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 _B€am energy: 1.0 -2.3 GeV
gn luminosity: 1033 cm2 s
Energy spread: 5.16x104
Number of bunches: 93
Total current: 0.91 A

Bunch length: 1.5 cm

Multilayer Drift Chamber
o(p)/p < 0.5% for 1 GeV tracks,
o(dE/dx)/dE/dx < 6%, o(xy) = 130 um
Time of Flight o(t) ~90 ps
EMCalorimeter o(E)/E < 2.5 %, o(x)

<6mm for 1 GeV e

Muon Countero(xy)<2 cm 2



BEPCII reaches here mp

/\1_,\ i . BESIII detector has collected the
I,
SA:E:’EFEE BE:"\L_. .1 largest data samples of the J/Y &
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The results at BESIII BGS]]I

> Branching fraction measurements of (3686) = yx,;

» Measurement of higher-order multipole amplitudes in
P(3686) = yxc12 With x.1, = yJ/Y and search for the
transition n.(2S) - yJ /Y

> Observation of 1(3686) —» eTe x,; and x.; = e*e ] /¢

> Study of J /¥ and y(3686) decay to AA and 2°2° final states

> Study of J /¥ and ¥(3686) — £(1385)°2(1385)° and z°=°

» Observation of h, radiative decay h. — yn' and evidence for
he = vn

» Improved measurements of branching fractions for ., -

d¢ and we



Events/0.5 MeV

Events/1 MeV

Branching fraction measurements of (3686) — yx,,

» Understand the inner structure of hadrons

» Help untangle the mysterious XYZ states

» More precise measurement
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Ny (3686)=71.,

B(y(3686) = yx.s) =

€y (3686)— 7z X NVi(3686)

B(w(3686) = yx.y) X B(x.y = v /w)

N Xer—=vd /y

Cres—rd/y X qu(3686)

B(Zc.i - rJ/y)

B(y(3686) — yxes) x Blxey — vl/y)
B(w(3686) = yxcs)

— Cp(3686) =y X

X N

N Xea—=rd [y

Crer—=rd |y w(3686)=7xcs



Branching fraction measurements of (3686) — yx,,
Branching fraction results

Branching Fraction This analysis (%) Other (%) PDE*(EZ;}gi%) e F(17t] " P R D 9 6, O 3 2 OO 1 (2 O 1 7)

B(y(3686) = 7x.0) 9.389 £ 0.014 £ 0.332 9.22 £ 0.11 £ 0.46 [9] 9.2+ 04 9.99 +0.27

B(y(3686) = 77.1) 9.905 £ 0.011 £ 0.353 9.07 £0.11 £ 0.54 [9] 89405 9.55 + 031

B(y(3686) = 11.2) 9.621 £0.013 £0.272 9.33 £0.14 £ 0.61 [9] 88405 9.11 031 B(l/l(3686) — ?,)((.0)/5(1/,(3686) =YXl )
B(y(3686) = 1x7.0) % Blreo = vJ/w) 0024 £00154£0.205 0125 £0.007 £0.013 [31]  0.131£0.035  0.127 £ 0.006

0.151 4 0.003 + 0.010 [15] =0.948 4+ 0.002 = 0.044

0.158 £ 0.003 £ 0.006 [16]

B(y(3686) = 1)  Blzy — pJ/y)  3442£001040.132  3.56 4 0.03 £ 0.12 [31] 2034015 3244007
3377 £ 0.009 + 0.183 [15] B(‘/’(3686) —> y;((,o)/B(y/(S(SSG) = YX2)
3518+ 0.01 = 0.120 [16]

B(y(3686) = 77m) % Blyer — vJ/w) 179320008 £0.163  1.95 £ 0.02 £ 0.07 [31] 1.52£0.15 1.75 4+ 0.04 =0.976 + 0.002 = 0.040
1.874 + 0.007 £ 0.102 [15]
1.996 =+ 0.008 £ 0.070 [16] B(l//(3686) N 7}((-2)/8(1//(3686) = VYl )
Blreo — 7J/w) 0.25 +£0.16 £ 2.15 2402402 [32] 1.27 £ 0.06
By, — v4/w) 3475 £0.11 £ 1.70 37.9 £ 0.8 £ 2.1 [32] 339412 —
Blyer = 7J /%) 18.64 + 0.08 + 1.69 19.9 £ 0.5 + 1.2 [32] 192 £0.7 0.971 £ 0.002 £ 0.040

Theoretical prediction and experimental measurement

Ty (keV) Tey (keV)

Initial State  Final State  RQM [33]  NR/GI [34] SNR, [35] LP[8] SP[8] LP[8] SP[8] This Analysis

y(3686) Ye0 263 63/26 74/25 27 26 22 22 269 + 1.8
Vel 229 54/29 62/36 45 48 42 45 283+ 1.9
Yer 18.2 38/24 43/34 36 44 38 46 275+ 1.7

Y e0 Iy 121 152/114 167/117 141 146 172 179

Yol 265 314/239 354/244 269 278 306 319 306 + 23

Yer 327 424/313 473/309 327 338 284 292 363 + 41

Experimental results have become accurate enough to become sensitive to fine details of
the potentials, e.g. relativistic effects, screening effects, and higher partial waves. 6



Measurement of higher-order multipole amplitudes in
Y (3686) = yxc12 With x4, = y//¢ and search for the

transition 7(25) - y] /1/) PRD 95, 072004 (2017)
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Measurement of higher-order multipole amplitudes in
Y (3686) = yxc12 With x4, = y//¢ and search for the
transition 7.(2S) - yJ /4 |PRD95, 072004 (2017)
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Observation of ¥/(3686) - e*e™x.; and ., — ete ] /i

PRL 118, 221802 (2017)
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Study of J/y and ¥ (3686) decay to AA and 2°2° final states
» Test of the “12% rule”

» Test of the helicity conservation rule

» First or more precise measurement
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Study of J/y and ¥ (3686) decay to AA and 2°2° final states

Test of the “12% rule” |
Blu(3686) 2A8) —  (20.43 + 0.11 + 0.58)% [PRDI950520031(2017)

B(J/yp—AN)
B(¢(3686) —»x°%°
W(3686) 2> > ) — (20.9640.27+0.92)%
B(J/¢—050) . .
. Theoretical prediction and

Results for this work previous measurements of a
Channel a B (x107%) Q) /AR Ay o505
Iy — AA 0.469 £ 0.026 £ 0.008 19.43 £0.03 £0.33 032 031 [16]

— cory

J/w — 250 —0.449 £ 0.020 £ 0.008 11.64 £ 0.04 £ 0.23 s A . 7%131[%][5]
w(3686) — AA_ 0.82 +0.08 +0.02 397+0.02£0.12  Experiment 0.62 £ 0.92 099 + 03] [6]
w(3686) — X050 0.71+0.11+0.04  2.44+0.03+0.11 0.65 + 0.14 022+ 0.19 [10]

Branching fraction results of other experiments

J/w — AA w(3686) — AA J /)y — 2050 w(3686) — =020
MARKII Collaboration [5] 1584+084+19 - 1584+ 16425
DM?2 Collaboration [6] 13.8 205420 S 10,6 204 +2.3 e
BES Collaboration [7,8] 108 0.6 4+24 1.8+02+03 e 1.24+04+04
CLEO Collaboration [9] - 33+£03+£03 - 26+04+04
BESII Collaboration [10,11] 203 4+£034+1.5 34+£02+04 13.3 204 4 1.1 244+04+04
BABAR Collaboration [12] 193421405 64+18+0.1 11.5+24403 -
Dobbs er al. [13] e 38+£0.1+£03 e 234+02+0.2
PDG [15] 16.1 £ 1.5 3.6 0.2 12.9 +£0.9 2.3 :EE).E

11




Study of /3 and y(3686) — £(1385)"%2(1385)% and Z°Z°

> Test of the “12% rule”

» Test of the helicity conservation rule  PIENZONTAC0TT

» First or more precise measurement
> Test of isospin symmetry
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Study of /3 and y(3686) — £(1385)"%2(1385)% and Z°Z°

Test of the “12% rule”

B((3686)— X (1385)°£(1385)Y)

B(J/¥—X(1385)0%(1385)0)

=020 =
BUO0s0) -2 5 = (2343 + 026 +

=(6.44 + 047 £ 0.64)%

PLB 770, 217 (2017)

1.09)% . .
Test of isospin symmetry
Mode B(y—z920) B(y—%(1385)25(1385)9) B(r—%(1385)2%(1385)9)
By—~E"ZT) B(y—X(1385)~ £(1385)") B(yr— £(1385)T £(1385)™)
I/ 1.12£0.01 £0.07 0.98 +£0.01 +0.08 0.85+0.024+0.09
1 (3686) 0.98 +£0.02 +=0.07 0.81+0.124+0.12 0.82+0.11%+0.11

Branching fractions

Mode J/v — £(1385)%%£(1385)°  J/y — 2080 ¥ (3686) — £(1385)0£(1385)°  (3686) — =0=°
This work 10.71+0.09 +0.82 11.654+0.04+0.43  0.69+0.05+0.05 2.7340.03+0.13
BESII [23] - 120+12+2.1 - -

CLEO [24] - - - 2.7540.64 + 0.61
Dobbs et al. [25] - - - 2.024+0.19+0.15
PDG [4] - 12.0+2.4 - 2.07 +0.23
Angular distributions

Mode J/v — £(1385)°%£(1385)°  J/y — 2020 ¥ (3686) — £(1385)°£(1385)%  (3686) — =0E°
This work —0.64+0.03+ 0.10 0.66+0.03+0.05 0.59+0.25+0.25 0.65+0.09 +0.14
Carimalo et al. [6]  0.11 0.16 0.28 0.33

Claudson [7] 0.19 0.28 0.46 0.53

13
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Observation of h, radiative decay h. - yn' and
evidence for h,. - yn
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Open charm threshold y(3770)

= Established

= New States

[ ] Theory

oF T 2T T2 T F ¥ pe

> All charmonium below the DD

threshold have been observed
experimentally and can be well
described by potential models.
However, knowledge is still sparse on
the P-wave spin-singlet state k..

» Only a few decay modes of h, have

been observed, radiative transition

h. = yn. (B~50%) and hadronic decay
h, - 2(n*n)n® (B~2%). Searches for
new h. decay modes, such as h, -
yn(n"), are useful for providing
constraints to theoretical models.

» The ratio of the branching fraction

B(h, — yn) over B(h, —» yn') can also
be used to study the n-n’" mixing
angle, which is important to test
SU(3)-flavor symmetries in QCD.

14



Observation of h, radiative decay h. - yn' and

PRL 116, 251802 (2016)
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Using 09 and 12 ¢’ data
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evidence for h,. - yn
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Improved measurements of branching fractions for n, - ¢¢
and wao
» Knowledge of the 5. properties is still relatively poor
» Help understand the n,. decay mechanism PRD 95, 092004 (2017)
» More precise measurement
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Summary BGS]]I

» BESIII has collected the largest data samples of j/y and y(3686)
in the world, and continues to take data

> It is an excellent laboratory to study charmonium spectroscopy:

» High statistics
» Low background

» Many interesting results have been obtained, only few of them
are covered in this talk

> Future:

» More data will be collected
» More detailed studies will be done

More results will come out !l

Thanks for your attention!
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