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= Summary



Introduction and data samples



Charmonium spectroscopy

Charmonium spectrum
Y0(4700)

X(4685)
ngfgg) 2016 3071 X (4630) [177]
2021
3D v c0(4500) 7 .
45001 45 2016 7,(4430)
45 — i (4415) 2F 2008
5017 X(4350)
2017 3ggy V450 » 3p =P 1G 2510
W(4260) 3 - X 4
201 2005 01l - - 5008 R‘%gzlm)
2D —_— (4160) Y¢1(4140) X(4160) \ .Z(4200)'
= 2009 _1F 2018 XEA100)*
= 2015
3 ywoan) 2008 Xd0s0)* i
4000 DD 2P op 2p 2007 X(3940) Z.(402002014

Mass (MeV)

3000
O%e=*_ 0°(17) 07(1") 0%(0*) 0*(1**) 0*(2**) 0°(27) 0°(37)

From F. K. Guo

Z.(3900)*

19

LD T xaB8T)yn0m0) s 00
rosen 2003 20067 " ©2005 2013
2017 y23823) ¥30842)
DL 2013 _ 20

[C' Jr’("
X (3915) 0t ott or2tt
X (3940, 4160) 77 777
X (4350) 0t 77+
Z= 1+ 1+-
R,n 1+ 0~
X (4020,4055)F 17 ??
X (4050,4250) 1~ 77+

Godfrey-Isgur quark model
discovered before 2003
discovered after 2003

277 I=1

2021
Z.,(4220)

1=1/2

® Charmonium resonances lie in a
transition region perturbative

and non-perturbative QCD

® Experimental measurements >
test theoretical predictions in

the low energy regime of QCD



World largest J/y. y(3686), y(3770) data samples
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One selected topic: ¥(3770) - non — DD decays

+ The decays of y(3770) are dominated by DD mode:
BESIIPLE641(2006)145, B[y(3770) — non — DD] = (14.7 + 3.2 )%

CLEQPRD96(2006)092002; B[1))(3770) —» non — DD] = (—3.3 £ 1.4*5§)%

PDG24: B[y(3770) - DD] = (9315 )%

+ NRQCD calculationPRL101. 112001 gjyes an upper limit of 5% for light hadron
decays, while other phenomenological model, e.g., hadron loops give large

fractionPRL102, 172001

Search for i decays at BESII and
CLEO were usually made by

[nb]

2

comparing ¥ and off-resonance data, 23"}

will these affect test of 12% rule and ©

search for )(3770) - non — DD decays?

+ Search for yy decays via fine scan data is helpful and highly desirable
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Abnormal structure around
1 (3770) was observed at BESII.
Will this anomalous structure
affect the BFs of exclusive
Y(3770) - non — DD decays?



Other physics topics

+ Test of the 12% rule, understand pr puzzle in y decays

Br(n.(25) — h) Br(y(3686) — h)

~ — .12
Br(y, = h)  Br(Jjy—h)

+ Radiative, rare or suppressed decays > test theoretical calculations
+ PP. VV. BB decays - parameters and properties
+ BBX(X = P. V) decays - threshold structure and excited baryons

+ Large room for unmeasured BFs - search for their new decay modes



Decays or production of ¥(3770). J/¥. ¥ (3686)



Production and decays around ¥(3770)
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Measured exclusive non-DD decays of y)(3770)

“>J/Yn PRD 107, L091101 (2023)  dressed —

oP(e'e = Jhy) (pb)

— T T T - | . . : : , ‘ l I -
_ —4- XYZ data — 1]
"7 - Scan data .
| — Coherent fit ]
- - y(3770) ;
B '| .
B | ‘
- >50 | ||| .
— | 3 E
B | | i .
- ‘Il| A AR ]
- ||| ||||| 1 | || "l | | II'HI\ ] ! "j!rr HT .
~ I||||'I|| 1 I 1 | B -;l g tdp -
= ' L | L]
3.8 4 ) i S
Vs (GeV)

) (pb)

0
L

dressed(e“e' N KgK

PRD 104 LO91104 (2021)

l/)“ N A/_\

—-PL
—— PL+ BW[y(3770)]

e oo 4.64.9G7

Gdr
IS
)
2
TR T T[T T[T T T T M T

Pull
o

At \\I|I\\‘Il\llll‘\ll‘HI|IH‘III‘

'5
-f
?
"é
%
[
[ ]
‘!
%

3.4 3.5 36 37 38 39 40 41 42 4.3 44 45 46
/s (GeV)

5 01

s (GeV)

1400

£

—

"
L

[x]

O—drmscd{e+e- N

Pull

1200
1000
800
600
400
200

\)

: a
. el . 0
BW - e + (57 Y - KIK?  PRL132, 131901 (2024)
1 ! -0.2 ! . .
0.9 - - 10c
0.8 _ -0.3 .
0.7 —
0.6 bbb T Continuum ] 041 ]
0.5 E 05 -
e_
0.4 .
0.3 —0.6 |- D B —
: ; ‘| 3o contour
02 0.7 ' ' ' 2.25 contour |
034 36-‘:3‘5 4 42 44 46 48 08 ; ; Booner
. . . . . . . 5 0 1 2 3 4 5

B(y(3770) — KgKf) (107

2”2t JHEP11(2023)228
—*— Daa 4.5
PL+BW[y (3770)]

:p_"l"'\"‘g"'l”'l""l‘l\I|II\|III‘III|\II|III‘I\

I I I I I
2. ”
4 .0 4.2 4.I4 4:6 4:8

Vs (GeV) 10



Search for exclusive non-DD decays of ¥(3770)
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BFs of exclusive non-DD decays of y(3770)

ey s 0 | feference
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 The BF of “ — KSQKLO agrees well with the prediction via S- and D-wave charmonia mixing
schemePRD78, 077505 (2004) nroposed to interpret “prm puzzle” between J/ and (3686) decays

e The BF of “ = Z~ 5% is higher than theoretical calculation by an order of magnitudePRP96, 092004 (2017)

* The measured BFs of 1)“ — light hadrons may be up to the same level as their Y’ counterparts 12



Measurements of BBX decays of /¢y
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Observation of BBX decays of y)(3686)
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BFs of 1)(3686) decays via scan data
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Decays of n.(15). n.(25). x via y radiative decays



Observation of n.(1S5) - yy
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Study of J/y - yn.(15) via n.(1S) - pp
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Events / 4 MeV/¢2

Precise measurement of mass and width of n_

Observation of n.(1S) - 2n*2n ™7 PRD 111, 052013 (2025)
2000 T T T TD I T T T T [ T T T |‘ I T T T T ‘ T T T L 1500 T T T T I T T T T I T T T T I T T T I T T T T
—+— Data 2 2 . . .
" Fitresults rH_ (@) L e e ®) 71  Solution Destructive Constructive
B total ; \ ] 2 n, total 4 "
S RN ' 1 P R2(TM 1 Mass (MeV/c7) 2984.14 £0.12 £ 0.34 2984.13 +£0.13 £ 0.38
FoTeT other(inc MC) i 1 U 1000} other(inc MC) — .
——— H Fracg .
1000/~~~ Contouum 4 50 =2 Comtouum | Width (MeV)  28.82+0.11 £0.81 28.81£0.11 +£0.82
| == ] [ - = 7 signa i
i interference ‘ 1 E ------ interference B (%) 55+05+1.9 26+04+1.3
Non background 2 i Non background )
»
S 500
() s i T, e Lﬁ
] ] B(n.(2S) = 2(x"x7)n) 022 +0.14 (destructive)
L . + — ) - .
A LA . , l = By, —2(z 77 )n) 0.47 £0.34 (constructive)
27 28 M’?a_f 6 v? ) 3.1 3.2 27 2.8 2.9 3 3.1 3.2
. eV/c 5C
2(rTn M3 ny (GEV/?)
T 1 1 T T T T 1 T T
R 'B ' II'h " ‘e DS-’t‘ 012:104 ('20“' |2984I5+ﬂ ;ﬂ l‘ T N —— BaBar Phys. Rev. D 81, 052010 (2010) 31.741.2+0.8
S. . ' S5+0. . —_———————
anar e ) —_— Belle Phys. Lett. B 706, 139 (2011) 35.143.141.6
Belle Phys. Rev. D 86, 052002 (2012)  2982.7+1.8+2.2 —_ :
—_— BaBar Phys. Rev. D 84, 012004 (2011)  36.242.8+3.0
BESII  Phys. Rev. D 86, 092009 (2012)  2984.5:1.240.5 = !
—_— . Rew
BESIII  Phys. Rev. Lett. 108, 222002 (2012) 2984.3+0.6+0.6 — Belle Phys. Rev. D 86,052002(2012)  37.845.843.1
BaBar Phys. Rev. D 89, 112004 (2014)  2984.1+1.142.1 —_—— - BESHI Phys. Rev. D 86, 092009 2012)  36.413.2+1.7
BaBar Ph:\s. Rev. D 89, 112004 (2014) 2979.8+0.8+3.5 —————o—— - BESIIT Phys. Rev. Lett. 108, 222002 (2012) 32.0+1.2+1.0
KEDR Phys. Lett. B 738, 391 (2014) 2983.5+1.4+3.6 —_—— - BaBar Phys. Rev. D 89,112004 (2014)  34.843.144.0
LHCb Eur. Phys. J. C 75, 311 (2015) 2982.2+1.5+0.1 —_— —_— BaBar Phys. Rev. D 89, 112004 2014)  25.242.6+2.4
LHCh Eur. Phys. J. C 77, 609 (2017) 2982.8+1.0+0.5 — —_— KEDR Phys. Lett. B 738, 391 (2014) 27.243.1454
LHCh Phys. Lett. B 769, 305 (2017) 2986.7+0.5:0.9 — B LHCb Eur, Phys. J. C 77, 609 (2017) 31.4£3.552.0
Belle Phys. Rev. D 98, 072001 (2018)  2984.6+0.7+2.2 —— — LHCb Phys. Lett. B 769, 305 (2017) 34.0£1.941.3
BESIII Phys. Rev. D 100, 052012 (2019)  2985.9+0.7+2.1 B —  ha— Belle Phys. Rev. D 98, 072001 (2018)  30.8+2.3+2.9
LHCb Eur. Phys. J. C 80, 191 (2020) 2983.9:0.7+0.1 - — BESIII Phys. Rev. D 100, 052012 (2019)  33.8£1.6+4.1
LHCb Phys. Rev. D 108, 032010 (2023)  2985.0+0.17+0.89 — * LHCb Phys. Rev. D 108, 032010 (2023)  29.7+0.5+0.2
BESIII Phys. Rev. D 111, 052013 (2025)  2984.14+0.13+0.38 - -3 BESIII Phys. Rev. D 111, 052013 (2025) ~ 28.82+0.11+0.82
arxiv:2510.15247 (2025) 2984.55+0.09+0,77 —.— . arxiv:2510.15247 (2025) 29.7440.17+0.33
1 1 1 1 I | 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 I 1 1 1 | 1 1 1 1
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M, (GeV/c?)

Evidence for double OZI| decay n.(1S5) - w¢

* The decays n. — VV are OZI suppressed

Ne

L1 T
1.05 —
1 -
T R TRt s e R it T R
0.6 0.7 0.8 0.9
M., (GeVic?)

* Previously, the decays of n, = ww and n, = ¢ have
been well measured, but only upper limitonn, - wo

PRD 112 (2025) 012012
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2/3-body decays of n.(25) and y;

PRD 107, 052007 (2023)
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R - KTK™n PRD 110, 092003 (2024)
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continuum

R - ww. w¢ PRD111,032001 (2025)
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4/5-body decays of 1.(2S) and x.,;, J =0,1,2)

R - 2m*2m~ PRD 110, 072009 (2024)

= T : i
E '+' data w12 T)
&;; 104 §_ e sianal = smooth _§
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Al - :
49 —
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D 111, 052013 (2025)

R - ppK*K~

PRD 111, 072001 (2025)

R - KIK*ntmntm~

PRD 109, 072017 (2024)
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B(x.o) (10 B(x.,) (10 B(x.,) (10

R — pp
R - ww
R - wo
R-ontnn
R— K*K™7'
R— K*K™7
R - KIK*rm*
R - 2m*2m~
R - 2n2n™n
R - KK*n ntm™

R - ppK*tK~

BFs of 1.(25) and y., decays

2.5110.02 +0.08

10.66+0.11 +£0.57

1.1840.03 +£0.07
NA
NA
NA

NA

212.7102+10.1

4.4440.03 + 0.37

NA

0.24940.003 +0.015

0.82+0.01 £0.03
6.431+0.07 £0.31
0.201+0.02 +£0.01
4.3010.05 + 0.47
8.481+0.10 + 0.47
4.3010.05 + 0.47
NA
68.5+0.1 + 3.1
7.8710.03 + 0.74

NA

0.183 £ 0.002 +£0.011

0.83140.01 £0.02
8.7510.08 £0.42
0.10+0.01 £0.01
1.8440.04 +0.08
1.5340.04 £0.08
1.8440.04 £0.08
NA
115.3+0.1+ 6.3
5.531+0.03 £ 0.53

NA

0.24340.002 40.015

B(n,(29))(107)
<7.5
<1.04x 1072
<1.85% 1073
42.4+ +11.6 + 3.8 + 303
11.1144.67 + 1.82 + 4.24
342+ 446+ 48 + 244
0.9740.06 + 0.09(*)
<1.43% 1072 (%)
0.08540.004 + 0.013(*)
0.09340.007 + 0.028

0.002040.000440.010

Reference

arXiv:2508.18761
PRD 111, 032001
PRD 111, 032001
PRD110, 092003
PRD111, 012004
PRD110, 092003
PRD 110, 092003
PRD110, 072009
PRD110, 072009
PRD109, 072017

PRD111, 052013
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Events / 3.0 MeV/c?

Events / 3.0 MeV/c?

10°

Study of y,;, - PP(P=K". n*, J=0,1,2)
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x10°

F 2009 data

—4-Data

= Total fit
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¥?/ndf = 1.0

3.4 3.5 3.6
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—+-Data
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----- (W
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= o ke MRKL 362324
L - =+ Background
15 | = ) o4 35:33442  CBAL
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210 | BES 34106408 . | ul ' 14320430 BES
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s | s I
G gt 835 34174w+02 — T
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. - 835 34147*%+02 A B R
L xac BEY 32203020 ol — 86101 835
2 2012 data —+-Data Phys BexD 71 [2005) 09202
3 | ' — Tl BELL—— 340527 0 s
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=L Y oindlf = 1.1 BELL  3142:05:23 —— P de 105 12
21 o — . 10§£19426  BELL
g1 IHCB  34130£19+405 — :
> By 77007 . N
ok Thiswork  3415.63 £ 007 £0.10 . 12521012013 This work
0 1 I 1
3.3 3.4 35 3.6
I —_ 3400 3405 3410 3415 3420 10 15 2 25
Yool LP) Mass (MeV) 1o(1P) Width (MeV)

Cover letter in CPC 107, 092004 (2025)

The mass split between y., and y.o is measured.

Taking the PDG mass of y., as input = the most precise y.o mass/width measurement to date

B(xco - KTK~
B(xeo = 7t
B(xe -+ K"K~
B(xe2 =7

) =
)=
)
7)

(
(
(
(

6.36 £0.02 £ 0.08 =0.13
6.06 £ 0.02 £0.07+=0.13

x 1073

, - R=

1.22 4+ 0.01 £ 0.02 +0.03) x 1073

1.61 £0.01 & 0.02 £0.04

)
) x 1073
)
)

x 1073

B(xeo=mtn™)
B(Xco—)K'l’K_) o

(0.95+40.01£0.01)
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Helicity amplitude analysis of y.; — AA

arXiv:2509.00289v1

= - ¢ -

e A

Aﬂo (bﬁ/ (] 9’;[ (/ X .A91 ¢¢/ p@ arameters alue nit See definitions of
o \ A A R " 1.037 + 0.047 £+ 0.029 - variables in backup

7\l
et i ot - o 1.48 = 0.13 4= 0.07 - slides
rs 1.85 &+ 0.15 & 0.10 -
| N | | AD,., 0.042 + 0.107 = 0.032  rad
T p— g S AdD,, 0.37 = 0.12 + 0.17 rad
g " | AD,, 0.13 & 0.12 & 0.05 rad .
%:z: : R, 0.575 + 0.048 + 0.018 - First measurement
Z AV ) AD, 0.37 + 0.15 =+ 0.05 rad
R ST SV Y BRRrr o N (I S FF,_, 0.5459 + 0.0052 + 0.0076 -
[ I T T oy FF,_, 0.1755 4 0.0036 + 0.0034 -
e R FF,_, 0.2470 4+ 0.0046 + 0.0047 -
FFrnpivy 0.0265+ 0.0040 + 0.0098 -
Cxcor ~0.301 £+ 0.042 = 0.026 -
Uy —0.211 £ 0.100 = 0.050 -
Boos —0.039 £+ 0.089 = 0.033 -
Dxeo 12.31£0.26+0.12 MeV Precision measurement

Chan Events Meas. BiB (x107°)  PDG By (x107?) Meas. Ba(x107%) PDG Ba(x107%)
Xe0 7437 £64  3.585 £ 0.047 = 0.080 9.79+£0.20 3.662 £0.048 £0.111 3.61 £0.16
Xet 2278 £45  1.152£0.025 £ 0.030 9.75£0.24 1.182 £ 0.026 £ 0.042 1.27 £0.09

Xe2 2787 £ 56 1.622 £0.033 £ 0.042 9.52+0.20 1.704 £0.035 £0.057 1.86 £ 0.16
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Observation of y.,; -~ BBX, BBPP decays

Xcj = MA@ PRD 110, 032016 (2024)
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Xe; = 3K*3K~™ PRD 109, 072016 (2024)

Xey = 3KIK*mt pRD 112, 012007 (2025)

Event /(7.5 MeV/c?)

5/6-body and rare y . decays
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BFs of these y., decays

800 (109 | B (109 | Blx) (10

Xej = AK(P
X = Mo
Xej = A/_\U’
Xej = >ty Tn
Xej = PPN
Xcj = PPN
Xcj = PPKIK*nt
Xe; = PA(1520)Kdn +c.c.
Xej = 3KIK*m?
Xej = 3K3K™
Xy ete o

Xcj ™ 7T+7T—nc

0.3040.12 £0.02
2.3710.22 +0.25
0.76 + 0.14 £0.09
1.2610.20 £0.13
2.42+0.07 £0.19
0.58 £+ 0.06 £0.04
0.2610.03 £0.03
0.161+0.07 £0.02
0.801£0.05 +0.07
0.114+0.02 +£0.01
<24x10°3

NA

0.601+0.09 + 0.04
1.01+0.10 £ 0.11
0.15 £ 0.05 £0.02
0.5140.12 + 0.07
1.9540.05+0.12
0.14 + 0.03 +0.02
0.4240.02 £0.05
0.4140.08 £0.05
2.5240.08 +0.19
0.0440.01 £0.01
<6.7%x1073
<31

0.71 + 0.08 +0.04
1.404+0.13 £0.17
0.3010.06 £0.03
0.55+ 0.12 £0.05
1.3340.05 +0.08
0.2610.04 +£0.03
0.5610.03 £0.05
0.4140.09 £0.04
1.7240.07 £0.15
0.0740.01 £0.01
<41x1073

NA

PRD 110, 032016
PRD 110, 032022
arXiv:2508.18761
PRD110,112003
PRD111, 032008
arXiv:2505.12234
PRD110,112009
PRD110,112009
PRD112,012007
PRD 109, 072016
arXiv:2509.23386v1

arXiv:2508.18601v1
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Decays of h. via y(3686) — h.n®
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Events/ 2.5 MeV/c2

Events / (0.002 GeV/c?)

Events / (0.002 GeV/c?)

Study of/search for some h. decays

h, — gn hadrons

he »yn's yn. ym®

JHEP08(2024)180

40 F
- —4— Data q, r —4— Data
g0l = Fit result S 40— Fitresult
C [3) C
I = = = Background = b T Background
r - - .
ool I Sideband o~ [ I sideband ;
C hy r
L @ 201
: ;
10—
[ Lﬁ 10
fa5~ S48 35 352 354 348 35 352
M(yr*an) (GeV/c?) Meryy) (GeVic?)
+p—0
h. > h"h™n"/n
PRD 110, 032023 (2024)
40 + +Dma| " 4001 J{D\ —+-Data
N ‘ Eﬁé @ — Total fit
30 I 1 1 7 Signal ‘r\/a:;E(I): ’ii —gz]cnkflround
20F 200}
10f ) 100:_ (a) §
05 xz/ndlf: 115: 5 1 & ;XZ/‘ndf: 0.8.:14‘.-'
35 851 352 353 854 855 35 557 452 65 G54 855
M(K K 1) (GeV/c?) M(z*7z 7% (GeVic?)
F —+ Dat [
2004 —Tjtzl fit 80 H i?j::l fit
L — Background [ ++ —— Background
s PR Signal 60~ ‘M’ ————— Signal
1000 aof ‘H-
sof (d) of (b 7
F x?/ndf = 0.74 [ 2 /ndf = 1.02 +
| 07‘..‘|‘.Hrl—"'.Htl“w‘.‘l.‘..

(o] L L L
3.5 3.51 3.52 3.53 3.54 3.55 3.5 3.51 352 3.53 3.54 3.55
M(z+zn) (GeV/ic?) M(K *K =% (GeV/c?)

P [=2]
(=] (=]
T T T T

Events/ 2.5 MeV/c2
[ye]
o

—4— Data

= Fit result

+ ------- Background

348 35 352 354

M) (GeV/c?)

he » KOKEn+

PRD 110, 012007 (2024)

PRD 109, 072018 (2024)

z W@W i
i % M\“‘“ i,

Bl

il

hll

Events / (2MeV/c?)

3 Data
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Value (%) Source

1.4+0.9 pQCD [4]
55+£33 NRQCD [4]
0.22 + 0.06 This work

= 2¢) 1.0+0.1 pQCD [4]
= 2¢) 83+ 1.8 NRQCD [4]
- 2g) 093 +0.54  Refs. [7.33]

1; — .’\Kiz /[ n. — KKx)  0.069 £ 0.062 This work
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BFs of these h. decays

h, — yn (104 3.7740.55 +0.1340.26 47415+ 14
h. = yn'(1073) 1.4040.11 +£0.0440.10 JHEPOS,180 1.524+0.27 + 0.29
h. - yr® (10°) <5 UL
h, > KTK™n (103) 1.3640.16 +0.14 1.95405
h, -t~ (104 3.2640.84 +0.36 <6
PRD 110, 032023
h. » ntn™n (104 3.13+1.08 +0.38 <1
h, - KtK~r° (109 <4
h. = pp (10°) <4.4 UL
h, - 3n*3n n° (103) 9.284+1.14 +0.77 uL
h. - 2nt2n~nn (103) 7.55+151 4+0.77 PRD 109,072018
h. - 2n*2n~n (104 <6.19
h, - 2n*2m~ w (1073) 4.40+0.86 +0.35
h. —» KOKEn+ (104 7.3+1.8+0.8 PRD 110, 012007

he » nrm™] /i (10°) <1.2 PRD 110, 112010 NA 31



Observation of radiative decays h, - yX

h. has the same C-parity as J /Y but different orbital angular momentum - improving our understanding
of charmonium radiative decays and searching for exotic states

QCD predicts B(h, = y + 29)~5.5%, while experiments measure B(h. = y + n/n)~0.2%

=2
o

o, ~+ Data
= I I — Fitting results
> esof (1) M
= === h—=nln*n
: 40 {' - - = Background
§u Ay
2 N
AN L
g.ﬁ 3.52 3.54
M@y (GeV/e?)
200F —+ Data
R (III) — Fitling results
B1s0F —her2nn)
s === hy—=n%2(x*n)
- h.—>ym,
; 100 - - - Background
15 *" ‘C
Q s0fF / v
0 +
Londe
s 352 354

M({y2(zx'n)) (GeV/c?)

Events / 1 MeV/c?

Events / 1 MeV/c?

@
=1

s
=]

60

=2]
o
—

n
o
—

Jag?i ™ L
5 3.52 3.54

~+ Data

— Fitting results

— he—yx*a

=== h—=nlray
he—yn

- - Background

Myz'am) (GeV/c?)

—-Data
— Fitting results

— h;—=ypp

.5 3.52 3.54

M(ypp) (GeV/c?)

Total BF of these measured h,
radiative decay, ~0.6%, is significantly

lower than the predicted 5.5% of
B(he »v +29)

Further exploration of h, radiative

decays is desirable

Events / 25 MeV/c2

Events / 25 MeV/c?

N
[4)]

o PRL134, 241902 (2025)
i " # The first observation of h, radiative
: R
ok ! L decay to a tensor state
NS T » TheBFof h, - yf,(1270) —
p T yrtt ™ is an order of magnitude
smaller than thatin J /1 decay

Decay model Branching fraction Signal yield Efficiency (%)

Significance (o)

he = ymia (3.06 £0.54 £0.37 £0.21) x 10" ¢  127.0 + 22.2 20.9 5.4
he = vf2(1270) — yrt7a~ (1.8140.35 £0.19 £0.12) x 10°*  71.8 +13.8 20.0 5.1
he = yrtay (3.52+£0.50 +0.30 £ 0.24) x 107> 191.6 + 27.1 7.0 7.5
he = 72(n ) (2194£0.20 £0.16 £ 0.15) x 103 494.9 + 44.5 11.4 11.8
he — Ypp (3.34+0.53 £0.33+£0.23) x 10°*  127.4+20.1 19.3 6.4
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= Lots of results on traditional charmonia at BESIII have been published

= More results are expected in the near future

Thank you!
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Beiji ng Electron Positron Colllder (BEPCII)

5

4 2020: energy upgrade to 0.92-2.4525 GeV
\ 2004: started BEPCII upgrade,
BESIII construction

ae* Y 2008: test run
= 2009-now: BESIII physics run

<o « 1989-2004 (BEPC):
§ Loea=1.0x101/cm?s
e 2009-now (BEPCII):

Loca=1.1x10%3/cm?s (2022, 2023) 34



BESIII detector

NIMA614(2010)345

51

T—%
-

EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel

AE/E =5.0% @ 1 GeV - Endcaps
:— TOF:

¢80=

or = 80 ps Barrel
ot = 110 (60) ps Endcap

0 6 0 _;9500

—ps0d

€60

MDC: small cell & He gas
Oxy= 130 pm
cp/p = 0.5% @1GeV
dE/dx = 6%

Magnet: 1T Super conducting

Muon ID: 9 layer RPC

Trigger: Tracks & Showers

Excellent resolution, particle identification, and large coverage

for neutral and charged particles .



BESIII collaboration

Europe (19)

Germany(6): Bochum University, GSI Darmstadt, Helmholtz Institute Mainz, Johannes
Gutenberg University of Mainz, Universitaet Giessen, University of Miinster
Italy(3): Ferrara University, INFN, University of Turin,

'Netherla_nds(_l ):KVL/University of Groningen
Russia(3): Budker Institute of Nuclear Physics, Dubna JINR, LebedevPhysical Institute
Sweden(1):Uppsala Univ ersity
Turkey: (1): Turkish Accelerator Center Particle Factory Group
UK(3): University of \Ianchester University of Oxford, University of Bristol
Poland(l) N :monal C entre for Nuclear Research

| USAQ)

Carnegie Mellon University

Tidiana Univer sity

* Mongolia(1)
= W o \ o S AP O b vve . Institute of Physics and Technology University of Hawaii
Paklstan(”) 8 Korea(1) '
Institute of BusmessAdmmlstratlon, ‘ T,' A
- Umverslt) OIthe Punjab MO g Chuno g UsivEay

Thailand(1)

India(l) Surnnaree TUhiversity of Technolog)
Indian Instltute of Technolog) mndr1s .

=, - China. (62)

Beihang University, Central China Normal University, Central South Univer sity, Chengdu University of
Technology, China Center of Advanced Science and Technoloo\ China University of Geosciences,
Fudan Univ ersnt\ Guangxi Normal University, Guangxi University, Guangxi University.of Science and
Technology, Hangzhiou Normal Univer sity, Hebei University, Henan University, Henan Normal -
University, Henan Tniversity of Science and Technology, Henan University of Technolom Hengyang
Normal University, Huimoshan College, Hunan University, Hunan Normal University, Inner Mongolia

University, Institute’ bl'Hwh Energy Physics, Institute of Modern Physics, Jmngsu Ocean University,
Jilin University, Lanzhou University, Liaoning Normal University, Liaoning ¥niver sity. Longyan
University, Nanjing Normal University, Nanjing University. Nankai University, North China Electric
Power University,Peking University, Qufu Normal University, Renmin University of China, Shaanxi
Normal University, Shanxi University, Shanxi Normal University, Sichuan University, Shandong
Management University, Shandong Normal University, Shandong University, handong University of
Technology, Shanghai Jiao Tong University, Soochow University,South China Normal University,
Southeast University, Southwest University of Science and Technology, Sun Yat-sen University, Tsinghua
University, University of Chinese Academy of Sciences, University of Jinan, University of Science and
Technology of China, University of Science and Technology Liaoning, Uniyversity of South China,
Wuhan University, Xi’an Jiaotong University, Yantai University , Yunnan University , Zhejiang
University, Zhengzhou University

Chile(?!)"l FH AMERICA
University of Tatapaca.' " * '
University of La Serena

BESII

>600 members
From 92 institutions in
16 countries
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Data samples at BESIII

20089:

2010:
2011:

2012:

2013:

2014:

20089:
2015:

106M P (3686)

225M /Y

0.98 fb'1y(3770)

2.93 fb1 (3770) (DO, total)
0.48 fb'l @4.01 GeV

0.45B 1(3686) (total)

1.30B J/y (total)

1.09 fb! @4.23 GeV (XYZ&DY)
0.83 fbl @4.26 GeV

0.54 fbl @4.36 GeV

10x0.05 fb1 XYZ scan@3.81-4.42 GeV
1.03 fb'l @4.42 GeV

0.11 fb'l1 @4.47 GeV

0.11 fb! @4.53 GeV

0.05 fb'l @4.575 GeV

0.57 fbl @4.60 GeV (XYZ&AL)
0.80 fb! R scan @3.85-4.59 GeV
106M P (3686)

R-scan 2-3 GeV+2.175 GeV

2016:
2017:

2018:

20169:

2020:

2021:

2022:

3.20 fb! @4.178 GeV (XYZ&DY)

7x0.50 fb! @4.19-4.22 GeV (XYZ&DY),
@4.24-4.27 (XYZ)

More J/i+tuning new RF cavity

10B J/1 (total)

8x0.50 fb'1XYZ scan@4.13, 4.16 (XYZ&DY),
4.29-4.44 GeV

3.8 bl @ 4.61-4.7 GeV (XYZ&AY)

2.0fbl @ 4.74-4.946 GeV

2.7B Y¥(3686) (total)

0.4 fb* @3.650 GeV

0.4 fb* @3.682 GeV

2.97.9 fb'l (3770) (D°(H), total)

2023-2024: 7.9—20.3 fb1 4(3770) (for D°(H), total)

2x0.42 fbt4(3770) scan
0.14 fb! @3.800-3.885 GeV
0.13fb? @3.554 GeV

0.025 fb'! @1.84-2.00 GeV

>50 fb! at E_ between 1.84 and 4.95 GeV in 15 year running 37



Events/(0.003GeV/c?)

Two-body decays of J/y

yn. yn' PRD 108, 092002 (2023)
T b . x10°
Data T T T T

60000 | (b) — Fitresut ] | (o)
N SN
> % 200
(40000 8
g 2
3 3
e = i
2 2 oo
g 20000 L%

0.1 0.12 0.14 0.16 0.8 0.9 1 1.1 b o e o7
M, (Gevic?) M,,(GeV/c?) M, (GeV/c?)
N obs
B(J/y = yP) =

Ny X B(P —yy) xe

B(J /)y — yP)(x107%)

yP NS e (%) This work BESIII PDG [31]
yr® 175893839  5290+0.03 0.334+0.002+0.009 0361 =0.012+0.016 [16]  0.356 = 0.017
yn 2209063 +£2592 5078 £0.03 1096 £0.01 £0.19  10.67+0.054+0.23 [17]  10.85+0.18
yi 638206+ 1061 50.77+0.03  540+0.1+ 11 527+03+05 [18] 52.5+0.7

N — 1’ mixing angle:

R Uy =) (WY

Ty =) \p,

3
- cot” Bp

¢, = —(22.11 + 0.26)°

¢, = —(19.34 + 0.34)°

I/ - K*K~ PRD110, 032006 (2024)

Entries/0.0005

Y(3686) >t~ )/ P(—> KTK™)

10° E
E —e— Data
- Total fit )
=B s
10 e .. J!$ N . B \|]

- Peaking bkg |
- Peaking bkg 2

10®

102

??%ﬁwj T IHHH‘ T \HHH‘ T \HHTq
‘ .
"

Advantage: The measurement
of BF of J/y with

Y(3686) >t/
avoids potential interference
between resonance and
continuum production
amplitudes
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Events / (3.4 (MeV/ ¢2))

Events / (0.02)

Study of /3 - yn.(15) via .(15) - pp

x10°

._.
n

—
=

n

L (a) x*/Nbin=173.4/100

et i

A 8 gm0 o s N
2.8 2.9 3.0
| 1 1
Mp'p (GeV/cs)
%10
= (d) x*/Nbin=151.9/98

,q-hhfuffmhﬂ'%‘ftuh'h

-0.5 0.0 0.5 1.0

cos6,,

Events /(7.7 (MeV/ ¢2))

Events / (0.04)

arXiv:2510.15247

n

=N

10

n

%10’

= (b)x¥Nbin=243.0/94 <+ Data
[ Background
— Total fit

- - ‘r]c .
- -NRi{0™)
--NR(2™)

NR(1')

NR(2™)

T

= mﬁx#ﬁg;u—-" L aM i oy |

0 12 14 16
M, (GeV/c2)

x10°

(e) x*/Nbin=116.3/48

=N

cosO,,

—0.5 I]' 'I] 'I] 5 1.0

Events / (7.7 (MeV/ ¢2))

Events / (0.06)

._.
n

u—
=

n

x10°

" (c)y%3/Nbin=252.8/94

1.0 1.2 1.4 1.6
My, (GeV/ ?)

39



Helicity amplitude analysis of y.; — ¢¢

! QC‘D)

* pQCD prediction for a charmonia decaying into two—haelfB[v"(z\wwuhzwl~( s

* If the light-quark mass 1s neglected, the vector-gluon coupling conserves quark helicity
leading to the helicity selection rule (HSR), 1.e.

— /11 + /12 — 0
— if the helicity configuration does not satisfy it, the BF will be suppressed, as in the case of y.; = ¢¢
» BESIII observed similar BFs of three decays, contrary to HSR

— Many models have been proposed to interpret this result (and have used data as input)
— Ratios of the helicity amplitudes F, ; are found to be effective in the discrimination between them

Decay channel Xc0 — @@ Xe2 — OO pQCD DD lOOp
Parameter x w1 w9 Wy
pQCD 0.293 £ 0.030 0.812+0.018 1.647 4+ 0.067 0.344 £+ 0.020 , k
EPO 0.515x0.029 1.399+0.580 0.971 £0.275 0.406 £0.017 \.,.
DD loop 0.359 = 0.019 1.2854+0.017 5.110 4 0.057 0.465 == 0.002 : ;
2 2 2 2 2
FOAl/ 1FSo | 1FGa1/ 1 FSo 1 IFE4l/ IFEl/ |Gl

2
| Fool
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.092001
https://doi.org/10.1007/JHEP05(2023)069

Helicity amplitude analysis of y.; — ¢¢

 Amplitude analysis A = (h; g [ M| TM)

1

* Formula: Helicity amplitude expanded with covariaag{ _, (E)ﬁ (60A gl TMAg) (TMALA M| TI)
* Resonance: ;

* Relativistic Breit-Wigner function with damping factors

* Mass resolution is considered -
F)u,)\z = ZQLS 97 + 1 (LOSM.})\)(TM)\NH _ /\2|S)‘>TLBL(T}/BL{TD)
* Non resonance (NR) 3

* Only consider 0% and 0~
* Xc1 and y., widths are quite narrow — their interference with a non-resonant contribution is

= NJF 3, Dii2(6,6,0),A = Ay — Ag,

neglected Partial waves
Decay Partial waves (LS)

D(3686) — 7xen (01), (21) V/ff

$(3686) > 7xer 01). (21, (22) *

P(3686) — VX2 (01), (21) , (22), (23) , (43) ryrstame
X0 or NR(01) = ¢¢ (00) , (22) Helicity angle system
Xe1 or NR(1F) — ¢ (01), (21) , (22) A
X2 or NR(2") — oo (02) , (20) . (21) , (22) , (42) S o 0,

NR(07) — ¢¢ (11) o Qq& ¢/%/ /{'}i’ /

6 KHK- (10) Ny ¢3‘£” /f K e’
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* Xc0 Mmass and width float in the fit, y.; and ., ones are

fixed to PDG
* BF results are consistent with BESIII previous results
and PDG values
Decay Mode 2011 BESIII [8] this work PDG value [22]
Blxeo — ¢3|(x107%) | 7.84044+0.8 | 859+ 0.27 +0.20 8.0£0.7
Blxer — ¢¢](x107%) | 4.14£0.340.5 | 4.26 +0.13+0.15 4.240.5
Blyer — ¢8|(x107%) | 10.7£0.4+1.2 | 12.67 +0.28 +0.33 10.6+0.9

Helicity amplitude anslysis of y; — ¢¢

Events( 2.5MeV/c?)

JHEP05(2023)069 0.45B \|/’
1 03 F+Data &; 600~
F-Total ~
leca“cT(ground % + i + Data
102 ;xf"' g ++ il ++ ;:;t:l:ground
F S 4001~ i :n
i T -
10 a3 c - Nonresonance
l%’ 200
L +
33 3.4 35 3.6 0573 T )

M(¢¢) (GeVic?)

M(y¢) (GeV/c?)

* Helicity amplitude ratios

With (27.12 + 0.14) x 10° 1(3686) events, a fuller
understanding of this inconsistency can be provided!

IFO, 1/ [FO,) = 0.299 + 0.003 + 0.019
|F241/ |FZo| = 1.265 + 0.054 + 0.079
|FE_11/ |F§ol = 1.450 £ 0.097 £ 0.104

|F211/ |Féol = 0.808 £ 0.051 + 0.009
The DD loop model can be ruled out
Other predictions also have sizeable difference

o 1
0,0

T T
BESIII
[Opata
D
=pac Xz = PP
- Pn
-+ DD loop
—
Xco (]5(]5 -
1 1 1 1 1 1 L 1 L
025 03 035 04 045 05 055 06 07 08 09 1 11 12 13 _ 14
IFS1/1F | IF2 | 7|F
1,1 0,0 0,1
T T T T
Xc2 ™ ¢¢
° Xe2 = ¢¢ ™ M
— —h
-
L 1 L 1 L 1 L 1 L
1 2 3 4 0.2 0.3 04 0.5 0.6 0.7 0.8 _ 0.9 1
IFZI/IFgI [F? [/7]F? |
1,1 %} 1,1 0,0




Helicity amplitude analysis of y.; — AA

Decays Angles Amplitudes
(3686) (M) — y(A1)xes(A2) Qo= (fo.00) AL,
Yes = AQAa)A (M) 01 = (f1,61) B,

A — p(As)m™ Qo = (Fo, d2) Fy,
A f)(x\@)?.’+ Qs = (03, @3) Gag

TABLE II. Fit results with statistical and systematic uncer-
tainties where ri, r2, r3, 2 are the modulus of amplitude ra-
tos for AL)/ALL AP /43 A2/4%) and B2 /B Aw,,
AP, A(ﬁm, AP R, are the corresponding relative phase an-
gles. FFy ,, FFy. . FF\ ., FFypeo+) are the fit fractions of
Xc05 Xels Xe2, NR(2+)1 respectively. Axery Xxeos JBXCQ are the
angular parameters of y.1 and y.2 in Eq. 7 and T'y_, is the
width of y.o.

—2-;"%5’% + 7‘% + 45’% -2

Ay = 27‘%5,% + 'I‘% +2
12r2R2 — 672R2 — 673 — 12R2 + 12
Qy,, = ‘3’!333 T 2,{,% + 27‘% + QR%
; _ _12.;,,%}:{% + 3133% + 87*% — 27‘§ + 18}_{% — 12
Pxez 3r3R3 + 213 + 2r3 4+ 2R3 |
(7)
where 7| = Hili‘/ ‘4(113‘ 2 = Hﬂ |/ Hgg[)] » T3 =

2 2 1 1 2 2
AR/1AG] R = (BB, Re = |BEL/BELY,
R1 = 0 due to the CP conservation in v.; — AA decay.

Al d

FF, = 5
[ AP do
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