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« Many unexpected states observed:

charmonium final states

no conventional charmonium states assignment
called charmonium-like or XYZ states

“X” states: Neutral, JP¢ = 17~,0bserved in
radiation or hadronic transitions from
charmonium(-like) states. Junhao’s presentation.
“Y” states: Neutral, J°¢ = 17—, Observed in

e* e~ annihilation.

“Z” states: Charged, isospin triplet, observed in
hadronic transitions from charmonium(-like)
states. Ronggang’s presentation. 4
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Searching for new decay modes of known charmonium(-like) states and new charmoniumlike

states are necessary to give a decisive conclusion.
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BESIII data Samples
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2009: 106M (2S)
225M T/

2010: 975 pb-! at y(3770)

2011: 2.9 fb-! at Y(3770) (total)
482 pb~! at 4.01 GeV '
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2013: 1092 pb-1 at 4.23 GeV
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540 pb-! at 4.36 GeV | e \ j __
~50 pb-! at 3.81, 390, 4.09, 4.19, 421 2| % !

422, 4.245, 431, 4.39, 442 GeV
2014: 1029 pb~! at 4.42 GeV
110 pb~! at 4.47 GeV

110 pb-! at 4.53 GeV :

48 pb-! at 4.575 GeV 0 bt
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Thresholds

567 pb-! at 4.6 GeV ? | : Eom (GeV)
0.8 fb-! R-scan from 3.85 to 4.59 GeV (104 points) ~ 130 points for R scan (~1.3 fb1)

2015: R-scan from 2-3 GeV + 2.175 GeV data
2016: ~3fb~! at 4.18 GeV (for De)
2017. 500/pb each for 7 energy points between 4.19~4.28 GeV

400/pb around chic cl . _
200/pb around X(3872) > 10 fb1 above 4.0 GeV in total %)
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»Most precise cross section measurement for center-of-mass energy from 3.77 to 4.60 GeV;,
»>Fit | = |BW,+BW,*ei%2+BW,*e!%3|2 or Fit Il =|exp+BW,*e!*2+BW,*e!%3|2 (other fits ruled out);
»Compare with one Breit-Wigner fit, the significance of the second Breit-Wigner is 7.60;
>Y(4260)+Y(4360)? The first observation of Y(4360)-nT ™ ] /.

T e T h | v ipocznis | visseo pocaois

M (MeV/c?) 4222.0+3.1+1.4 4320.0+10.4+7.0 425149 434616
T (MeV) 441443420 101.4%%33 +10.2 120412 102410 7



Dressed Cross section (pb)
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> First precise cross section measurement from threshold to 4.6 GeV;
> Fit with |BW, +BW,*e'%?, two resonant structures are evident;
»Compare with one Breit-Wigner fit, the significance of the two Breit-Wigner fit is greater than 10c;

» The parameters of Y (4220) are consistent with those observed in ntnTJ /1 around 4222 MeV.
T wevie) | Ty ey
Y(4220)  42184%324+09  66.0133° + 04
Y(4390) 4391.5%83+1.0 139.571§2+0.6 8



Phys. Rev. Lett. 122, 102002 (2019)

ete™ » ©tDOD*~

| | | I | | I 1 | | | I I 1 | | | I 1 | | | I
1000 }— ‘ ] —
=

500— <L}

Gdness (pb)
1
I

L e
o P LT
' (R
oL T
= 1 alas i el & k'R Pt S s s e s s nsssnnsenseenEeeenE ek Eel ok Fa¥ s Fa¥ ™ 7 - e e o e

E u(GeV)

> Most precise cross section measurement for center-of-mass energy from 4.05 to 4.60 GeV;

» Fit with a coherent sum of three-body phase space term (pink dashed triple-dot line) and two Breit-
Wigner functions ( and )i

» The statistical significance of two resonant assumption over one resonant assumption is greater than 10c;
> M(Y(4220)) = (4228.6+4.1+6.3) MeV/c?, T'(Y(4220)) = (77.0+6.8+6.3) MeV. 9
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Y (4360) was observed and subsequently confirmed in ete™
BESIII, it is interesting to study the Y (4360) in 7%m°

symmetry;

Phys. Rev. D 97, 052001 (2018)

Signal process: ete™ - %% (3686), Y (3686) > wtn /P, /P - £TL7 (£ = e or p);

16 energy points from /s = 4.008 to 4.600 GeV, the total luminosity is about 5.2 fb1;

80 -1
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- (y;sg)m TP (3686) by BABAR, Belle, and
transition to ¥ (3686) and to examine the isospin
10

The result of cross section measurement is consistent with the charged mode from isospin symmetry.
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» Only wy,. has significant signal;

» The cross section is fitted with coherent sum of a Breit-Wigner and a phase space term.

11
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» This observation confirms and improves the previous result;

» Further experimental studies with higher statistics are needed to draw a more reliable
conclusion on the nature of this structure. 12
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BESIII has measured the cross section of eTe™ —» wy, and
observed an intermediate resonance around 4226 MeV/c2.
Considering that w and ¢ have the same spin, parity, and isospin,
wyc; and ¢x.; may have a similar production mechanism.

We study the ete™ = ¢ xco,12 at+/s = 4.60 GeV (567 pb?),
where Yoo 2 ntn ", K*K~",K*K n*tn~,and n*tn ntn~,

Xz 2 VI, ]/ - £~ (£ =eorp),andp > KTK™.

BESIII has searched for the Y (4140) in the process of ete™ — yo] /i
with data samples at c.m. energies /s = 4.23, 42.6, and 4.36 GeV, but
no obvious signal has been observed. We also can repeat this analysis
at /s = 4.60 GeV.

13
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> No obvious ete™ - ¢y Signals are observed, the production a(ete™ = ¢y.0) < 5.4 pb @ 90% C.L.;
> The first observation of ete™ = ¢y, and ¢y, o(ete™ = pyo) = 4.2 pband o(ete™ - Py,) =
7%33 pb;
> No obvious eTe™ — yY (4140) signals are observed, o(ete™ — yY(4140)) X B(Y(4140) - ¢J /) <
1.2 pb @ 90% C.L..
14
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> Measure the cross section of ete™ — KKJ /i at c.m.
energies from 4.189 to 4.600 GeV.

> The energy dependence of the cross section forete™ —
K*K~] /v is shown to differ from that for z*7~J /¢ in the
region around the Y (4260);

> The ratio of cross sections for ete™ - K*K~J/y and
ete™ - KJK2Q] /i is consistent with expectations from
Isospin conservation. 15
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> We observe ete™ — ntn~y(3770) for the first time at 4.42 GeV;
> There are hints for peaks at 4.04 and 4.13 GeV/c? at 4.42 GeV, while the statistical significance is low.
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Three different decay channels (D°mw*n~, D**n~, and D™= ~) are used to search for D, (2420), the
neutral mode with D; (2420)° — D%n*m~ is reported with statistical significance of 7.40 at 4.42 GeV. 17
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The Y(4390) or the y(4415) resonance or from any other resonance cannot be distinguished based on the

current statistics. 18
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Summary & Outlook

v Recent results on charmonium(-lile) states at BESIII are

presented.

v  BESIII is an active and successful experiment for vector

charmonium and charmoniumlike spectroscopy.

» Continue to take data and increase the beam energy;

» Provide more important results in charmonium spectroscopy.

Thank You! 20
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Beljing Electron and Positron
Collider(BEPCII)

beam energy: 1.0-2.3 GeV ‘\:"’“ ’i:

-

-~

: > 2004: started BEPCII upgrade,
| | BESIII construction
R 2008: test run

ey X“(\ & 2009 - now: BESIII physics run
BESI &QA . 1989-2004 (BEPC):

\ detector

| . \ 5K >’ |-,r,e‘.,k=1.0x1031 /cm?s
. S - 2009-now (BEPCII):
‘ _ Loeak=1.0x10%/cm?s 21



The BESIII detector

SC magnet, 1T

Magnet yoke

RPC

Be beam pipe

MDC, 120 um

0.5% at 1 GeV/c Total weight 730 ton,
~40,000 readout chnls,

Data rate: 5kHz, 50Mb/s
Csl(Tl) calorimeter, 2.5% @ 1 GeV

oo

Has been 1n full operation since 2008! 22



