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Introduction

BESII

Mass (MeV)

Charmonium states are located in the transition region of perturbative and non-perturbative QCD
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Charmonium spectrum

*

Theoretical studies indicate that the color octer mechanism may also
influence the decays of the ;. Intensive measurements of y,
hadronic decays are highly desirable to understand the underlying
their decay dynamics.

Excluding the E1 decay /. — yn,, the sum of the branching
fractions of known 1. decay modes is only about 3%. Study of the
radiative decays h. — y n/n' /" are particular desirable as these
will provide more direct information on non-perturbative effects in
heavy quarkonia.

Charmonium states were supposed to be well described by
nonrelativistic potential quark models. This was case before 2003,
since the discovery of the , also know as t
cannot be easily accommodated in the charmonium spectrum
predicted in quark model. Classifying the charmonium-like
structures may lead to insights into the confinement mechanism.

Provide valuable insights to improve the understanding of the inner
charmonium structure and test phenomenological mechanisms of
non-perturbative QCD.



Beijing Electron Positron Collider (BEPCII)
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‘ 2004 started BEPCII upgrade,
BESIII construction

D 2008: test run
2009 - now: BESIII physics run

: ‘ Design Luminosity Lp =1X
QP2 ¢ 10%°cm*s™! @3.773 GeV
\ Za 5)\ @ (2016 achieved; 2022-
NN 2024 achieved 1.1 X Lp)
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Beijing Spectrometer (BESIII) BGS]]I

: RPC: 8 : -
IF;PC;-r 59 Electro Magnetic SErs Multi-layer Drift Chamber
y Calotimeter Single wire o,.4(1 GeV) 130 um
o, (1 GeV) ~2 mm
SC 0, (1 GeV) 0.5%
Solenoid 04e/dx(1 GeV) 6%
Barrel
ToF Time of Flight Detector
Endcap o ~68 ps (barrel)
ToF ~60 ps (end cap)
S5C
Quadrupole
EM Calorimeter
E ——F— og/E (1 GeV) 2.5%
Position resolution (1 GeV) 0.6 cm
BESIII is replacing the inner part of the drift chamber Muon Detector
with a three layers of CGEM detector, which has now No. of layers (barrel/end cap) 9/8
. been successfully extracted. Cut — off momentum 0.4 GeVie
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BESII| Dataset BGS]]I
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< 17 fb~1 XY Z studies ~ 4.0 fb~1 XYZ studies
3.8 GeV < +/s < 4.6 GeV Vs > 4.6 GeV
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Recent new measurements on charmonium decay BGS]]I

= Study of the y.; — AA¢ decays

® Study of the y; — AAw decays

= Improved measurements of the branching fraction of h, — yn/n’ and search for h, — ym°

m Search for the radiative transition y .4 (3872) — yy,(3823)
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Study of the x. - AA¢ decays

Using about 2.7 billion y(3686) dataset

Search for the x.; — A/A¢ decays through the E1 transition 1)(3686) —
¥ Xy and determine the B(x,; — AA¢)

Fit to the M(AA@) at [3.38, 3.60] GeV/c? to estimate the contributions.
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Study of the y.; - AAw decays BGS]]I
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Study of the h, » yn/n'/n° decays (7) BGS]]I

JH
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Using about 2.7 billion y(3686) dataset 40 2
« [ —% Data
. S 4L —— Fitresult
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[11Phys. Rev. Lett. 116, 251802 (2016) 6946 3.48 3.5 3.52 3.54
M(yyn*n) (GeV/c?)
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Study of the h, » yn/n'/n° decays(2)

Simultaneous fit to the M (yyy) and M(yntn~n?) at [3.46 3.56] GeV/c? to
estimate the h. — y n contributions.
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[1]Phys. Rev. Lett. 116, 251802 (2016)
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Events / 2.5 MeV/c?

Events /2.5 MeV/c2

BESII
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Study of the h, » yn/n'/n’ decays (3) BGS]]I

J

HEp
2024, 150 2024,

No significant signal

Fit to the M (ym®) at [3.46 3.56] GeV/c? to estimate the h, — y m°contributions.

N I —4— Data
= 2 — Fit result
% + ------- Background
0 40
(o
P ++
| 5 20l 1
An upper limit of 5.0 x 107> is set on the B(h, — yr®) at the 90% confidence level. i N

46 348 35 352 354
M(yn) (GeV/c?)

Using a profile likelihood fit:

Green solid line: The likelihood distribution incorporating additive systematic uncertainties ]
Red dashed line: Convolution of thelikelihood curve with multiplicative systematic uncertainties -
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Search for the x.,(3872) — yy,(3823) decay BGS]]I

Ph
Using 15 energy points @+/s = [4.178,4.278]GeV ~ 9 fb~! %
24)

Search for the radiative transition y.,(3872) — yy,(3823), with y,(3823) = yx,1-

6
—— Data
No x.1(3872) — y,(3823 ) events are found in the M (y1),(3823)) distribution. 5 Sanal Ve
] 2%n%hy
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More than 1o below the theoretical calculations of R, _ (3g72) under the L

0 L
. . . 3.84 3.86 3.88 3.9 3.92 3.94
assumption that the y., (3872) is the pure charmonium state y., (2P). M(ry. (3823)) (GeVie2)
: _
T, 87 = 1190 £210 keV[1] P _ B(x1(3872) - y,(3823),¥,(3823) = vxc1)
Ty, (s23) = 520 % 100 keV [2] Xc1(3872) = B 3872) > wtm-
B(,ycl(38721)’/—> ataJw) = (3.8 £ 1.2) x 1072 [1] (e ( ) = /)
NR[3] Gl [3] LQCD [2]

Ly 2P)=m(13Dy) (keV) 35 18
Ly 130y (17) (keV) 307 268 337 +27
Ryacp) 0.46 +0.19 0.21+0.09 0.50 4 0.21, 0.26 +0.11 [11Prog. Theor. Exp. Phys. 2022, 093CO1 (2022)

[2] Phys. Rev. D109, 014513 (2024)
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Summary BESII

* BESIII has achieved significant process in the study of charmonium decay

" First observation of y., , = AA¢ and first evidence of y.o » AA¢p
" First observation of y.; - Adw

" |mproved measurements of B(h. — yn/n") and give the upper limit of h, - yr°

* The largest datasets of cc vector states collected by BESIII provide the power to study the y.,(1P), h, states and
their decays with unprecedented precision.

* Datasets above the DD threshold shed new light on charmonium-like state decays and hint at possible
connections between XY Z states and the conventional charmonium.

* New data sets are currently analysed (~20fb~1@(3770), ~2.7 x 10°@y(3686)), much more results will
be presented in the future.

Thanks for your attention!

Recent charmonium decay measurements at BESIII - Xuegiang Yan PIC 2024 - Oct 2024 14



\)w =
-

T, ) oy - T — P . -
M(Mvos‘,'\-

e

> _:1'1(‘.\‘.«';‘“:‘" ~~ ‘




Study of the decays y.; - AA¢ BGS]]I

Significance estimation:

The significances of y., , = AA¢ are determined by comparing the difference of likelihoods with and without including each signal in the fit.

The significances of y., — AA¢ are determined by another approach due to the low signal yield. We assume that the number of signal and
background events in the y ., signal region follow a Poisson distribution with mean n = s + b, where s = 6 represents the expected number of
signal events and b = 0.6 represents the expected number of background events. The p value for the null hypothesis without a resonance (H,) is

bn
p(nobs) = p(n > nobslHO) — Z Fe_b
Nn>Ngyps .
—1— Znobs_1 b™ —b

Where n, is the number of events observed in the signal region. The p value is obtained by calculating the probability of the number of
background events fluctuating to the number of observed events in the .o signal region. The p value is 3.89 x 107>, corresponding to a
significance of 4.10. In determining this significances, the systematic uncertainties are accounted for by repeating the fits with variations of the
signal shape, background shape, and fit range.



Study of the decays y.; - AA¢
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Study of the decays x.; - Aw
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Study of the decays h, » yn/n'/n°
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M(ynnn) (GeV/c?) M(yyrm) (GeV/e2)
!
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T S tu Sl b |- EPEREERE S
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] .‘..:.’ ::":-‘h'“ 5..:. 0-5_. . 1
04 s =t gem o tmtd Y == a9 Hd =y  ECT=- PPl sl el nliradiorsli B/l
3.46 3.48 3.5 3.52 3.54 3.46 3.4 3.5 3.5 3.54

M(yyy) (GeV/c?)

M(yr*n'n®) (GeV/e?)

n decay mode

Source n — ?T+?T_?] n — ?r+:rr_’y n—=yy n— rta~n® | 7% = ¥y
Tracking 2.0 2.0 - 2.0 -
Photon detection 1.5 1.0 1.5 0.5 0.5
7¥ reconstruction 0.5 0.5 0.5 2.4 6.4
1 mass window 1.0 - 1.0 - -
REg ratio and cos 9”(1'“'[2] - - 0.8 - -
Kinematic fit 0.9 0.6 1.5 1.5 2.8
Signal shape 0.1 0.1 -
Background shape 0.3 2.0 -
Byt . w0 1.0 0.4 0.03
B((3686) — 7°h,) 6.8 6.8 6.8
Number of 1/(3686) events 0.5 0.5 0.5
Sum 7.3 7.5 9.8

Table 2. Relative systematic uncertainties (%) on the branching-fraction measurements, categorised
by the decay chain used to reconstruct the final state. A dash (-) indicates that the source is not
relevant for that decay.

_ B(hc - Vﬂ)
Rp, = ,
B(h, = yn')

= (27.0 + 44 + 1.0)%

19



Search for the decays yx.,(3872) - yy,(3823)

Mass (MeV) XC]_ (ZP) [1 ? OR Nostandar hadrons
(4685) L g oy _

4700 (4660) -{62(137_0? ! - 2(.1.
T
(4500)
4500 M‘BO) .{cg .
¢(4415) -
§(4360)
Thresholds: ]
. )(01(4274)
D T, (4200
2 —uga | | T 20 X, (4140 A ) (.
4100 Z{L_)ES ------- ¥(4040) n T (4020) - o
Do X ,(3915) X, (3930)
- T T, (3900) 0 = 3842
as00 |5 T o 1Y — y,(3823) ¢, (3842) Molecule o Tetraquark o
¢ (3770) T X388 @ i [2] [3]
a0 |07 n_(2S) 425 gy 1L 2
X 5 (1P)
T ]'[0 Xc1 (1 P) &
n e (TP) X (1P)
3300 i “"0
T
Kk N wh
3100 Glueball
n, (1S)  J1y (18)
2900 Pentaquark
B g - i P T i 0 3"

M:3871.65 + 0.06 MeV/c?
Xc1(3872) T:1.19 +0.21 MeV

JPE = 1%+ [11Phys. Rev. D 72, 054026 (2005)
[21Phys. Rep. 429, 243 (2006)
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Search for the decays x.,(3872) - yy,(3823) BGS]]I

Xc1(3872) — yP,(3823),1,(3823) = vxc1, Xe1 = VI/W /W = £7€7 (£ = e, )

TABLE II. The datasets and their integrated luminosity at each

energy point.

Vs (GeV) Luminosity (pb™!)
4.178 3189.0
4.189 526.7
4.199 526.0
4.209 517.1
4.219 514.6
4.226 1101.0
4.236 530.3
4.244 538.1
4.258 828.4
4.267 531.1
4.278 175.7

0.8
0.7
0.6
0.5

0.4
., 03

€,y (3823) Ex*ndhy

0.2
0.1

D 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1
4.18 4.2 4.22 4.24 4.26 4.28

/s (GeV)

FIG. 2. Values of E-':,w:,f:{gl:{yjf'ﬂ—x—_[l;w at each energy point (blue
dots). The red line indicates the mean value.

If the .1 (3872) contains a component of the excited spin-triplet state y., (2P), the radiative decay y.,(3872) — yy,(3823)
could happen naturally via an E1 transition [1], where the 1,(3823) is considered as the 13D, charmonium state.

Recent charmonium decay measurements at BESIII - Xuegiang Yan

[1]1Phys. Rev. D 72, 054026 (2005)
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Search for the decays x.,(3872) - yy,(3823) BGS]]I

db
Nops = 7+ Nops < 0,075 Xe1(3872) +0.21 MeV

R =
Xc1(3872) € 3823
Nty Eylliz (_ ). B(xc.1 = v]/W) I' is highly dependent on the parametrization of its line shape.
T~ /Y This vale is from a global fit to the experimental measurements
of the decay mode y.;(3872) — ] /3 which describes its

Nobs = 0 Is the number of observed events from all data in the . (3872) signal region. . shape with a BW function

sdb _ 4 ;i : : . T 0 22+0.07+0.11M V
NS = 4 is the number of observed events in the y., (3872) sideband region. LHch: 0.227 50620 13Me

i i LHCb studied the y., (3872) line shape with a Flatté model
r Is the background scaling factor. instead [5] and determined the full width at half maximum of

the line shape.

Np+p=;p = 80.7 £ 9.0 is taken from the BESIII measurements [1]. le—ch L
1-,coup e—channe 0. 44+0 13+0.38Mev

BESIII 0.35-0.25
?c, (3872) = ;3(; il Séokké‘gf] BESIII performed a couple-channel analysis of the y.; (3872)
v, (3823) = e - . .
By (3872) = nta-J/y) = (3.8 £ 1.2) x 1072 [2] line Isthape and reported a FWHM [6], consistent with the LHCb
NR[4] GI [4] LQCD [3] resutt

Fﬂm(zP)—’}’l//(l}Dz) (keV) 35 18 e

o130, =y 1p) (keV) 307 268 337 £27 If the FWHM values provided by LHCb and BESIII are
R, P 0.46 £ 0.19 0.21 & 0.09 0.50 +0.21, 0.26 £ 0.11 used to calculate R, __ (2p), the ratios shown in Table will

increase significantly.

Our result indicates that the y., (3872) is not a pure y.;(3872) charmonium state.
[11Phys. Rev. Lett. 122, 232002 (20019)

[2]Prog Theor. Exp. Phys. 2022, 093CO1 (2022)
[31Phys. Rev. D 109, 014513 (2024)
[4]1Phys. Rev. D 72, 054026 (2005)

[S]Phys Rev. D102, 092005 (2020)
[61Phys. Rev. Lett. 132, 151903 (2024) 22
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BEPCII-U upgrade

BESII

1x 10%

_Tm 8x 103+

Peak luminosity (cm

2x 10% -

6x 10%

4x10%F

2.0 - 2.5
Beam energy (GeV)
) Luminosity increased by a factor of 3 @2.35 GeV

() Beam enerqy up to 2.8 GeV

O Installing now, commissioning on 1°7, Jan 2025
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