View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Archive of Indian Institute of Technology Hyderabad

Evidence for a vector charmonium-like state in ete™ — D} D*,(2573)~ + c.c.

S. Jia,2 10 C. P. Shen,'® 1. Adachi,'”'® H. Aihara,®? S. Al Said,”® 3% D. M. Asner,* H. Atmacan,” V. Aulchenko,? 6!
R. Ayad,”® 1. Badhrees,”® 34 P. Behera,?® K. Belous,?® J. Bennett,*® D. Besson,”® V. Bhardwaj,?? T. Bilka,°
J. Biswal,>! G. Bonvicini,®® A. Bozek,’” M. Bracko,*>3! T. E. Browder,'® M. Campajola,??°2 D. Cervenkov,’
P. Chang,®® A. Chen,* B. G. Cheon,' K. Chilikin,*® K. Cho,*” S.-K. Choi,'* Y. Choi,”* S. Choudhury,?*
D. Cinabro,®6 S. Cunliffe,” N. Dash,?® G. De Nardo,??>®2 F. Di Capua,?? %2 Z. Dolezal,® T. V. Dong,'°
S. Eidelman,®%1:40 D. Epifanov,> %! J. E. Fast,%3 T. Ferber,? D. Ferlewicz,*” B. G. Fulsom,%® R. Garg,%*
V. Gaur,®® N. Gabyshev,”5! A. Garmash,”> 5" A. Giri,2* P. Goldenzweig,??> B. Golob,*>3! O. Grzymkowska,"”
O. Hartbrich,'® K. Hayasaka,”® H. Hayashii,”®> W.-S. Hou,’® C.-L. Hsu,”® K. Inami,®* G. Inguglia,?”
A. Ishikawa,'™ 13 R. Itoh,'”> '3 M. Iwasaki,’? Y. Iwasaki,'” H. B. Jeon,*® Y. Jin,®? K. K. Joo,” G. Karyan,*
T. Kawasaki,?® C. Kiesling,%¢ B. H. Kim,% D. Y. Kim,”™ K.-H. Kim,*® S. H. Kim," Y.-K. Kim,* K. Kinoshita,?
P. Kodys,5 S. Korpar,*®3! D. Kotchetkov,'® P. Krizan,*"'3! R. Kroeger,*® P. Krokovny,> %! R. Kulasiri,3?
A. Kuzmin,» ! Y.-J. Kwon,® K. Lalwani,** J. S. Lange,'’ S. C. Lee,®® L. K. Li,?6 Y. B. Li,®® L. Li Gioi,*
J. Libby,?> K. Lieret,*? D. Liventsev,®>17 J. MacNaughton,*® C. MacQueen,*” M. Masuda,®" T. Matsuda,*’
D. Matvienko,? %140 M. Merola,?? %2 R. Mizuk,*% 19 T. J. Moon,% T. Mori,®® M. Mrvar,?” M. Nakao,'" 13
M. Nayak,”® N. K. Nisar,% S. Nishida,'" 13 S. Ogawa,” H. Ono,?® 59 P. Oskin,* P. Pakhlov,*?:%° G. Pakhlova,!?4°
S. Pardi,? S. Patra,?? S. Paul,”” T. K. Pedlar,*? R. Pestotnik,! L. E. Piilonen, T. Podobnik,*!:3! V. Popov,!?
E. Prencipe,?® M. T. Prim,?? A. Rostomyan,? N. Rout,?® G. Russo,’? Y. Sakai,'” 3 S. Sandilya,® L. Santelj,*!>3!
T. Sanuki,®® V. Savinov,%® G. Schnell,’2! J. Schueler,'® C. Schwanda,?” Y. Seino,”® K. Senyo,®” M. E. Sevior,*”
M. Shapkin,?® V. Shebalin,'® J.-G. Shiu,*® B. Shwartz,” " E. Solovieva,?? S. Stani¢,% M. Stari¢,3' Z. S. Stottler,3?
J. F. Strube,® M. Sumihama,'? T. Sumiyoshi,®* W. Sutcliffe,> M. Takizawa,”® %67 K. Tanida,?® F. Tenchini,’
M. Uchida,® T. Uglov,*®' Y. Unno,'® S. Uno,'" ¥ Y. Usov,> %! R. Van Tonder,® G. Varner,'® A. Vinokurova,® 6!
C. H. Wang,>® E. Wang,% M.-Z. Wang,?® P. Wang,?6 X. L. Wang,'® M. Watanabe,?® E. Won,?® X. Xu,”* W. Yan,%®
S. B. Yang,?® H. Ye,” C. Z. Yuan,?® Y. Yusa,? Z. P. Zhang,%® V. Zhilich,> %! V. Zhukova,*® and V. Zhulanov® %!

(The Belle Collaboration)

! University of the Basque Country UPV/EHU, 48080 Bilbao
?Beihang University, Beijing 100191
3 University of Bonn, 53115 Bonn
4 Brookhaven National Laboratory, Upton, New York 11973
°Budker Institute of Nuclear Physics SB RAS, Nowvosibirsk 630090
®Faculty of Mathematics and Physics, Charles University, 121 16 Prague

2004.02404v1 [hep-ex] 6 Apr 2020

"Chonnam National University, Guwangju 61186

arxXiv

8 University of Cincinnati, Cincinnati, Ohio 45221
Y Deutsches Elektronen—Synchrotron, 22607 Hamburg

Key Laboratory of Nuclear Physics and Ion-beam Application (MOE)
and Institute of Modern Physics, Fudan University, Shanghai 200443

1 Justus-Liebig-Universitit Gieflen, 35392 Giefien
2 Gifu University, Gifu 501-1193
""SOKENDAI (The Graduate University for Advanced Studies), Hayama 240-0193
Y Gyeongsang National University, Jinju 52828
5 Department of Physics and Institute of Natural Sciences, Hanyang University, Seoul 04763
16 University of Hawaii, Honolulu, Hawaii 96822
Y"High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801
8 J.PARC Branch, KEK Theory Center, High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801
9 Higher School of Economics (HSE), Moscow 101000


https://core.ac.uk/display/322746683?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://arxiv.org/abs/2004.02404v1

20 Forschungszentrum Jiilich, 52425 Jilich
1 IKERBASQUE, Basque Foundation for Science, 48013 Bilbao
?2Indian Institute of Science Education and Research Mohali, SAS Nagar, 140306
?Indian Institute of Technology Bhubaneswar, Satya Nagar 751007
% Indian Institute of Technology Hyderabad, Telangana 502285
> Indian Institute of Technology Madras, Chennai 600036
6 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049
?TInstitute of High Energy Physics, Vienna 1050
?8 Institute for High Energy Physics, Protvino 142281
29INFN - Sezione di Napoli, 80126 Napoli
30 Advanced Science Research Center, Japan Atomic Energy Agency, Naka 319-1195
1. Stefan Institute, 1000 Ljubljana
2 Institut fiir Experimentelle Teilchenphysik, Karlsruher Institut fir Technologie, 76131 Karlsruhe
33 Kennesaw State University, Kennesaw, Georgia 30144
% King Abdulaziz City for Science and Technology, Riyadh 11442
3 Department of Physics, Faculty of Science, King Abdulaziz University, Jeddah 21589
% Kitasato University, Sagamihara 252-0373
¥ Korea Institute of Science and Technology Information, Daejeon 34141
I Korea University, Seoul 02841
39 Kyungpook National University, Daegu 41566
40P N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow 119991
H Faculty of Mathematics and Physics, University of Ljubljana, 1000 Ljubljana
42 Ludwig Mazimilians University, 80539 Munich
43 Luther College, Decorah, Towa 52101
+ Malaviya National Institute of Technology Jaipur, Jaipur 302017
49 Undversity of Maribor, 2000 Maribor
4% Mag-Planck-Institut fiir Physik, 80805 Miinchen
47School of Physics, University of Melbourne, Victoria 3010
48 University of Mississippi, University, Mississippi 38677
49 University of Miyazaki, Miyazaki 889-2192
%0 Moscow Physical Engineering Institute, Moscow 115409
o1 Graduate School of Science, Nagoya University, Nagoya 464-8602
52 Undversita di Napoli Federico II, 80055 Napoli
53 Nara Women’s University, Nara 630-8506
% National Central University, Chung-li 3205/
95 National United University, Miao Li 36003
96 Department of Physics, National Taiwan University, Taipei 10617
°TH. Niewodniczanski Institute of Nuclear Physics, Krakow 31-342
%8 Nippon Dental University, Niigata 951-8580
9 Niigata University, Niigata 950-2181
% University of Nova Gorica, 5000 Nova Gorica
% Novosibirsk State University, Nowvosibirsk 630090
%2 0saka City University, Osaka 558-8585
53 Pacific Northwest National Laboratory, Richland, Washington 99352



% Panjab University, Chandigarh 16001/
5 Peking University, Beijing 100871
6 University of Pittsburgh, Pittsburgh, Pennsylvania 15260
57 Theoretical Research Division, Nishina Center, RIKEN, Saitama 351-0198
% University of Science and Technology of China, Hefei 230026
%9Seoul National University, Seoul 08826
"0 Showa Pharmaceutical University, Tokyo 194-8543
" Soochow University, Suzhou 215006
72 Soongsil University, Seoul 06978
" University of South Carolina, Columbia, South Carolina 29208

% Sungkyunkwan University, Suwon 16419
"5 School of Physics, University of Sydney, New South Wales 2006
" Department of Physics, Faculty of Science, University of Tabuk, Tabuk 71451
" Department of Physics, Technische Universitit Minchen, 85748 Garching
78School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978
" Toho University, Funabashi 274-8510
80 Department of Physics, Tohoku University, Sendai 980-8578
8! Barthquake Research Institute, University of Tokyo, Tokyo 113-0082
82 Department of Physics, University of Tokyo, Tokyo 113-0033
83 Tokyo Institute of Technology, Tokyo 152-8550
84 Tokyo Metropolitan University, Tokyo 192-0397

85 Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
56 Wayne State University, Detroit, Michigan 48202
87 Yamagata University, Yamagata 990-8560
58 Yonsei Unaversity, Seoul 03722

We report the measurement of eTe™ — D DZ,(2573)” + c.c. via initial-state radiation using a
data sample of an integrated luminosity of 921.9 fb~"' collected with the Belle detector at the Y (4S)
and nearby. We find evidence for an enhancement with a 3.40 significance in the invariant mass of
DI D35(2573)™ + c.c. The measured mass and width are (4619.878°9 (stat.) +2.3(syst.)) MeV /c? and
(47.073 3 (stat.) + 4.6(syst.)) MeV, respectively. The mass, width, and quantum numbers of this
enhancement are consistent with the charmonium-like state at 4626 MeV/c2 recently reported by
Belle in ete™ — D} D41(2536)~ 4-c.c. The product of the eTe™ — D} D%, (2573) ™ 4-c.c. cross section
and the branching fraction of D2, (2573)” — DK~ is measured from DI D%, (2573)~ threshold to

5.6 GeV.

PACS numbers: 13.66.Bc, 13.87.Fh, 14.40.Lb

The past decade witnessed a remarkable proliferation
of exotic charmonium-like and bottomonium-like reso-
nances having properties which can not be readily ex-
plained in the framework of the expected heavy quarko-
nium states [1-6]. Among the charmonium-like states,
there are many vector states with quantum numbers
JPC = 17~ that are usually called Y states, including
the Y'(4260) [7-11], Y (4360) [12-16], and Y (4660) [13-
17]. The Y states show strong coupling to hidden-charm
final states, in contrast to other vector charmonium
states in the same energy region, e.g., 1¥(4040), ¥(4160),
and 1(4415), which couple dominantly to open-charm

meson pairs [18]. These Y states are good candidates
for new types of exotic particles and have stimulated
many theoretical interpretations, including tetraquarks,
molecules, hybrids, and hadrocharmonia [1-6].

Inete™ =Y = ata~J/1 [9,10] and 77~ (2S) [13,
14] (Y = Y (4260), Y (4660)) processes, events in the
777~ mass spectra tend to accumulate at the nomi-
nal fy(980) mass, which has an s§ component. Thus,
it is natural to search for Y states with a (¢3)(¢s) quark
component. Very recently, Belle reported the first vec-
tor charmonium-like state, called Y (4626), decaying to
a charmed-antistrange and anticharmed-strange meson



pair DT D1 (2536)~ + c.c. with a significance of 5.9 [19].
The measured mass and width of the resonance are con-
sistent with those of the Y (4660) [18]. After the initial
observation of the Y (4626), several theoretical interpre-
tations for this state were offered, including a molecu-
lar, diquark-antidiquark, tetraquark, or higher charmo-
nium [20-26].

Here, we search for Y states in another charmed-
antistrange and anticharmed-strange meson pair
DfD%,(2573)" in ete” annihilations via initial-state
radiation (ISR) [27]. The data set used in this analysis
corresponds to an integrated luminosity of 921.9 fb—!
at center-of-mass (C.M.) energies of 10.52, 10.58, and
10.867 GeV collected with the Belle detector [28] at the
KEKB asymmetric-energy eTe™ collider [29, 30].

We use PHOKHARA [31] to generate signal Monte Carlo
(MC) events. In the generator, considering that D
and D?,(2573) are produced from a vector state, the
polar angle 6 of the DI in the DD (2573)" rest
frame is distributed according to (1 + cos?6) [32] for
ete™ — DI D%, (2573)~, while the polar angle 6’ of the
K~ in the rest frame of the D7,(2573)" is distributed
according to cos?6’(1 — cos?@’) [33] for D?,(2573)~ —
D°K~. Generic MC samples of Y(45) — B*B~/B°B°,
T(55) — BYBY and ete” — qq (¢ = u, d, s, c)
at /s = 10.52, 10.58, and 10.867 GeV with four
times the luminosity of data are used to study possible

backgrounds. The detector response is simulated with
GEANTS3 [34].
Selections of candidates in ete”™ —  ysrDS

D?*,(2573)~(— D°K~) use well-reconstructed tracks,
particle identification, and the mass-constrained fitting
technique in a way similar to the methods in Ref. [19, 35].
To improve the reconstruction efficiency, we fully re-
construct yisr, DT, and K~, but do not reconstruct
the DY The most energetic ISR photon is required
to have energy greater than 3 GeV in the eTe™ C.M.
frame. The D} candidates are reconstructed using
the following decay modes: ¢rt, K2K*, K*(892)%(—
K7t /Kon") K+, ¢pT, K*(892)T K*(892)°(— K—nt),
K*(892)TK2, KK ntr~, nrt, and n'nT. Here, we se-
lect the intermediate resonances instead of the direct final
states in the D reconstructions in order to improve the
signal-to-background ratios. The invariant masses of the
¢(— KTK™), K, °(= vy), K*(892)°, p* (= =),
K*(892)* (= K*7%), n(— 7), n(— 7fr~ "), and
n'(— 77~ n) candidates are required to be within 10,
10, 12, 50, 100, 50, 20, 10, and 10 MeV/c? of the cor-
responding nominal masses [18] (>90% signal events are
retained), respectively.

Next, we constrain the recoil mass of the yisg DT K~
to be the nominal mass of the D meson [18] to im-
prove the resolution of the ISR photon energy for events
within the D signal region (see below). As a result, the
exclusive ete™ — DI D¥,(2573)" cross section can be
measured according to the invariant mass spectrum of

the DT D?,(2573)~, which is equivalent to the mass of
mesons recoiling against yisg.

Before calculation of the DI candidate mass, a fit to
a common vertex is performed for charged tracks in the
DY candidate. After the application of the above re-
quirements, D7 signals are clearly observed. We define
the D signal region as |[M(D}) —mpi| < 12 MeV/c?
(~20). Here and throughout the text, m; represents
the nominal mass of particle ¢ [18]. To improve the
momentum resolution of the D meson candidate, a
mass-constrained fit to the nominal DI mass [18] is per-
formed. The DI mass sideband regions are defined as
1912.34 < M(DF) < 1936.34 MeV/c? and 2000.34 <
M(DF) < 2024.34 MeV/c?, each of which is twice as
wide as the signal region. The D} candidates from the
sidebands are also constrained to the central mass values
in the defined D} sideband regions. The D candidate
with the smallest x? from the D mass fit is kept. Be-
sides the selected ISR photon and DY, we require at least
one additional K~ candidate in the event and retain all
the combinations (the fraction of events with multiple
candidates is 4%).

Figure 1 shows the recoil mass spectrum against
the ysg DI K~ system after requiring the events be
within the D7,(2573)" signal region (see below) in
data, where the yellow histogram shows the normalized

*(2573) mass sidebands (see below). The D° sig-
nal is wide and asymmetric due to the asymmetric res-
olution function of the ISR photon energy and higher-
order ISR corrections. We perform a simultaneous like-
lihood fit to the Mec(misr DS K ) distributions of all
selected DZ,(2573) signal candidates and the normal-
ized D*,(2573) mass sidebands. The DY signal com-
ponent is modeled using a Gaussian function convolved
with a Novosibirsk function [36] derived from the sig-
nal MC samples, while normalized DZ,(2573)~ mass
sidebands are described by a second-order polynomial.
The solid curve is the total fit; the D° signal yield
is 224 £+ 42. An asymmetric requirement of —200 <
Myee(isR DFK ™) — mpo < 400 MeV/c? is defined for
the DO signal region. Hereinafter the mass constraint to
the recoil mass of the yisg D¥ K~ system is applied for
events in the D signal region to improve the resolution
of the mass.

The recoil mass spectrum against the vygr DY sys-
tem after requiring the events within D° signal region is
shown in Fig. 2. A D%,(2573) signal is evident. The sig-
nal shape is described by a Breit-Wigner (BW) function
convolved with a Gaussian function (all the parameters
are fixed to those from a fit to the MC simulated distri-
bution), and a second-order polynomial is used for the
backgrounds. The fit yields 182 + 47 D*,(2573)~ signal
events as shown in Fig. 2. We define the D%,(2573) sig-
nal region as | Myec(isr D) —mp=_(2573)- | < 30 MeV /c?
(~20), and sideband regions as shown by blue dashed
lines, each of which is twice as wide as the signal region.
To estimate the signal significance of the DZ,(2573)7,
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FIG. 1: The recoil mass spectrum against the yisr D K~
system before applying the D° mass constraint. The yellow
histogram shows the normalized D35(2573) mass sidebands
(see text). The blue solid curve is the best fit, and the blue
dashed curve is the fitted background. The red dashed lines
show the required D° signal region.

we compute \/—21n(Ly/Limax) [37], where Lo and Lax

are the maximized likelihoods without and with the
*5(2573)~ signal, respectively. The statistical signifi-
cance of the D},(2573)~ signal is 4.10.
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FIG. 2: The recoil mass spectrum against the yisr DY system
in data. The yellow histogram shows the normalized D} mass
sidebands. The blue solid curve is the best fit, and the blue
dashed curve is the fitted background. The red dashed lines
show the required D},(2573)" signal region, and the black
dashed lines show the D},(2573)” mass sidebands.

The D} D%, (2573) invariant mass distribution is
shown in Fig. 3 (top). There is an evident peak around
4620 MeV/c?, while no structure is seen in the normal-
ized D},(2573)" mass sidebands shown as the yellow his-
togram. In addition, no peaking background is found in
the DT D?*,(2573)" mass distribution from generic MC
samples. Therefore, we interpret the peak in the data
as evidence for a charmonium-like state decaying into

Df D%,(2573) 7, called Y (4620) hereafter.

One possible background, which is not included in the

*(2573)" mass sidebands, is from ete” — DIt (—
Df~)D?,(2573)~, where the photon from the DIt re-
mains undetected. To estimate such a background con-
tribution, we measure this process with the data fol-
lowing the same procedure as used for the signal pro-
cess. We require an extra photon with £, > 50 MeV
in the barrel or E, > 100 MeV in the endcaps [38] to
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FIG. 3: The D D%,(2573) (top) and D: " D%, (2573)~ (bot-
tom) invariant mass spectra for ete™ — DI DZ*,(2573) and
ete™ — Dt D%, (2573) 7. All the components including those
from the fit to the DS D?,(2573)" invariant mass spectrum
are indicated in the labels and described in the text.

combine with the DI to form the D+ candidate. The
mass and vertex fits are applied to the D*T candidates
to improve their momentum resolutions. In events with
multiple candidates, the best candidate is chosen using
the lowest x? value from the mass-constrained fit. The
same DY signal region requirement on M,e.(visr DK ™)
and the D° mass constraint are applied as in the pre-
vious analysis of ete™ — DI D, (2536)" [35]. In
the recoil mass spectrum of the ysgrDiT, 1.5 + 22.5

*,(2573)~ signal events are observed. After requiring
the recoil mass spectrum of the 7ISRD;F to be within
the D¥,(2573)" signal region as before in ete” —
DT Dg1(2536)~ [35], the Dt D*,(2573)~ invariant mass
distribution is shown in Fig. 3 (bottom). No evident
signal is seen. The number of residual events is almost
zero after subtracting the normalized D}, (2573)" side-
bands. The contribution from ete™ — DT D%, (2573)
to ete™ — DID(2573)" is normalized to cor-

obs
respond to ND§+D;‘2(2573)*aD?D:2(2573)7/ €Dt D1, (2573)-

events. Here, €D¥ Dr,(2573)~ and €p:+Dr, (2573)- A€ the
reconstruction efficiencies of ete™ — DT D%, (2573)~
to be reconstructed as ete”™ — DFDZ(2573)" and
ete™ — Dt D*,(2573)™ to be reconstructed as ete™ —
Dt D%, (2573)~, respectively, where the ratio of efficien-

cies is (1.01 £ 0.02), and N?DE‘S‘*D;2(2573)* is the yield of

ete” — Dt D%, (2573) signal events in data after sub-
tracting the normalized D?,(2573)" sidebands and the
ete”™ — DI D%,(2573)" background contribution. The
number of normalized ete™ — Dt D*,(2573)" back-



ground events in the Y (4260) signal region is 1.7+1.5,
which corresponds to an upper limit of 4.3 at 90% confi-
dence level by using the frequentist approach [39] imple-
mented in the POLE (Poissonian limit estimator) pro-
gram [40].

We perform an unbinned maximum likelihood fit si-
multaneously to the M (D7 D#,(2573)7) distributions of
all selected D7,(2573) signal candidates and the nor-
malized D},(2573)~ mass sidebands. The following com-
ponents are included in the fit to the M (DT D%,(2573)7)
distribution: a resonance signal, a non-resonant contribu-
tion, and the D?,(2573)~ mass sidebands. A D-wave BW
function convolved with a Gaussian function (its width
fixed at 5.0 MeV/c? according to the MC simulation),
multiplied by an efficiency function that has a linear de-
pendence on M (D} D%,(2573)7) and the differential ISR
effective luminosity [41] is taken as the signal shape. Here
the BW formula used has the form [42]

VI2AT BT | ®y(o/5
s — M2 +iMT\| ®5(M

where M is the mass of the resonance, I' and I'.. are
the total width and partial width to eTe™, respectively,
By = B(Y (4620) — D} D%,(2573)7) x B(D?,(2573)~
D°K ™) is the product branching fraction of the Y (4620)
into the final state, and ®, is the D-wave two-body de-
cay phase-space form that increases smoothly from the
mass threshold with \/s. The D-wave two-body phase
space form (®3(y/s)) is also taken into account for the
non-resonant contribution. The D¥,(2573)" mass side-
bands are parameterized with a threshold function. The
threshold function is

BW(\/5) =

2% % e[ﬂ1$+62$2]7 (2)

where the parameters «, (1, and (2 are free; =z =
M (D D?,(2573) ") — @ynr, and the threshold parameter
Tinr 18 fixed from generic MC simulations.

The fit results are shown in Fig. 3 (top), where the
solid blue curve is the best fit, the blue dotted curve is the
sum of the backgrounds, and the red dot-dashed curve
is the result of the fit to the normalized DZ,(2573)~
mass sidebands. The yield of the Y(4620) signal is

66125, The statistical significance of the Y (4620) signal
is 3. 70 calculated from the difference of the logarithmic
1ikelihoods [37], —2In(Lo/Lmax) = 19.6, where Ly and
Lmax are the maximized likelihoods without and with
a signal component, respectively, taking into account
the difference in the number of degrees of freedom
(Andf = 3). The significance including systematic
uncertainties related with the parameterization of
the mass resolution, non-resonant contribution, fitted
range, signal-parameterization, and efficiency function
is reduced to be 3.40. We take this value as the
signal significance. The fitted mass and width for the
Y (4620) are (4619.8150(stat.) 4 2.3(syst.)) MeV/c?

and  (47.0%73}3(stat.) + 4.6(syst.)) MeV,  re-
spectively. The value of T. x B(Y(4620) —
DI D%(2573)7) x B(D%(2573)~ — DPK~) is ob-
tained to be (14.775%(stat.) £ 3.6(syst.)) eV. The
systematic uncertainties are discussed below.

The ete™ — D} D#,(2573)" cross section is ex-
tracted from the background-subtracted DF D%, (2573)
mass distribution. The product of the efe™ —
D D%,(2573)~ dressed cross section (o) [43] and the de-
cay branching fraction B(D?,(2573)~ — D°K ™) for each
D D%, (2573)~ mass bin from threshold to 5.6 GeV/c?
in steps of 20 MeV /c? is computed as

Nobs
Ei(Ei X Bl) x AL’

(3)

where N° is the number of observed ete™ —
D} D%,(2573)~ signal events after subtracting the nor-
malized D?,(2573)~ mass sidebands in data, 3;(g; x B;)
is the sum of the product of reconstruction efficiency and
branching fraction for each D} decay mode (i), and AL
is effective luminosity in each D D*,(2573) mass bin,
respectively. The values used to calculate o(ete™ —
D} D*,(2573)7) x B(D*,(2573)~ — D°K ™) are summa-
rized in the supplemental material [45]. The resulting
o(ete™ — D} D, (2573)7) x B(D*(2573)~ — D*'K ™)
distribution is shown in Fig. 4 with statistical uncertain-
ties only.
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FIG. 4: The product of the ete™ — DjD:2(2§73)7 Cross
section and branching fraction B(D2,(2573)” — D°K ™) as a
function of M (D DZ,(2573)") with statistical uncertainties
only.

The sources of systematic uncertainties for the cross
section measurement include detection-efficiency-related
uncertainties, branching fractions of the intermediate
states, the MC event generator, background subtrac-
tion, and MC statistics as well as the integrated lumi-
nosity. The detection-efficiency-related uncertainties in-
clude those for tracking efficiency (0.35%/track), parti-
cle identification efficiency (1.1%/kaon and 0.9%/pion),
KY selection efficiency (1.4%), 7 reconstruction effi-
ciency (2.25%/7"), and photon reconstruction efficiency
(2.0%/photon). The above individual uncertainties from
different D7 decay channels are added linearly, and
weighted by the product of the detection efficiency



and D} branching fraction. These uncertainties are
summed in quadrature to obtain the final uncertainty
related to the reconstruction efficiency. For ete™ —
Dt D%,(2573)~, the uncertainty from the 6 dependence
assumption is estimated to be 2.0% by comparing the
difference in detection efficiency between a phase space
distribution and the angular distribution of (1 + cos?6).
Uncertainties for the D decay branching fractions are
taken from Ref. [18]; the final uncertainties on the D
branching fractions are summed in quadrature over all
the DY decay modes weighted by the product of the ef-
ficiency and the D} branching fraction. The PHOKHARA
generator calculates the ISR-photon radiator function
with 0.1% accuracy [31]. The uncertainty attributed to
the generator can be neglected.

The systematic uncertainty associated with the combi-
natorial background subtraction is due to an uncertainty
in the scaling factor (1.7%) for the D?,(2573)~ sideband
estimation. We evaluate its effect on the signal yield
for each bin and conservatively assign a maximum value,
3%. The statistical uncertainty in the determination of
efficiency from signal MC sample is about 2.0%. The to-
tal luminosity is determined to 1.4% uncertainty using
wide-angle Bhabha scattering events. All the uncertain-
ties are summarized in Table I. Assuming all the sources
are independent, we sum them in quadrature to obtain
the total systematic uncertainty.

TABLE I: Summary of the systematic uncertainties (osyst.)
on the product of ete™ — DJ D%,(2573)~ cross section and
the decay branching fraction B(D?5(2573)" — DK ™).

Source Osyst.
Detection efficiency 4.6%
Branching fractions 9.0%

Background subtraction  3.0%
MC statistics 2.0%
Luminosity 1.4%
Quadratic sum 10.9%

The following systematic uncertainties on the mea-
sured mass and width of the Y (4620), and the I'.. X
B(Y (4620) — DI D*(2573)7) x B(D%,(2573)" —
D°K~) are considered. The MC simulation is known to
reproduce the resolution of mass peaks within 10% over
a large number of different systems. The resultant sys-
tematic uncertainties attributed to the mass resolution
in the width and T, x B(Y (4620) — DI D*,(2573)7) x
B(D*,(2573)~ — DK ™) are 0.2 MeV and 0.1 eV, re-
spectively. By changing the non-resonant background
shape from a D-wave two-body phase space form to
a threshold function, the differences of 0.2 MeV/c?
and 1.9 MeV in the measured mass and width, and
0.7 eV for the T'.. x B(Y(4620) — DI D*,(2573)7) x
B(D?,(2573)~ — DK ™), respectively, are taken as sys-
tematic uncertainties. By changing the upper bound
of the fitted range from 5.6 GeV/c? to 5.0 GeV/c?,

the related changes on the mass, width, and T'.. X
B(Y (4620) — DI D*(2573)7) x B(D%,(2573)" —
D°K~) are 2.0 MeV/c?, 3.3 MeV, and 2.3 eV. The signal-
parameterization systematic uncertainty is estimated by
replacing the constant total width with a mass-dependent

width of 'y = T'? @2(1\4(152?(%41::5153:)7)3)*)), where I'Y is the

width of the resonance, ®5(M (DT D%, (2573)7)) is the
phase-space form for a D-wave two-body system, and
o (My (4620)) is the value at the Y (4620) mass. The dif-
ferences in the measured Y (4620) mass and width, and
Tee x B(Y (4620) — D+ D%,(2573)7) x B(D%(2573)~ —
DK ) are 1.0 MeV/c?, 2.3 MeV, and 2.1 eV, respec-
tively, which are taken as the systematic uncertainties.
The uncertainty in the efficiency correction from detec-
tion efficiency, branching fractions, MC statistics, and
luminosity is 10.4%. Changing the efficiency function by
10.4% gives a 0.1 MeV/c? change on the mass, 0.2 MeV
on the width, and 1.5 eV on the I'.. x B(Y (4620) —
DFD?%,(2573)7) x B(D#5(2573)~ — D°K~). Finally,
the total systematic uncertainties on the Y (4620) mass,
width, and .. x B(Y(4620) — DD%(2573)7) x
B(D*,(2573)~ — DK ™) are 2.3 MeV/c?, 4.6 MeV, and
3.6 eV, respectively.

In summary, the product of the eTe” —
D D%,(2573)~ cross section and the decay branching
fraction B(D?,(2573)~ — DK ™) is measured over the
C.M. energy range from the D} D%*,(2573)~ mass thresh-
old to 5.6 GeV for the first time. We report evidence for a
vector charmonium-like state decaying to DF D%, (2573)~
with a significance of 3.40. The measured mass and
width are (4619.8750(stat.) + 2.3(syst.)) MeV/c?
and  (47.07313(stat.) + 4.6(syst.)) MeV, respec-
tively, which are consistent with the mass of
(4625.9782(stat.) & 0.4(syst.)) MeV/c? and width of

(49.8%132(stat.) 4+ 4.0(syst.)) MeV of the Y (4626)
observed in ete™ — DFD4(2536)" [19], and
also close to the corresponding parameters of the
Y (4660) [18].  We measure T'.e x B(Y(4620) —
Dij%(2573)‘) x B(D%,(2573)~ — D°K~) to be
(147753 (stat.) + 3.6(syst.)) eV.
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