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Abstract

We search for new charmed strange states in the process T(25) — Dg*)JrDs_J and in continuum
production ete™ — D§*)+D;, at /s = 10.58 GeV (and their charge conjugates), where D_;
represents either D, (2700)~ or D?,(2860). This analysis utilizes 158+4 million T (2.S) events and
89.5 fb~1 of continuum data samples collected at /s = 10.58 GeV. The Belle samples are converted
into Belle II data format using B2BII in release-08-02-02. The D7 states under investigation are
D7, (2700) or D¥(2860)~, identified through their decay into D®*) K. Clear signals of D (2700)~
and D7 (2860)~ are observed in the Y(25) and continuum MC simulations. The mass resolutions
are approximately 7.0 MeV/c? for DY (2700)~ and 10.0 MeV /c? for D?,(2860). Results from the

Belle data samples will be provided after the box opening.

PACS numbers: 14.40.Gx, 13.25.Gv, 13.66.Bc
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I. INTRODUCTION

Open charmed mesons, which consist of a charm quark and either an up, down, or strange
quark, are crucial for testing quark model predictions within the Standard Model. Since their
initial observation [1], numerous states have been identified [2]; however, the total still falls
significantly short of the predictions made by conventional models [3, 4]. The search for
excited open charmed mesons, denoted as D) s, employs two primary methods: inclusive

reactions and amplitude analyses of exclusive B meson decays. In the cu sector, states such

as D;(2550)", D;(2600)°, and D;(2750)° have been observed by BaBar during the process

tem~ — c¢ — DWrX (where X represents any additional system) [5]. Their quantum

e
numbers are further analyzed by LHCbD in the decay B~ — D*tn~ 7~ [6]. In the ¢35 system,
the narrow state D,(2317)" has been observed in inclusive D 7° final states [7] and subse-
quently confirmed by Belle in the decay B — DD4(2317) [8]. Additionally, the broad state
D?,(2700) has been observed in the decay B — DD°K™ by Belle [9], and later confirmed
by BaBar in the D*K final state through inclusive e™e™ interactions. Meanwhile, BaBar
has also provided the ratio of D (2700) — K D*/D¥ (2700) — KD [10]. Recently, Belle
has observed the process ¥(2S) — D*"D,; and continuum production ete™ — D*" D,
at /s = 10.52 GeV using innovative partial reconstruction techniques [11]. This novel
approach offers a unique framework for the exploration of new charmed strange states.
This study focuses on the search for new charmed states in DE*HDS_J final states from
T(2S) decays and e*e™ annihilation, utilizing an innovative partial reconstruction technique.

This approach promises to enhance our understanding of the production and annihilation

mechanisms of charmed strange states.

II. ANALYSIS METHOD

We search for the Dg*HDs_J final states with the subsequent decay D_;, — DWEK in the
T(2S) decays and the production of ete™ annihilation. We use the technique of partial
reconstruction for the D_; final state, which is tagged through the recoil mass of the fully
reconstructed Dg*H, and the recoiling D_; is tagged by a kaon produced in the decay D_; —
D®EK. The remaining D™ is observed indirectly though its recoil against the D™ K

system using the known kinematics of the initial state. The circumvents the problem of low

4
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efficiencies for reconstructing D™ mesons associated with the large variety of possible decay

processes.

III. DATA SAMPLES AND MC SIMULATION

This work is performed on the software frameworks of B2BII for the Belle analysis. The

data samples for the analysis are:

e The Belle Y(25) data sample includes 24.7 tb™" of data collected on the resonance
and 1.7 fb™" of off-resonance (continuum) data at v/s = 9.993 GeV, along with a small

scan data sample with a size of 258 pb~!.
e The 89.5 fb™! continuum data sample collected at /s = 10.52 GeV.

By measuring the inclusive hadronic decays, the number of T(2S5) events produced is
estimated to be 158 £4 x 10° [12]. The 1.7 fb™" off-resonance data sample is insufficient for
studying backgrounds from QED continuum production; thus, the large continuum sample
at /s = 10.52 GeV with an integrated luminosity of 89.5 fb~' is utilized. For this analysis,
the skim samples of HadronB(J) [13] and tau_skimB [14] are combined, with each event
included in both samples counted only once. The efficiency of the combined skim selections
is found to exceed 98%.

We utilize the EvtGen generator [15] to simulate the process Y(25)/ete™ — D** Dy in
accordance with the quantum numbers J” of DS and D, [16]. Four decay modes of
D, are simulated: D°K~, D~K2, D*(2007)°K~, and D*(2010)*K2. The D™ meson is
not reconstructed but is determined from the recoil against the Dg*H and kaon that decay
from D_, ensuring that the decay of D®*) is treated inclusively. In this work, GEANT3 [17]
is employed to simulate the detector responses, with the sizes of the generic MC samples
corresponding to three times the integrated luminosity of the Belle data used to study the

backgrounds.

IV. EVENT SELECTION AND RECONSTRUCTION

We search for the tagged D} using six final states: ¢mt, KSKT, K*(892)°K™, pt¢, nr,
and 7’7t with the decay of the D** proceeding through D** — D}~.

5



101 In this section, we present some selection criteria, distributions from MC simulations and

102 data samples, as well as an analysis of the generic MC samples.

103 A. General selection

104 The following general selection criteria are applied to both the data samples and the MC

105 simulations.

106 1. For a well-measured charged track, selection criteria are applied based on the param-
107 eters perpendicular to and along the beam direction with respect to the interaction
108 point: dr < 0.5 cm and |dz| < 2.0 cm, respectively. The transverse momentum is
100 required to be greater than 0.1 GeV/c in the lab frame. To identify a charged track
110 (PID), information from different sub-detector systems is combined to form a likeli-
1 hood for each particle species (i), denoted as £;. A well-measured charged track with
112 Rk = £K[':f£7r < 0.4 is identified as a pion candidate, while a track with Rg > 0.6 is
13 identified as a charged kaon candidate.

114 2. For K? candidates, a multivariate analysis using a neural network [18] is employed,
115 based on two sets of input variables [19]. A Ko candidate is constructed from a pair
116 of oppositely charged tracks treated as pions.

17 3. An ECL cluster is considered a photon candidate if it does not match the extrapolation
118 of any charged track. Pairs of photons are combined to form 7° candidates. The
119 energies of photons from 7° decay are required to be greater than 25 MeV in the
120 calorimeter barrel and 50 MeV in the calorimeter end caps in the laboratory frame.
121 The 1 candidates are reconstructed via the vy and 777~ 7" decay modes. Photon
122 candidates from n — <7 are required to have energies exceeding 150 MeV in the
123 laboratory frame. The reconstructed n candidates are combined with 7" 7~ pairs to
124 form 7' candidates. Mass and vertex constraint fits are applied to the 7°, n, and »/
125 candidates.

126 4. The ¢, K*(892)°, and p* candidates are reconstructed in the K*K~, K—nt, and
127 707+ decay modes. The mass windows applied for ¢, K*(892)°, p*, 7% n — 7,

128 n — 7tn 7% and 1’ candidates are detailed in Table I.
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TABLE I. The mass window cuts for the selected meson candidates are set to approximately 3.0c

regions around the corresponding nominal mass of each meson.

Candidates Mass window cut (MeV/c?)

¢ — K"K~ +10
Kg — T +15
K*(892)° — K*n~ +105
70— 4y +15

pt — n0nt 4200

n — vy +40

n— rrr 70 +12

n =ty +15

B. Reconstruction of D} and D"

Before calculating the mass of the D candidates, a fit to a common vertex is performed
for the charged tracks within the D} candidates. Figs. 1 display the combined distribution

My w, for M.+, Mg+, Mg=goor+, Mptg, Myrr, and M+ for the D} candidates.

U
These figures are derived from the data samples and signal MC simulations. The D] signal
is fitted using a double Gaussian function, while the background is described by a first-order

(or second-order) polynomial function. In this context, we define the mass resolution of

the D signals using the formula o = \/f1 % (67 +m}) + fo X (03 +m2) — m? with m =
fi x my 4+ fa X mg, where my; (msy), o1 (02), and fi (f2) represent the mean, standard
deviation, and fraction of the second Gaussian function, respectively. A mass resolution
of oy = 83+ 0.9 MeV/c? is obtained from the data, which is used to define the signal
region for D, while the corresponding resolution in signal MC simulations is 8.7 MeV /c?.
Additionally, we define sideband regions using the criterion [Mp,p, —mp+ 905+ < 30+,
which is twice as wide as the signal region. Since the fraction of multi-combination in D

reconstruction is approximately 3%, multiple D candidates are allowed in a single event.

We reconstruct Dt candidates from the DY sample using the vD7 final state. For this,
we require the photon energy to exceed £, > 50 MeV in the barrel and E, > 100 MeV in the

endcaps of the ECL. The corresponding invariant mass distributions M. p+ for vDY from

7
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FIG. 1. Invariant mass distributions of the combinations of ¢+, KSK+, K*(892)°K™, pT¢, nnt,
and n'7t for the D} candidates are presented in the following: (a) the Y(2S) data samples, (b)
the continuum data sample at /s = 10.58 GeV, (c) the signal MC simulations of Y(2S5) decays,
and (d) the signal MC simulation of continuum production at /s = 10.58 GeV. The red arrows
show the signal region of D, and the blue arrows show the related sideband regions. The curves

show the best fit results using Gaussian functions for the D signals.

the T(25) and continuum data samples are shown in Fig. 2. We fit the M_p+ distribution
between 2.07 GeV/c? and 2.15 GeV /c? using two Gaussian functions for the DT signal and
a second-order polynomial function for the background. We obtain a mass resolution of
Ope+ = 8.2+ 0.4 MeV/c? in data and 6.0 MeV/c* in signal MC simulations, which agree

D*t. we also establish

s

well with each other. In addition to defining the signal region for

sideband regions using the criterion |M7D;* — Mmps+ £ 90| < 30per

As we aim to study the D** K recoil spectrum, we apply mass-constrained fits to the D**
candidates in the signal region to improve their momentum resolution. We find that 11%
of the events have multiple D** candidates. In these cases, we select the candidate with

the minimum x? from the mass-constraint fit. For candidates in each D*™ mass sideband,

8
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FIG. 2. Invariant mass distributions of the combination of D}~y for the D*T candidates are
presented in the following: (a) the T(2S) data samples, (b) the continuum data sample at /s =
10.58 GeV, (c) the signal MC simulations of Y(2S) decays, and (d) the signal MC simulation
of continuum production at /s = 10.58 GeV. The red arrows show the signal region of D} or
Dg*H, and the blue arrows show the related sideband regions. The shaded histograms illustrate
the backgrounds estimated from the normalized D mass sidebands. The curves show the best fit

results using Gaussian functions for the D** signals.

we apply the mass constraint to the center of the sideband and select the combination with
the minimum x? as well. To estimate the size of the peaking component in the selected
Dt sample due to the minimum y? requirement, we apply the same mass constraints to
events in the D sidebands. As shown in Fig. 2, the D mass sideband events can effectively

describe the peaks in the D*" mass sidebands and therefore can be used to reliably estimate

the peaking component in the D;* mass signal region. Events with [M_ ,+ —mpe+| < 3050+

are removed for the DY D_; search.
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(a) the signal MC simulation of T(2S) decays and (b) the signal MC simulation of continuum
production at /s = 10.52 GeV.

C. The study of recoil mass spectra against the Dg*)+f( in the T(25) and continuum
at /s = 10.52 GeV signal MC simulations

The search for D™ requires the reconstruction of a K meson in addition to the Dg*)Jr.

We determine the D™ signal through the recoil of DK using the calculated mass:

Mpe = M;e??iik = \/(Ec.m. — Eper = Eg)? = (Pem. — Dpor — Pr)% (1)

and isolate the possible production of D, states in the K D® final states through their

recoil using the following equation:

My = Myt =\ (Bem, = Ep)? = (Fem, = Fpos ) (2)

Here, E. ., and p.,. denote the energy and 3-momentum of the eTe™ collision system,
while £+ (Eg) and ppe+ (Pg) correspond to those of DT (K), respectively.

We present the distributions of M;’f‘ﬂk versus er)e(co)‘}r from the two signal MC simulations
of T(25) decays and continuum production in Fig. 3(a) and (b), respectively. Clear bands
are observed in the MC simulation distributions, corresponding to the production of the
Dz (2700)~ or D?(2860)~ signal in the D*K (D*(2007)°K~ or D*(2010)~ K9) final state,
and the D(2573)~ or D7 (2700)~ signal in the D°K (DK~ or D~ K?Y) final state.

ecoil

The mass resolutions of M]rje(“;ﬂlrk and MY are relatively large due to the common

D
variables E .+ and ppe+ in Eqs. (1) and (2). To improve the mass resolution of Mg pe),

10
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FIG. 4. The invariant mass distributions of K D* calculated in the recoil mass for Dg are
presented for the following decay modes: (a) D¥ (2700)~ — D*K, (b) D (2700)~ — DK, (c)

*(2860)" — D*K, and (d) D% (2860)" — DK. These distributions are obtained from the
T(2S5) signal MC simulations (top panels) and the continuum signal MC simulations at 10.52 GeV

(bottom panels) as shown in (e)-(h). The curves show the best fit results using Gaussian functions

for the D signals.

we employ the following formula to replace Eq. (2):

il il
Mpgpe = M = MIESL o+ mpe. (3)

This adjustment signiﬁcantly reduces the uncertainties arising from the 4-momentum of
final states from D{* * decays. From simulation, Fig. 3 shows the distributions of M (K D®))
for all D§*>+D;, final states. From these distributions, we obtain resolutions of oz <

10 MeV/c?.

V. BACKGROUND STUDY

The background study presented in this research primarily underscores the analysis of

Generic MC distributions and the execution of cross-feeding checks.

11
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FIG. 5. The invariant mass distributions of K D* calculated in the recoil mass for Dg*H in the

(a) DFK~D*(2007)°, (b) DFK3D*(2010)*", (c) DitK~D*(2007)%, and (d) D:TK9D*(2010)*
final states from the Y(25) generic MC simulations (left panels) and the continuum generic MC
simulations at 10.52 GeV (right panels). The shaded histograms show the backgrounds estimated

from the normalized Dg*)Jr mass sidebands.

A. Generic MC study

We use ete™ — qq(uii, dd, s5, cc, bb) at /s = 10.52 GeV /c?, with three times the lumi-
nosity of the real data, along with Y (25) generic MC samples on T(2S) — qq(ui, dd, s3, cc)
containing 1 x 10% events to study the background. The distributions of M (D™ K) are shown
in Fig. 5 and Fig. 6. From these distributions, we find that there are no peaking backgrounds.

12
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MC simulations (left panels) and the continuum generic MC simulations at 10.52 GeV (right
()+

panels). The shaded histograms show the backgrounds estimated from the normalized Ds ' mass

sidebands.

B. Cross-feeding checks

For the selection of the Y(25)/ete™ — D} D_, final states, the process Y(25)/efe” —
D+ D_; can also be considered a source of Y(25)/ete” — DI D_; events when D} candi-

dates are combined with a soft photon to form D** candidates. In this case, the condition

|M, p+ — mpe+| < 30p:+ is applied, which leads to the rejection of some D;* candidates.
However, this approach results in a 30% reduction in efficiency. Consequently, the D**D_,

final states will not overlap with the candidate particles selected for the Df D_; event selec-

13
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tions.

For the selection of the DI*D_; final states, the process Y(2S)/ete” — DID_; can
also be regarded as a source for Y(25)/ete” — D:TD_,. To investigate this situation, a
signal MC simulations for D} D_; has been generated to cross-check the D**D_, process.
Fig. 7(a) shows the invariant mass distribution of D+, while Fig. 7(b) and 7(c) present the
distributions of M (D™ K) before and after the subtraction of the background from the D**
sidebands, respectively. From these figures, it is clear that there is no cross-feeding between

the T(25)/ete " DFD_; and Y(2S)/ete” DitD_; processes.

VI. BORN CROSS SECTION AND BRANCHING FRACTION CALCULATION

We calculate the branching fraction of T(25) — D +DS_J and the Born cross section for

ete” — D§*>+D;J using the following equations:
B(Y(2S) — DYW* D )B(D;, - KDW) = Nibs) (4)
s > Nrys) X 3B’
and

Ni%lt X [1— H|2
Leont X > iBBi X (1 + disr)

Here, ¢ identifies the decay mode of the D} — hihy decay, while ¢; and B; represent

O'B(6+€_ - Dg*HD;,)B(D;, — KD(*)) =

()

their reconstruction efficiencies and branching fractions, respectively. We calculate > &;B;

based on signal MC simulations for ¢; and the world average values of B; [2], with the results

14
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listed in Table IT. Additionally, we account for the branching fraction of the Ky — 7t~
decay [2].

From the Born cross sections, we determine the full "dressed” cross section using the
formula gdressed = gBon /|1 1|2, The factor |[1—II|?> = 0.931 denotes the vacuum polarization
factor [20, 21]. Furthermore, we correct for radiative effects. The radiative correction factor
1 + digr is obtained from the integral [o%*d(s(1 — z))F(z,s)dz/oc™**(s) and has a
value of 0.82, where F(x,s) is the radiative function derived from a QED calculation with
an accuracy of 0.2% [22-24].

To assess the reliability of this work, we compare our results with those from Belle [11],
as detailed in Sec. IX. The comparison reveals that our results are in strong agreement with

those from Belle.

TABLE II. The ) ¢;B; denotes the sum of the products of the reconstruction efficiencies and
branching fractions across the six decay channels of D for the study of Y(25)/eTe™ — D§*>+D;,+
c.c. In the case of the Kg mode, > ¢;B; is multiplied by the branching ratio for Kg — T,

> ciB;

Final states continuum MC simulations T (2S5) MC simulations

K~ mode (%) K% mode (%) K~ mode (%) K9 mode (%)

D} Dz (2700)~(— D*K) 1.76 £0.03 1.07+0.02 1.7240.02  1.05+0.02
DT D% (2700)"(— D*K) 1.54+0.02 0.89+0.01 1.55+0.02 0.89 +0.01
D} D% (2700)" (= DK) 1.42+40.02 088+0.01 1.37+0.02 0.87+0.01
D:tD¥(2700)~(— DK) 1.1940.23 0.7440.01  1.1940.02 0.73+£0.01
D} D (2860)" (= D*K) 1.84+0.03 1.11+£0.02 1.90+0.03 1.16 £0.02
D:*tD?(2860)" (— D*K) 1.564+0.02 0914001 1.604+0.02  0.944+0.01
DFD?(2860)"(— DK) 1.53+£0.02 0.97+0.01 1.60+£0.02 1.00=+0.01
D:tD*(2860)"(— DK) 1.264+0.02 0.784+0.01 1.314£0.02 0.81£0.01

VII. SYSTEMATIC UNCERTAINTIES

Determining the branching fractions in Y(2S) decays and the Born cross sections for

continuum productions involves various systematic uncertainties. These include factors re-
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lated to detection efficiency, such as tracking efficiency and particle identification, as well as
uncertainties associated with the reconstruction of K9 and 7° mesons and the application
of mass window cuts. Additionally, uncertainties in the branching fractions of intermediate
states and in the angular distribution contribute to the overall systematic uncertainties, as

outlined in Table III.

A. Detection Efficiency

1. Regarding tracking efficiency, recent updates estimate the efficiency for high-momentum
tracks with Pr > 200 MeV/c using partially reconstructed D** decays in D*t —
7t DY D° — Kortn~ [25]. A conservative estimation of the systematic uncertainty

for high-momentum tracks is taken as 0.35% per track.

2. Regarding particle identification (PID), updated measurements of the particle identi-
fication efficiency using inclusive samples D+ — 77 D° and D° — K*7~ [26] indicate
uncertainties of 1.1% for each kaon and 0.9% for each pion based on signal MC data
simulations. Uncertainties from the same type of tracks are added linearly, while un-
certainties from different types of tracks are summed in quadrature to obtain the final

PID uncertainty.

3. Regarding K2 selection, previous studies [27] have found the ratio of efficiencies in
K7 selection between data samples and MC simulations to be (97.89 + 0.41 + 0.6)%.

Thus, a systematic uncertainty of 2.23% is assigned for K selection.

4. Regarding 7° selection, the efficiency correction (0.957) and systematic uncertainty

(2.25%) are determined from studying the control sample of 7= — 7~ 7% [28].

5. Regarding mass window cuts, the systematic uncertainties for ¢, K9, K*(892)°, 7Y,
pt, (= yyorrTr~x0), o/, DF, and D} in the search for Y(25) — Dﬁ*”D;, + c.c.

with D, — DK~ and D, — D™~ K% are applied to estimate the uncertainties

for both the signal MC simulation and data samples.

To summarize the systematic uncertainties related to detection efficiency for each final
state, uncertainties from tracking efficiency, particle ID, K2, and 7 selection are first com-

bined in quadrature to obtain o; (where i corresponds to different D} decay modes).
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Next, to calculate the total detection-efficiency-related uncertainties (opggr) for the

measurement of B[Y(2S) — DSHD;}]7 oper is computed using the formula oprpr =
Ei(AeiXBi)

SexB) where Aeg; equals o; X ¢;, representing the absolute uncertainties of the effi-

ciency for each DY decay mode.

B. Branching Fractions

In the calculations of branching fractions, the uncertainties of the branching fractions

contribute to 3;(e; x B;). The uncertainties of the branching fractions, denoted as og, are
Zi(EiXABi)

calculated according to CSGxB)

The total uncertainties X.B; represent the absolute uncertainties of the branching fractions
for each of the D} decay modes, which are 0.06%, 0.06%, 0.06%, 0.17%, 0.05%, and 0.05%
for ¢prt, KYKT, K*(892)°K™, ¢p™, nr™, and n'7™, respectively [27]. The uncertainties in
the branching fraction of D** for each of the D} decay modes are 0.06%, 0.06%, 0.06%,
0.26%, 0.05%, and 0.05%. We determine the total uncertainties of Ye; x B; to be 2.2%,
2.2%, 2.4%, and 2.4% for the DY K~D® DFfK3D™ D**K-D® and D!TK3D™ final

states, respectively.

C. Uncertainties in angular distribution

To estimate the systematic uncertainty in the angular distribution of Dg*Hﬂ_, we gener-
ate new MC simulations uniformly with phase space and take half of the efficiency difference

as systematic uncertainties. The systematic uncertainties are 6.9%, 6.8%, 8.3%, and 9.5%

for DY K=D®° DFKOD®= D+ K=D®° and D** K3D™~ respectively.

D. Interference between the resonance and continuum amplitudes in the Y(25)

data

To be studied after the box opening.
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E. Other uncertainties

The uncertainty in the total number of T(2S) events is 2.2%. The systematic uncer-
tainties in the luminosities for the three data samples are 1.4%. By adjusting Scont/St(29)
t0 [Scont/St(29))"°, the value of fyae changes from 0.304 to 0.319, and we take 4.9% as its

systematic uncertainty.

VIII. SUMMARY

For the first time, we employ a partial reconstruction technique to search for new charm-
strange states in the decay Y(25)/ete”™ — Dg*HD;J using data collected from approxi-
mately 158+4 million Y (2S5) events and 89.5 fb™" of continuum samples at /s = 10.58 GeV.
The D] states under investigation are D (2700)~ or DX (2860)~, identified through their
decays into D™K. We fully reconstruct DT K- /K, allowing the D™ to be missing
to enhance efficiency. Clear signals for D¥ (2700)~ and D? (2860)~ are observed in both
T(25) and continuum MC simulations. No peaking backgrounds have been found in the
generic MC samples, and cross-feeding checks indicate no overlap between the processes
Y(2S)/ete — DfD_, and Y(25)/ete” — Di*D_,. To further validate our works, we
investigate the process Y(25)/eTe” — Dg*)+D51(2536)*/D82(2573)* + c.c. and compare our
results with those from Belle [11], which shows excellent agreement. Finally, we will present

our results in the higher-mass region following the open box.
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IX. APPENDIX A:VALIDATION CHECKS

In Figs. 9 and 10, we present the distributions of K D™ for two data samples. And the
Table IV presents the Y &;B; values derived from the signal MC simulations. Due to the
strong correlation between the K9 model and the K~ model, this work focuses solely on

comparing the results of the K~ model, which are presented in Table VI.

TABLE IV. ) ¢&;B; is the sum of the products of the reconstruction efficiencies and branching

fractions in D’s six decay channels for studying of Y(25)/ete™ — Dg*)—i_D;] + c.c.. In the K¢

mode, Y ¢;B; is multiplied by the branching ratio of Kg — T,
>_cibi
Final states continuum MC simulations T(2S5) MC simulations

K~ mode (%) K% mode (%) K~ mode (%) K3 mode (%)

D} Dg(2536)"(— D*K) 1.80+0.03 1.07+£0.02 1.69+0.02 0.97+0.01
Dt Dy (2536)"(— D*K) 1.564+0.02 0904001 1.534+0.02 0.8640.01
DiDg(2573)"(— DK)  1.92+40.03 122+0.02 1.87+0.03 1.19+0.02
D!t Dy (2573)"(— DK) 1.2340.02 0.754+0.01 1.174+0.02  0.74+0.01

We determine the numbers of D_; signals, Nfgés) of the YT(25) decays and N2, of the
continuum production at /s = 10.52 GeV, by simultaneously fitting the My 5 distribu-
tions for the T (25) data sample and the continuum data sample, and with common isospin
ratios Ris.s = B(D,; — KYD™W™)/B(D;, — K~D®?) between the K3D™~ and K~ D®?°

final states. In the fits, we use N3% ) and N8 of the K~ D®9 modes, and those of the

(25
KgD(*)_ modes are calculated via t(he isospin ratios Ris s and the ratios of efficiencies and
branching fractions between the K2 D™~ modes and the K~ D®° modes. The fit function is
the sum of a Breit-Wigner function (BW) convolved with a Gaussian function with a width
corresponding to the mass resolution, and a linear function to describe the backgrounds. The
mass and width of the BW functions are fixed to the world average values for D;(2536)~ and
Dy (2573)~ [2]. Figs. 8 show the mass resolutions used in the Gaussian are obtained from
MC simulations and are about 2.8 MeV/c? (6.5 MeV/c?) for Dy1(2536)~ (D4(2573)7). We

include the branching fractions and reconstruction efficiencies corresponding to the Dg*HDS’J

final states in the fits.
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FIG. 8. The invariant mass distributions of K D* calculated in the recoil mass for Dg in the
(a)Ds1(2536)" — D*K, (b)Ds2(2573) — DK from Y(2S5) signal MC simulations (top panels)
and (c-d)the continuum signal MC simulations at 10.52 GeV (bottom panels). The curves show

the best fit results using Gaussian functions for the D signals.

In principle, there is interference between the resonance and continuum amplitudes in
the T (2S) data sample [30]. While we do not account for this effect in the simultaneous fit,

we do include it as part of the systematic uncertainties, as shown in Table V.

We estimate the contribution of continuum production to the D§*>+D;, signal in the
T(25) data sample. For this, we scale the luminosities and correct for the center-of-mass
(c.m.) energy dependence of the QED cross section, , oe+.- o 1/s. This results in a
scale factor of feale = (Lr(2s) X Scont)/(Leont X Sv(25)) = 0.304. Here, Lys)y and Leons
are the integrated luminosities of the Y(2S) data sample at /sys) = 10.02 GeV and
the continuum data sample at /scony = 10.52 GeV. Therefore, the yield of signal events
produced via continuum e*e™ annihilation in the T (2S5) data sample is given by ficale X NE

We determine the statistical significance of D_; by comparing the value of A(—2InL) =

—21In(Lyax/Lo) and the change in the number of free parameters in the fits, where L.y is
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TABLE V. The parameters A = \/UB(e+e_ — Dg*)+DS_J)/B(T(2S) — D§*>+D;,) from the results

of the simultaneous fits and the maximum effect of interference Fio** in the Y(2S5) decays. The

A(K™) and F2*(K ™) are the K~ mode.
A(K~)(nb'/?) FR (K 7) (%)
This work Published This work Published

DF D4 (2536)" 2.1040.23 2.05+0.23 8.2 8.0
Dt D, (2536)" 2.04+£0.23 245+ 0.38 8.0 9.7
DFDy(2573)" 1.8040.30 2.00£0.32 6.9 8.0
Dt Dy(2573)~ 2.50 £ 0.50 3.43+£0.99 9.8 14.4

s the likelihood with D_; and Loy without D).
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TABLE VI. The branching fractions of Y(25) — D§*>+D;, decays the Born cross sections of con-
tinuum production ete™ — Dg*HDs_J , and the isospin ratio B(D_; — KgD(*)_)/B(D;J —
K~D®0) based on the results from the simultaneous fits. Here, N?%zs), NZE  B(T(25) —
Dg"”D;,)B(Ds_J — KD™), and oB(ete” — D£*>+D;,)B(D;, — KD®™) are described in Egs. (4)
and (5). > &;B; is the sum of the products of the reconstruction efficiencies and branching frac-
tions in D}’s six decay channels. The significance is the statistical significance of the Dg*HD;}
signals with D_; — K ~D®0 in T(25) decays and continuum productions. The K~ D®? and
KgD(*)* modes of the D_; decays are connected by the isospin ratio B(D_; — KgD(*)*)/B(DS_J —
K~D™Y) in the simultaneous fits. The systematic uncertainties of N are of the simultaneous

fits only.

Final state (f) Nybs) Significance| B(Y(25) — D{" D,)B(Dy; = KD®)(x10-%)
This work  Published (o) This work Published
DFDs(2536)" |39 +£10+1 434+9+2 4.6 1.5+£03+0.2 1.6 £0.3+0.2
DT Dgs(2536)" | 43+£104+1 314842 5.2 1.8+04+0.2 1.4+044+0.2
D Ds(2573)" | 52+14+3 51+15+5 4.0 1.8+05+0.2 1.4+044+0.2
DT Dg(2573)7 |36 +14+1 20+1442 2.9 1.9+0.8+0.3 09+£05£0.2
NE, oB(ete — DT D])B(D, — KD)(f)
B This work ~ Published B This work Published
D} D,(2536)" | 95+ 1142 86+ 10+ 2 13.2 67841 67+8+6
DT Dg(2536)7|95+114+2 79+10+2 12.7 TTE+9+1 84+ 11+11
DFDy(2573)" | 75+ 16+ 6 102 +17 4+ 21 5.2 o5+ 11+4 56 +£9 +£13
DIt Dgp(2573)7 (134 +19+3 102+ 16 +6 8.3 139 £20+£3 106 £ 17 £ 12

Isospin ratio B(D_; — KgD(*)_)/B(D;J N K—D(*)O)

D; This work Published
D41(2536)~ decays 0.40 £ 0.06 + 0.02 0.48 £ 0.07 + 0.02
D»(2573)~ decays 0.50 4+ 0.10 + 0.02 0.48 +0.07 £ 0.02
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panels). The shaded histograms show the backgrounds estimated from the normalized D;" +
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panels) and 10.52 GeV (right panels).
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X. APPENDIX B: THE FITTING PARAMETERS OF RECOIL MASS SPECTRA
AGAINST D{”" IN EACH D DECAY MODE

Table VII- XIV present the fitting parameters of the recoil mass spectra against DT

in each D} decay mode, utilized in the study of the T(25)/e*e~ — DT D (= DWE),
where D_; can be either D¥ (2700)~ or D} (2860).

TABLE VII. Reconstruction efficiencies (¢), branching fractions(B), and their product € x B) for
each reconstructed D are presented for the study of T(25)/eTe™ — D} D? (2700)"(— D*K).
Here, D*K is D*°K~ or D*’Kg.

Y(2S) — D D% (2700)" (— D*K)

K~ K¢
(%) e x B(%) (%) e x B(%)
o™ 2.21£0.06 20.54 £ 0.06 0.45 £ 0.01 18.37 £ 0.06 0.41 £ 0.01

DY mode B(%)

KgK+ 1.01 £0.02 23.70 £0.10 0.24 4+ 0.00 20.85 £ 0.10 0.21 £+ 0.00
K*(892)°K+ 2.58 +0.06 20.50 £ 0.06 0.53 4 0.01 18.18 4 0.06 0.47 + 0.01
pT o 2.74£0.17 8.18+£0.04 0.22+0.01 7.26 +0.04 0.20 £0.01
nmt 1.05 £0.05 14.62 £0.08 0.15 £ 0.01 12.78 £0.07 0.13 £ 0.01
n'mt 1.05+£0.05 11.08 £0.07 0.12 £ 0.01 10.13 £0.07 0.11 £ 0.01

ete”™ — DI Dz (2700)" (= D*K)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.21 +0.06 20.96 4+ 0.06 0.46 + 0.01 18.78 +0.06 0.42 + 0.01

D} mode B(%)

KgKJr 1.01 £0.02 23.73 £ 0.10 0.24 £ 0.00 20.82 £ 0.10 0.21 £ 0.00
K*(892)° K+ 2.58 4 0.06 20.98 4 0.06 0.54 4+ 0.01 18.86 4 0.06 0.49 + 0.01
pto 2.74£0.17 8.26+£0.04 0.23+0.01 7.46 £0.04 0.20 £0.01
nrt 1.05+£0.05 15.30 £ 0.08 0.16 +0.01 12.25 £ 0.07 0.13 £ 0.01
n'mt 1.05£0.05 11.90 £ 0.07 0.12 £ 0.01 9.90 £ 0.07 0.10 £ 0.00
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TABLE VIII. Reconstruction efficiencies (¢), branching fractions(B), and their product ¢ x B) for
each reconstructed D are presented for the study of Y(2S)/ete™ — D*T DX (2700)" (— D*K).
Here, D*K is D*°K~ or D*’Kg.

Y(2S) — Dt D (2700)" (— D*K)

K~ K¢
(%) e x B(%) (%) e x B(%)
¢rt  2.07£0.06 22.87 £ 0.06 0.47 +0.01 17.87 £ 0.06 0.37 £ 0.01

D mode B(%)

KgK+ 0.94 £0.02 23.87 £+ 0.10 0.23 £ 0.00 20.62 + 0.10 0.19 £ 0.00
K*(892)°K* 2.41 +0.06 21.40 £+ 0.06 0.52 4 0.01 18.25 4 0.06 0.44 + 0.01
pTo 2.56 £0.16 5.75£0.03 0.15+0.01 4.76 £0.03 0.12 £0.01
nrt 0.98 £ 0.05 12.07 £ 0.07 0.12 £ 0.01 10.62 +0.07 0.10 = 0.01
n'rt 0.98+£0.05 7.53+0.06 0.07 £0.00 6.41 +£0.05 0.06 & 0.00

ete™ — DT D% (2700)" (— D*K)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.07 £ 0.06 22.66 +0.06 0.47 + 0.01 18.08 +0.06 0.37 £ 0.01

D} mode B(%)

KgK+ 0.94 +£0.02 23.80 £ 0.10 0.22 &£ 0.00 20.01 £ 0.09 0.19 +0.00
K*(892)° K+ 2.41 4 0.06 21.26 4 0.06 0.51 4 0.01 18.33 4 0.06 0.44 £ 0.01
pto 256 £0.16 5.59+£0.03 0.14 £0.01 4.80+0.03 0.12£0.01
nrt 0.98 +£0.05 11.84 £ 0.07 0.12 £ 0.01 10.32 +£0.07 0.10 £ 0.01
n'rt 0.98+£0.05 7.29 £0.06 0.07£0.00 6.26 +0.05 0.06 = 0.00
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TABLE IX. Reconstruction efficiencies (¢), branching fractions(B), and their product € x B) for
each reconstructed DT are presented for the study of Y(2S)/ete™ — DI D (2700)" (— DK).
Here, DK is D°K~ or D’Kg.

Y(2S) — D+t D (2700)" (= DK)

K~ K¢
(%) e x B(%) (%) e x B(%)
ot 2.21£0.06 17.24 £ 0.06 0.38 £ 0.01 16.02 £ 0.06 0.35 £ 0.01

D mode B(%)

KgK+ 1.01 £0.02 19.53 £ 0.09 0.20 £ 0.00 17.47 £ 0.09 0.18 £ 0.00
K*(892)°K+ 2.58 £0.06 17.17 £ 0.05 0.44 4 0.01 15.68 4 0.05 0.40 + 0.01
pTo 2.74£0.17 6.18£0.03 0.17+0.01 5.644+0.03 0.15+0.01
nrt 1.05+0.05 9.40£0.07 0.10+£0.00 8.95+0.06 0.09=+£0.00
n'rt 1.05+0.05 8.03£0.06 0.08 +0.00 7.51+£0.06 0.08 £0.00

ete™ — DT D% (2700)" (— DK)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.21+0.06 17.87 +0.06 0.39 + 0.01 16.17 +0.06 0.36 £ 0.01

D} mode B(%)

KYK*  1.01£0.02 19.71 £0.09 0.20 = 0.00 18.08 +0.09 0.18 = 0.00
K*(892)K* 2.58 £0.06 17.86 & 0.06 0.46 4- 0.01 15.99 4 0.05 0.41 + 0.01
pto 2.74 4+ 0.17 5.974+0.03 0.16 £ 0.01 5.56 +0.03 0.15 4+ 0.01
nrt 1.05 4 0.05 10.41 4+ 0.07 0.11 4+ 0.01 8.20 4+ 0.06 0.09 4 0.00
n'rt 1.05+0.05 9.00 4 0.06 0.09 4 0.00 7.82 4+ 0.06 0.08 + 0.00
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TABLE X. Reconstruction efficiencies (¢), branching fractions(B), and their product ¢ x B) for
each reconstructed D are presented for the study of Y(25)/eTe™ — DI+ D* (2700)" (= DK).
Here, DK is D°K~ or D’Kg.

Y(2S) — D+t D (2700)" (= DK)

K~ K¢
(%) e x B(%) (%) e x B(%)
¢t 2.07£0.06 17.46 £ 0.06 0.36 + 0.01 15.45 & 0.06 0.36 =+ 0.01

D mode B(%)

KgK+ 0.94 £0.02 18.80 £ 0.09 0.18 £0.00 17.01 + 0.09 0.18 £ 0.00
K*(892)°K* 2.41 £0.06 17.06 £ 0.05 0.41 4 0.01 15.38 4 0.05 0.41 + 0.01
pTo 2.56 £0.16 4.20£0.03 0.11 £0.01 3.80+0.03 0.11 £0.01
nrt 0.98+£0.05 8.71 £0.06 0.09£0.00 7.08+£0.06 0.09 £ 0.00
n'rt 0.98+0.05 4.84+:0.05 0.05£0.00 4.48+0.05 0.0540.00

ete™ — DT D% (2700)" (— DK)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.07+£0.06 17.83 £ 0.06 0.37 £ 0.01 15.63 +0.06 0.32 £ 0.01

D} mode B(%)

KOK*T  0.94+0.02 18.49 +0.09 0.17 4 0.00 17.24 £ 0.09 0.16 = 0.00
K*(892)YK* 2.41 £0.06 17.21 £ 0.05 0.42 4- 0.01 15.50 4 0.05 0.37 £ 0.01
pto 2.56 £0.16 4.05+0.03 0.10+£0.01 3.924+0.03 0.10 4 0.01
nrt 0.98 £0.05 7.24 +£0.06 0.07 £0.00 6.67 +0.06 0.07 £ 0.00
n'nt 0.98 £0.05 5.59 +0.05 0.05+0.00 4.41 £0.05 0.04 £ 0.00
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TABLE XI. Reconstruction efficiencies (¢), branching fractions(B), and their product € x B) for
each reconstructed D are presented for the study of T(25)/eTe™ — D} D? (2860)" (— D*K).
Here, D*K is D*°K~ or D*’Kg.

Y(2S) — D D (2860)" (— D*K)

K~ K¢
(%) e x B(%) (%) e x B(%)
ot 2.21£0.06 21.74 £ 0.06 0.48 £ 0.01 18.93 £ 0.06 0.42 £ 0.01

D mode B(%)

KgK+ 1.01 £0.02 24.31 £0.10 0.25 £ 0.00 21.38 £ 0.10 0.22 £+ 0.00
K*(892)°K+ 2.58 +0.06 21.30 £ 0.06 0.55 4 0.01 18.67 4 0.06 0.48 + 0.01
pTo 2.74£0.17 9.20£0.04 0.25+0.02 8.00+£0.04 0.22 £0.01
nmt 1.05 £ 0.05 16.51 £ 0.08 0.17 +0.01 14.66 £ 0.08 0.15 £+ 0.01
n'rt 1.05£0.05 13.17 £ 0.08 0.14 £ 0.01 11.27 £0.07 0.12 £ 0.01

ete” — DFD?(2860)" (— D*K)

K- K9
e(%) e x B(%) e(%) e x B(%)
o™ 2.21+0.06 22.14 +0.06 0.49 + 0.01 19.61 +0.06 0.43 £ 0.01

D} mode B(%)

KYK*T  1.01£0.02 25.50 & 0.10 0.26 4 0.00 22.53 £ 0.10 0.23 = 0.00
K*(892)YK* 2.58 £ 0.06 22.24 £ 0.06 0.57 4= 0.01 19.57 4 0.06 0.50 + 0.01
pto 2.74+£0.17 9.62 +£0.04 0.26 +0.02 8.56 +0.04 0.23 4+ 0.01
nrt 1.05 £ 0.05 16.05 £ 0.08 0.17 4 0.01 14.26 + 0.08 0.15 & 0.01
n'nt 1.05 +0.05 13.63 £ 0.08 0.14 4 0.01 11.80 4+ 0.07 0.12 £ 0.01
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TABLE XII. Reconstruction efficiencies (¢), branching fractions(B), and their product € x B) for
each reconstructed D are presented for the study of Y(2S)/ete™ — D*T D (2860)" (— D*K).
Here, D*K is D*°K~ or D*’Kg.

Y(2S) — Dt D (2860)" (— D*K)

K~ K¢
(%) e x B(%) (%) e x B(%)
ot  2.07£0.06 22.61 £ 0.06 0.47 £ 0.01 18.29 £ 0.06 0.38 £ 0.01

D mode B(%)

KgK+ 0.94 £0.02 24.40 + 0.10 0.23 £0.00 21.18 + 0.10 0.20 £ 0.00
K*(892)°K* 2.41 £ 0.06 21.33 £ 0.06 0.51 4 0.01 18.44 4 0.06 0.44 + 0.01
pTo 2.56 £0.16 5.50+£0.03 0.14+0.01 4.754+0.03 0.12+0.01
nrt 0.98 £0.05 13.30 £ 0.08 0.13 £0.01 11.69 £ 0.07 0.11 £0.01
n'rt 0.98+£0.05 7.86 =0.06 0.08£0.00 6.70+=0.06 0.07 & 0.00

ete™ — DT D*(2860)" (— D*K)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.07 £ 0.06 23.78 +0.07 0.49 + 0.01 18.89 +0.06 0.39 £ 0.01

D} mode B(%)

KgKJr 0.94 +£0.02 24.57 £ 0.10 0.23 £ 0.01 21.94 +0.09 0.21 +0.00
K*(892)° K+ 2.41 4 0.06 21.22 4 0.06 0.51 4+ 0.01 19.18 4+ 0.06 0.46 + 0.01
pto 256 £0.16 5.82+£0.03 0.15+0.01 4.73+0.03 0.12£0.01
nrt 0.98 +£0.05 14.31 £ 0.08 0.14 £ 0.01 11.70 £ 0.07 0.11 £ 0.01
n'rt 0.98+£0.05 7.79 £0.06 0.08£0.00 7.02+0.06 0.07 £ 0.00
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TABLE XIII. Reconstruction efficiencies (¢), branching fractions(B), and their product ¢ x B) for
each reconstructed DT are presented for the study of Y(2S)/ete™ — DI D (2860)" (— DK).
Here, DK is D°K~ or D’Kg.

Y(25) — D**+D*,(2860)~ (= DK)

K~ K¢
(%) e x B(%) (%) e x B(%)
ot 2.21£0.06 18.25 £ 0.06 0.40 £ 0.01 17.13 £ 0.06 0.40 £ 0.01

D mode B(%)

KgK+ 1.01 £0.02 20.29 £ 0.09 0.20 £ 0.00 18.23 £ 0.09 0.20 £+ 0.00
K*(892)°K+ 2.58 £0.06 18.26 + 0.06 0.47 4 0.01 16.94 4 0.06 0.47 + 0.01
pTo 2.74£0.17 763 £0.04 0.21+£0.01 6.90+0.04 0.21 £0.01
nrt 1.05£0.05 12.59 £0.07 0.13 £ 0.01 10.90 £0.07 0.13 £ 0.01
n'rt 1.05+£0.05 10.64 £0.07 0.11 £0.01 9.56 £0.07 0.11 £0.01

ete™ — DT D (2860)" (— DK)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.21+0.06 17.87 +0.06 0.39 + 0.01 17.62 + 0.06 0.39 £ 0.01

D} mode B(%)

KgK+ 1.01 £0.02 19.71 £ 0.09 0.20 £ 0.00 19.41 £ 0.09 0.20 £ 0.00
K*(892)° K+ 2.58 4+ 0.06 17.86 4 0.06 0.46 4 0.01 17.44 4 0.05 0.45 £ 0.01
pto 2.74£0.17 597+£0.03 0.16 £0.01 7.11+£0.04 0.19£0.01
nrt 1.05+0.05 10.41 £ 0.07 0.11 £ 0.01 10.58 £0.07 0.11 £0.01
n'rt 1.05+0.05 9.00£0.06 0.09+0.00 9.90£0.07 0.10=£0.00
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TABLE XIV. Reconstruction efficiencies (¢), branching fractions(B), and their product ¢ x B) for
each reconstructed D are presented for the study of Y(25)/eTe™ — DI+ D* (2860)"(— DK).
Here, DK is D°K~ or D’Kg.

Y(25) — D**+D*,(2860)~ (= DK)

K~ K¢
(%) e x B(%) (%) e x B(%)
¢ort  2.07+0.06 18.19 £ 0.06 0.38 +0.01 15.72 & 0.06 0.32 =+ 0.01

D mode B(%)

KK+ 0.94+0.02 19.62 & 0.09 0.19 £ 0.00 17.90 & 0.09 0.17 + 0.00
K*(892)°K+ 2.4140.06 17.88 4 0.06 0.43 & 0.01 16.25 4- 0.05 0.39 + 0.01
pto 2.56 +0.16 4.67 +0.03 0.12+0.01 4.19+0.03 0.11 £ 0.01
nrt 0.98 4 0.05 9.3340.07 0.09+0.00 9.20 4 0.06 0.09 + 0.00
't 0.98+0.05 6.2440.05 0.06 +0.00 5.44 4+ 0.05 0.05 + 0.00

ete™ — DT D (2860)" (— DK)

K- K9
e(%) e x B(%) e(%) e x B(%)
ot 2.07 £ 0.06 18.83 +0.06 0.39 + 0.01 16.54 +0.06 0.34 £ 0.01

D} mode B(%)

KgK+ 0.94 £ 0.02 20.59 £0.09 0.19 £0.00 18.72 £ 0.09 0.18 £ 0.00
K*(892)°K* 2.41 4 0.06 18.38 4 0.05 0.44 4+ 0.01 16.70 4 0.05 0.40 £ 0.01
pto 256 £0.16 483 £0.03 0.12+0.01 4.17+0.03 0.11 £0.01
nrt 0.98 £0.05 10.04 £0.06 0.10£0.01 9.27£0.06 0.09 £ 0.00
n'rt 0.98+0.05 6.34 £0.05 0.06 £0.00 5.88+0.05 0.06 £ 0.00
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FIG. 11. The invariant mass distributions of the (a)¢n™, (b)K2K™, (c)K*(892)°K™, (d)¢p™,
(e)nm™, ()'w™ in the T(2S) MC simulations, respectively. The curves show the best fit results

using Gaussian functions for the D} signals.

XI. APPENDIX C: THE DISTRIBUTIONS OF INVARIANT MASS FOR D

CANDIDATES IN THEIR EACH DECAY MODE

In Appendix C, we present the distributions of invariant mass for D} and D** candidates
(Mpyny /Mp+.,). Figs. 11- 14 and Figs. 15- 18 illustrate the distributions of Mj,p, and Mp+
for each D} decay mode across the Y(2S) MC simulations, T(25) data samples, continuum

MC simulaitions and continuum data samples, respectively.
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FIG. 12. The invariant mass distributions of the (a)¢n™, (b)K2K™, (c)K*(892)°K™, (d)¢pT,
(e)nm™, (f)n'm™ in the Y(25) data samples, respectively. The curves show the best fit results using

Gaussian functions for the D signals.
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FIG. 13. The invariant mass distributions of the (a)¢n™, (b)K2K™, (c)K*(892)°K™, (d)¢p™,
(e)npr™, (f)n'7" in the continuuum MC simulations, respectively. The curves show the best fit
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FIG. 14. The invariant mass distributions of the (a)¢nt, (b)K2K™, (c)K*(892)°K™, (d)¢p™
(e)nm™, (f)n'7™ in the continuum data samples, respectively. The curves show the best fit results
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FIG. 15. The invariant mass distributions of D" candidates in mode D} — (a)¢r™, (b)KYK T,
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FIG. 16. The invariant mass distributions of DT candidates in mode D} — (a)¢r™, (b)KIK T,
(c)K*(892)°K ™, (d)pp™, (e)nm™, (f)n'7™ in the Y(25) data samples, respectively. The shaded
histograms show the backgrounds estimated from the normalized D} mass sidebands. The curves

show the best fit results using Gaussian functions for the D™ signals.

x10° x10° x10°
0.7 Mean =2110.25 +0.01 MeV/c? 0355 Mean =2110.19 +0.02 MeV/c? 08— Mean =2110.22 +0.01 MeV/c?
06t =576 +0.01 Mev/c* 0.3 =573 +0.01 Mev/c* o07E =573 +001 MeV/c?
c @ E D) :
% 0.5 % 0.25 o 08E
H E > E H E
2 s 2 o2 2 05p
2 E o E ° E
3 = 3 £ S 04
% 0.3 % 0.15 2 E
& £ & £ 3 o3
02F 01— o 25
0. 1; 0.05; 0.1}
D:\\\H\H\\ T e 07\\\\\\\\\\\\ R =E=E, T O’HMHMHH (R R E=SE, (i
2 202 204 206 208 21 212 214 216 218 22 2.22 2 202 204 206 208 21 212 214 216 218 22 2.22 2 202 204 206 208 21 212 214 216 218 22 2.22
M(D}y) Gevic® M(D}y) Gevic® M(Dy) Gevic’
x10° x10° x10°
0.25 ean = 211061 +0.02 MeV/c’ 0220 Mean =2110.42 +0.02 MeV/c? L Mean =2109.85 +0.01 MeV/c?
r d =534 +001 MeV/c? 02F =530 +0.01 Mev/c? 0121~ f =587 +001 MeV/c?
02 ( ) 0.18F (e) n ( )
. E 01—
% £ % 0165 iy r
2.0 % o1f e
o F o 012 s F
< < E g L
) C 2 oa- B 0.06—
H g £ £ =
g o 2 o008 g
F 0.061- ooE
0.05~ 0.04F- 002
F 0.02F L
Pt & i L oot tesionaneiel = ¥ o i i e e S RS et e
2 202 204 206 208 21 212 214 216 218 22 222 2 202 204 206 208 21 212 214 216 218 22 2.22 2 202 204 206 208 21 212 214 216 218 22 2.22
M(DYy) GeVic? M(DYy) GeVic? M(D}y) GeVvic?

FIG. 17. The invariant mass distributions of D" candidates in mode D} — (a)¢n™, (b)KYK T,
(c)K*(892)°K*, (d)gp™, (e)nm™, (f)n'm™ in the continuum MC simulations, respectively. The
shaded histograms show the backgrounds estimated from the normalized D} mass sidebands. The

curves show the best fit results using Gaussian functions for the D*" signals.
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FIG. 18. The invariant mass distributions of DT candidates in mode D} — (a)¢r™, (b)KOK T,
(c)K*(892)°K ™, (d)gp™, (e)nmt, (f)n'n™ in the continuum data samples, respectively. The shaded
histograms show the backgrounds estimated from the normalized D} mass sidebands. The curves

show the best fit results using Gaussian functions for the D™ signals.
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