Observation of a charged charmoniumlike structure in
ete—mJ/VY at Vs = 4.26 GeV
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« The famous Y (4260) state was first observed by BaBar Collaboration in Initial-State-Radiation(ISR) e*e-
— yISRM*T-J/y process, with 233 fb-1 data collected around Vs = 10.58 GeV. It was rapidly confirmed
by CLEO experiment with a much smaller data sample and by Belle experiment with much more
luminosity using the same technique.

« Since Y(4260) state is produced through ISR in e+e— annihilation, its quantum number must be JPC = 1,
However, this new resonance seems to be rather different from the known charmonium states with JPC =
1--in the same mass scale, such as p(4040), w(4160), and y(4415).

» Being well above the DDbar threshold, instead of decaying predominantly into DDbar final states,
the Y (4260) shows strong coupling to the

» Clear signals of p(4040) and w(4160) to hadronic transition were observed. The entirely
different patterns in m+m—J/y transition and nJ/yp transition of charmonium states are difficult to
understand. This indicates the Y (4260) state might be a non-conventional charmonium state

« Try to use 525 pb-1 data taken by BESIII directly at Vs = 4.26 GeV. Study the properties of the Y (4260),
and study the intermediate states of Y (4260) decay to mr+mr-J/y.
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Data analysis —— MC simulation

- Data sample: 525 pb-1 data taken by BESIII directly at \s = 4.26 GeV

« MC simulation: GEANT4-based simulation software BOOST

« MC sample 1: ete—— yISRT+mT-J/Y (e+e—— mT+1-J/Y[3.8-4.26GeV], KKMC)

« MC sample 2: Y( 4260 )—11 +11-J/ p—e+e-/u+u-(PHOTOS)

 MC sample event: 100,000/signal mode

« MC background: y(4260) resonance, Initial State Radiation of the vector charmonium
states, and QED events are generated with KKMC
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Data analysis —— Event selection criteria
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T +17-J/ Y

1. Originate from the interaction point, with Vxy =V(V,2+ V,2 )< 1 3ot il

cm, [Vz| <10 cm a0 ,’"\‘ g o

2. Good photon candidate: .Edep > 25MeV(barrel,|cos 6|<0.8 ); %EEE . -

Edep > 50MeV/( endcap, 0.86< |cos 8]|<0.92, 0<t<14[in unit of 50 ‘w14 N i
nS] ) 0 05 pT(GEV}(.:S) 2 25 0 05 '_E:‘C {66‘1\?) 2 25

3. The number Of gOOd Charged traCkS IS reqUIred to be four Wlth FIG. 1: (left) Pions and leptons” momenta distribution and (right) EMC deposit energy scatter plot of
leptons in signal MC sample. Pions and leptons are separated clearly by 3-momenta; electrons and muons

zero net charge. P>1.0 GeV/c(leptons), P<1.0 GeV/c(pions) areseparated carly by EMC deposit energy.
4. c0s6<0.98 3¢
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FIG. 2: The opening angle of 777~ for st 1~ mode (left) and e~ mode (right) in data. respectively. The
bumping bin around 1 corresponds to gamma-conversion events.
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5. Four-constraint (4C) kinematic fits are
performed with the four charged tracks
(TT+1T—e+e— or +1mm—u+u—) to improve
resolution and help suppress background.
¥x2 <60

71 Data analysis —— Event selection criteria
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FIG. 4: 4C Kinematic fit y? distribution for ¢*e~ mode (left) and ;2" 12~ mode (right) before track PULL
distribution correction (upper row) and after track PULL distribution correction (bottom row). Dots with
error bars are data, red histograms are signal MC simulation (with background added) and green shaded
histograms are background events.
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71 Data analysis — Data and background analysis

invariant mass distribution of |+]- :
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FIG. 5: (left) M (p" ™) and (right) M (e e ) invariant mass distributions. Dots with error bars are data
and red histograms are inclusive MC simulated backgrounds.

From the plot, we can see inclusive MC simulated background events are underestimated.



[%3':, Data analysis —— Data and background analysis

« Dominant background events : ete— — T+TT—TT+1T—

« Simulate ete-—qqgbar by PYTHIA

« Use J/p mass sideband events to estimate the possible background contribution

» Fit lepton pair invariant mass distributions by double Gaussian function with a liner
background term
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« Selecte J/y mass window as 3.08 <M(£+{-) < 3.12 GeV/c2, sideband as 3.0 < M({+{-) <
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FIG. 6: Fit the invariant mass distribution of (left) M (g™~ ) and (right) M (e*e™) with double Gaussian
function and a linear background. Dots with error bars are data, red curves are the fit results and blue dashed
curves shows the background term.
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Data analysis

Intermediate state

InY (4260) — m+1—J/p decays, possible intermediate states includes TT+1— resonances, such as
o, f0(980), f2(1270) and so on.
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(.

71 Data analysis — Intermediate state

1. Signal function: Breit-Wigner function convolving Gaussian resolution

Background shape: a/(x-3.6)b + ¢ + dx
2. M(Zc(3900)) = 3899.0* 3.6 MeV/c2, '(Zc(3900)) = 45.8 £9.7 MeV/c2
3. N(Zc(3900)) = 30748
4. Fraction of Zc(3900) events

Y (4260)— 7+ Z.(3900)F T

R =10 2O = (21.5+3.3)%
5. Considering the number of degree of freedom changing is 3, the significance is calculated to be
20.50. That means the Zc(3900) resonance is significantly observed. By testing all kinds of background
shapes and fit ranges, we find the statistical significance is always larger than 8o.




[%,Dj Data analysis — Cross section measurement

> number of observed events

Born-order cross section: B Jyobs
r cramm
Lin:(1 + d)eB—— branching ratio of J/y — {+{-

l selection efficiency
integrate luminosity

(1+0) is the radiative correction factor, which is defined as:

/ radiator function
(1+0) = ibg _ J BW(s(1 —l))F(Jc s)dx
0" BW (s)

Born cross section shape of the Y (4260) resonance

I A e*e

1+8(KKMC) 0.818 0.818
£ 53.8% 38.4%
B (63.8+2.5)pb (60.3 +2.9)pb

B (62.3+1.9)pb
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Error analysis

TABLE I: Summary of the systematic errors for £.(3900) resonant parameters.

Source Mass (MeV/c?) Width (MeV/c?) Branching ratio (%)
Absolute mass scale 1.8 - -
Fit model 21 37 2.6
Background shape L3 i & 7
Resolution - 1.0 0.2
Total 3.7 12.0 1.3

TABLE II: Summary of the systematic errors (%) in ™ g~ mode and e e~ mode.

Source ptp~ ete
Luminosity 1.0 1.0
Tracking 40 40

Background shape 0.5 34
Y (4260) line-shape 0.6 0.6
Kinematic fit 22 23
Branching ratios 1.0 1.0
Decay model 31 3
Others 1.0 1.0

Total 59 68
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. We observed a charged charmoniumlike state Zc(3900) in e+e— — m+m-J/y at Vs = 4.26 GeV

for the first time.

The statistical significance is estimated to be larger than 8o.

A fit to the Mmax(1rJ/y) mass spectrum yields M(Zc(3900)) = 3899.0 = 3.6 = 3.7 MeV/c2 and
(Zc(3900)) = 45.8 = 9.7 =12.0 MeV/c2, where the first errors are statistical and second ones
systematic.

The branching ratio of Zc(3900) is measured to be R = (21.5%x3.3% 7.5)%.

The Born cross section for e+te— — Y (4260) is measured to be 62.3 = 1.9 = 3.7 pb, which is
in good agreement with previous measurements. Here the first error is statistical, and second
systematic.






