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Charmonium spectroscopy
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Beijing Electron Positron Collider (BEPC)

-
beam energy: 1.0-2.3 GeV

‘ st '_ ;, 2004: started BEPCII upgrade,
& BESIII construction

. >,2008: test run

== 2009 - now: BESIII phyS|cs run

. 1989-2004 (BEPC)

A A Loea=1.0x103! /cm?s

T e @ ©  2009-now (BEPCII):

Al | -1.0x10%/cm?(4/5/2016)

peak™



BESIII detector

Main drift chamber (MDC) Resistive plate chamber (RPC)
Momentum: 0.5%@1GeV/c U counter, <2 cm

dE/dx: 6% . 5600
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Magnetic field: 1 T

3100

------------------------------

Time of ﬂigh_t (TQF? Electro-magnetic calorimeter (EMC): CsI (T1)
Barrel: plastic scintillator 2.5%(5.0%) for barrel (end-caps) @ 1 GeV

End-caps: MRPC
80 (70) ps for barrel (end-caps)
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J/Y and P (3686) > A A and =° X°
P(3686) — v
h.— yn' and yn

Y' —e'e x and xy > eve ]/ Y
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I ana Y(3686) > A A and X0 X°

_Double tag method

Events / 0.1 MeV/c?

Events / 0.25 MeV/c?
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_ Dominant peaking bkg. Dominant smooth bkg.

J/Y - AA

J/p - 20%°
¥(3686) - A A
¥(3686) - X0 0

J/p > AT +c.c.
J/p - AZ° +c.c.
P (3686) - AT+ c.c.

¢(3686) - YXC]I Xc] - ZO 20

J/Y - vKK, K; >mim™

J/Y =¥l ne — AA

Y(3686) > n J/PYJ/Y-op D

P (3686) - vx¢, X > AN PRD 95, 052003 (2017)



J/P and P(3686) > A A and X° X°

Results 1+ acos?0 a comparison with theories and experiments
Channel a B (x107%) A /y—AA @) /x50

J/w — AA 0.469 £ 0.026 + 0.008 19.43 +0.03 +£0.33  Theory 8?% 82; Hg:

J/y — X050 —0.449 +0.020 £ 0.008 11.64 +0.04 +0.23 . 072+ 036 070 £ 1.10 [5)
w(3686) - AA  0.82+0.08+0.02 \ 3.97+0.02+0.12  Experiment 0.62 + 0.22 022+ 031 [6]
w(3686) — 2%  0.71 £0.11 £0.04 0.65+0.14 —0.224+0.19 [10]

244 +£0.03 £0.11

\ Ra. . -
BF comparison with others Re-scattering effect of B and anti-B

J/y = AA w(3686) = AA J/y — 2050 w(3686) — 00
MARKII Collaboration [5] 158+0.8+19 158+1.6+25
DM2 Collaboration [6] 13.84+0.5+2.0 e 106 +04+223 e
BES Collaboration [7,8] 10.8+0.6 £2.4 1.8+0.2+0.3 ce 12+04+04
CLEO Collaboration [9] e 33403403 e 26404404
BESII Collaboration [10,11] 2034+03+1.5 34402404 133404+ 1.1 24404404
BABAR Collaboration [12] 193+£2.1+05 6.4+ 1.8+0.1 115424403 e
Dobbs et al. [13] 3.84+0.1+03 23402402
PDG [15] 16.1+1.5 3.6+02 12.9+0.9 23402

e The BFs are determined with much improved precision.

® The polar angular distribution of ¥ (3686) decays are measured
for the first time. R, =20.43+0.11+0.58%; Ryo=20.96+ 0.27 +0.92 %
e The “12% rule” is tested to beé"violated. PRD 95, 052003 (2017)



YP(3686) - yxy

Electromagnetic decays are
important decay modes for
P (3686); Sensitive to inner
structure of hadrons.
Improved precision on BF of

P (3686) — yx,jis necessary in

Events/0.5 MeV

determination of BF of y; decays.

The most precise BFs

of Y (3686) — y x; are measured

at BESIII.

Branching Fraction

This analysis (%)

B(1(3686) — Yxc0)
B(1(3686) — vxc1)
B(1(3686) — Yxc2)

9.389 +0.014 £+ 0.332
9.905 £ 0.011 £ 0.353
9.621 £ 0.013 £ 0.272

Comparison with others

Events/1 MeV

Decay Crystal Ball (%) CLEO (%)

PDG (%)

99+05+0.8
9.0+05+0.7
8.0+05+0.7

) (3686) — vXco
) (3686) — vXec1
) (3686) — vXxc2

9.22 +£0.11 +0.46
9.07 £0.11 £ 0.54
9.33 £0.14 £ 0.61

9.2+04
8.9+0.5

8.8+0.5 017
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Simultaneous fit.
MC signal shape
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Observation of h, = yn’ and evidence of yn

448*10° ¢)(3686) events

Yiof T | @] 3% (b) ¥ (3686) > m'h, "10°.
— [ e Background S 15F ® Knowledge on hc (P-Wave
Q| Sideband N 10l ¢ singlet) decay is sparse.
2 T 2 | { > B(h,- Yy 1n)50%
TN W{W% - Bhe o 2(mwtnm 2%
TRy Sy YT Y- Y Searches for the new decay
M) -7 n) (GeV/c?) M(yn) (M—yr' 1) (GeV/c?) modes are desired to
further understand its
L ()| & 85_ (d) decay properties.
%10 5 % °F The ratio brancl}ing
S sl ’ } l S 4 fraction 20 2Y ™) can be
g7 JJ Lt T ) g 211 Blhoym)
2 L L THTY el e used to study then — n
0345 3.5 3.55 0345 3.5 3.55 mixing angle.
M(yn) M—yy) (GeV/c?) M(yn) m—n'nnl) (GeV/c?) PRD 36, 2761(1987)

® The BFs of h, — y 1’ is observed with 8.40;

B(h,—» yn')=(1.524+0.27 +0.29)x1073;

® h.—->ynwith4.0o B(h,—»yn) = (4.7 +1.5+1.49)x107%;
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P -ete xy
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448*10° ¢)(3686) events

The EM Dalitz decays are

widely observed in light-

quark meson sector

> n' ->yete,n -wete,
¢ > nete.

The analogous decays in cc

have not been observed yet.

Y > VXeo Xco 2 ete J/p W - etexoo Xco = ¥I/W; MCshape

B(y(3686) — e*er.)/

B(xes — e J/w)/

Mode Yields  Efficiency(%) Branching fraction B(y(3686) = yxcr) B(y.; = vJ/w)
w(3686) = etey,y 4810 6.06 (11.7+£254+1.0) x 107* (9.4+1.9+0.6) x 1073

w(3686) — ete y,, 873 1+30 5.61 (8.6 0.3 +£0.6) x 10™* (8.3+£0.34+0.4)x 1073

w(3686) — ete y,, 227416 3.19 (6.94+0.54+0.6) x 107* (6.6+0.5+0.4) x 1073 e

Yoo = €Te"J )y 56+ 11 6.95 (1.51 £0.30 £0.13) x 10~ fe (9.54+1.94+0.7) x 1073
X1 — €ete Jy 1969 + 46 10.35 (3.73 £ 0.09 £ 0.25) x 1073 (10.1 £0.3 £0.5) x 1073
Yoo = ete Jy 1354 + 39 11.23 (2.48 +0.08 £ 0.16) x 1073 (11.34+0.440.5) x 1073

® The BFsofy’' —»ee y and xy — e"e ]/ are observed

for the first time.
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Summary

e BESIII has collected the world’s largest J/y and
P (3686) data samples.

® Several recent charmonium analyses based on the
samples are presented in this talk. More precise
results/first observations are obtained with the high

statistics.

® More interesting results are expected in the near
future.

Thanks for your attention!
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