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

provided by Institutional Research Information System University of Turin

PHYSICAL REVIEW D 91, 112001 (2015)

Observation of the electromagnetic doubly OZI-suppressed
decay J/y — ¢px°

M. Ablikim," M. N. Achasov,”* X.C. Ai,' O. Albayrak,” M. Albrecht,* D.J. Ambrose,** A. Amoroso,**** E.F. An,'
Q. An,* J. Z. Bai,' R. Baldini Ferroli,”™ Y. Ban,”' D. W. Bennett,"” J. V. Bennett,” M. Bertani,”™ D. Bettoni,”'* J. M. Bian, "’
E. Bianchi,"™** E. Boger,”" 0. Bondarenko,” 1. Boyko,” R. A. Briere,” H. Cai,” X. Cai,' O. Cakir,"™" A. Calcaterra,””
G.F. Cao,' S.A. Cetin,*” J.E. Chang,l G. Chelkov,”° G. Chen,' H. S. Chen,' H. Y. Chen,” J. C. Chen," M. L. Chen,'
S.J. Chen,” X. Chen," X.R. Chen,”® Y.B. Chen,' H.P. Cheng,"” X. K. Chu,”" G. Cibinetto,”** D. Cronin-Hennessy,"
H.L. Dai,l J.P Dai,34 A. Dbeyssi,14 D. Dedovich,23 Z.Y. Deng,1 A. Denig,22 I Den2ysenko,23 M. Destefanisfg""480 F. De
Mori, ™% Y. Ding,”’ C. Don$,30 J. Dong,' L. Y. Dong,' M. Y. Dong,' S.X. Du,”* P.E. Duan,' J. Z. Fan,” J. Fanf%,l
S.S. Fang,' X. Fang,” Y. Fang,' L. Fava,"™*¢ F. Feldbauer,” G. Felici,"® C. Q. Feng,” E. Fioravanti,”'* M. Fritsch,'***
C.D. Fu,' Q. Gao,' X. Y. Gao,” Y. Gao,” Z. Gao,” I. Garzia,”™ C. Geng,” K. Goetzen,'"” W.X. Gong,' W. Gradl,”
M. Greco, ™ M. H. Gu,' Y.T. Gu,"”” Y. H. Guan,' A.Q. Guo,' L.B. Guo,” Y. Guo," Y.P. Guo,”> Z. Haddadi,”
A. Hafner,”” S. Han,”’ Y. L. Han,' X. Q. Hao,"” F. A. Harris,” K. L. He,! Z. Y. He,”® T. Held," Y. K. Heng,' Z. L. Hou,'
C. Hu,”® H.M. Hu,' J.F. Hu,"* T. Hu,' Y. Hu,' G. M. Huangfg,6 G.S. Huang,” H.P. Huang,” J.S. Huang,"
X.T. Huang,” Y. Huang,” T. Hussain,”’ Q. Ji,' Q.P. Ji,** X.B. Ji,' X. L. Ji,' L.L. Jiang,' L. W. Jiang,”® X.S. Jiang,"
J.B. Jiao,” Z. Jiao," D.P. Jin,' S. Jin,' T. Johansson,” A. Julin,® N. Kalantar-Nayestanaki,” X. L. Kang,' X. S. Kang,*
M. Kavatsyuk,” B. C. Ke,” R. Kliemt,"* B. Kloss,> O. B. Kolcu,*™* B. Kopf,* M. Kornicer,"> W. Kiihn,** A. Kupsc,*
W. Lai,' J. S. Lange,”* M. Lara," P. Larin,"* C. Leng,”** C. H. Li,' Cheng Li,* D.M. Li,* F. Li,' G. Li,' H.B. Li,' J. C. Li,"
Jin Li,” K. Li,"” K. Li,”® Lei Li,’ PR. Li, T. Li,® W.D. Li,' W.G. Li,) X.L. Li,” X.M. Li,"” X.N. Li,! X.Q. Li,”
Z.B.Li,*® H. Liang,” Y. F. Liang,® Y. T. Liang,** G.R. Liao,"' D. X. Lin," B.J. Liu,' C. X. Liu,' E H. Liu,” Fang Liu,'
Feng Liu,’ H. B. Liu,"* H. H. Liv,' H. H. Liu,'* H. M. Liu,' J. Liu,' J. P. Liu,”® J. Y. Liu,' K. Liv,” K. Y. Liu,” L. D. Liu,”"
P.L.Liu,' Q. Liu," S.B. Liu,” X. Liu,® X. X. Liu,*' Y. B. Liu,” Z. A. Liu,' Zhigiang Liu," Zhiging Liu,* H. Loehner,”
X.C.Lou,"* H.J. Lu," J.G. Lu,) R. Q. Lu,"® Y. Lu,' Y.P. Lu,' C.L. Luo,”® M. X. Luo,”" T. Luo,”* X. L. Luo,' M. Lv,'
X.R. Lyw,”' E.C. Ma,” H.L. Ma,' L.L. Ma,” Q.M. Ma,' S. Ma,' T. Ma," X.N. Ma,”® X. Y. Ma,' F. E. Maas,"
M. Maggiora,™*¢ Q. A. Malik,”” Y.J. Mao,”" Z.P. Mao,' S. Marcello,™®*¢ J. G. Messchendorp,” J. Min,' T.J. Min,"
R.E. Mitchell,19 X. H. Mo,1 Y.J. Mo,6 C. Morales Morales,14 K. Moriya,19 N. Yu. Muchnoi,g’£l H. Muramatsu,43
Y. Nefedov,” F. Nerling,'* I. B. Nikolaev,” Z. Ning,' S. Nisar,” S.L. Niu,' X. Y. Niu," S. L. Olsen,”* Q. Ouyang,'
S. Pacetti,20b P. Patteri,2Oa M. Pelizaeus,4 H.P. Peng,45 K. Peters,10 J. Pettersson,49 J. L. Ping,28 R.G. Ping,1 R. Poling,43
Y.N. Pu,"* M. Qi,” S. Qian,' C. F. Qiao,*' L. Q. Qin,” N. Qin,” X. S. Qin,' Y. Qin,*' Z. H. Qin,' J. F. Qiu,' K. H. Rashid,"’
C.E Redmer,22 H.L. Ren,18 M. Ripka,22 G. Ron;,l X.D. Ruan,12 V. Santoro,2la A. Sarantsev,23 ML Savn'é,21b
K. Schoenning,” S. Schumann,” W. Shan,”' M. Shao,” C. P. Shen,” P. X. Shen,™ X. Y. Shen,' H. Y. Sheng,' W. M. Song,'
X.Y. Song,' S. Sosio,**** S Spataro,"™*¢ G.X. Sun,' J.E. Sun,”” S.S. Sun,' Y.J. Sun,” Y.Z. Sun,' Z.J. Sun,'
Z.T. Sun,” C.J. Tang,® X. Tang, 1. Tapan,’® E.H. Thorndike,"” M. Tiemens,” D. Toth,* M. Ullrich,* I. Uman,*®
G.S. Vamer,42 B. Wang,30 B.L. Wang,41 D. Wang,31 D.Y. Wang,31 K. Wang,1 L.L. Wan(g,1 L.S. Wang,l M. Wang,33
P. Wang,l P.L. Wang,1 Q.J. Wang,l S.G. Wang,31 W. Wang,1 X.F Wamg,39 Y.D. Wang,2 *Y.F. Wang," Y.Q. Wang,22
Z. Wang,' Z.G. Wang,' Z. H. Wang,” Z. Y. Wang,' T. Weber,”® D. H. Wei,'' J. B. Wei,”' P. Weidenkaff,** S. P. Wen,'
U. Wiedner, M. Wolke,” L. H. Wu,' Z. Wu," L. G. Xia,”” Y. Xia,"® D. Xiao,' Z.J. Xia0,® Y. G. Xie,' Q. L. Xiu,' G.F. Xu,'
L. Xu,' Q.J. Xu,” Q.N. Xu,"" X.P. Xu,” L. Yan,” W.B. Yan,”” W.C. Yan,” Y.H. Yan,"® H.X. Yang,' L. Yang,”
Y. Yang® Y. X. Yang,'' H. Ye,' M. Ye,' M. H. Ye,” J.H. Yin,' B. X. Yu,' C. X. Yu,”” H.W. Yu,” J.S. Yu,*® C.Z. Yuan,'
W.L. Yuan,” Y. Yuan," A. Yuncu,"® A. A. Zafar,’ A. Zallo,”™ Y. Zeng,"® B. X. Zhang,' B.Y. Zhang,' C. Zhang,*
C.C. Zhang,' D.H. Zhang,' H. H. Zhang,”® H. Y. Zhang,' J.J. Zhang,' J. L. Zhang,' J. Q. Zhang,' J. W. Zhang," J.
Y. Zhang,' J.Z. Zhang,' K. Zhang,' L. Zhang,' S.H. Zhang,' X. Y. Zhang,” Y. Zhang,' Y. H. Zhang,' Y. T. Zhang,*
Z.H. Zhan%,6 Z.P. Zhang,”” Z.Y. Zhang,”® G. Zhao,' J. W. Zhao,' J. Y. Zhao,' J. Z. Zhao," Lei Zhao,” Ling Zhao,'
M. G. Zhao,” Q. Zhao,' Q. W. Zhao,' S.J. Zhao,”* T. C. Zhao,' Y. B. Zhao,' Z. G. Zhao,* A. Zhemchugov,”" B. Zheng,*°
J.P. Zheng,' W.J. Zheng,” Y. H. Zheng,"' B. Zhong,”® L. Zhou,' Li Zhou,™ X. Zhou,”® X. K. Zhou,” X.R. Zhou,*
X.Y. Zhou," K. Zhu," K.J. Zhu,' S. Zhu,' X. L. Zhu,” Y. C. Zhu,® Y. S. Zhu,' Z. A. Zhu,' J. Zhuang,' L. Zotti,****
B.S. Zou,' and J. H. Zou'

(BESIII Collaboration)

'Institute of High Energy Physics, Beijing 100049, People’s Republic of China
2Beihang University, Beijing 100191, People’s Republic of China
3Beijing Institute of Petrochemical Technology, Beijing 102617, People’s Republic of China
*Bochum Ruhr-University, D-44780 Bochum, Germany
5Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA

1550-7998/2015/91(11)/112001(7) 112001-1 © 2015 American Physical Society


https://core.ac.uk/display/302057503?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

M. ABLIKIM et al. PHYSICAL REVIEW D 91, 112001 (2015)

®Central China Normal University, Wuhan 430079, People’s Republic of China
"China Center of Advanced Science and Technology, Beijing 100190, People’s Republic of China
SCOMSATS Institute of Information Technology, Lahore, Defence Road,
Off Raiwind Road, 54000 Lahore, Pakistan
°G.1. Budker Institute of Nuclear Physics SB RAS (BINP), Novosibirsk 630090, Russia
'9GSI Helmholizcentre for Heavy Ion Research GmbH, D-64291 Darmstadt, Germany
l]Guangxi Normal University, Guilin 541004, People’s Republic of China
12GuangXi University, Nanning 530004, People’s Republic of China
YHangzhou Normal University, Hangzhou 310036, People’s Republic of China
“Helmholiz Institute Mainz, Johann-Joachim-Becher-Weg 45, D-55099 Mainz, Germany
“Henan Normal University, Xinxiang 453007, People’s Republic of China
" Henan University of Science and Technology, Luoyang 471003, People’s Republic of China
17Huangshan College, Huangshan 245000, People’s Republic of China
®Hunan University, Changsha 410082, People’s Republic of China
®Indiana University, Bloomington, Indiana 47405, USA
2UNFN Laboratori Nazionali di Frascati, 1-00044, Frascati, Italy
2°INFN and University of Perugia, 1-06100, Perugia, Italy
HYNFEN Sezione di Ferrara, 1-44122, Ferrara, Italy
21|JUniversity of Ferrara, 1-44122, Ferrara, Italy
2 Johannes Gutenberg University of Mainz, Johann-Joachim-Becher-Weg 45,
D-55099 Mainz, Germany
2 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
* Justus Liebig University Giessen, Il. Physikalisches Institut, Heinrich-Buff-Ring 16,
D-35392 Giessen, Germany
®KVI-CART, University of Groningen, NL-9747 AA Groningen, Netherlands
°Lanzhou University, Lanzhou 730000, People’s Republic of China
*Liaoning University, Shenyang 110036, People’s Republic of China
28Nanjing Normal University, Nanjing 210023, People’s Republic of China
29Nanjing University, Nanjing 210093, People’s Republic of China
Nankai University, Tianjin 300071, People’s Republic of China
31Peking University, Beijing 100871, People’s Republic of China
32Seoul National University, Seoul, 151-747 Korea
33Shandong University, Jinan 250100, People’s Republic of China
34Shanghai Jiao Tong University, Shanghai 200240, People’s Republic of China
3 Shanxi University, Taiyuan 030006, People’s Republic of China
Sichuan University, Chengdu 610064, People’s Republic of China
Soochow University, Suzhou 215006, People’s Republic of China
3Sun Yat-Sen University, Guangzhou 510275, People’s Republic of China
39Tsinghua University, Beijing 100084, People’s Republic of China
% stanbul Aydin University, 34295 Sefakoy, Istanbul, Turkey
40bDogus University, 34722 Istanbul, Turkey
4OCUludag University, 16059 Bursa, Turkey
41Um'versity of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
42University of Hawaii, Honolulu, Hawaii 96822, USA
43University of Minnesota, Minneapolis, Minnesota 55455, USA
University of Rochester, Rochester, New York 14627, USA
45University of Science and Technology of China, Hefei 230026, People’s Republic of China
46University of South China, Hengyang 421001, People’s Republic of China
47University of the Punjab, Lahore-54590, Pakistan
48a‘University of Turin, 1-10125, Turin, Italy

aAlso at the Novosibirsk State University, Novosibirsk, 630090, Russia.

°Also at Ankara University, 06100 Tandogan, Ankara, Turkey.

“Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia, and at the Functional Electronics Laboratory,
Tomsk State University, Tomsk, 634050, Russia.

Currently at Istanbul Arel University, 34295 Istanbul, Turkey.

Also at University of Texas at Dallas, Richardson, TX 75083, USA.

"Also at the NRC "Kurchatov Institute”, PNPI, 188300, Gatchina, Russia.

gAlso at Bogazici University, 34342 Istanbul, Turkey.

"Also at the Moscow Institute of Physics and Technology, Moscow 141700, Russia.

112001-2



OBSERVATION OF THE ELECTROMAGNETIC DOUBLY ...
48b

PHYSICAL REVIEW D 91, 112001 (2015)

University of Eastern Piedmont, I-15121, Alessandria, Italy

INFN, I-10125, Turin, Italy
49Uppsala University, Box 516, SE-75120 Uppsala, Sweden
OWuhan University, Wuhan 430072, People’s Republic of China
51Zhejiang University, Hangzhou 310027, People’s Republic of China
52Zhengzhou University, Zhengzhou 450001, People’s Republic of China
(Received 9 April 2015; published 1 June 2015)

Using a sample of 1.31 billion J/y events accumulated with the BESIII detector at the BEPCII collider,
we report the observation of the decay J/yr — ¢z°, which is the first evidence for a doubly Okubo—Zweig—
Tizuka suppressed electromagnetic J/y decay. A clear structure is observed in the K+ K~ mass spectrum
around 1.02 GeV/c?, which can be attributed to interference between J/y — ¢z° and J/yw - KT K~ 7°
decays. Due to this interference, two possible solutions are found. The corresponding measured
values of the branching fraction of J/w — ¢pz° are [2.94 4 0.16(stat) + 0.16(syst)] x 107° and

[1.24 + 0.33(stat) = 0.30(syst)] x 107"

DOI: 10.1103/PhysRevD.91.112001

The discovery of the J/y played an important role in
understanding the basic constituents of nature and opened a
new era in particle physics. Its unexpected narrow decay
width provided insight into the study of strong interactions.
As its mass is below the charmed meson pair threshold,
direct decay into charmed mesons is forbidden. Therefore,
the J/y hadronic decay modes are Okubo—Zweig-lizuka
(OZI) [1] suppressed, and the final states are composed
only of light hadrons.

A full investigation of J/y decaying to a vector meson
(V) and a pseudoscalar meson (P) can provide rich
information about SU(3) flavor symmetry and its breaking,
probe the quark and gluon content of the pseudoscalar
mesons, and determine the electromagnetic amplitudes
[2-4]. However, the presence of doubly OZI (DOZI)
suppressed processes, like the observation of J/y radia-
tively decaying into w¢ [5,6], complicates matters as they
do not obey quark correlation or satisfy nonet symmetry
(treating SU(3) octets and singlet as a nonet and assuming
the coupling constants are the same in the interactions
[2,3]). Well-established phenomenological models [2,3]
have indicated that the DOZI amplitude can have a large
impact through interference with the singly OZI suppressed
amplitude.

Of interest is the decay J /y — ¢z°, which occurs via the
electromagnetic DOZI process or by nonideal @ — ¢
mixing [2,3,7]. Recently, using a combination of a factori-
zation scheme for the strong decays and a vector meson
dominance model for electromagnetic decays in
J/w — VP, the branching fraction of J/y — ¢z has
been predicted to be around 8 x 10~7 [8], while the best
upper limit to date comes from the BES collaboration,
B(J/y — ¢n°) < 6.4 x 107° at the 90% C.L. [9]. In this
paper, we report the first observation of J/y — ¢n° based
on a sample of (1.311 4 0.011) x 10 J/y events [10,11]
accumulated with the BESIII detector.

PACS numbers: 13.25.Gv, 14.40.Be

The BESIII detector [12] is a magnetic spectrometer
located at the Beijing Electron Positron Collider (BEPCII),
which is a double-ring e*e™ collider with a design peak
luminosity of 103 cm™2s! at the c.m. energy of
3.773 GeV. The cylindrical core of the BESIII detector
consists of a helium-based main drift chamber (MDC), a
plastic scintillator time-of-flight system (TOF), and a
CsI(Tl) electromagnetic calorimeter (EMC). All of them
are enclosed in a superconducting solenoidal magnet
providing a 1.0 T (0.9 T in 2012) magnetic field. The
solenoid is supported by an octagonal flux-return yoke with
resistive plate counter muon identifier modules interleaved
with steel. The acceptance for charged particles and
photons is 93% of a 4z solid angle. The charged-particle
momentum resolution is 0.5% at 1 GeV/c, and the specific
energy loss (dE/dx) resolution is 6%. The EMC measures
photon energies with a resolution of 2.5% (5%) at 1 GeV in
the barrel (end caps). The time resolution of the TOF is
80 ps in the barrel and 110 ps in the end caps. The BESIII
offline software system framework is based on Gaudi [13].
A GEANT4-based [14] Monte Carlo (MC) simulation is
used to determine detection efficiencies and estimate
backgrounds.

For the decay J /v — ¢pn° — K K~yy, a candidate event
is required to have two charged tracks with opposite charge
and at least two photons. For each charged track, the polar
angle in the MDC must satisfy | cos 8] < 0.93, and the point
of closest approach to the e™e™ interaction point must be
within 10 cm in the beam direction and within 1 cm in the
plane perpendicular to the beam direction. TOF and dE/dx
information are combined to give particle identification
(PID) probabilities for z, K, and p hypotheses. To identify a
track as a kaon, the PID probability for the kaon hypothesis
must be larger than that for the pion hypothesis.

For each photon, the energy deposited in the EMC must
be at least 25 MeV for |cosf| < 0.8 or 50 MeV for
0.86 < |cos@| < 0.92. To select isolated showers, the
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angle relative to the nearest charged track must be larger
than 20°. The timing information of the EMC is used to
suppress electronic noise and unrelated energy deposits.
Furthermore, a four-constraint (4C) kinematic fit is applied
to the candidate events under the KK~ yy hypothesis,
requiring the 4-momentum of the final state to be equal to
that of the colliding beams. If there are more than two
photon candidates in an event, the combination with the
smallest y3-(K*K~yy) is retained. Events with y3. < 30
are selected.

After the above selection, the scatter plot of M(K™K™)
vs M(yy) [Fig. 1(a)] shows two clear clusters correspond-
ing to ¢ and ¢’ and two bands corresponding to K+ K~ z°
and KK~ 7, but no evident accumulation of events for ¢z°.
To investigate the M(K*K~) spectrum of K™K~ 7" events,
we select events where the yy invariant mass is in the z°
mass region 0.115 < M(yy) < 0.155 GeV/c?>. The
M(K*tK™) distribution for these events is shown in
Fig. 1(b), where a clear structure around the ¢ mass is seen.

Studies were performed using both MC events and data
to investigate whether the structure around 1.02 GeV/c?
could be background related. We analyze a MC sample of
1.2 x 10° J /y inclusive decays, in which the known decay
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FIG. 1 (color online). (a) Scatter plot of M(KTK~) vs M(yy).
The red solid and blue dotted boxes are the z° signal and sideband
regions. The red dashed box indicates J/y — ¢n. (b) KTK~
mass spectrum, where the dots with error bars are events in the 7°
signal region; the hatched histogram are events from the z°
sidebands; and the dashed histogram is MC simulation of J /yy —
¢n° with arbitrary normalization.
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modes were generated by BesEvtGen [15,16] with mea-
sured branching fractions [17] while unknown decays were
generated by Lund-Charm [18]. The dominant background
events are found to be from J/y — K"K~z with the
intermediate states decaying into K*z° and K*K~, which
is coherent for the decay J/y — ¢n’. A partial wave
analysis, not including J/w — ¢z° but considering the
interference of all intermediate states, yields a smooth
distribution with K*K~ mass below 1.2 GeV/c? The
incoherent background can be categorized into three classes
as follows: (1) The ¢ peaking background: eTe™ — yigr¢p
and J/y — ¢a°7°/pyy. The former background is studied
using data taken at energies far from any charmonium
resonance, and the latter ones are studied by exclusive MC
samples. The studies show that these background events
can be compensated by the z° mass sideband events, which
are defined as 0.055 < M(yy) < 0.095 GeV/c? and
0.175 < M(yy) < 0.215 GeV/c?. (2) The z° peaking
background: J/w — yn.(1S) — yK*K~z°. This back-
ground cannot be taken into account by the z° mass
sideband events. From MC simulations, the ratio between
the number of these background events and the number of
the coherent background events in the z° mass region is
0.5%. As little is known about the possible intermediate
states, we neglect this background and consider the related
systematic uncertainty. (3) The non-¢ and non-z° back-
ground are dominated by the decays J/y — yK+tK~,
ya’K*K~, and 7°2°K*K~ with various intermediate
states. MC simulations show they can be subtracted by
the 7 mass sideband events. All background types are
summarized in Table I. Through the studies above, none of
these background events produces a structure in the K™K~
mass spectrum. In addition, the detection efficiency as a
function of M(K*K™), obtained from the MC simulation
and taking into account the angular distributions [19], is
also smooth over the K™K~ mass region, with no structure
in the region of the ¢ signal.

A possible explanation for the structure in the M (K" K~)
spectrum is interference between J/y — ¢z° and other
processes with the same final state. We have verified this
using a statistical hypothesis test [20,21]. In the null
hypothesis without J/y — ¢a°, a second-order polyno-
mial function, defined as Fy = P(m)=cy+ cym+
c,m?, is used in the fit to describe the data after subtraction
of the n%-sideband events. The positive hypothesis is
characterized by a two-component function (¥ ), in which
the model is a coherent sum of a relativistic Breit—-Wigner

TABLE 1. Background analysis for the decay J/y — ¢r°.
Type Reactions

Coherent J/w - K*K= 7"

¢ peaking ete” =y, Jw — pn°n [ pry
7° peaking J/w — y.(18) - yK*K~2°
Other J)w = yKTK~ [yn° KT K~ /2’2’ K+t K~
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resonance and the second-order polynomial function, con-
voluted with a Gaussian function G(m,o,,) to take into
account the mass resolution, o,,,

Fy, = [V/P(m)/®(m) + Ay(m)|*®(m) @ G(m,a,,),
(1)
VRe® py(m)pg(m) B(py(m)) B(pg(m))
m? — m(z) + imI'(m) B(p¢(mo)) B(pk(mg))’
with )

rm) = (L5 ) Bl )

pr(mg)) m B(pg(mp))

where
Ay(m) =

Here, m is the K*K~ invariant mass. m, and I'; are the
nominal mass and decay width of the ¢ [17]. p,(m)
(px(m)) is the momentum of the ¢ (K) in the frame of J/y
(¢) with the mass of ¢ being m. ®(m) = p,(m)pg(m)
is the phase space factor. B(p), defined as B(p)=

1/4/1+ (rp)?, is the Blatt—-Weisskopf penetration form
factor [22] with the meson radius r being 3 GeV~!. R and §
represent the magnitude and relative phase angle, respec-
tively, for the contribution of the ¢ resonance. Omitting the
convolution, Fy, can be expanded to be

P(m) + |Ay(m) *®(m) + 2/ P(m)®(m)RAy(m).  (4)

where the first term is the non-¢ contribution from the
decay J/w — KKz, the second term is the ¢) resonance
from the decay J/y — ¢a°, and the third term is their
interference. Here, 1A ;(m) denotes the real part of A, (m).
MC simulations show that the K+ K~ mass resolutions are
essentially the same for J/y decaying to ¢z° and ¢n
with z°/n = yy. We obtain ¢,, = (1.00 & 0.02) MeV/c?
by performing an unbinned likelihood fit to the
M(K*TK™) spectrum of J/y — ¢n with 0.50 < M(yy) <
0.60 GeV/c?, shown in the red dashed box in Fig. 1(a). The
same Breit—Wigner formula convoluted with a Gaussian
function is used to describe the ¢ signal, while a second-
order polynomial is used to describe the background.
After subtracting the incoherent background events esti-
mated with 79 sidebands, a maximum likelihood fit is
performed to the M (K™ K™) distribution under the positive
hypothesis. Two solutions with two different phase angles
between the ¢ resonance and the non-¢b contributions are
found. The final fits, including the individual contributions
of each components, are illustrated in Figs. 2(a) and 2(b),
while the signal yields and the relative phase angles are
summarized in Table II. In Figs. 2(a) and 2(b), the blue
dashed curve is the non-¢ contribution [the first term in
Eq. (4)]; the red dotted curve denotes the ¢ resonance [the
second term in Eq. (4)]; the green dot-dashed curve repre-
sents their interference [the third term in Eq. (4)]; the blue
solid curve is the sum of them. The signal yield N*2 in
Table II is calculated by integrating the function of the ¢
resonance over the fit range. The statistical significance is
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FIG. 2 (color online). Fitto M(K " K~) spectrum after sideband
subtraction for Solution I (a) and Solution II (b). The red dotted
curve denotes the ¢ resonance; the blue dashed curve is the non-¢
contribution; the green dot-dashed curve represents their inter-
ference; the blue solid curve is the sum of them.

determined by the change of the log likelihood value and the
number of degrees of freedom in the fit with and without the
¢ signal [20,23]. Both solutions have a statistical signifi-
cance of 6.4, which means that they provide identically
good descriptions of data.

The nonresonant QED contribution is estimated in two
ways. One way is by analyzing data taken at energies far from
any resonance, namely at 3.05, 3.06, 3.08, 3.083, 3.090, and
3.65 GeV. The other way is to use data from the y(3770)
resonance, assuming that the possible contribution
w(3770) — ¢n° is negligible. The selection criteria are the
same except for the required 4-momenta in the kinematic fit.
Neither sample shows significant ¢z° events. With a simul-
taneous fit, we obtain the QED contribution to the signal yield
N ;}‘;’}) (3.097) < 5.8 atthe 90% C.L., normalized according to
the luminosity and efficiency and assuming the cross section
is proportional to 1/s with s being the square of the c.m.
energy. Thus, we neglect the nonresonant QED contribution
and use the upper limit of NZ% (3.097) to estimate a
systematic uncertainty from this assumption.

With the detection efficiency, (45.1 £ 0.2)%, obtained
from the MC simulation, the branching fractions of J/yy —
¢n° are calculated to be (2.94 & 0.16) x 107° for Solution

TABLEIL.  Fit results. N2 is the fitted number of signal events
(from the parameter R). § is the relative phase. 2A log £ is two
times the difference of the log-likelihood value with and without
the ¢ signal, while N is the change of the number of degrees of
freedom. Z is the statistical significance.

Solution Nsie ) 2AlogL/Ny  Z
I 838.5+£458 -959°+1.5° 45.8/2 6.40
I 353£93  —-152.1°+7.7° 45.8/2 6.40
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Tand (1.24 + 0.33) x 1077 for Solution II, where the errors
are statistical only.

The sources of systematic uncertainty and their corre-
sponding contributions to the measurement of the branch-
ing fraction are summarized in Table III. The tracking
efficiency of charged kaons is studied using a high-purity
control sample J/y — K3K*z7F, while the photon detec-
tion efficiency is investigated based on a clean sample of
J/w — pr. The differences between data and MC simu-
lation are 1% for each charged track and 1% for each
photon. The 7° selection efficiency is studied with the
sample J/y — pr, and MC simulation agrees with data
within 0.6%. The particle identification efficiency is
studied with the sample J/w — ¢ — KK~ yy. The effi-
ciency difference between data and MC is 0.5%. To
estimate the uncertainty associated with the kinematic
constraint, a control sample of J/y — ¢n - KTK™yy is
selected without a kinematic fit. The efficiency is the ratio
of the signal yields with and without the kinematic require-
ment y?(4C) < 30. The difference between data and MC,
3.2%, is assigned as the systematic uncertainty. For the
uncertainties from the fit, alternative fits are performed by
varying the bin size and fit ranges. In addition, we also
consider the effect from the parametrization of the function
(F,) for the null hypothesis, the relative phase angle 6, and
the decay width I'(m). We repeat fits parametrizing Fp,
with a third-order polynomial and extending ¢ in Eq. (1) to
be 6+, "+ 52('"1__(:"0)2 with two more parameters &,
and &,. Assuming the modes ¢ - K*K~ /KK, have the
same branching fraction 50%, we also perform a fit
replacing T'(m) with Tg+(m) x 50% + Tgo(m) x 50%,
where T'g+ ko(m) is Eq. (3) using the mass of K*/K°.

TABLE 1I. Summary of branching fraction
uncertainties (in %).

systematic

Source Solution I Solution II
MDC tracking 2.0 2.0
Photon detection 2.0 2.0
Particle identification 0.5 0.5
7%’s selection 0.6 0.6
Kinematic fit 3.2 3.2
Bin size 1.0 6.5
Fit range 1.0 15.3
Mass resolution 0.1 0.4
Parametrization of Fy, 0 1.9
Parametrization of 6 0.9 1.6
Parametrization of T'(m) 0.1 0.0
QED continuum 0.7 16.4
Mass and width of ¢ 0.8 0.1
Meson radius r 2.3 3.0
7° peaking background 1.1 3.8
Number of J/y 0.8 0.8
Uncertainty of B(¢p —» KTK™) 1.0 1.0
Total 5.5 24.4
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The yield difference with respect to the nominal fit is taken
as the systematic uncertainty due to the parametrization.
The mass resolution, 6,, = 1.00 & 0.02 MeV/c?, is deter-
mined from J/y — ¢n. Varying o,, within £0.02 MeV/c?
in the fit, the signal yield difference compared to the
nominal fit is less than 1%. The QED contribution is
neglected, and the uncertainty for N;"ﬂ%(3.097) is taken as

5.8 as stated above. It contributes a systematic uncertainty
of 0.7% (16.4%) for Solution I (II), ignoring the possible
interference between the QED process and J/y resonance
decay. The mass and width of the ¢ meson have been fixed to
their world averages [17]. Changing them with 1o uncer-
tainty, the signal yield difference is taken as the systematic
uncertainty. The mesonradius is 3 GeV ™' in the nominal fit.
We change it from 1 to 5 GeV~!, and the largest signal yield
difference is 2.3% (3.0%) for Solution I (II). In the fit, the 7°
peaking background J/y — yn.(1S) - yK*K 2% s
neglected. These background events can be subtracted by
a MC simulation normalized according to the relevant
branching fractions [17] and the efficiency. The signal yield
differenceis 1.1% (3.8%) for Solution I (IT). We also consider
the uncertainties from the number of J/y events and the
branching fraction of ¢ — KTK~. The total systematic
uncertainty in Table I1I is the quadratic sum of the individual
ones, assuming they are independent.

In summary, based on 1.31 billion J/y events collected
with the BESIII detector, we perform an analysis of the
decay J/w — ¢z’ — K+ K~yy and find a structure around
1.02 GeV/c? in the K* K~ invariant mass spectrum. It can
be interpreted as interference of J/y — ¢n° with other
processes decaying to the same final state. The fit
yields two possible solutions and thus two branching
fractions, [2.94+0.16(stat) £0.16(syst)] x 107 and [1.24+
0.33(stat) & 0.30(syst)] x 1077.

Reference [2] provides a model-independent relation,
B(¢n°)/B(wn®) = (rgtany —1/+/2)?/ (tandy /2 + rg)?.
Here B(VP) = B(VP)/p} is the reduced branching frac-
tion of the decay J/w — VP, and py is the momentum of
the vector meson in the rest frame of J/y; 0y is the w — ¢
mixing angle, rg is a dimensionless parameter accounting
for nonet symmetry breaking in the electromagnetic sector,
and rz =1 corresponds to nonet symmetry. We have
used B(J/w — wn®) = (4.5+£0.5) x 1074 [17]. If 0 — ¢
are mixed ideally, namely 6, = 6% = arctan % the
nonet symmetry breaking strength is dp=rp—1=
(+21.0+£1.6)% or (-16.4+1.0)0% ((+3.9+£0.8)% or
(=3.7+0.7)%) for Solution I (II), illustrated in Fig. 3(a).
On the other hand, we obtain ¢, = |0y — 019!| = 4.97° &
0.33° (1.03°+ 0.19°) for Solution I (II) assuming nonet
symmetry, shown in Fig. 3(b). However, ¢y is found to be
3.84° from the quadratic mass formulas [17] and 3.34° +
0.09° from a global fit to the radiative transitions of light
mesons [24]. The ¢y values do not agree with either
solution. This is the first indication that nonet symmetry [2]
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FIG. 3 (color _online). Dependence of the reduced branching
fraction ratio B(¢z°)/B(wx") (a) on the nonet symmetry break-
ing strength rp assuming @ — ¢ ideal mixing and (b) on the
mixing angle ¢, assuming nonet symmetry. The yellow (green)
box represents Solution I (II). The blue line represents the nonet
symmetry value in (a) and the ideal mixing angle in (b).

is broken and the doubly OZI-suppression process con-
tributes in J/y electromagnetic decays.
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