slice. The signal
contribution is extracted from the �t, and plotted as
a function of mass to obtain a background subtracted
D0K+ invariant mass distribution. The second method
is based on the use of the sPlot technique [22], which al-
lows the subtraction of the background in the invariant
mass distribution using other uncorrelated variables so
that the signal is kept with the correct statistical signi�-
cance for the variable to be plotted. The sPlot technique
uses the results of the mES �t described in Sec. III (yields
and covariance matrix) and the PDFs of this �t to com-
pute an event-by-event weight for the signal and back-
ground categories. We obtain a D0K+ invariant mass
distribution free of background by applying the sPlot

weight to each event. Using these two methods of back-
ground subtraction, we observe that the enhancement at
low mass is present in the D0K+ invariant mass distri-
butions for both modes, proving that it originates from
B ! DD0K+ �nal states.
We verify that this e�ect cannot be explained by the

reection of a known resonance. A reection could orig-
inate from cross-feed events. If one of the cross-feed
modes of the mode of interest contains a resonance, then
this resonance can appear as a structure in the mode of
interest, with a smaller magnitude and a shifted mass.
As noted earlier, we observe that the cross feed is small
for the modes B0 ! D�D0K+ and B+ ! D0D0K+.
We use simulations of B ! DDs1(2536), followed by
Ds1(2536) ! D�K, using the branching fractions from
Ref. [2] to estimate the possible pollution from these
cross-feed modes. We observe that this source of pol-
lution is negligible and cannot explain the enhancement.
We also make use of simulations of the cross-feed pro-
cesses B ! DD�

s1(2700)
+, followed by D�

s1(2700)
+ !

D(�)K, but we observe that these modes give almost no
contribution to B0 ! D�D0K+ and B+ ! D0D0K+.
In conclusion, no reection seems to explain the enhance-
ment seen at low mass in the D0K+ invariant mass dis-
tributions.
This excess at low mass could be explained by an

additional resonance, although none is expected in this
mass range. To test this hypothesis, we re�t the data
adding the PDF of a scalar resonance with mass and
width that are free to oat. The quality of the �ts im-

proves after the addition of the scalar, with values of
χ2/ndof (of �F) equal to 58/44 (�2) and 90/49 (�1)
for B0 ! D�D0K+ and B+ ! D0D0K+, respectively.
The �t for B0 ! D�D0K+ returns a mass and width of
the scalar of 2412� 16MeV/c2 and 163� 64MeV and for
B+ ! D0D0K+ of 2453� 20MeV/c2 and 283� 45MeV,
respectively (statistical uncertainties only). These two
results are not incompatible (�1.5σ di�erence for both
mass and width, where σ is the standard deviation), but
the assumption of such a wide resonance at this mass
would be speculative. We also try �ts with a wide vir-
tual resonance below the D0K+ threshold, but these �ts
yield widths with uncertainties that are larger than the
corresponding central values. Thus it is not possible to
conclude that a real scalar resonance contributes to the
B ! DD0K+ decays. The excess at low mass, although
evident, lacks enough statistics to draw de�nitive conclu-
sions about its nature. In consequence, since the excess
at low D0K+ mass in this data is not understood, we use
an arbitrary function to describe it.
This function is chosen to be an exponential starting

at the D0K+ mass threshold. The exponential function

takes the form AExpo = e��(m2
2�m2

2 thr) where AExpo is
the amplitude from Eq. (3), α is a free parameter, m2 the
D0K+ invariant mass of the event, and m2 thr the mass
threshold, corresponding to the sum of the D0 and K+

masses. Another approach, introduced in Ref. [23], con-
sists of integrating an exponential contribution as part
of the nonresonant amplitude, assuming that the non-
resonant amplitude is not necessarily constant over the
Dalitz plot.

3. Nominal �ts

For B0 ! D�D0K+, the nominal content of the �t in-
cludes the nonresonant, theD�

s1(2700)
+, theD�

s2(2573)
+,

and the exponential amplitudes, which makes a total of
nine free parameters in the �t. For B+ ! D0D0K+ the
�ts are not improved when adding the nonresonant com-
ponent, so we use for the nominal content of the �t the
D�

s1(2700)
+, the D�

s2(2573)
+, the ψ(3770), the ψ(4160),

and the exponential amplitudes. This �t has a total of
11 free parameters.
As stated above, the �nal �ts for B0 ! D�D0K+ and

B+ ! D0D0K+ are each chosen from among 250 �ts
with randomized initial values of the �t parameters. For
B0 ! D�D0K+, we observe that the majority of the
�ts (60%) converge to the exact same values of the set
of �tted parameters, which we choose as our nominal �t.
However a proportion of �ts (23%) converges to a slightly
lower value of F with a sum of �t fractions (Eq. (8))
greater than 250%. This large sum of fractions, which
is unlikely to be physical, originates from large interfer-
ence between the nonresonant and the exponential con-
tributions, which are both ad hoc amplitudes. These �ts
return values of the parameter related to the resonances
very close to those of the nominal �t: these di�erences
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FIG.3. ProjectionsoftheDalitzplotontheD0K+ axisforthedata(dots)andfortheresultofthepreliminaryfit(total
histogram)forthemodesB0→ D−D0K+ (left)andB+ → D0D0K+ (right).Thefitincludesthebackground(plainyellow
histogram),thenonresonant(vertical-hatchedbluehistogram),theD∗s1(2700)

+ (redhistogram),andtheD∗s2(2573)
+ (plain

darkgrayhistogram)amplitudes. ForB+ → D0D0K+,theadditionalcharmoniumcontributionsconsistoftheψ(3770)
(horizontal-hatchedlightbluehistogram)andtheψ(4160)(plainlightgrayhistogram)amplitudes.

aretakenintoaccountinthecalculationofthesystem-
aticuncertainties. Moreover,wefindalocalminimumfor
3%ofthefitswith∆F=1,whichweaccountforinthe
systematicuncertainties. Weobservethat5%ofthefits
have∆F>20. ForB+ → D0D0K+,one-thirdofthe
250fitsconvergetotheglobalminimum,chosenasour
nominalfit. Weobservefourlocalminima,representing
aproportionof42%ofthefits,situatedat∆F<4ofthe
globalminimum.Sincethesefitsareclosetothenominal
one,weusethemasacontributiontothesystematicun-
certaintiesfortheparametersrelatedtotheresonances.
Weseethat10%ofthefitshave∆F>20,justifyingthe
useoftheprocedureofrandomizingtheinitialvaluesof
theparameters.

ThenominalfitforB0 → D−D0K+ isshownin
Fig.4andreturnsχ2/ndof =56/45. Thenominalfit
forB+ → D0D0K+ ispresentedinFig.4andgives
χ2/ndof =86/48. Thehighvalueoftheχ2/ndof can
bepartlyexplainedbysomediscrepanciesbetweenthe
dataandourfitlocatedmainlyintheψ(3770)region.
Wedonotextractanyinformationfromthisregion,and
weconsiderthatthefitgivesasatisfactorydescription
ofthedatainotherregions.

ToassessthevaluesfoundforFforthenominalfit
foreach mode,wegeneratealargenumberof Monte
CarlosamplesbasedonthePDFsofthenominalfits
withthestatisticsofthedataandfitthesesampleswith
thesamemethodasinthedata. Weobservethatthe
nominalvaluesofFforthetwomodesareclose(0.2σ)
tothecentralvaluesofthedistributionsofFobtained
fromthe MonteCarlosamples. Similarlytothedata,
thesimulationsshowthepresenceofseverallocalminima
closetotheglobalminimum.

Comparingthefitresultsbeforeandafterremovinga
resonancewithfixedshapeparametersallowsustotrans-

latedirectlythedifferenceofnegativeloglikelihoodasa
χ2distributionwithtwodegreesoffreedom(modulus
andphase). Adifference∆Fof12and29corresponds
roughlytoastatisticalsignificanceof3σand5σ,respec-
tively. Thissignificancedoesnottakeintoaccountthe
systematicuncertainties,andthefinalsignificancede-
creasesaftertakingthemintoaccount.Thispropertyis
usedheretoestimatetheneedfortheD∗s2(2573)

+ and
ψ(4160)resonances.Inafirststage,werepeatthenom-
inalfitwithouttheD∗s2(2573)

+ amplitude. Weobserve
thattheminimumloglikelihoodincreaseswith∆F=16
forB0→ D−D0K+ and∆F=5forB+ → D0D0K+,
indicatingthatthepresenceoftheD∗s2(2573)

+resonance
issignificantinB0→D−D0K+.Removingtheψ(4160)
componentfromtheDalitzplotfitofB+ → D0D0K+

gives∆F=23.

Adding an additional amplitudefor either the
D∗sJ(2860)

+ ortheDsJ(3040)
+ resonancedoesnotim-

provethefits(assumingaspinof1forthesetwostates).
ForB+ → D0D0K+,addingacontributionforeither
theχc2(2P),ψ(4040),orψ(4415)mesondoesnotim-
provethefittoasignificantlevel. Noneoftheparam-
eterschangedbyastatisticallysignificantamountwhen
addingtothefittheseextraresonances,andnosystem-
aticerrorisassignedfortheseresonances.

V. SYSTEMATICUNCERTAINTIES

Weconsiderseveralsourcesofsystematicuncertainties
inthefitparameters,suchasthemoduli,thephases,the
fitfractions,andthemassandwidthoftheD∗s1(2700)

+.
TablesIandIIgivethedetailsofthesystematicuncer-
tainties.

Toestimateapotentialfitbias,wegeneratealarge
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FIG.4. ProjectionsoftheDalitzplotonthethreeaxesforthedata(dots)andfortheresultofthenominalfit(total
histogram)forthe modesB0 → D−D0K+ (left)andB+ → D0D0K+ (right). Thefitincludesthebackground(plain
yellowhistogram),thenonresonant(vertical-hatchedbluehistogram,presentonlyforB0→ D−D0K+),theD∗s1(2700)

+ (red
histogram),theD∗s2(2573)

+ (plaindarkgrayhistogram),andtheexponential(cross-hatchedgreenhistogram)amplitudes.For
B+ → D0D0K+,theadditionalcharmoniumcontributionsconsistoftheψ(3770)(horizontal-hatchedlightbluehistogram)
andtheψ(4160)(plainlightgrayhistogram)amplitudes.

numberof MonteCarlosamplesbasedonthenominal
fitswiththesamestatisticsasinthedata. Weperform
theDalitzplotfitonthesesamplesandextractthecen-
tralvalueanduncertaintyofeachparameter. Weobtain
adistributionofthepullforeachparameter,definedas
thedifferencebetweenthecentralvaluefromaparticular

MonteCarlosampleandthenominalvalue,dividedby
theuncertaintyinthefitvaluefromthe MonteCarlo
sample. Thesedistributionshaveawidthcompatible
with1asexpected,buttheir meanisobservedtobe
shiftedwithrespectto0,whichpointstowardfitbiases
thatwecorrectforinourresults. Thesystematicun-
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TABLE I. Systematic uncertainties for B0
→ D−D0K+ in the moduli, in the phases (◦), in the fractions (%), in the mass

(MeV/c2) and the width (MeV) of the D∗

s1(2700)
+, and in �, the parameter of the exponential function. The labels refer to

systematic uncertainties related to the fit bias (“Bias”), efficiency interpolation (“Eff.”), statistical uncertainty in efficiency
(“Eff. II”), background knowledge (“Bkg”), Blatt-Weisskopf barrier (“BW”), low-mass description (“Low mass”), D∗

s2(2573)
+

amplitude (“D∗

s2”), and other minima (“Min.”). The sign ‘—’ means that no systematic uncertainty has been attributed to
the specific parameter.

Parameter Value Bias Eff. Eff. II Bkg BW Low D∗

s2 Min. Total
mass

Modulus D∗

s2(2573)
+ 0.031 ±0:001 0 ±0:001 0 ±0:001 0 0 ±0:001 ±0:002

Modulus nonresonant 1.33 ±0:09 ±0:03 ±0:05 +0.21
−0.33

+0.39
−0.00 0 +0:04 — +0.46

−0.35

Modulus exponential 6.94 ±0:24 ±0:06 ±0:19 +0.12
−0.21

+0.72
−0.20 0 +0:21 — +0.82

−0.43

Phase D∗

s2(2573)
+ 277 ±4 ±1 ±2 ±2 +0

−8
+2
−0 0 +4

−0
+6
−9

Phase nonresonant 287 ±2 0 ±1 +9
−6

+2
−14 0 0 — +10

−15

Phase exponential 269 ±6 ±1 ±4 +3
−0

+0
−13 0 +15 — +17

−15

Fraction D∗

s1(2700)
+ 66.7 — ±0:2 ±0:6 +2.2

−2.1
+0.4
−2.1

+1.3
−0.0 +0:6 +2.3

−2.3
+3.5
−3.8

Fraction D∗

s2(2573)
+ 3.2 — 0 ±0:2 +0.0

−0.1
+0.0
−0.3

+0.2
−0.0 0 +0.1

−0.0
+0.3
−0.4

Fraction nonresonant 10.9 — ±0:3 ±0:7 +3.3
−4.3

+6.1
−0.0 0 +0:2 — +7.0

−4.3

Fraction exponential 9.9 — ±0:2 ±0:5 +2.9
−1.5

+0.0
−2.9 0 +0:9 — +3.0

−3.3

M(D∗

s1(2700)
+) 2694 ±2 0 ±1 0 +13

−2
+0
−1 0 +3

−0
+13
−3

Γ(D∗

s1(2700)
+) 145 ±8 ±1 ±3 +4

−3
+17
−9

+5
−0 −6 +11

−4
+22
−14

� 1.43 ±0:11 ±0:02 ±0:08 +0.20
−0.26

+0.48
−0.00 0 −0:06 — +0.54

−0.30

certainty related to this bias correction is taken as half
of the bias added in quadrature with the uncertainty in
the bias (the systematic uncertainty related to the bias
is labeled as \Bias" in Tables I and II).

Systematic uncertainties arise from the e�ciency cal-
culation. To estimate these we �rst use the raw e�ciency
in each bin of the Dalitz plot instead of the interpolation,
and consider the di�erence for each parameter as an es-
timate of the systematic uncertainties for the e�ciency
(labeled as \E�." in Tables I and II). Second, we take
into account the statistical uctuation on the e�ciency
due to the �nite number of Monte Carlo events. In each
bin of the Dalitz plot, we randomize the e�ciency within
its statistical uncertainty and produce many new map-
pings of the e�ciency. The analysis is performed using
these new e�ciency mappings, which gives a distribution
for each parameter from which we extract the systematic
uncertainties (column \E�. II").

Another source of systematic uncertainty comes from
the background description. Repeating the analysis using
the raw value of the background in each bin of the Dalitz
plot instead of the interpolation does not change the re-
sults. In addition, the signal purity is varied according
to its total uncertainty (see Sec. III), which allows us to
get the systematic uncertainty related to the signal and
background knowledge (column \Bkg").

Several systematic uncertainties arise from the �t mod-
eling. The �rst one comes from the Blatt-Weisskopf bar-

rier, which is not known precisely. Fits of both modes
with this value as a free parameter show that the analysis
is not sensitive to it. To estimate the related systematic
uncertainty, we repeat the analysis changing the value
of the Blatt-Weisskopf barrier radius from the nominal
value 1.5 GeV�1 to 5 GeV�1 and 0 GeV�1. The dif-
ferences for each parameter between the nominal �t and
these �ts give the systematic uncertainties (labeled as
\BW" in the tables). Another systematic uncertainty
originates from the description of the low-mass excess.
Since this e�ect is not understood in the current data, it
is important to estimate the possible inuence it induces
on the �t parameters, especially the mass and the width
of the D�

s1(2700)
+ meson. To compute the systematic

uncertainties associated with this e�ect, we assume �rst
that the excess originates from a scalar resonance at low
mass: we repeat the �ts replacing the exponential contri-
bution by a scalar resonance with a mass and a width free
to oat. Second, instead of the exponential function, we
use an alternative model, AAlt = 1

1+a�(m2
2
�m2

2 thr
)
with

a a free parameter. The maximum deviations with re-
spect to the nominal �t for each of these two alternatives
are used as the systematic uncertainties (column \Low
mass"). We then study the inuence of the resonances on
the analyses. Since the D�

s2(2573)
+ amplitude presents a

low �t fraction, we repeat the �ts without this amplitude
and take the di�erence as a systematic uncertainty (col-
umn \D�

s2"). The e�ect of the spin-1 D�

sJ (2860)
+ has
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TABLE II. Systematic uncertainties for B+
→ D0D0K+ in the moduli, in the phases (◦), in the fractions (%), in the mass

(MeV/c2) and the width (MeV) of the D∗

s1(2700)
+, and in �, the parameter of the exponential function. The labels refer to

systematic uncertainties related to the fit bias (“Bias”), efficiency interpolation (“Eff.”), statistical uncertainty in efficiency
(“Eff. II”), background knowledge (“Bkg”), Blatt-Weisskopf barrier (“BW”), low-mass description (“Low mass”), D∗

s2(2573)
+

amplitude (“D∗

s2”),  (3770) amplitude (“ ”), and other minima (“Min.”). The sign ‘—’ means that no systematic uncertainty
has been attributed to the specific parameter.

Parameter Value Bias Eff. Eff. II Bkg BW Low D∗

s2  Min. Total
mass

Modulus D∗

s2(2573)
+ 0.021 ±0:001 ±0:001 ±0:001 0 +0.003

−0.000
+0.006
−0.000 0 0 +0.005

−0.002
+0.009
−0.003

Modulus  (3770) 1.40 ±0:08 ±0:02 ±0:03 +0.05
−0.06

+0.03
−0.10

+0.06
−0.00 +0:07 −0:19 +0.14

−0.00
+0.20
−0.24

Modulus  (4160) 0.78 ±0:02 ±0:01 ±0:03 ±0:01 +0.00
−0.10

+0.16
−0.00 +0:06 −0:02 +0.06

−0.08
+0.18
−0.14

Modulus exponential 16.15 ±0:53 ±0:13 ±0:35 +0.57
−0.70

+0.00
−1.44 0 +0:66 −0:18 — +1.09

−1.74

Phase D∗

s2(2573)
+ 267 ±9 ±3 ±3 +7

−8
+1
−3

+5
−0 0 0 +10

−0
+17
−13

Phase  (3770) 284 ±5 0 ±2 ±1 +0
−22

+7
−19 −2 −4 +25

−4
+26
−30

Phase  (4160) 188 ±6 0 ±2 ±4 +0
−3

+12
−0 −1 +1 +2

−15
+14
−17

Phase exponential 308 ±2 ±1 ±2 ±2 ±4 0 +2 +1 — +6
−5

Fraction D∗

s1(2700)
+ 38.3 — ±0:3 ±0:6 +0.3

−0.0
+0.0
−0.1

+0.0
−2.4 −1:4 0 +0.0

−5.5
+0.8
−6.2

Fraction D∗

s2(2573)
+ 0.6 — ±0:1 ±0:1 0 +0.2

−0.0
+0.3
−0.0 0 0 +0.2

−0.1
+0.4
−0.2

Fraction  (3770) 9.0 — 0 ±0:3 +0.3
−0.2

+0.0
−0.5

+0.1
−0.4 +0:1 −0:4 ±0:1 +0.4

−0.8

Fraction  (4160) 6.4 — ±0:1 ±0:3 ±0:3 +0.0
−0.7

+1.7
−0.1 +0:4 −0:1 +0.7

−2.3
+1.9
−2.4

Fraction exponential 44.5 — ±0:2 ±0:6 +0.0
−0.2

+0.0
−2.0 0 +1:1 −0:2 — +1.3

−2.1

M(D∗

s1(2700)
+) 2707 ±4 0 ±1 ±3 +7

−2
+0
−4 +1 0 +0

−5 ±8

Γ(D∗

s1(2700)
+) 113 ±5 ±1 ±3 +9

−7
+17
−0

+0
−9 −5 +2 +0

−7
+20
−16

� 0.68 ±0:01 0 ±0:01 ±0:01 +0.02
−0.00 0 −0:02 0 — ±0:02

also been investigated: because the �ts return negligi-
ble fractions for this state, the systematic uncertainties
on the other parameters are found to be negligible. For
B+ ! D0D0K+, another systematic uncertainty (col-
umn \ψ") arises from the ψ(3770) parameters �xed to
the world average value [16]. As an alternative, we use
the measurement from the KEDR experiment [24]. This
experiment reports a result which takes into account the
resonance-continuum interference in the near-threshold
region and which agrees well with previous BABAR mea-
surements [2, 25].

As discussed previously, 250 �ts are performed for each
mode with randomized initial values of the �t param-
eters, which allows us to �nd the nominal �t. We �nd
several minima which are close to the nominal �t, and we
use the largest di�erences in parameter values (for those
related to resonances) as contributions to their system-
atic uncertainties (column \Min.").

VI. RESULTS

A. Dalitz plot analysis

The results for the Dalitz plot analysis of the modes
B0 ! D�D0K+ and B+ ! D0D0K+ are presented
in Tables III and IV. In both modes, we observe
a large contribution of the D�

s1(2700)
+ resonance via

B0 ! D�D�

s1(2700)
+, D�

s1(2700)
+ ! D0K+ for B0 !

D�D0K+ and via B+ ! D0D�

s1(2700)
+, D�

s1(2700)
+ !

D0K+ for B+ ! D0D0K+. This is the �rst time the
D�

s1(2700)
+ is observed in the decay B0 ! D�D0K+.

We observe that the D�

s2(2573)
+ meson contributes a

small fraction to B0 ! D�D0K+ whereas it is not sig-
ni�cant in the other mode. We note that the D�

s2(2573)
+

meson is expected to be suppressed in B ! D(�)D(�)K
decays due to its spin value of 2. We observe the decay
B+ ! ψ(3770)K+, ψ(3770) ! D0D0, which con�rms
one of our previous results [2]. We notice that the pro-
cess B+ ! ψ(4160)K+ followed by ψ(4160) ! D0D0

is needed to improve the description of the data. The
low-mass excess in the D0K+ invariant mass is evident
in B0 ! D�D0K+ and is the main contribution in
B+ ! D0D0K+. With this data sample it is not possi-



14

ble to determine the origin of this excess. The exponen-
tial function used to describe the e�ect has a parameter
α equal to 1.43 � 0.71+0:54

�0:30 and 0.68 � 0.08 � 0.02 for

B0 ! D�D0K+ and B+ ! D0D0K+, respectively.

B. Branching fractions

The partial branching fraction Bres for a given resonance
is computed using the fraction fres of the resonance (see
Tables III and IV) and the total branching fraction Btot of
the speci�c B mode. We use the total branching fractions
measured in a previous publication [15] with the exact
same data sample. The computation is as follows:

Bres = fres � Btot.

The uncertainties for the partial branching fraction are
computed from the quadratic sum of the uncertainties
from the total branching fraction [15] and the uncertain-
ties from the fraction (see Tables III and IV), where we
treat separately the statistical and systematic uncertain-
ties.
The results are presented in Table V. We can compare

these results with previous publications that are avail-
able for the mode B+ ! D0D0K+. In BABAR [2], us-
ing an analysis of the D0D0 invariant mass, the result
for the ψ(3770) was B(B+ ! ψ(3770)K+ [D0D0]) =
(1.41 � 0.30 � 0.22) � 10�4, which is in good agree-
ment with the current result. This present measure-
ment supersedes the previous one. The Belle experi-
ment [4] �nds for the partial branching fraction B(B+ !
D0D�

s1(2700)
+ [D0K+]) = (11.3 � 2.2+1:4

�2:8) � 10�4 and

B(B+ ! ψ(3770)K+ [D0D0]) = (2.2� 0.5� 0.3)� 10�4,
which present a di�erence with our measurements of 1.7σ
and 1.4σ, respectively.
The signi�cance of the decay of the ψ(4160) charmo-

nium resonance to D0D0 is 3.3σ, including systematic
uncertainties. The signi�cance of the D�

s2(2573)
+ meson

decay to D0K+ is 3.4σ (for the mode B0 ! D�D0K+),
including systematic uncertainties.

C. Properties of D∗

s1(2700)
+

We show in Table VI the result for the mass and width
of the D�

s1(2700)
+ meson for the two modes obtained

from the Dalitz plot analysis. The measurements in the
two �nal states agree with each other within their un-
certainties. We combine the measurements for the mass
and width, respectively, calculating the weighted means
and taking into account the asymmetric uncertainties.
This procedure works for uncertainties that are not cor-
related between the measurements. Only the systematic
uncertainty coming from the Blatt-Weisskopf factor is
correlated between the modes: we perform �rst the com-
bination without this particular systematic uncertainty,
where we obtain M(D�

s1(2700)
+) = 2699� 7MeV/c2 and

�(D�

s1(2700)
+) = 127�17MeV (including statistical and

systematic). For the uncertainty related to the Blatt-
Weisskopf factor, we use the maximum positive and neg-
ative deviations found in the two modes that we add
quadratically to the total uncertainties.
Finally, the combination of both modes gives :

M(D�

s1(2700)
+) = 2699+14

�7 MeV/c2, (9)

�(D�

s1(2700)
+) = 127+24

�19MeV,

where the uncertainties quoted are the total uncertainties
(including statistical and systematic).
These values can be compared to the current world

average of M(D�

s1(2700)
+) = 2709 � 4MeV/c2 and

�(D�

s1(2700)
+) = 117� 13MeV [16]. Our measurements

are compatible with the world averages.
The Dalitz plot analyses have been performed with the

spin hypothesis J = 1 for the D�

s1(2700)
+. To test this

hypothesis, we repeat the �ts using the hypotheses J = 0
and J = 2. The results are presented in Table VII. We
conclude from this table that J = 0, 2 are not able to
�t correctly the data, and that J = 1 is strongly fa-
vored. Because of parity conservation, we deduce that
the D�

s1(2700)
+ meson is a state with JP = 1�, which

con�rms the measurement performed by the Belle exper-
iment [4].

VII. CONCLUSIONS

We have analyzed 471� 106 pairs of B mesons recorded
by the BABAR experiment and studied the decays B0 !
D�D0K+ and B+ ! D0D0K+. Dalitz plot analyses
of these decays have been performed, where we extract
moduli and phases for each contribution to these decay
modes. We observe the D�

s1(2700)
+ meson in both �nal

states and measure its mass and width to be

M(D�

s1(2700)
+) = 2699+14

�7 MeV/c2, (10)

�(D�

s1(2700)
+) = 127+24

�19MeV,

where the uncertainties include statistical and systematic
uncertainties. We determine its spin parity to be JP =
1�.
Several possibilities have been discussed to interpret

the D�

s1(2700)
+ meson. This resonance could be inter-

preted as the n2S+1LJ = 13D1 c�s state [26] or as the
�rst radial excitation of the D�

s(2112) meson (23S1) [27].
Some authors interpret the D�

s1(2700)
+ state as a mixing

between the 23S1 and the 13D1 states [28], obtaining a
model which is able to solve some of the discrepancies
with the experimental data. Another possibility would
be that the signal interpreted as the D�

s1(2700)
+ origi-

nates from two resonances overlapping each other [26].
We observe an enhancement between 2350 and 2500

MeV/c2 in the D0K+ invariant mass that we are not able
to interpret. This enhancement, which has an important
contribution in the B+ ! D0D0K+ decay mode, is de-
scribed by an ad hoc function in the Dalitz plot �t. This



15

TABLE III. Results from the Dalitz plot fit (moduli, phases, and fractions) for B0
→ D−D0K+. The different contributions

are listed: the D∗

s1(2700)
+ and D∗

s2(2573)
+ resonances, the nonresonant amplitude, and the low-mass excess described by an

exponential. The first uncertainties are statistical and the second systematic.

Contribution Modulus Phase (◦) Fraction (%)

D∗

s1(2700)
+ 1.00 0 66:7 ± 7:8+3.5

−3.8

D∗

s2(2573)
+ 0:031 ± 0:008 ± 0:002 277± 17+6

−9 3:2± 1:6+0.3
−0.4

Nonresonant 1:33 ± 0:63+0.46
−0.35 287± 21+10

−15 10:9 ± 6:6+7.0
−4.3

Exponential 6:94 ± 1:83+0.82
−0.43 269± 33+17

−15 9:9± 2:9+3.0
−3.3

Sum 90:6± 10:7+8.4
−6.7

TABLE IV. Results from the Dalitz plot fit (moduli, phases, and fractions) for B+
→ D0D0K+. The different contributions are

listed: the D∗

s1(2700)
+, D∗

s2(2573)
+,  (3770), and  (4160) resonances, and the low-mass excess described by an exponential.

The first uncertainties are statistical and the second systematic.

Contribution Modulus Phase (◦) Fraction (%)

D∗

s1(2700)
+ 1.00 0 38:3 ± 5:0+0.8

−6.2

D∗

s2(2573)
+ 0:021 ± 0:010+0.009

−0.003 267± 30+17
−13 0:6 ± 1:1+0.4

−0.2

 (3770) 1:40 ± 0:21+0.20
−0.24 284± 22+26

−30 9:0 ± 3:1+0.4
−0.8

 (4160) 0:78 ± 0:20+0.18
−0.14 188± 13+14

−17 6:4 ± 3:1+1.9
−2.4

Exponential 16:15 ± 2:26+1.09
−1.74 308± 8+6

−5 44:5 ± 6:2+1.3
−2.1

Sum 98:9 ± 9:2+2.5
−7.0

TABLE V. Summary of partial branching fractions. The
first uncertainties are statistical and the second systematic.
The notation B0

→ D−D∗

s1(2700)
+ [D0K+] refers to B0

→

D−D∗

s1(2700)
+ followed by D∗

s1(2700)
+
→ D0K+.

Mode B (10−4)

B0
→ D−D∗

s1(2700)
+ [D0K+] 7:14± 0:96 ± 0:69

B+
→ D0D∗

s1(2700)
+ [D0K+] 5:02± 0:71 ± 0:93

B0
→ D−D∗

s2(2573)
+ [D0K+] 0:34± 0:17 ± 0:05

B+
→ D0D∗

s2(2573)
+ [D0K+] 0:08± 0:14 ± 0:05

B+
→  (3770)K+ [D0D0] 1:18± 0:41 ± 0:15

B+
→  (4160)K+ [D0D0] 0:84± 0:41 ± 0:33

e�ect was also seen in the Belle experiment in the study
of the B+ ! D0D0K+ �nal state [4].

It is not clear what could be the cause of this enhance-
ment in the D0K+ invariant mass, although we note that
some Ds excited states are expected in this mass range
in some models [27, 29] and have not been observed yet.
Some authors, as for example in Ref. [23], who have ob-
served the same e�ect in other channels claim that it
could be a speci�c form of a nonresonant amplitude.

Finally, we do not observe the D�

sJ (2860)
+ and

DsJ(3040)
+ resonances in the �nal states B0 !

D�D0K+ and B+ ! D0D0K+.

TABLE VI. Mass and width of the D∗

s1(2700)
+ meson ob-

tained from the Dalitz plot analyses of the modes B0
→

D−D0K+ and B+
→ D0D0K+. The first uncertainties are

statistical and the second systematic.

Mode Mass (MeV/c2) Width (MeV)

B0
→ D−D0K+ 2694 ± 8+13

−3 145± 24+22
−14

B+
→ D0D0K+ 2707 ± 8± 8 113± 21+20

−16
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