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Abstra
tThe produ
tion of the ex
ited 
harm mesons D1(2420) and D�2(2460) in ep 
olli-sions has been measured with the ZEUS dete
tor at HERA using an integratedluminosity of 373 pb�1. The masses of the neutral and 
harged states, the widthsof the neutral states, and the heli
ity parameter of D1(2420)0 were determinedand 
ompared with other measurements and with theoreti
al expe
tations. Themeasured heli
ity parameter of the D01 allows for some mixing of S- and D-waves in its de
ay to D����. The result is also 
onsistent with a pure D-wavede
ay. Ratios of bran
hing fra
tions of the two de
ay modes of the D�2(2460)0andD�2(2460)� states were measured and 
ompared with previous measurements.The fra
tions of 
harm quarks hadronising into D1 and D�2 were measured andare 
onsistent with those obtained in e+e� annihilations.
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1 Introdu
tionThe produ
tion of the well-established ground-state 
harm mesons D and D� has beenextensively studied in ep 
ollisions at HERA. The large 
harm produ
tion 
ross se
tion atHERA makes it possible to also investigate the ex
ited 
harm-meson states. In a previousZEUS analysis [1℄, with an integrated luminosity of 126 pb�1, the orbitally ex
ited statesD1(2420)0 with JP = 1+ and D�2(2460)0 with JP = 2+ were studied in the de
ay modes1D1(2420)0 ! D�(2010)+�� and D�2(2460)0 ! D�(2010)+��, D+��. The width of theD01 was found to be signi�
antly above the 2008 world-average value [2℄. A study of theheli
ity angular distribution of the D1(2420)0 gave results that were 
onsistent with someS-wave admixture in the de
ay D01 ! D�+��, 
ontrary to Heavy Quark E�e
tive Theory(HQET) predi
tions [3, 4℄ and to previous experimental results [5℄ whi
h had yielded apure D-wave de
ay in this 
hannel.In this paper the analysis was repeated with an independent data sample of higher in-tegrated luminosity. In addition the produ
tion of the 
harged ex
ited 
harm mesonsD1(2420)+ and D�2(2460)+ was studied for the �rst time at HERA in the de
ay modesD1(2420)+ ! D�(2007)0�+ and D�2(2460)+ ! D�(2007)0�+, D0�+. For both the neutraland 
harged ex
ited 
harm mesons the study also in
ludes a measurement of fragmenta-tion fra
tions and ratios of the D�2 bran
hing fra
tions.The analysis was performed using data taken from 2003 to 2007, when HERA 
ollidedele
trons or positrons at 27:5 GeV with protons at 920 GeV. The data 
orrespond to anintegrated luminosity of 373 pb�1. The upgraded ZEUS dete
tor in
luded a mi
rovertexdete
tor, allowing the measurement of the de
ay vertex of 
harm mesons. In parti
ular,the signal-to-ba
kground ratio was signi�
antly improved for the D+ meson, whi
h hasthe highest lifetime among the 
harm hadrons.To maximise the statisti
s, both photoprodu
tion and deep inelasti
 s
attering eventswere used in this analysis. Events produ
ed in the photoprodu
tion regime 
ontributed70� 80% of the sele
ted 
harm-meson samples.2 Experimental set-upA detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [6℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.In the kinemati
 range of the analysis, 
harged parti
les were tra
ked in the 
entraltra
king dete
tor (CTD) [7℄ and the mi
rovertex dete
tor (MVD) [8℄. These 
omponents1 The 
orresponding anti-parti
le de
ays were also measured. Hereafter, 
harge 
onjugation is implied.1



operated in a magneti
 �eld of 1.43T provided by a thin super
ondu
ting solenoid. TheCTD 
onsisted of 72 
ylindri
al drift-
hamber layers, organised in nine superlayers 
over-ing the polar-angle2 region 15Æ < � < 164Æ. The MVD sili
on tra
ker 
onsisted of a barrel(BMVD) and a forward (FMVD) se
tion. The BMVD 
ontained three layers and pro-vided polar-angle 
overage for tra
ks from 30Æ to 150Æ. The four-layer FMVD extendedthe polar-angle 
overage in the forward region to 7Æ. After alignment, the single-hitresolution of the MVD was 24µm. The transverse distan
e of 
losest approa
h (DCA)of tra
ks to the nominal vertex in the X{Y plane was measured to have a resolution,averaged over the azimuthal angle, of (46 � 122=pT )µm, with pT in GeV. For CTD-MVD tra
ks that pass through all nine CTD superlayers, the momentum resolution was�(pT )=pT = 0:0029pT � 0:0081� 0:0012=pT , with pT in GeV.The high-resolution uranium{s
intillator 
alorimeter (CAL) [9℄ 
onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. Ea
h part wassubdivided transversely into towers and longitudinally into one ele
tromagneti
 se
tion(EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni
 se
tions (HAC).The smallest subdivision of the 
alorimeter was 
alled a 
ell. The CAL energy resolutions,as measured under test-beam 
onditions, were �(E)=E = 0:18=pE for ele
trons and�(E)=E = 0:35=pE for hadrons, with E in GeV.The luminosity was measured using the Bethe-Heitler rea
tion ep ! e
p by a dete
-tor whi
h 
onsisted of an independent lead{s
intillator 
alorimeter [10℄ and a magneti
spe
trometer [11℄ system.3 Event simulationMonte Carlo (MC) samples of 
harm and beauty events were produ
ed with the Pythia6.221 [12℄ and the Rapgap 3.000 [13℄ event generators. The generation in
luded dire
tphoton pro
esses, in whi
h the photon 
ouples dire
tly to a parton in the proton, andresolved photon pro
esses, where the photon a
ts as a sour
e of partons, one of whi
hparti
ipates in the hard s
attering pro
ess. The CTEQ5L [14℄ and the GRV LO [15℄parametrisations were used for the proton and photon parton density fun
tions, respe
-tively. The 
harm- and beauty-quark masses were set to 1:5GeV and 4:75GeV, respe
-tively. The masses and widths for 
harm mesons were set to the latest PDG [16℄ values.2 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in thenominal proton beam dire
tion, referred to as the \forward dire
tion", and the X axis pointing lefttowards the 
entre of HERA. The 
oordinate origin is at the 
entre of the CTD. The pseudorapidityis de�ned as � = � ln �tan �2�, where the polar angle, �, is measured with respe
t to the Z axis.2



Events for all pro
esses were generated in proportion to the respe
tive MC 
ross se
tions.The Lund string model was used for hadronisation in Pythia and Rapgap. The Bowlermodi�
ation [17℄ of the Lund symmetri
 fragmentation fun
tion [18℄ was used for the
harm- and beauty-quark fragmentation.The Pythia and Rapgap generators were tuned to des
ribe the photoprodu
tion andthe deep inelasti
 s
attering regimes, respe
tively [1℄. Subsequently, the Pythia events,generated with Q2 < 1:5GeV2, were 
ombined with the Rapgap events, generated withQ2 > 1:5GeV2, where Q2 is the ex
hanged-photon virtuality.The generated events were passed through a full simulation of the dete
tor using Geant3.13 [19℄ and pro
essed with the same re
onstru
tion program as used for the data.4 Event sele
tion and re
onstru
tion of ground-state
harm mesonsThe ZEUS trigger 
hain had three levels [6,20,21℄. The �rst- and se
ond-level trigger usedCAL and CTD data to sele
t ep 
ollisions and to reje
t beam-gas events. At the third-level trigger, the full event information was available. All relevant trigger 
hains wereused for the data. Triggers that required the presen
e of a re
onstru
ted D�+ ! D0�+ !(K��+)�+ or (K��+���+)�+, D+ ! K��+�+ or D0 ! K��+ 
andidate 
onstituteda major fra
tion of the sele
ted events. However, events missed by these triggers butsele
ted with other trigger bran
hes were also used in the analysis. Applying, in the MC,either no trigger sele
tion 
uts or requiring at least one trigger 
hain to be passed did nota�e
t the �nal measurements.To ensure high purity in the event sample, the Z position of the primary vertex, re
on-stru
ted from CTD and MVD tra
ks, had to be within jZvtxj < 30 
m. All 
harm mesonswere re
onstru
ted with tra
ks measured in the CTD and MVD. All tra
ks were requiredto have a transverse momentum, pT , above 0.1 GeV, to start not further out than the�rst CTD superlayer and to rea
h at least the third superlayer. The tra
ks were assignedeither to the re
onstru
ted primary vertex or to a se
ondary de
ay vertex asso
iated withthe weak de
ay of a 
harm meson, D+ or D0. To ensure the use of well re
onstru
tedMVD tra
ks, all tra
ks asso
iated with the se
ondary vertex were required to have atleast two BMVD measurements in the X{Y plane and two in the Z dire
tion.The de
ay-length signi�
an
e is a powerful tool for reje
tion of 
ombinatorial ba
kground.It is de�ned as S = l=�l, where the de
ay length l is the distan
e in the transverseplane between the produ
tion point and the de
ay vertex of a 
andidate 
harm mesonproje
ted on its momentum dire
tion and �l is the un
ertainty of this quantity [22℄. The3



quantity S is positive when the angle between the parti
le momenta and the dire
tion fromprimary to se
ondary vertex is less than �=2; it is negative otherwise. The S distributionis asymmetri
 around zero, with a stronger positive 
ontribution 
oming mostly fromthe 
harm mesons. The 
ontributions to negative S values are due to ba
kground andresolution e�e
ts.The 
ombinatorial ba
kground was suppressed by sele
ting events above a minimum valueof the ratio pT (D)=E�>10Æ? , where D denotes D�+; D+ or D0 and E�>10Æ? is the transverseenergy measured using all CAL 
ells outside a 
one of 10Æ around the forward dire
tion.In addition, to redu
e ba
kground, the dE=dx values measured in the CTD of tra
k
andidates originating from the D mesons were used. The parametrisation of the dE=dxexpe
tation values and the �2 probabilities lK and l� of the kaon and pion hypotheses,respe
tively, were obtained as des
ribed in previous analyses [23, 24℄. The 
uts lK > 0:03and l� > 0:01 were applied.4.1 D�+ re
onstru
tionD�+ mesons were identi�ed via the de
ay modes D�+ ! D0�+s ! (K��+)�+s and D�+ !D0�+s ! (K��+���+)�+s , where �s is a low-momentum (\soft") pion due to the smallmass di�eren
e between D�+ and D0. Tra
ks were 
ombined to form D0 
andidates by
al
ulating the invariant-mass 
ombinationsM(K�) orM(K���) with total 
harge zero.D�+ 
andidates were formed by adding a soft pion, �s, with opposite 
harge to that of thekaon. Combinatorial ba
kground was redu
ed by applying 
uts as detailed in Table 1.The mass di�eren
es �M = M(K��s)�M(K�) and �M = M(K����s) �M(K���)were 
al
ulated for the D�+ 
andidates that passed the 
uts of Table 1. Figure 1 showsthe �M distributions for these D�+ 
andidates. Clean peaks are seen at the nominalvalue of M(D�+)�M(D0) [16℄.The �M distributions were �tted to a sum of a ba
kground fun
tion and a modi�edGaussian fun
tion [1℄. The �t yielded D�+ signals of 64988 � 430 
andidates for D0 !K� and 24441 � 310 
andidates for D0 ! K���. The �tted mass di�eren
es were145:400� 0:003 MeV and 145:420� 0:003 MeV respe
tively, in agreement with the PDGaverage value [16℄. Only D�+ 
andidates with 0:144 < �M < 0:147 GeV were used forthe ex
ited 
harm mesons analysis.4.2 D+ re
onstru
tionD+ mesons were re
onstru
ted from the de
ay D+ ! K��+�+ with looser kinemati

uts than in the previous analysis [1℄, made possible by the 
leaner identi�
ation with4



the MVD. For ea
h event, tra
k pairs with equal 
harge and pion mass assignment were
ombined with a tra
k with opposite 
harge with a kaon mass assignment to form aD+ 
andidate. These tra
ks were re�tted to a 
ommon de
ay vertex, and the invariantmass, M(K��), was 
al
ulated. The K and � tra
ks were required to have transversemomentum pKT > 0:5 GeV and p�T > 0:35 GeV and the distan
e of 
losest approa
hbetween ea
h pair of the three tra
ks was required to be less than 0:3 
m. To suppress
ombinatorial ba
kground, the following 
uts were applied:� 
os ��(K) > �0:75, where ��(K) is the angle between the kaon in the K�� rest frameand the K�� line of 
ight in the laboratory frame;� the �2 of the �t of the de
ay vertex was less than 10;� the de
ay-length signi�
an
e, S(D+), was greater than 3.Ba
kground from D�+ de
ays was removed by requiring M(K��)�M(K�) > 0:15 GeV.Ba
kground from D+s ! ��; � ! K+K� was suppressed by requiring that the invari-ant mass of any two D+ de
ay 
andidate tra
ks with opposite 
harge should be outside�8 MeV around the nominal � mass when the kaon mass was assigned to both tra
ks.D+ 
andidates in the kinemati
 range pT (D+) > 2:8 GeV and j�(D+)j < 1:6 were keptfor further analysis.Figure 2 (a) shows theM(K��+�+) distribution forD+ 
andidates after the 
uts. A 
learsignal is seen at the nominal value of the D+ mass [16℄. The mass distribution was �ttedto a sum of a modi�ed Gaussian fun
tion and a polynomial ba
kground. The �t yieldeda D+ signal of 39283�452 events and a D+ mass of 1869:1�0:1 MeV, in agreement withthe PDG average value [16℄. Only D+ 
andidates with 1:85 < M(K��) < 1:89 GeV wereused for the ex
ited 
harm mesons analysis.4.3 D0 re
onstru
tionD0 mesons were re
onstru
ted from the de
ay D0 ! K��+. For ea
h event, two tra
kswith opposite 
harge and K and � mass assignments, respe
tively, were 
ombined to forma D0 
andidate. These tra
ks were re�tted to a 
ommon de
ay vertex, and the invariantmass, M(K�), was 
al
ulated. Both tra
ks were required to have transverse momentumpKT > 0:5 GeV and p�T > 0:7 GeV and the distan
e of 
losest approa
h between thesetra
ks was required to be less than 0:1 
m. To suppress 
ombinatorial ba
kground, thefollowing 
uts were applied:� j 
os ��(K)j < 0:85, where ��(K) is the angle between the kaon in the K� rest frameand the K� line of 
ight in the laboratory frame;� the �2 of the de
ay vertex was less than 20;5



� the de
ay-length signi�
an
e, S(D0), was bigger than 0.D0 
andidates in the kinemati
 range pT (D0) > 2:6 GeV and j�(D0)j < 1:6 were kept forfurther analysis.Figure 2 (b) shows the M(K��+) distribution for D0 
andidates after the 
uts. A 
learsignal is seen at the nominal value of the D0 mass [16℄. The mass distribution was�tted to a sum of a modi�ed Gaussian fun
tion, a broad modi�ed Gaussian representingthe re
e
tion produ
ed by D0 mesons with the wrong (opposite) kaon and pion massassignment and a polynomial ba
kground. For the re
e
tion, the shape parameters of thebroad modi�ed Gaussian were obtained from a study of the MC signal sample and thenormalisation (integral) was set equal to that of the other modi�ed Gaussian. The �tyielded a D0 signal of 145740 � 2944 events and a D0 mass of 1864:1 � 0:1 MeV whi
his 0:8 MeV lower than the PDG average value [16℄. This deviation does not a�e
t any ofthe results of the ex
ited 
harm mesons. Only D0 
andidates with 1:845 < M(K��) <1:885 GeV were used for the ex
ited 
harm mesons analysis.5 D1 and D�2 re
onstru
tion5.1 Re
onstru
tion of the D1(2420)0 and D�2(2460)0 mesonsThe D1(2420)0 and D�2(2460)0 mesons were re
onstru
ted in the de
ay mode D�+�� by
ombining ea
h D�+ 
andidate with an additional tra
k, assumed to be a pion (�a), witha 
harge opposite to that of the D�. Combinatorial ba
kground was redu
ed by applyingthe following 
uts:� pT (�a) > 0:15 GeV;� �(�a) < 1:1 ;� pT (D�+�a)=E�>10Æ? > 0:25 (0:30) for the D0 ! K� (D0 ! K���) 
hannel;� 
os ��(D�+) < 0:9, where ��(D�+) is the angle between the D�+ in the D�+�a restframe and the D�+�a line of 
ight in the laboratory frame;� the 
ut l� > 0:01 was applied for �a.For ea
h ex
ited 
harm-meson 
andidate, the \extended" mass di�eren
e, �M ext =M(K��s�a) � M(K��s) or �M ext = M(K����s�a) � M(K����s), was 
al
ulated.Figure 3 (a) shows the invariant mass M(D�+�a) = �M ext+M(D�+PDG), where M(D�+PDG)is the nominal D�+ mass [16℄. A 
lear signal in the D01=D�02 mass region is seen.The D�2(2460)0 was also re
onstru
ted in the de
ay mode D�2(2460)0 ! D+�� by 
om-bining ea
h D+ 
andidate with an additional tra
k, assumed to be a pion �a, with a6




harge opposite to that of the D+. Combinatorial ba
kground was redu
ed by applyingthe following 
uts:� pT (�a) > 0:3 GeV;� �(�a) < 1:5;� pT (D+�a)=E�>10Æ? > 0:35;� 
os ��(D+) < 0:8, where ��(D+) is the angle between the D+ in the D+�a rest frameand the D+�a line of 
ight in the laboratory frame;� the 
ut l� > 0:01 was applied for �a.The D�2(2460)0 ! D+�� de
ay mode was re
onstru
ted by 
al
ulating the \extended"mass di�eren
e �M ext = M(K���a)�M(K��). Figure 3 (b) shows the invariant massM(D+�a) = �M ext + M(D+PDG), where M(D+PDG) is the nominal D+ mass [16℄. A
lear D�02 signal is seen. No indi
ation of the D01 ! D+�� de
ay is seen, as expe
tedfrom angular momentum and parity 
onservation for a JP = 1+ state. The various
ontributions to the mass spe
trum will be dis
ussed below.5.2 Re
onstru
tion of the D1(2420)+ and D�2(2460)+ mesonsThe 
harged ex
ited meson D1(2420)+ has been seen [16℄ in the de
ay modes D�0�+and D+�+�� and the 
harged ex
ited meson D�2(2460)+ has been seen [16℄ in the de
aymodes D�0�+ and D0�+. A sear
h for D+1 and D�+2 signals was performed in the massdistribution M(D0�+). For the D+1 a possible D0�+ signal 
an arise only via a feed-down 
ontribution (see Se
tion 6). Ea
h D0 
andidate was 
ombined with an additionaltra
k, assumed to be a pion (�a), with either positive or negative 
harge. Combinatorialba
kground was redu
ed by applying the following 
uts:� pT (�a) > 0:35 GeV;� �(�a) < 1:6;� pT (D0�a)=E�>10Æ? > 0:3;� 
os ��(D0) < 0:85, where ��(D0) is the angle between the D0 in the D0�a rest frameand the D0�a line of 
ight in the laboratory frame;� the 
ut l� > 0:01 was applied for �a.For ea
h ex
ited 
harm-meson 
andidate, the \extended" mass di�eren
e �M ext =M(K��a) � M(K�) was 
al
ulated. Figure 4 shows the invariant mass M(D0�a) =�M ext + M(D0PDG), where M(D0PDG) is the nominal D0 mass [16℄. A 
lear signal ofD�+2 ! D0�+ is seen. An enhan
ement above ba
kground is also seen at the mass regionaround 2:3 GeV. The various 
ontributions to the mass spe
trum will be dis
ussed below.7



6 Mass, width and heli
ity parameters of D1 and D�2A signi�
ant enhan
ement above ba
kground is seen in theD0�+ mass distribution (Fig. 4)around 2:3 GeV. A small ex
ess of events is also seen in the same mass region in the D+��mass distribution (Fig. 3(b)).The origin of these stru
tures in both spe
tra is similar. They originate from the de-
ay 
hains D01; D�02 ! D�+��; D�+ ! D+�0 and D+1 ; D�+2 ! D�0�+; D�0 ! D0�0 orD�0 ! D0
. The �0=
 are not seen in the tra
king dete
tors; thus, the re
onstru
tionis in
omplete. However, sin
e the available phase spa
e in the D� ! D�0 de
ay is smalland D is mu
h heavier than �0, the energy and momentum of D are 
lose to those of D�.Consequently, the enhan
ements in theM(D+�a) (Fig. 3(b)) andM(D0�a) (Fig. 4) distri-butions are feed-downs of the ex
ited 
harm mesons D1; D�2, shifted down approximatelyby the value of the �0 mass, as veri�ed by MC simulations.6.1 Fitting pro
edure for D01 and D�02To distinguish between D01; D�02 ! D�+��, their heli
ity angular distributions were used.These 
an be parametrised as dN=d 
os� / 1+h 
os2 �, where � is the angle between the�a and �s momenta in the D�+ rest frame and h is the heli
ity parameter, predi
ted [3,4℄to be h = 3 for D01 and h = �1 for D�02 . Figure 5 shows the M(D�+�a) distribution infour heli
ity bins. As expe
ted from the above h values, the D01 
ontribution in
reaseswith j 
os�j and dominates for j 
os�j > 0:75, where the D�02 
ontribution is negligible.A �2 �t was performed using simultaneously the M(D+�a) distribution (Fig. 3(b)) andthe M(D�+�a) distributions in four heli
ity bins (Fig. 5). The ba
kground was de-s
ribed by four parameters a; b; 
; d, separately for M(D�+�a) and M(D+�a), as B(x) =axb exp(�
x� dx2), where x = �M ext �M�+. Ea
h resonan
e was �tted to a relativisti
D-wave Breit-Wigner (BW) fun
tion [1℄ 
onvoluted with a Gaussian resolution fun
tionwith a width �xed to the 
orresponding MC predi
tion. Yields of the three signals, the D01and D�02 masses and widths and the D01 heli
ity parameter, h(D01), were free parametersof the �t while h(D�02 ) was �xed to the theoreti
al predi
tion [3,4℄, h(D�02 ) = �1. Anotherfree �t parameter was the 
ontribution of the D01; D�02 feed-downs to the M(D+�a) dis-tribution (see Appendix). The total normalisation of the sum of the feed-down pro
essesfrom D�02 and D01 de
ays was �tted relative to the dire
t signal peak yield from D�02 de
ay.The relative yields of the two feed-down 
ontributions were taken to be equal to those forthe dire
t signals in the D�+�� de
ay 
hannel.The wide ex
ited 
harm states [16℄ D1(2430)0 and D�0(2400)0 are expe
ted to 
ontributeto the M(D�+�a) and M(D+�a) distributions, respe
tively. Even though these states are8



hardly distinguishable from ba
kground due to their large width, they were in
luded inthe simultaneous �t with shapes des
ribed as relativisti
 S-wave BW fun
tions [1℄. Theirmasses and widths were set to the PDG values [16℄. The yield of the D1(2430)0 was setto that of the narrow D1(2420)0 meson sin
e both have the same spin-parity JP = 1+.The ratio of D�0(2400)0 to the narrow state D�2(2460)0 was a free parameter in the �t.The results of the simultaneous �t are given in Table 2 and shown in Figs. 3 and 5.Systemati
 un
ertainties are dis
ussed in Se
tion 8. All results from the new analysis(HERA II) are 
onsistent with those from the previous ZEUS publi
ation [1℄ (HERA I).The masses of both D01 and D�02 are 
onsistent with the PDG values [16℄ and with a re
entBABAR measurement [25℄. The D01 width, �(D01) = 38:8� 5:0(stat:)+1:9�5:4(syst:) MeV, isalso 
onsistent with the PDG value [16℄ of 27:1�2:7 MeV, and is in good agreement withthe BABAR measurement [25℄ of 31:4� 0:5� 1:3 MeV. The D�02 width, �(D�02 ) = 46:6�8:1(stat:)+5:9�3:8(syst:) MeV, is 
onsistent with the PDG value [16℄ of 49:0 � 1:4 MeV, andwith the BABAR measurement of 50:5� 0:6� 0:7 MeV.TheD01 heli
ity parameter, h(D01) = 7:8+6:7�2:7(stat:)+4:6�1:8(syst:), is 
onsistent with the BABARvalue of h(D01) = 5:72� 0:25 and somewhat above the theoreti
al predi
tion of h = 3 andmeasurements by CLEO [26℄ with h(D01) = 2:74+1:40�0:93. The simultaneous �t with h(D01)�xed to the theoreti
al predi
tion, h(D01) = 3, yielded masses and widths of D�02 and D01that are somewhat away from the PDG values [16℄. Repeating the simultaneous �t withh(D�02 ) as a free parameter yielded similar results for all other free parameters with some-what larger errors and with h(D�02 ) =�1:16�0:35, in good agreement with the theoreti
alpredi
tion of h = �1.The heli
ity angular distribution for a JP = 1+ state with a mixture of D- and S-wave isdNd 
os� / r + (1� r)(1 + 3 
os2 �)=2 +p2r(1� r) 
os�(1� 3 
os2 �); (1)where r = �S=(�S + �D), �S(�D) is the S(D)-wave partial width and � is relative phasebetween the two amplitudes. The relation between h, r and � is given by
os � = (3� h)=(3 + h)� r2p2r(1� r) : (2)The range of the measured h(D01) restri
ted to one standard deviation is shown in Fig. 6in a plot of 
os� versus r. This range is 
onsistent with the BABAR measurement [25℄.The range restri
ted by CLEO [26℄ is outside the range of this measurement and thatof BABAR. A similar measurement by the BELLE 
ollaboration [5℄ is 
onsistent with apure D-wave, i.e. �S=(�S + �D) = 0.In a re
ent paper [25℄ the BABAR Collaboration sear
hed for ex
ited D meson statesin e+e� ! 
�
 ! D(�)� + X with very large statisti
s. In addition to the D01 and D�029



resonan
es, they saw two new stru
tures near 2:6 GeV in the D+�� and D�+�� massdistributions, D(2550)0 and D�(2600)0, and interpreted them as being radial ex
itationsof the well-known D0 and D�0, respe
tively. A small enhan
ement of events above thesolid 
urve in the region near 2:6 GeV is seen in theM(D�+��) distribution (Figs. 3(a),5).Adding the new BABAR states to the �t gave insigni�
ant yields of the states and didnot signi�
antly 
hange the results of the other �t parameters.6.2 Fitting pro
edure for D+1 and D�+2To extra
t the D+1 and D�+2 masses and yields, a minimal �2 �t was performed usingthe M(D0�a) distribution (Fig. 4). Both resonan
es were �tted to relativisti
 D-waveBreit-Wigner (BW) fun
tions [1℄ 
onvoluted with a Gaussian resolution fun
tion with awidth �xed to the 
orresponding MC predi
tion. Yields of the D�+2 ! D0�+ and thetwo feed-downs D+1 ; D�+2 ! D�0�+ (see Appendix) and the D+1 and D�+2 masses werefree parameters of the �t. The D+1 and D�+2 widths were �xed to the PDG values [16℄and the D+1 and D�+2 heli
ities were �xed to the theoreti
al predi
tion [3, 4℄, h(D+1 ) = 3and h(D�+2 ) = �1. The ba
kground was parametrised with four parameters a; b; 
; d asB(x) = axb exp(�
x� dx2), where x = �M ext �M�+.The results of the �t (yields and masses) are given in Table 3 and shown in Fig. 4. Themasses of D+1 and D�+2 are 
onsistent with the PDG values [16℄. The D�+2 mass is also
onsistent with the BABAR measurement [25℄.7 D�2 de
ay bran
hing ratios and D1=D�2 fragmenta-tion fra
tions7.1 The neutral ex
ited mesonsThe bran
hing ratio for D�02 and the fragmentation fra
tions for D01 and D�02 were mea-sured using the 
hannels D�02 ! D+�� and D01; D�02 ! D�+�� with D�+ ! D0�+s !(K��+)�+s . The numbers of re
onstru
ted D01; D�02 ! D�+�� and D�02 ! D+�� de
ayswere divided by the numbers of re
onstru
ted D�+ and D+ mesons, yielding the fra
tionsof D�+ and D+ mesons originating from the D01 and D�02 de
ays. To 
orre
t the measuredfra
tions for dete
tor e�e
ts, ratios of a

eptan
es were 
al
ulated using the MC simu-lation for the D01; D�02 ! D�+�� and D�02 ! D+�� states to the in
lusive D�+ and D+a

eptan
es, respe
tively.Beauty produ
tion at HERA is smaller than 
harm produ
tion by two orders of magni-tude. A subtra
tion of the b-quark relative 
ontribution in a previous ZEUS analysis [1℄10




hanged the relative a

eptan
es by less than 1.5% of their values. Consequently, no su
hsubtra
tion was performed in this analysis and the MC simulation in
luded the beautyprodu
tion pro
esses. A variation of this 
ontribution was 
onsidered for the systemati
s(Se
tion 8).The fra
tions, F , of D�+ mesons originating from D01 and D�02 de
ays were 
al
ulated inthe kinemati
 range j�(D�+)j < 1:6 and pT (D�+) > 1:5GeV for the D�+ de
ay and thefra
tion of D+ mesons originating from D�02 de
ays was 
al
ulated in the kinemati
 rangepT (D+) > 2:8GeV and j�(D+)j < 1:6.The fra
tions measured in the restri
ted pT (D�+; D+) and �(D�+; D+) kinemati
 rangeswere extrapolated to the fra
tions in the full kinemati
 phase spa
e using the Bowlermodi�
ation [17℄ of the Lund symmetri
 fragmentation fun
tion [18℄ as implemented inPythia [27℄. Applying the estimated extrapolation fa
tors, � 1:12 for FD01!D�+��=D�+,� 1:16 for FD�02 !D�+��=D�+ and � 1:34 for FD�02 !D+��=D+, givesFextrD01!D�+��=D�+ = 8:5� 1:4(stat:)+1:2�1:6(syst:) %; (3)FextrD�02 !D�+��=D�+ = 4:7� 1:3(stat:)+1:2�0:8(syst:) %; (4)F extrD�02 !D+��=D+ = 6:7� 2:4(stat:)+1:5�1:1(syst:) %: (5)In the full kinemati
 phase spa
e, the extrapolated fra
tions of D�+ originating fromD01 and D�02 and of D+ originating from D�02 
an be expressed [1℄ in terms of the ratesof 
-quarks hadronising to a given 
harm meson (\fragmentation fra
tions"), f(
! D01),f(
! D�02 ), f(
! D�+) and f(
! D+) and the 
orresponding bran
hing fra
tionsBD01!D�+��, BD�02 !D�+�� and BD�02 !D+�� .From the expressions used in a previous ZEUS publi
ation [1℄, the fragmentation fra
tionsf(
! D01) and f(
! D�02 ) and the ratio of the two bran
hing fra
tions for the D�02 meson
an be shown to be: f(
! D01) = F extrD01!D�+��=D�+BD01!D�+�� f(
! D�+); (6)f(
! D�02 ) = FextrD�02 !D�+��=D�+f(
! D�+) + F extrD�02 !D+��=D+f(
! D+)BD�02 !D�+�� + BD�02 !D+�� ; (7)BD�02 !D+��BD�02 !D�+�� = F extrD�02 !D+��=D+f(
! D+)FextrD�02 !D�+��=D�+f(
! D�+) : (8)11



The f(
! D�+) and f(
! D+) values used were obtained as a 
ombination of data fromHERA and e+e� 
olliders [28℄:f(
! D�+) = 22:87� 0:56(stat:� syst:)+0:45�0:56(br:)%;f(
! D+) = 22:56� 0:77(stat:� syst:) � 1:00(br:)%:where the third un
ertainties are due to the bran
hing-ratio un
ertainties.Taking into a

ount the 
orrelations in the simultaneous �t performed to obtain the valuesin Eqs. (4) and (5) yieldsBD�02 !D+��BD�02 !D�+�� = 1:4� 0:3(stat:)�0:3(syst:);in good agreement with the PDG world-average value 1:56� 0:16 [16℄. Theoreti
al mod-els [29{31℄ predi
t the ratio to be in the range from 1:5 to 3.Negle
ting the 
ontributions of the non-dominant de
ay mode D01 ! D0�+�� [16℄ andassuming isospin 
onservation, for whi
hBD01!D�+�� = 2=3; BD�02 !D�+�� + BD�02 !D+�� = 2=3;and using Eqs. (6) and (7) yieldsf(
! D01) = 2:9� 0:5(stat:)� 0:5(syst:) %;f(
! D�02 ) = 3:9� 0:9(stat:)+0:8�0:6(syst:) %:The measured fragmentation fra
tions were found to be 
onsistent with those obtained ine+e� annihilations [32℄. The sum of the two fragmentation fra
tions,f(
! D01) + f(
! D�02 ) = 6:8� 1:0(stat:)+0:9�0:8(syst:) %;agrees with the predi
tion of the tunneling model of 8:5% [33℄.Assuming un
orrelated errors, the ratiof(
! D01)=f(
! D�02 ) = 0:8� 0:2(stat:)� 0:2(syst:)is in good agreement with the simple spin-
ounting predi
tion of 3=5.12



7.2 The 
harged ex
ited mesonsThe bran
hing ratio for D�+2 and the fragmentation fra
tions for D+1 and D�+2 were mea-sured using the 
hannels D�+2 ! D0�+ and D+1 ; D�+2 ! D�0�+ with D�0 ! D0�0=
,where the �0=
 are not measured dire
tly. Sin
e D�0 de
ays always to D0 [16℄, thenumber of D�0 and D0 originating from D+1 =D�+2 are identi
al. The number of re
on-stru
ted D+1 =D�+2 ! D�0�+;D�0 ! D0�0=
 and D�+2 ! D0�+ de
ays were thus dividedby the total number of re
onstru
ted D0 mesons, yielding the fra
tions of D0 mesonsoriginating from D+1 =D�+2 de
ays. Dete
tor e�e
ts were 
orre
ted as des
ribed in Se
-tion 7.1. The above fra
tions were 
al
ulated in the kinemati
 range pT (D0) > 2:6 GeVand j�(D0)j < 1:6 and extrapolated to the fra
tions in the full kinemati
 phase spa
eas for the D01 and D�02 (Se
tion 7.1). Applying the extrapolation fa
tors, � 1:28 forD+1 ! D�0�+, � 1:18 for D�+2 ! D�0�+ and � 1:35 for D�+2 ! D0�+ givesF extrD+1 !D�0�+=D0 = 5:4� 2:1(stat:)+2:3�0:3(syst:) %; (9)F extrD�+2 !D�0�+=D0 = 1:8� 0:9(stat:)+0:5�0:3(syst:) %; (10)F extrD�+2 !D0�+=D0 = 2:0� 0:5(stat:)+0:4�0:2(syst:) %: (11)The fra
tions of D�0=D0 mesons originating from D+1 =D�+2 de
ays 
an be expressed asFextrD+1 !D�0�+=D�0 � N(D+1 ! D�0�+)N(D�0) = f(
! D+1 )f(
! D�0)BD+1 !D�0�+; (12)F extrD�+2 !D�0�+=D�0 � N(D�+2 ! D�0�+)N(D�0) = f(
! D�+2 )f(
! D�0) BD�+2 !D�0�+; (13)FextrD�+2 !D0�+=D0 � N(D�+2 ! D0�+)N(D0) = f(
! D�+2 )f(
! D0) BD�+2 !D0�+; (14)where N denotes the a

eptan
e-
orre
ted number of events.The ratio of the fragmentation fra
tions f(
! D�0) and f(
! D0) 
an be expressed asf(
! D�0)f(
! D0) = N(D�0)N(D0) :Consequently, Eqs. (12) and (13) 
an be written as13



N(D+1 ! D�0�+)N(D0) = f(
! D+1 )f(
! D0) BD+1 !D�0�+;N(D�+2 ! D�0�+)N(D0) = f(
! D�+2 )f(
! D0) BD�+2 !D�0�+;yielding f(
! D+1 ) = f(
! D0)N(D0) N(D+1 ! D�0�+)BD+1 !D�0�+ ;f(
! D�+2 ) = f(
! D0)N(D0) N(D�+2 ! D�0�+) +N(D�+2 ! D0�+)BD�+2 !D�0�+ + BD�+2 !D0�+ ;BD�+2 !D0�+BD�+2 !D�0�+ = N(D�+2 ! D0�+)N(D�+2 ! D�0�+) :Negle
ting the non-dominant de
ay mode D+1 ! D+�+�� [16℄, assuming isospin 
onser-vation, for whi
h BD+1 !D�0�+ = 2=3; BD�+2 !D�0�+ + BD�+2 !D0�+ = 2=3;and using Eqs. (9 { 11) and the fragmentation fra
tion [28℄f(
! D0) = 56:43� 1:51(stat:� syst:)+1:35�1:64(br:)%;gives f(
! D+1 ) = 4:6� 1:8(stat:)+2:0�0:3(syst:) %;f(
! D�+2 ) = 3:2� 0:8(stat:)+0:5�0:2(syst:) %;f(
! D+1 ) + f(
! D�+2 ) = 7:8� 2:0(stat:)+2:0�0:4(syst:) %;f(
! D+1 )=f(
! D�+2 ) = 1:4� 0:7(stat:)+0:7�0:1(syst:);in agreement with the fragmentation fra
tions of the neutral ex
ited 
harm mesons (Se
-tion 7.1). 14



The ratio of the bran
hing fra
tions of the two dominant de
ay modes of the D�+2 ,BD�+2 !D0�+BD�+2 !D�0�+ = 1:1� 0:4(stat:)+0:3�0:2(syst:); (15)signi�
antly improves on the a

ura
y of the PDG [16℄ value of 1:9� 1:1� 0:3. BABARmeasured the ratio [34℄ BD�+2 !D0�+BD�+2 !D0�++BD�+2 !D�0�+ = 0:62 � 0:03 � 0:02, whi
h depends onsome assumptions and is not in
luded in the PDG averages [16℄. Using the value givenin Eq.(15) yields a ratio BD�+2 !D0�+BD�+2 !D0�++BD�+2 !D�0�+ = 0:52+0:08�0:13(stat:)� 0:05(syst:), in goodagreement with the BABAR result.8 Systemati
 un
ertaintiesThe systemati
 un
ertainties were determined by appropriate variations of the analysispro
edure, generally by the un
ertainties in our knowledge of the variables 
onsidered,and repeating the 
al
ulation of the results. The following sour
es of un
ertainty were
onsidered:� fÆ1g The stability of the �t results was 
he
ked by a variation of the sele
tion 
utswhi
h are most sensitive to the ratio of signal and ba
kground in the data:{ the 
ut on the minimal transverse momentum of the D�+, D+ and D0 
andidateswas varied by �100MeV;{ the 
ut on the minimal transverse momentum of the extra pion in the ex
ited Dmeson analysis was varied by �10MeV;{ the sele
tion 
ut on the 
osine of angle between extra pions and 
harged (neutral)ex
ited D meson 
andidates was 
hanged by �0:1 (�0:05);{ the widths of the mass windows used for the sele
tion of D�+ and D0 
andidatesin the ex
ited 
harm meson analyses were varied by �5% for ea
h pT dependentwindow (see Table 1), while for the D+ 
andidates it was varied by �12:5%.� fÆ2g The CAL energy s
ale is known with �2% un
ertainty and was varied a

ordinglyin the simulation.� fÆ3g The un
ertainties related to the �t pro
edure were obtained as follows:{ the ranges for the signal �ts were redu
ed on either side by 16 MeV for the D�+�and D+� mass spe
tra and 24 MeV for the D0� mass spe
trum;{ the ba
kground shape was 
hanged to that used by BABAR (Eq. 1 in ref. [25℄);15



{ the widths of the Gaussians used to parametrise the mass resolutions were 
hangedby �20%;{ all the masses and widths of wide states were set free in the �t. Sin
e with thepresent data alone these parameters are not determined well, the world-averagevalues from PDG [16℄ were used as additional 
onstraints. This was implementedby adding for ea
h parameter P (width or mass) a term (P�PPDG)2�(PPDG)2 to the �2-fun
tion. Here PPDG and �(PPDG) denote the parameter value and its un
ertaintyfrom PDG [16℄;{ the ba
kground fun
tions in the four heli
ity intervals were allowed to have sepa-rate normalisations;{ the heli
ity parameter of the D�02 meson in the �t was set free (Se
tion 5.1).� fÆ4g The un
ertainties of M(D�+)PDG, M(D0)PDG, M(D+)PDG were taken into a
-
ount.� fÆ5g The widths of D+1 and D�+2 were varied within their un
ertainties taken fromPDG [16℄.� fÆ6g The un
ertainty of the beauty 
ontamination was determined by varying thebeauty fra
tion in the MC sample between 0 and 200% of the referen
e amount.� fÆ7g The extrapolation un
ertainties were determined by varying relevant parametersof the Pythia simulation using the Bowler modi�
ation [17℄ of the Lund symmetri
fragmentation fun
tion [18℄. The following variations were performed:{ the mass of the 
 quark was varied from its nominal value of 1:5 GeV by �0:2 GeV;{ the strangeness suppression fa
tor was varied from its nominal value of 0:3 by�0:1;{ the fra
tion of the lowest-mass 
harm mesons produ
ed in a ve
tor state was variedfrom its nominal value of 0:6 by �0:1;{ the Bowler fragmentation fun
tion parameter r
 was varied from the predi
tedvalue 1 to 0:5; the a and b parameters of the Lund symmetri
 fun
tion were variedby �20% around their default values [27℄.A possible model dependen
e of the a

eptan
e 
orre
tions was 
he
ked by reweighting theD-meson transverse momentum distribution in the MC to mat
h the distribution observedin the data; no signi�
ant e�e
t on any result was found. As a further 
ross 
he
k thesele
ted pseudorapidity range of the extra pion, whi
h is not the same for the di�erentde
ay 
hannels (see Se
tion 5), was varied, and again no signi�
ant e�e
t on any resultwas observed. The un
ertainties of the fragmentation fra
tions f(
! D�+), f(
! D+)and f(
 ! D0) were in
luded by adding in quadrature their statisti
al and systemati
16



un
ertainties and the un
ertainties originating from the bran
hing-ratio un
ertainties.The resulting un
ertainty is in
luded in Æ7.The 
ontributions from all systemati
 un
ertainties were 
al
ulated separately for posi-tive and negative variations and added in quadrature. The obtained values are listed inTables 4{7. There is no single dominating sour
e of systemati
 un
ertainty. The totalsystemati
 un
ertainties are 
omparable to the statisti
al errors.9 SummaryThe full HERA data taken from 2003 to 2007 with an integrated luminosity of 373 pb�1has been used to study the produ
tion of ex
ited 
harm mesons. Signals of D1(2420)0and D�2(2460)0 were seen in the D�+�� de
ay mode and a 
lear D�2(2460)0 signal was seenin the D+�� de
ay mode. The measured D01 and D�02 masses and widths are in goodagreement with the latest PDG values. The measured D01 heli
ity parameter allows forsome S-wave mixing in its de
ay to D�+��. The result is also 
onsistent with a pureD-wave hypothesis. The heli
ity of D�02 , when set free in the �t, is 
onsistent with theHQET predi
tion, h = �1.A 
lear D�2(2460)+ signal is seen for the �rst time at HERA in the D0�+ de
ay mode.Feed-downs of both resonan
es D1(2420)+ and D�2(2460)+ in the de
ay mode D�0�+ areseen in the expe
ted mass region of M(D0�+) � 2:3 GeV. The measured D+1 and D�+2masses are in good agreement with the PDG values and the D�+2 mass is 
onsistent withthe BABAR measurement.The fra
tions of 
-quarks hadronising into D01 and D�02 are 
onsistent with those fromthe previous ZEUS publi
ation and with e+e� annihilation results, in agreement with
harm fragmentation universality. The fra
tions of 
-quarks hadronising into D+1 andD�+2 were measured for the �rst time and are 
onsistent, respe
tively, with the fra
tionsof the neutral 
harm ex
ited states D01 and D�02 .The ratios of the neutral and 
harged D�2 bran
hing ratios into D� and D�� are 
onsistentwith the PDG values.A
knowledgementsWe appre
iate the 
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ouragement.10 Appendix: Parametrisation of the feed-down 
on-tributionsLet us 
onsider the de
ay 
hain D1;2 ! D��; D� ! D�0 in the D� 
entre-of-masssystem. Here D1;2 is a neutral (positively 
harged) ex
ited 
harm meson D1 or D�2, D� isa positively 
harged (neutral) D�, � is a negatively (positively) 
harged pion and D is apositively 
harged (neutral) D (
harge 
onjugation is implied). In this system D1;2 and �in the initial de
ay and D and �0 in the subsequent de
ay are produ
ed with ba
k-to-ba
kmomenta. The momenta of parti
les in this system are:P 2� = �M2 �M2D� �M2�2MD� �2 �M2� ;where M is the D1;2 mass;P 2D = P 2�0 = �M2D� �M2D +M2�02MD� �2 �M2�0 :The measured M(D�) is given byM2m = M2(D�) =M2D +M2� + 2q(P 2D +M2D)(P 2� +M2�)� 2PDP� 
os�;where � is the heli
ity angle between �0 and �. Using the equations above, Mm 
an beparametrised as: M2m = M2(1� a) + b+ gp(M2 � d1)(M2 � d2) 
os�; (16)where a = (MD�2 +M�02 �MD2)=(2MD�2);b =M�02 � (MD�2 �M�2)(MD�2 +M�02 �MD2)=(2MD�2);g =q(MD�2 +M�02 �MD2)2 � 4MD�2M�02=(2MD�2);d1 = (MD� +M�)2;d2 = (MD� �M�)2:18



From Eq.(16), M is obtained as a fun
tion of Mm and �M = M(Mm; �):If the spe
trum shape of M is dNdM = f(M);where N is the number of 
andidates, then the Mm spe
trum shape isdNdMm = f(M(Mm)) dMdMm :Combining Eq.(16) with the normalised heli
ity angular distributiondNd(
os�) = 1 + h 
os2 �2(1 + h=3) ;yields d2NdMmd(
os�) = f(M(Mm; �)) dMdMm 1 + h 
os2 �2(1 + h=3) :The �t uses the integral over 
os�dNdMm = 1Z�1 f(M(Mm; �)) dMdMm 1 + h 
os2 �2(1 + h=3) d(
os�): (17)Here f(M) is parametrised by a relativisti
 Breit-Wigner fun
tion as for the promptsignals.For the des
ription of the D0� spe
trum, the D�0 ! D0
 de
ay was also taken intoa

ount by repla
ing M�0 with M
 = 0 in the equations above. For the des
ription of theD+� spe
trum, the 
ontribution of the D�+ ! D+
 de
ay was negle
ted [16℄.
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Variable D0 ! K��+ D0 ! K��+�+��pT (K) (GeV) > 0:45 > 0:3pT (�) (GeV) > 0:45 > 0:3pT (�s) (GeV) > 0:1 > 0:1pT (D�+) (GeV) > 1:5 > 3j�(D�+)j < 1:6 < 1:6pT (D�+)=E�>10Æ? > 0:12 > 0:18M(D0) (GeV) for 1:83� 1:90 1:84� 1:89pT (D�+) < 3:25 GeVM(D0) (GeV) for 1:82� 1:91 1:84� 1:893:25 < pT (D�+) < 5 GeVM(D0) (GeV) for 1:81� 1:92 1:84� 1:895 < pT (D�+) < 8 GeVM(D0) (GeV) for 1:80� 1:93 1:84� 1:89pT (D�+) > 8 GeVTable 1: Cuts on D�+ ! D0�+s 
andidates for the de
ay 
hannels D0 ! K��+and D0 ! K��+�+��.
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HERA II HERA I PDGN(D01 ! D�+�) 2732� 285 3110� 340N(D�02 ! D�+�) 1798� 293 870� 170N(D�02 ! D+�) 521� 88 (S(D+) > 3) 690� 160M(D01), MeV 2423:1� 1:5+0:4�1:0 2420:5� 2:1� 0:9 2421:3� 0:6�(D01), MeV 38:8� 5:0+1:9�5:4 53:2� 7:2+3:3�4:9 27:1� 2:7h(D01) 7:8+6:7�2:7+4:6�1:8 5:9+3:0�1:7+2:4�1:0M(D�02 ), MeV 2462:5� 2:4+1:3�1:1 2469:1� 3:7+1:2�1:3 2462:6� 0:7�(D�02 ), MeV 46:6� 8:1+5:9�3:8 43 �xed 49:0� 1:4h(D�02 ) �1 �xed �1 �xedD1(2430)0=D01 1:0 �xed 1:0 �xedD�0(2400)0=D�02 1:1� 1:1 1:7 �xedFeed-downs/D�02 0:3� 0:4Table 2: Results of the simultaneous �t for the yields (N), masses (M), widths(�) and heli
ity parameters (h) of the D01 and D�02 mesons, for the ratios of thewide states D1(2430)0 and D�0(2400)0 to the narrow states D01 and D�02 , and for theratio of the feed-down (see text) to the D�02 ! D+��. The �rst un
ertainties arestatisti
al and the se
ond are systemati
. The results (HERA II) are 
ompared toearlier ZEUS results at HERA I [1℄ and to the PDG [16℄.
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HERA II PDGN(D+1 ! D�0�+) 759� 183N(D�+2 ! D�0�+) 634� 223N(D�+2 ! D0�+) 737� 164M(D+1 ), MeV 2421:9� 4:7+3:4�1:2 2423:4� 3:1�(D+1 ), MeV 25 �xed 25� 6h(D+1 ) 3:0 �xedM(D�+2 ), MeV 2460:6� 4:4+3:6�0:8 2464:4� 1:9�(D�+2 ), MeV 37 �xed 37� 6h(D�+2 ) �1:0 �xedTable 3: Results of the �t for the yields (N), masses (M), widths (�) and heli
ityparameters (h) of the D+1 and D�+2 mesons. The �rst un
ertainties are statisti
aland the se
ond are systemati
. The results are 
ompared to those of the PDG [16℄.total Æ1 Æ2 Æ3 Æ4M(D01), MeV +0:4�1:0 +0:4�0:3 +0:0�0:8 +0:1�0:5 +0:1�0:1M(D�02 ), MeV +1:3�1:1 +0:9�0:9 +0:9�0:5 +0:2�0:2 +0:0�0:1�(D01), MeV +1:9�5:4 +1:6�2:3 +0:0�1:6 +1:0�4:5 +0:0�0:0�(D�02 ), MeV +5:9�3:8 +4:0�3:5 +0:1�0:2 +4:3�1:7 +0:0�0:0h(D01) +4:6�1:8 +3:1�1:3 +2:4�0:3 +2:3�1:3 +0:1�0:1Table 4: Total and Æ1-Æ4 (see text) systemati
 un
ertainties for the mass, widthand heli
ity parameters of the neutral ex
ited 
harm mesons.total Æ1 Æ2 Æ3 Æ4 Æ5M(D+1 ), MeV +3:4�1:2 +3:2�0:1 +0:0�0:7 +0:6�0:1 +0:1�0:1 +0:6�0:9M(D�+2 ), MeV +3:7�0:8 +1:7�0:5 +3:1�0:0 +0:4�0:2 +0:1�0:1 +0:9�0:6Table 5: Total and Æ1-Æ5 (see text) systemati
 un
ertainties for the mass, widthand heli
ity parameters of the 
harged ex
ited 
harm mesons.24



total,% Æ1;% Æ2;% Æ3;% Æ4;% Æ6;% Æ7;%FextrD01!D�+��=D�+ +19:2�14:5 +16:4�12:2 +6:7�0:0 +3:4�7:5 +0:3�0:0 +1:5�2:0 +6:5�0:0FextrD�02 !D�+��=D�+ +13:5�18:2 +11:9�12:9 +3:7�5:0 +1:2�11:8 +4:9�0:0 +0:9�1:5 +0:1�0:0FextrD�02 !D+��=D+ +25:2�17:3 +18:6�7:8 +11:9�0:0 +5:4�15:4 +1:0�0:0 +0:5�0:8 +10:7�0:0BD�02 !D+��BD�02 !D�+�� +20:1�19:5 +9:9�13:5 +0:0�4:7 +9:6�3:3 +0:0�0:7 +2:3�2:5 +14:4�12:7f(
! D01) +15:8�18:6 +11:9�12:9 +3:7�5:0 +1:2�11:8 +4:9�0:0 +0:9�1:5 +8:1�3:6f(
! D�02 ) +22:4�15:1 +16:1�9:1 +8:9�0:0 +4:0�10:7 +0:6�0:0 +0:6�1:0 +12:2�5:3Table 6: Total and Æ1-Æ7 (see text) systemati
 un
ertainties for extrapolatedfra
tions, for ratios of the dominant bran
hing fra
tions and for fragmentationfra
tions of the D01 and D�02 mesons.
total,% Æ1;% Æ2;% Æ3;% Æ4;% Æ5;% Æ6;% Æ7;%F extrD+1 !D�0�+=D0 +42:6�6:1 +30:5�0:0 +18:3�0:0 +3:7�2:6 +0:0�0:0 +22:2�0:0 +1:8�5:2 +6:0�1:9F extrD�+2 !D�0�+=D0 +24:6�14:8 +14:7�1:3 +6:3�2:4 +1:2�7:9 +0:0�0:0 +13:5�4:6 +3:5�4:0 +12:5�10:5F extrD�+2 !D0�+=D0 +18:0�8:0 +13:4�0:8 +5:6�4:3 +0:2�5:2 +0:0�0:0 +3:6�0:0 +1:6�1:4 +9:8�3:9BD�+2 !D0�+BD�+2 !D�0�+ +23:8�19:1 +10:5�8:5 +8:3�10:0 +7:0�4:7 +0:0�0:0 +6:9�9:1 +2:7�1:9 +16:9�9:3f(
! D+1 ) +42:7�7:3 +30:5�0:0 +18:3�0:0 +3:7�2:6 +0:0�0:0 +22:2�0:0 +1:8�5:2 +7:1�4:4f(
! D�+2 ) +16:7�7:1 +12:0�0:0 +1:8�0:0 +0:5�5:4 +0:0�0:0 +8:2�1:2 +2:5�2:7 +7:7�3:6Table 7: Total and Æ1-Æ7 (see text) systemati
 un
ertainties for extrapolatedfra
tions, for ratios of the dominant bran
hing fra
tions and for fragmentationfra
tions of the D+1 and D�+2 mesons.
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Figure 1: The distribution of the mass di�eren
e (dots), (a) �M =M(K��s)�M(K�) and (b) �M = M(K����s) � M(K���). The solid 
urves are �ts tothe sum of a modi�ed Gaussian fun
tion and a ba
kground fun
tion (dashed lines).Candidates from the shaded area, 0:144 � 0:147GeV, are used for the analysis ofex
ited 
harm mesons.
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Figure 2: The mass distributions (dots), (a) M(K��+�+) for events with sig-ni�
an
e S > 3 and (b) M(K��+) for events with signi�
an
e S > 0. The solid
urves are �ts to the sum of a modi�ed Gaussian and a ba
kground fun
tion (dashedlines) and for (b) in
luding also a 
ontribution from a se
ond broad modi�ed Gaus-sian representing a re
e
tion (see text). Candidates from the shaded areas, (a)1:85 � 1:89GeV and (b) 1:845 � 1:885GeV, are used for the analysis of ex
ited
harm mesons.
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Figure 3: The mass distributions (dots), a) M(D�+�a) and b) M(D+�a). Thesolid 
urves are the result of a simultaneous �t to a) D01 and D�02 and to b) D�02 andfeed-downs plus ba
kground fun
tion (dashed 
urves). The 
ontributions of the widestates D1(2430)0 and D�0(2400)0 are given between the dashed and dotted 
urves.The lowest 
urves are the 
ontributions of the D01, D�02 and feed-downs to the �t.
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ontributions and to theD�+2 signal plus ba
kground fun
tion (dashed 
urves). The lowest 
urves are the
ontributions of the D+1 and D�+2 to the �t.
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Figure 5: The mass distributions (dots), M(D�+�a) in four heli
ity intervals:(a) j 
os�j < 0:25; (b) 0:25 < j 
os�j < 0:50; (
) 0:50 < j 
os�j < 0:75; (d)j 
os�j > 0:75. The solid 
urves are the result of the simultaneous �t to D01 andD�02 plus ba
kground fun
tion (dashed 
urves).
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