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mBESIII and BEPCII

mHighlights of BESIII physics
—Light hadrons
—Charmonium(-like) states
—Baryon/QCD physics
—Charmed hadrons

mFuture plan

sSummary



Beijing Electron Positron Collider (BEPCII)

—
beam energy: 0.92-2.4525 GeV

2025: inner chamber 9 CGEM
20(25): energy upgrade to 0.92-2.4525(2.8) GeV
N\ 2004: started BEPCII upgrade,BESIII construction
* ] 2008: test run

g ¥ 2009-now: BESIII physics run

= .8 - 19892004 (BEPC):

Loeak=1.0x10%1/cm?s

~+ 2009-now (BEPCII):

L _..=1.1x1033/cm?s (2022, 2023)
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BESIII detector

NIMA614(2010)345

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

AE/E =5.0% @ 1 GeV - Endcaps
&— TOF:

¢80~

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

0 6 0 __:9500

—ps0d

€60

MDC: small cell & He gas
Gyxy= 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 . eI
Italy(3): Ferrara University, INEN University" of Turin, vz !
Netherlands(1 ): KVI/Umversity‘ofCromngen ;

e

Russia(3): Budker Ingﬁtl?tte of 'Nnclear PhysncsLDubna J]NR Lebedev Physical Inshtute DS e, O
Sweden(1):Uppsala Unﬁem;y e, ) bl 3 ik AMERICA
Turkey (1):Turkish' AgceleratorCentor Partwle Factory Group AT 3 USA(3) in 14
UK(3): Umversnty of Malwlmstel;, Umvei‘%'i"ty’ of Oxforvid,.m}‘{mversuy of Bristol Mongolia( 1) Camegge Mellon Umversxty
Poland(1): National ¢ Centre for Nlicleﬁl‘ ‘Research. * e ikt of Physics and Technology \Titdiana University . -

E "Umversxty Odellé’Sla m\Katomce A B B T University of Hawaii

F 7 Mgy e Y . PEOPLE'S REPUBLIC Of CHINA L Ao
y - Pald“ﬁtan (2) o e e ‘_ : Koroa(-l) : College of Wllllam and Mary
B s Chung-Ang Uniyersity rohave ,-,_"
Instltuts. of Bus‘lll'\ess atlom(?A B Kﬂﬁ?“‘f":" o t“ : ol : '2':-'““.:‘“.

RSl ..~ o FREL | -Thailand(1) =

W NDjargens

.W..v [ 52 I dia(li. s 1’ Suran“arée Utiiversity of Pechnology
~ Indian Instlti’lteof Ti!chnofogy madras i )

b " China®63). © . lracifie  sockan

M B
KR

Belhang U“mversity,gcmlnl China Normal University, Central South Umversxty, bhengdn’Umversnty of Technology ,

China Center of, Aﬂv:nch‘:'Sclence dfid Technology, China University of”C’éosglenqes, Fudan University, Guangxi
Normal University,* Guangxl University, Guangxi University of Sciénee and Techﬁology’ \ngzhou Normal University,
Hebei University, Henaanmersnty, Henan Normal University, Henan Umversuy of’ Sclglce ghd Technology, Henan
Universityof Technology en,gyang Normal University, Huangshan College, Hunan University,' ‘Hunan Normal
University, Inner Moﬂ‘fohr mversrty, Institute of High Energy Physics, Institute of Modern Physics, Jiangsu Ocean
University , Jilin Univer ;" Lanzhou' Umversnty, Liaoning Normal University, Liaoning University, Longyan
University, Nanjing Normi: Umversnty, Nanjing University, Nankai University, North China Electric Power
University,Peking University, Qufu Normal University, Renmin University of' Clmyi “Shaanxi Normal University,

Shanxi University, -Shanxi Normal University, Sichuan University, Shandong Management University , Shandong
Normal“Unlversny, Shandong University, Shandonig University of Technology,. Shanghal Jiao Tong University, Soochow
Umversnty,South China Normal Umversnty, Southeast University, Southwest University of Science and Technology,

Sun Yat-sen University, Tsinghua University, University of Chinese Academy of Sciences, University of Jinan,
Uninrsgty of Science and Technology of China, University of Science and Technology Liaoning, University of South

China, “Wuhan Umversﬁy, Xi’an Jiaotong University, Xinjiang University, Xinyang Normal University, Yantai

University , Yunnan University , Zhejiang University, Zhengzhou University

A N R A R|C Tfi_C A

2025/12/5 " BBESIII Collaboration Meeting, Jul. 7-11, 2025, Beijing

b, de Cadig O

Viba | VENEZUBX) .

Negnr -+ 2 i 2
. Tt
coomen - B R E

d
T ADOR

Chlle{z)fnlc AL

University of Tarﬁtpaca
Umversnty of La Serena

uomu
Swc n

Gy e
At

LEGEND




Lint (D]

107

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



Unique hadrons at BESIII

Two-body E%\ g 20 EE%; 0c0; Two golden ways to study hadron spectroscopy:
Molecules @ | * Charmonium decays (10B J/y and 2.7B ¥ (295)):
Slionis dag,uiﬁg,sag e — light hadrons
Preftation 9.9 * Direct production, radiative and hadronic
) s || o transitions (23 fb! data above 3.8 GeV):
| Aot | wes) — heavy hadrons (XYZ)
- S Charmed hadrons:
1 2 essevie] 5 « Produced in pair B
Hadron physics opportunities: » Quantum correlated D°D°
« Precision hadron spectroscopy — 20 fb~1@3.773 GeV = D°D® and D*D~
understand the established hadron 0.48 fb~1@4.009 GeV — DI D
states 7.33 fb~1@4.13-4.23 GeV = DD,
« Search for the unexpected hadron 4.5 fo 1 @4.6-4.7 GeV —» A}t A7

states and spectroscopy study —
explore nature of exotic hadron states



Physics at BESIII
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* Hadron form factors

* Y(2175) resonance

* Mutltiquark states
with s quark, Zs

 MLLA/LPHD and QCD
sum rule predictions

1
=3

* Light hadron spectroscopy
* Gluonic and exotic states

* Process of LFV and CPV

* Rare and forbidden decays
* Physics with T lepton

Lo
Ecm (GeVv)

XYZ particles

D mesons

fy and f,,

D,-D, mixing
Charm baryons



Publications of BESII|

150 m®mPRL m Other
® Nature(Phys.,Com.) Accepted
= Submitted 31 New Hadrons Discovered at BESIII
Total: 766 [720 + 11 (accepted) + 35 (submitted)
1 O O 11 > . Y{4790)y J(#710)
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World largest J/Y, Y(2S), Y(3770),... data samples
More than 720 papers and 139 in Phys. Rev. Lett.




Glueball candidates in radiative
J/Y decays
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Striking example: X(1835) in J/y—-yn'mt'nc

First observed by BESII Confirmed by BESIII with much higher significance
PRL95(2005)262001 PRL106(2011)072002 PRL117(2016)042002
%\120 [T T T T IIIXI(2I1I2|0)IIIIIIIIIII7 :'I"'I"'I'E"I"'I"'I"'I"'I"'I'
S 500 | , - 4000 [ — Data '
s | T bxusss) Pt Towof 1005 | mEnSNC
% 80 % 400 - e E 3000 z— ) ----- pP threshold
Q I P - oS 2500
% S 700 - < 2000 =
= 40 > 200 | 2 4500
LLl i S - 1 1000 F
a | 0.058B 5 100 | co0 E
O [ ] [] [ | L;_( - | | | | | | 7 -
1.4 2.0 2.6 N4 16 18 20 22 24 26 2.8 EEIEE e (Gevreny 28 °
M(r*tn’) (GeV/c?) M@ ) (GeV/c?)

With more and more J/\y data, more and more features appear:
1. X(1835) with a sharp dip at threshold
2. X(2120), X(2370), X(2600), n.(1S)
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Other examples: X(2370) and X(2600)

Observation of X(2120), X(2370)

PC i H -+ 3 ’
and X(2600) in J/—yn't The JPC of the X(2370) is determined to be 0™ in J/Y—-yKK:n

1p PRL129(2022)042001 ERIRTEX (2370 M FROEHERFR
— 35F T T T T T T
% E —+— Data nc—""”
. 10B FE5E Background
> 30 PRL132(2024)181001 {REEIENE
9 25 _— X(1835) . 130; 10B x .-’nbm =1.20 _:
— 20F 3160:_ ;hnnigi:orolectlon =
e l X@20 XG0 xizs00) & 140F B Sackaround 3
S SE s I : S1zof b BT R xczarey
— 4 S 1000 . X(1835) E
C — - K( 2800}
g) = 8Of
£ eof
L 0 A e 1 40f ]
1.5 2+ ] 2.5 5 3 20, -
Mn't"r’] (GeV/c?) 0" 22 24 2.6 2.a ]
Moo, (GEV/C)
JPC; unknown ANt (HEIEHBRIR) 20245 E R T2 LLE
M=2618.3 + 2.0+153 Mev/c?
I' =195 + 5755 MeV The X(2370) is a strong candidate for a pseudoscalar

n radial excitation or exotic hadron? glueball (based on lattice QCD predictions)!



Other structures around pp production threshold

Observation of X(1880) in J/y-y3(" ™) Observation of 1(1855) in J/y—ynn’
e s A PRL129(2022)192002 PRD106(2022)072012
BT RS, NENEEYEE ST NS 2022) 2022)

% { Physics Magazine) , #L1 “Evidence

40}
of a new subatomic particle” EFRE i ot
s - I — PwA fit resuit
PRL132(2024)151901 2 20f ‘
S T +c!ata % 105
igzoooojg E-_--E?(qe;;tl)l)»fxmasm g, - 1: X!
S Xivean g of e
= g | - interference term N r*
o 5 Te i 1e 1os E""tOtaI background _10' I T T S LR SO S Y W S M S - M
Z 10000} 10B 1.8 2 25 3
P I M(nm) (GeV/c?)
2 I
0 . . -
T S Isoscalar state with exotic quantum numbers JP¢=1""%
O L1 | | InTrFI"'T-‘T”\—-I 1 | L I-I :\ ‘ I“-I L1 ‘ -\-“T ;- M = 1855 i 9t? MeV/C2
1.6 1.7 1.8 1.% 2 T -188+18+3 MeV
M(6r) (GeV/c?) = +18%3 Me
M=1832.5+ 3.1+ 2.5 MeV/c? . . :
I =80.7 + 5.2+ 7.7 MeV Critical to establish the 17 hybrid nonet,

M=1882.1+ 1.7 + 0.7 MeV/c Support f,(1710) overlap with glueball.
= AT 1./ V. eV/c

I' =30.7 £ 5.5+ 2.4 MeV



Study of J/Y—-yyo

This decay gives an access to the mesons produced in radiative decays of J/vy

L] v ] ol . bl . ] bl ol

1000k 1N, = 115.4080= 144 ] 0 BUly = X)X BX = 1)

= bin f,(1285

> i i -

% - 1n(1405 Resonance M (MeV/c?) [ (MeV) B(x107%) Significance

Lo J1(1285) 1281.9 227 0.29 £0.03%0% 17.30

© f1(1420) 1426.3 54.5 0.55+0.07013 9.00

A n(1405) 1422.0 £2.1557 86.3 £ 2785, 357 +0.1850%) 18.90

; f1(1510) 1518.0 73.0 0.78 £ 0.09-034 53¢

I= /2(1525) 1517.4 86.0 276 40,1802 16.40

2 X(1835) 1849.3 £3.01]5, 179.6 £ 8.71373 3.37 £0.197078 1530

Ll /2(1950) 1936.0 464.0 9.96 £0.60'3 14 13.10
/>(2010) 2011.0 202.0 4.63 £0.431142 1136
f0(2200) 2187.0 207.0 0.20 =0.04157 6.3¢
e 2983.9 320 0.21 £0.0350 3 12.90

= -0.07

E N"M ‘%“‘m*n "*’M A ﬂu]
1 1.2 1.4 1.6 1.8 2 2.2
M@y ) (GeV/c?)

-5

low

The decay X — y¢ should be enhanced for s5 states.
Note the absence of the f,(1710) and X(2370) [#(2370)], for example.



Events / 20 MeV/c?
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Study of J/Y and Y(3686)—yK K

J/P-vKK,
PRD98(2018)072003

* Data

--PHSPMC  1.3B

— Signal MC

SRR RPN PR B
1.2 14 16 1.8

P RPN B
2 22 24 26 28 3

2
Mass(K.K,) [GeV/cT]
: (a) £ states =4 This work
0.0 £,(1500) L i PDG average
[ ' (7100 CJWy—ynvkR
1 £
o I
= 0.1 N
< L N
E-02
0.3
e M B B T R T R
1.0 1.5 2.0 2.5
Re(fs) (GeV)

Good check in different Y decays

W(3686)—yKK;
JHEP10(2025)081
000F
2.78B —+ Data
[ BKG
— Total fit
500

Events / (22.50 (MeV/ ¢2))_

The masses and widths of the
£ [H(1500), £,(1710), £(2020)]

- - Sum of f, a_ﬂdfz [fz(1270),f§(1525),f2(1950)]

~ Y108 "

are consistent between J/y and y(295)
decays. Production is different.

1.0

1.5 20
Moo (GeVic?)

- L B B L e L
o states )
() I, states (c) , £(1370) L0306
0.0 / L 7.3
L £,(1525) _ y
n £,(1950) > 1,(1500) “'0.*‘7.8”
~ — 1,710 92717
= B
o1 - 120200 L70¢
- B N -
= - . : — NN £,(270) 817
£ - ' i 2
= 02 - | N - (1525 1857
- — £,(1950) 237
: (3686)—y 136
w ll""—.‘.t-
03 P I | MM PP PRI I I I I PP
1.0 1.5 2.0 5 10 15 20 25 30 35 40 15
Re(fs) (GeV) BF ratios (%)



Charmonium(-like) states
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oy X(3872)—ywdhy) (pb)

X(3872) (aka x.1(3872))

The X(3872) was first observed in B* - K*n*n~]/\{ by Belle
in PRL91(2003)262001. It was usually studied in B decays, pp,
pp, or e*e” collision, by Belle, BaBar, DO, CDF2, LHCh, and BESII|

ete” — yX(3872) -» yntnT]/W

BES]]I PRL112(2014)0920019PRL122(2019)232002
] 0.8 50——————T T .
= [ +Data 20142019 :
N F rnJly BESIII 2014 s 40F 20290 =
3 0.6 iFit % 405 3.02>11.6fb* _ signals .
+E - = 30 -
= 0.4 o :
c% [ 2 20F ] =
N~ [ @ C .
5 0.2 2 b | ;
] X o
46 © Qs 38 -

B9 3.95
M JAy) (GeVic?)

Unique at BESIII: B[Y(4230) — yX(3872))/B[Y(4230) — n* 7] /]~9%

Strongly suggest the Y(4230)->yX(3872) transition - Commonality between Y(4230) & X(3872)...

PLB 725, 127 (2013) / RMP 90, 015003 (2018)
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More decay modes of X(3872)

- — +,— +, -
ete™ — yX(3872) - yny,, ete™ — yX(3872) » yD°D*° e"e” —wX(3872) » ean "]/
PRL122(2019)202001 PRL124(2020)242001 e PRL130(2020)151904
50 (b) J=1 5.2 . i DO DO | »*° — ~D°| 1,: 125_ i”:"
N% ‘ :\TJ E 10} 5:1ck:ro:nd 7-56
= s = 5 o ok ideban
2 = - < &k
< 2 £ o) I -.“E’
m — F ) 4
1 } J{ } %1 5 @ 2;3_L ' '
) | |l il o o Bl 1Lt g o g o1
S5 380 88  89M0 R 400 E 3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
M%) [GeV/c’] 55 M(rtcJ/p) (GeV/cd)
O 1
BIX(3872) - my,,]/BIX(3872) > p]/]=0.88"333 + 0.10 M(D0D) (GoVvies)
+ —_
ete™ - yX(3872) - yal/y e"e” — yX(3872)- y[yY(25), vi/W]
PRL122(2019)232002 + 11
% - -70 s _I g’ggggg "§ s i-: 10;
% 10 E‘ §4Zi
: 0%%s 39 3.95 4 405 T & Ezuj
M(wJ/vy) (GeV/c?) g k
RS —— Data ° 38 39 o 38 385 39 3.05 !
E’ il s gﬁ%g‘s’ M(yw’) (GeVic?) My, Jhy) (GeVic?)
é _BF(x(3872)-yy(25)) 0 )
2 Lt “BF(xG872-7/) <0.59 at 90% C.L., agrees with
M(eJi) (GeV/c?) Belle (<2.1), while challenges Babar(3.4+1.1) and LHCb
B[X(3872) — wJ/y]/BIX(3872) - pJ/U]=1.610% + 0.2 results (2.46x 0.70)
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Recent update on the X(3872)

Using both X(3872) — D°D*? and X(3872) — m*m~J /i to access the T-matrix pole position

PRL132(2024)151903
. 240 ¢ |
- 220F |
3 60 200 :
2 50 _ __180F i
2w { te0r
g : S 140¢ i
3 1200 i
i S S 100f |
A ST R 80F e
H ST : -y = - H kY
Y Ol -m'un pqll.'m o Bk gy T T 4 60 |
392  3.94 396  3.98 3. . . . . 40E AR
> 20E SR -
1 1111 L{T}TT} {]TIT TI '|l'|' 0 ?TTI{T]I{IT JL{TTTI { IIIIITII}IT 1{1 11 TlT }JTI _- _________________ | I | | Ll |-“|—.I--| -----
1 ! H ! L EERESURRE! LN IR C I IS I TR IR 8! 0
IR LETRALY Ch S 2 |1 f ! o > 4 6 8 10 12 14
3.86 3.88 3.9 3.92 3.94 3.96 3.98 3.75 3.8 3.85 3.9 3.95 4 E (I\:‘ICV)
M (D°D°x°) (GeV /c?) M (mta=J /) (GeV/c?)

Using a Flatte parameterization with DD* and pJ/y coupled channels. ..

T-matrix pole position: (3871.70 £ 0.15100) — i(0.19 £ 0.087015) MeV

The real part is still consistent with the DD ™ threshold (3871.70 £ 0.11 MeV/c?),
and the imaginary part leads to a width of 0.38 MeV.
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Events / 20 MeV/c?

Y(4260) > w/Y(4230)

Y states: chamonium-like states with JP¢=1-; observed in initial
state radiation (ISR) or direct e*e- annihilation

ete  (yip) @ t /W RESTT ete™ - nt /P Precision results of e*e™ - ™ n ]/
PRL95(2005)142001 PRL118(2017)092001 PRD106(2022)072001
40— L I L L AL R L L
- ot 100 132%_ —+— XYZ data
_ l/)(4230)' ' ’ ) - _+_ XYZ g S0 ; —+— R-scan
30 wf o -8 80 __ Fit | =~ 0FE (s=3.8713
- |0;3‘*‘ ‘NHH’r' *1’”?* Wt q i - : ‘—)"“5_ 60 ; —Fit
56 3Ir8 Hli fj' :LMTIS LF:;HHS 7 T_%"- 60 :_ - —Fitll # +S ig;
+: . -j; sof
{1 40~ <= =20
] o - 1o
bitane ]\, |8
3 4 a2 a4 a6 48 s L B B TS I

\s (GeV)
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c(e*e —=nJ/y) (pb)

ed(e* e~ = nh.) (pb)

Residuals gdress

100

(o]
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(o2]
o

S
o

n
(=]

o

|
n
o

More y(4230) information

PRD111(2025)L011101
30
e e :WC - IE:'n\:Z::ference
207 BW?2 fixed ¢ Measurement
103
0
20? Hl”l”l}llll
0———1'—*' "ﬁiqi—iﬁ; i--r '; ;'lj- {-———{—-——T ———————
41 4.2 43 44 4.5 4.6‘II‘4.7

Vs (GeV)

PRD109(2024)092012

fe e - n]/]lj f o®BESNI(2012) | o° BESII (2015)

o5 BESIII (2020) | o5 Belle
I o8 This work

g #

3 43
| ' i &

i 1
i i % Lad
_—}‘ ‘} ‘5“ [ SR YVTARAARAY i
C 1. ! ! R L L | l
3.8 4 4.2 4.4 4.6 4.8 5
Vs (GeV)

Besides ete™ — 1w~ J /1, other exclusive
cross sections also show signs of Y(4230)

140
100 ~#-nh (this work) & KK Jhy
100 B - 0%, v nOn%J/y
% B mtny(3686)  wtndly
S 80 - J_‘,é KK Jdy 4 ndhy
< 60C 1 it ~D’D
§ 10 - & D, D, -+ y(4160) PDG
B + v(4230) PDG
20—
S

IR RN RS T S NS NN SR S NN ST SO SR NN ST S
4150 4200 4250 4300 4350 4400
Mass (MeV/c?)

Masses of Y(4230) are consistent among
exclusive channels, but widths are not
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o(e*e—wy ) (PD)

N (&%)
o

—_—

0[n+n'q!2(3823)en+n'yxc1] (pb)

Examples for Y states with higher mass

PRL 135 (2025) 071901

PRL129(2022)102003
ete™ -» ™ Y,(3823)

%))

N

N

o

4.2

- —4— Data

F = Two-BW fit

== One-BW fit

v(4450)

Y(4650)

a4

E.n (GeV)

46

PRL 132 (2024) 161901

ete” - wy

IOI T T

o T T

o

44

46
(s (GeV)

s(e*e sy, ,) (PD)

4.8

(o))
o

Dressed Cross Section (pb)

ete” - wy,,

.
C)__

no
o
. ———

(4450)

o

4.4

46

Is (GeV)

4.8

PRL131 (2023) 211902
ete” > KK ]/

:_ ¢ BESIII (2022) ¢ This work — Fit result
[ -~ Y(4230)

~Y(4500) ---Y(4710)

Y(4710)

b
I
=]
|IH ‘III[lHMIII\IIlHI‘HIV%

PR S T SR ST S NN
4400 4500
Mass (MeV/c?)

s g P
4300

P NN SN N TR S N
4600 4700

ete” -» n'nh,

(4230)

Y(4360), Y(4500)

¢ R scan Data
— Total fit
,,,,, BWs, Solution |
---- BWs, Solution Il

4 4.2

4.8
s (GeV)

—— mtrh,, this work

95.5% C.L.,
68.3% C.L.,

—4— m*n'h,, Ref.
—b— i J/y
—— 1022

—— n mu (3686)

—4— xcg
—b— TE+D0D*
—— TE+D*0D*-
—— nd/y
—— K'K Uy
PDG

this work
this work
[20]

'‘Above the

Y(4230), there is
little consistency
among exclusive

channels -



The Y states in open charm channels

Open charm channels have larger cross sections and show more complex structures

PRL130 (2023) 121901 PRL131 (2023) 151903 PRL 133 (2024) 261902
1200 T ERn N L L L L
8 ot : ete” DD S we @ ete” > DID; 7
oor o T T e ) = F ]
4 800F S Ve T E _ #M : i
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Events / 20 MeV/c?

X

Update on the Z,.(3900)

The Z.(3900) is produced through ete™ - nZ, at E_, around y(4230)...
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The latest study uses all data (12 fb-') between 4.1 and 4.4 GeV.

PRD112(2025)092013
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Partial wave analysis is performed on ete™ - n*n~] /¢

The new data are sensitive to the line shape.

25



Selected topic of traditional charmonium decays: ¥ (3770) — non — DD

+ 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[1)(3770) - DD] = (9318 )%
+ 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 ete™ = hadrons
BESII PRL101, 102004 (2008)

Pkl ‘ (a) -

Abnormal structure around

1 (3770) was observed at BESII.
Will this anomalous structure
affect the BFs of exclusive
Y(3770) - non — DD decays?

Previously, BESII, CLEO and early

BESIII searched for y“ charmless by

comparing ¥” and 3.65/3.67 GeV data. 23"

Will this affect the search for /(3770) ©

- non — DD decays? SR nenie
Eem [GeV]

[nb]

+ Search for y decays via fine scan data is helpful and highly desirable 26



Production and decays around ¥ (3770)

ete”™ - J/YX

PRL127 (2021) 082002
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® Strange structures other simple

BW of y(3770) are found in

different processes
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s B(Rs — f)
>

110.2 £ 1344 £ 16.2
322 £ 34 £ 30

794 =855 £11.7
213 £48 £ 20

(nb)

d

nOCH

ete™ - hadrons[non — DD]

PRL132 (2024) 191902

® Structure@~3.81 GeV is found in papers 2 and 3

ete™ - hadrons

PRL133 (2024) 241902
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® B[R - non — DD] are extracted in papers 1 and 2
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Measured exclusive non-DD decays of (3770)
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Search for exclusive non-DD decays of ¥ (3770)
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BFs of exclusive non-DD decays of ¥(3770)

ey s 0 | feference

Y - J/yYn (104 11.3+59+ 1.1 (39+06+01)n PRD107, L091101
Y - KIKP(10) 26112 (—0.39109%Ym PRL132, 131901
Y - AA(10°) 241150/14.4%27 (183137)°/(240117.)° PRD104, L091104
Y“ > ETET(10°9) 136.0435.2 (59+14)° JHEP11(2023)228
Y - ¢n' <23X105 ~2.8m PRD108, 052015
P - 5989 <3.4X 104 (—1.7 £ 0.2) JHEP11(2024)062
Y- Ity- <3.9X 104 (—2.0 + 04 JHEP05(2024)022
P - 3030 <3.7X10° (—08 + 0.7 PRD111, L051502
Y > K AEY +c.c. <3.4 X104 (1.6 £ 0.2)m JHEP07(2024)258
Y > pK K Et +c.c. <3.7X 105 (—1.6 £ 0.2)m arXiv:2508.11276

The BF of Y — KS KL agrees well with the prediction via S- and D-wave charmonia mixing
schemePRD78, 077505 (2004) 'nroposed to interpret “pm puzzle” between J/{ and Y(3686) decays

The BF of “ = E~E7 is higher than theoretical calculation by an order of magnitudePRP96, 092004 (2017)
The measured BFs of y“ — light hadrons may be up to the same level as their )’ counterparts 30



Baryon physics

o Electromagnetic form factors
o Search for CPV
« EDM



Electromagnetic form factors of baryons

e*e” - pp e*e” - ni ete~ - AA with data@2.396 GeV
PLB817(2021)136328 Nat. Phys. 17(2021)1200
- PRL123(2019)122003
0.06— e BESIII (LAISR) ¢ BESIII 2020 e  BESI:nA
5 BESIII (SA-ISR) 4 BABAR 0.06 BaBar: pﬁ?ﬂsn(mi-wl
0.04;?'-' % -------- Simultaneous fit: proton 0 5;
0.02_—‘: 0.04 - [ L = === Simultaneous fit: neutron T _____—_"—
Y TR . | 4
(R i‘ %@ﬁ'ﬁﬁ g ol ‘%%- b4 1 az L AT
0.02F %‘r’,ﬁ OkfIl J‘ + -H 4 L}\”[NJH ﬁ%ﬁi&h T \aﬁ
0.04 -0.02 L{j“ * {H‘f% -0.5-
B J [ l |
_0-06__....I....I....I....I....I....I....I.. _0.04Il| ] | | | | -1 -0.5 0 0.5 1
0 05 1 15 2 25 3 35 2.0 2.2 2.4 2.6 28 3.0 cosO
p [GeV/c] 5 (Ge
(s (GeV) Gp| N
e In the time-like region, the electromagnetic form factors of G,| = 096 £ 0.14(stat) +0.02(sys.)

baryons characterize the internal structure of baryons A® =37 +12(stat.) + 6 (sys.)

Periodic behavior of |G| was first observed at BaBar and
was later confirmed at BESIII

Oscillation of |G, | is observed at BESIII for the first time

Confirm the complex
form of electromagnetic
form factors
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ete” data@2.38-3.02 GeV
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EUX

ete™ — nn with data@2.0-2.95 GeV

More electromagnetic form factors of baryons
ete” - AA with data@2.386-3.080 GeV

PRL 130 (2023) 151905
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Differential cross-section of this process:

ete” > J/Y - AA AN - prr,

H /1=, sin(a0) e Fy() +a P (1)

polarization

a_:AN-pr~ O B

If sinA® # 0, A 1s transverse polarized.

Nuovo Cim. A 109, 241 (1996)
Phys. Rev.185 D 75, 074026 (2007)

Nucl. Phys. A190 771, 169 (2006) .

Phys. Lett. B 772, 16(2017) Simultaneous measurement of a_, a

IRLFIA

a,:A—prt

|

Test CP symmetry
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Search for CPV in A decay

[1] 1.3 billion: Nature Phys.15(2019)631
[2] 10 billion: PRL 129 (2022) 131801

Par. Newest BESIII results

oy 0.4748 £ 0.0022 £ 0.0031
AP  0.7521 + 0.0042 £+ 0.0066
a—  0.7519 £ 0.0036 £ 0.0024
at+  —0.7559 £ 0.0036 + 0.0030

Acp —0.0025 £ 0.0046 £+ 0.0012
Qavg 0.7542 £ 0.0010 = 0.0024

3.2 M AA pairs were reconstructed.

Most precise measurement of A decay parameter
* Most precise A¢cp measurement in hyperon decay:

a—+a

Acp = —— = —0.0025 + 0.0046 + 0.0011
¢ a—a
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e e
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J/Y - AA
PRL129(2022)131801
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) ‘g—t =5 0 05 1
cose
Ad = (0.7521 + 0.0042 + 0.0066) rad
Ap=(—0.251+0.46 + 0.12)%
(3686) > AR
arXiv:2509.15276
0.2p -
0.15 — (b) '
0.1F -
0.05F -

0:

—0.05F
E —Data
-0 [ —Fit E
-0.15F y3nbin = 0.66 -3

1 L
0%1—08—06—04 -0.2 0 02 04 06 08 1

COSﬂ

A® = (0.366 + 0.064 + 0.013) rad

Results of different hyperons

Y - ItE-
PRL1 35(2025)141 804

T
: +Dt \p( (xt] +Dt J.fw h
0.1 —Fi: l}ll'!fl{( — Fit: My -

N Phase space N

0.05
Mot .
01EA CP=(—'|i_ 18+ 0.83 +0.28)%
1 -d.s 6 0:5 1
cos6,.

AD(J /) = (—0.274440.0033+0.0010)rad
AD(P(2S5)) = (0.42740.022+0.003)rad

W — $0F0
PRL133(2024)101902

0.2

ul0.2

0
cosé;

A®(J /1) = (—0.0828 + 0.0068 + 0.0033)rad
AP(P(2S)) = (0.512 + 0.085 + 0.034)rad

Ap=(0.4+2.9+1.3)%

J/b - ETEY

050 Nature606(2022)64

a) B,

0.25 //‘_\\
0.00

—0.25

—0.50

A® = (1.213 + 0.046 + 0.016) rad
A,=(0.60+1.34 + 0.56 )%

(3686) > E-EF

PRD1 06(2022) LQ9 1. 101
04F -
0.2
A~ o -
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04} .
-1 05 0 05 1
cos

A® = (0.667 + 0.111 + 0.058) rad

Ap=(-1.5+5.1+1.0)%

]/ — 50E0
PRD108(2023)LO31106

A® = (1.168 + 0.019 + 0.018) rad
Ar=(-0.54+0.65 + 0.31)%

l/)(3686) — 5050
arXiv:2510.19571

0.2
0.1
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02755 0 05 1
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Search for hyperon Electric Dipole Moments (EMD)

The EDM of the hyperons can be systematically measured at BESIII!
Among the hyperon family, only the EDM of A has been measured (with

IL: magnetic moment T " relatively low precision). Utilizing a vast amount of quantum-correlated
d: EDM - yperon-antihyperon pairs, BESIII is expected to improve the precision of
~——
p + he A EDM measurement by a factor of 1000 and, for the first time, provide
d At
ﬂ; d¢ measurements of the EDM for X, 5. and Q hyperons
— 4 dT
T +3 107"® _ 10-16
N 10-1° 10-19
+ 10722 ‘ ‘ 10722
¢u ,€1t:r25 10-25
G107 10728
%110'31 10~
A non-zero intrinsic EDM would violate both ’ 1°’: 1°'::
. S . 10 P« 10"
parity (P) and time-reversal (T) symmetries. 100 | (}5?};3:51 g0
1043 [ | 1043
» When CPT symmetry is conserved, T e

violation 1s equivalent to CP violation.
B SM(CKM) B SM(6) B <d(Currentdata) M < d (Expectations)

JPG 47 (2020) 010501



World’s most precise A EDM measurement
PRD 108 (2023) L091301

Traditional experiments BESIII
AIA 4
S, 1 y s ':'
¥ ¥
: 61\ : H:\
—_ A > > A
Spin procession method Extract EDM through CP-violating FF

Prior direct A EDM limit (Fermilab, 1981): |d,] < 1.5 x 107 1¢e . cm.

 EDM extracted via full angular analysis of entangled decays:
Re(dy) = (-3.14+3.24+05)%x107¥e-cm

Im(dy) = (29 £ 2.6 £0.6) x 107 e - cm BESIII arXiv:2506.19180
which corresponds to an upper bound of:

ldpy] < 6.5%x 10712 e-cm (95% CL)
* Improves sensitivity by more than 2 orders of magnitude over the previous best result.

Measurements of the 270, 270 EDMs are currently underway, with an
expected precision comparable to that of the A EDM can be achieved.
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(Semi)leptonic D decays

SRl FHE(EARIEERTE, MIEINERENIERRTTZ—
Vv v . :
Cc cd(s) . cq W
Cw ' . T Me=T
[T
d(s) fo, Y ACy) a
62f2 2 : 2 2
MOy — tw) = V(s ‘2mngH (1 : mg;) :qr2 =X e ‘2\£/IZ?§S)‘ DI

TR, FEETIAREF >R ZERSRQCDEFITR

s CKM%EB%7T|V |, Vol SEESHBE FEISCKMIERFRI L IE T
» 33ZEbZLEB .. B, Sttt FEE

» REEREET > SiE iR R B AR IR R
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PDG2014

Direct
measurement:
(semi)leptoni
c D decays

V.4 Vs and V, are the best determined due to flavor symmetries: I, SU(3),

|V ¢s(ay| measurements before BESII|

Indirect
constraint:
Hadronic D
decays

|
(" AVia/Vua = 0.02% WuslVus=04% | gy v, =120 - \
< <! <™
Q v g . Q v
1 " P K ;/C l ‘ B TC I
|Viud| = 0.97425 £+ 0.00022 Vius| = 0.2253 + 0.0008 i V| = (4.13 = 0.49) x 1073 |
i AVog/V g = 3.6% AV [V = 1.6% I I~
. y d—)c l W—)c S . AV /Vep = 3.2%
T ........ <. _I I ;.I_- .II B < |- !
- - .. V
v v
| D= Dy o —= D |
2 |Vog| = 0.225 + 0.008 T Ves| = 0.986 + 0.016 f Vel =(41.1£1.3) x 107
Avtd/vtd = 7.1% AVts/Vts - 6-8% Avtb/vtb — 3.1%
— ip —
B, BE B,le” B, 1
Vgl = (8.4 4 0.6) x 1073 Vis| = (40.0 £ 2.7) x 1073 [Vgp| = 1.021 £ 0.032 _)

HQS. Charm (V.4 & V_,) and rest of the beauty sector (V,,, V.4, V,) are poorly
determined. Theoretical errors on hadronic matrix element dominate.
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LFU tests in (semi)leptonic D decays before BESIII

Tension in B physics

B(B - D™ tv,)
() = T
R(D™) = B(B - D™ [ v)
__I - B;BarI,PRLIOE),IO'ISOZ'(ZOIIZ)I o I_:

Ay*= 1.0 contours

Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118.211801(2017)

== SM Predictions

R(D)=0.300(8) HPQCD (2015) ]
R(D)=0.299(11) FNAL/MILC (2015) ]

LHChb, FPCP2017

[ [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _]]
— -
— o) = 71169
C I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 l(x I) 1 I T
02 0.3 04 05 0.6
R(D)
T T — ]
W HFLAV Ay = 1.0 contours ]
L 2021 | —
[ LHCb15 ]
E e —___ BaBarl2 ]
- 30 ~. —
Coo» pue—— N ]
[ LHCbIS h ]
) Average )
C [ | § Bellels " Bellel ]
C o i
predictions
Bellel7 World Ave

Tage
R(D) = 0339 % :n m| T

L 4 Bigi 16, Gambino 19 (D*) = 0.295 + 0,0
p=-0.38

: 'I-Burdnne 19 F(x ) 29
PR S T TR R SO SO ST SR N

02 03 0.4 0.5
R(D)

3.9¢

3.3c

Tension in D physics

BPDG18Ipo = p+p] = (0.237 + 0.024)%

PDG18no -+ < ..
r D" > 7 wwl_ 1824008 SM prediction:

rPDGI8]

The knowledge of semimuonoic charm

c - sltv

c->dltv

D% - metv]

(2.10)

0.985

meson decays is very poor

K~ 4%Belle 7%FOCUS

K*— 13%FOCUS I_(*O 3%CLEOC
K NA K} NA
m 10%°Bele 10 NA
p— NA pO 17%FOCUS

f, NA

w NA

n NA

n’ NA

'n’
¢
fo
KO

K*°

NA
NA
NA
NA
NA
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Precision measurements of D™ — [Tv; and LFU test

PRD89(2014)051104, 2.93 fb-'1@3.773 GeV PRL123(2019)211802, 2.93 fb-'@3.773 GeV
PRL135(2025)061801, 20.3 fb-1@3.773 GeV JHEP01(2025)089, 7.9 fb'@3.773 GeV

— 1 T 100

1 T 1 1 I
|+ Data

40

m— D ) 7t
m— D* t*v_ T non 7,
= Smooth bkg

200

+ + | ";': —4— Data
600 _—All PDF D" > p'v - Q oo 283132
| --Signal PDF 2890157 | > 80 D'— t'v, = 7'V,
| —All background ] 8 — D iy,
e i It D= Ot
[ ’C+(—)TC+VT)VT g 60 D> Kin+
400 —— Other background ] m S D K‘ER*
S
|7 4]
=
v
-
€2

20

Events / (0.01 GeV?/c4)

o
il
- #ﬁmﬂihﬁlllllhlll" o

() 2=

0 ——" o T o R 0.2 0.2
~0.2 —0.1 0.0 0.1 0.2 (GeV/(z)
Mz, (GeVZ/cY)
The most precise to date B[D* — t*v] = (914114 05)x 107 | _ B[D* —» ttv] V404 031
b= = 2.49 + 0.
B[D* - utv]
B[D* - u*v] = (4.03 + 0.08 + 0.04) x 1074
[D7 = pTv] = (.03 £0.08 £0.04) foe|Vegl = 45.9 + 2.5 + 1.2 MeV
fp+|V.ql = 48.52 + 0.48 + 0.19 MeV SM prediction: 2.67

Precision~5.5%
Precision~1.2% a4



Precision measurements of D} — [Tv; and LFU test

PRL122(2019)071802, 3.19 fb-'@4.18 GeV
PRD104(2021)052009, 6.3 fb-1@4.18-4.23GeV
PRD108(2023)112001, 7.33 fb''@4.18-4.23GeV

------ Di—ptv—
—— Data

[ | Matched yin" D:—) nv,
[ ] Unmatched y(n" D:—> uv,
[ Real-D, and non-D,

10?
300

200
2515452 with 1 -
counter

__ informa

Events / (8§ MeVZ/c4)

—
S
=

02 010 o1 0.2
M?. (GeV¥cY)

miss

B[D — u*v] = (5.29 + 0.11 + 0.09) x 1073
fpr|Ves| = (241.8 £ 2.5 + 2.2) MeV

Precision~1.4%

The most precise to date

D} - tt(etvv)v

PRL127(2021)171801, 6.3 fb-1@4.18-4.23GeV

7 800 F
600 [
1 400~
1 "ees *
2008 B
oo
b

"k oo KK |

4940197

1 soofit, |

7 400 4

3 300 Hi
20081
Jw0p,

100 *. " .

Events /(0.1 GeV)

¢ Non-D_ background(BG)
Qe Df —Xe'v, BG
D! sKjetv, BG
- = D—Kir BG

D=t —e'Vv T v, signal
==== Signal + all BGs

The most

B[Df - ttv] = (527 + 0.10 + 0.12)%

for [Ves| = (244.4 + 2.3 + 29) MeV
Precision~1.5%

]3BESIH[DS‘F - 1tty] = (5.32 1+ 0.07 £ 0.07)%

B[DS — t1v]

R —
Ps T B[DF - ptv]

= 10.05 £ 0.35 SM prediction: 9.75

precise to date

45



Comparisons of f,+ and f ¢

[ [ [ [ [
lFLAG24(2+1+1}|rXiv:2411,04£63

FMILC (2+1+1) PRD98(2018)074512
FMILC (2+1+1) PRD90(2014)074509
ETM(2+1+1) PRD91(2015)054507
ETM(2+1+1) LATTICE2013(2014)314
FMILC (2+1+1) LATTICE2013(2014)405

FMILC (2+1+1) LAT2012(2012)159

| | |
212.1+0.7 | .

212.7+0.6 .
212.6+0.4 .
207.4+£3.8 -
202.0+8 ——

212.3+0.3£1.0 .

209.2£3.0£3.6 weH

ETM@241+1)  PrDOV(2015)054507" " 2d7.04h1 T ik
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 '
FLAG24(2+1+1) arXiv:2411.04268 249.9+0.5 s
HFLAV23 arXiv:2411.18639 251.8+2.0 -l
CLEO PRD79(2009)052002, t.v 251.8+11.245.3 Sttt
CLEO PRD80(2009)112004, t,)v 257.0413.3+5.0 #—+—t
BaBar PRD82(2010)091103, 1,,v  244.6+8.6+12.0-——H
Belle JHEPO9(2013)139, 1o, v 261.1£4.8+7.2 H-H
BESIIN 6.32 fb? PRD104(2021)052009, 1,v  249.746.0+4.2  wt
BESIN6.32 fb! PRD104(2021)032001, T,v  2571.6+5.9+4.9  Het
BESIIN 6.32 fb'' PRL127(2021)171801, t,v  251.12.4+3.0 -
BESIII 7.33 fb'? PRD108(2023)092014, t,v  255.0+4.0+3.1 ]
BESII 7.33 fp' JHEP09(2023)124, TV 253.4+4.0+3.7 W4
BESIII 10.6 fb' PRD110,052002, tv, D;DS' 259.6+3.7+4.6 HH

BESII 0.482 fb'PRD94(2016)072004, pv

CLEO

BaBar

Belle

BESIIN 3.19 fbT
BESIIN 6.32 fbT
BESII 7.33 fbT

BESIII 10.6 fb" PRD110,052002, v, DD

PRD79(2009)052001, pv
PRD82(2010)091103, pv
JHEP09(2013)139, pv
PRL122(2019)071802, uv
PRD104(2021)052009, pv
PRD108(2023)112001, uv,

BESIII Combined v

BESIII Combined T+ KV
|

245.5+17.8+5 f——emm
256.7£10.244.0 ¥
264.9+8.4+7.6 H——H
248.8+6.6+4.8 W4
253.0+£3.7£3.6 L)
249.8+3.0+3.9 et
248.4+2.5+2.2 i
253.2+6.1£3.7 =

253.93+1.54+1.82 =
252.08%1.3!&1.82 B 6=09%
| |

f. (MeV)

HFLAV23 arXiv:2411.18639 206.0+4.7 i

CLEO,uv PRD78(2008)052003 207.248.742.5 r+—e—t
BESIIL,uv PRDS89(2014)051104,2.9fb" 204.2+5.3+1.7 i

BESIII, v PRL.123(2019)211802.2.9fh ' 224.7+22.5+11.3+

BESIILuv PRL135(2025)061801 213.5+2.3+1.5 m =1.2%
| l | | | | | | l l | | |
0 100 200

0

100

200 | | |

f. (MeV)
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Early results of D°Y) - P¢ty, (£ =eoru, P = K or )

2.93 fb-1 PRD92(2015)072012

@3.773 GeV :
5 \N‘ D° - K~ etv,
L E

) 0.5 1 1.5 2
q2 (GeVieh

=K (0)|V.s| = 0.717(03)(04)
PRL122(2019)011804

AT/Ag? (ns'GeV-2cd)

0 015 1 1j5
g% (GeV¥c?)
fP=K(0)|V.| = 0.7148(38)(29)

dr/dq? (ns'GeV e

AT/F (ns'GeV )

80

60 -
40
20 |

O,

PRD96(2017)012002
S D* - K%*v, |
(@] 0.5 qz(Ge‘IVE/C4) 1.5 2

Events / (0.018 GeV¥/c)

400 R
300 |
200 |

100

L
O 0.5 1 1.5

PRD92(2015)112008

+ 0,+
DT - K;e v,

.,

----

eu,

g2 (GeV?/c*)

fP~K (0)|V,s| = 0.705(04)(11)

PRD92(2015)072012

6 ; , . |

D° - wnetv, -

P (GeViich

2" (0)|V.ql = 0.144(02)(01)

fP~K(0)|V,s| = 0.728(06)(11)

PRD96(2017)012002

2.5 T T T

D* - nletv, |

q2(GeVZ/ct

f27m(0)|Vegl = 0.140(03)(01)



Precision measurements of D°Y) — K¢*v, (£ = e or u)

7.9 fb-1 @3.773 GeV PRD110(2024)112006

. . . . . . R (a) — _E Foo(© 1 1_5-_ () D' decay -
300_ DO_) K-E+Ve _:_ DU% K-!'I+Vu _ :\J [ :R::_tf\fth E 1'5-_ ;l::i)i:fr)l.:‘l;ll;cllliltiml : |
[ y2/ndf=1.7 I ¥ndf=1.4 ‘ 3 o ~Fev, T | LoD unceraing . u,;J
T 200f T 2 gof 1€ | = sttt T
; [ o | 1 l_ - ]
— - <] L
E 100:' T %20:- ] : -
S ey -+ : 0 T R W S T - S W R R R R
= 10 0_D+ s K“e"v 1np'— K\,WV ] q’ (GeV?/ed) Q@ (GeV¥ ) Q@ (GeV¥ )
- 5 __) _ 1 _""I""I""I"'_ _""I""I""I"'_ -""I""I""I"'-
-E F x h]df 0 7 b '{ hldf l 1 Sﬂ'- (h) Data:Ky? ] Foo(d) b 1.5 (O D" decay }_
P i 4 = b —-Datazh Ly, [ —— This work i -
g _T PN w1 LSE LQCD calculation ] L
E .'3”— 1 % 60 :I\F:l \,u ] — K LQCD uncertainty ] T | |
1 . ;§4n —‘f*l'_ |_'°‘31‘ e .
L P .. I TR 7 - : I i
01 00 0.1 01 0.0 0.1 = 2 ] M
Unlii‘; [Ge‘,’} ) =L 1 1 1 ] = ] ] 1
' 0 0.3 1 13 -3 0.5 i 15 -3 0.5 1 1.5
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Case Decay ff((])|1-"cs| r1(tg) P2par v2/ndf
ey N, Fao (Y e (% — ———— : ) ' ‘ . P
B‘O‘ ay — moc;afDL 1 (R‘-‘ﬂj ﬂ])m — f[]ﬁ[][(];i[] — D° — K—e*u,|0.7168 + 0.0016 £ 0.0014[—2.30 £ 0.05 £ 0.03] 0.53 |16.3 /16
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140 [

(b)
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- Other A7 decays ]
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GNN output for i/ A classification

Observation of A7 - ne™v,

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
NRQNII Physl. Rev. D 40[( 1989) 295; ] l l ]
RQM Phys. Rev. D 56 (1997) 348 .
HQET Phys. Rev. C 72 (2005) 035201 .
CQM Phys. Rev. D 90 (2014) 114033 .
ROQM Eur. Phys. J. C 76 (2016) 628 [}
SU(3) Phys. Rev. D 93 (2016) 056008 —e—i
QCDSR  I.Phys. G 44 (2017) 075006 ™
SU(3) JHEP 11 (2017) 147 —e—
LFQM Chin. Phys. C 42 (2018) 093101 .
SU@3) Phys. Lett. B 792 (2019) 214 ——
MBM Phys. Rev. D. 101 (2020) 094017 .
LFCQM  Phys. Rev. D 103 (2021) 054018 4
SU(3) Phys. Lett. B 823 (2021) 136765 —e—
HBM Phys. Rev. D 107 (2023) 033008 —e—i
QCDSR  Phys. Rev. D 108 (2023) 074017 —e—
LQCD Phys. Rev. D 97 (2018) 034511 —e—i
BF,SH[I exp. | | p—.—ql ]

-0.3

PRI IS T R
0.1 0.2 0.3
BN, — ne™v,)(%)

202 010

0.4 0.5 0.6

A novel deep learning method 1s developed to separate signal from dominant background

* Use Graph Neural Network to classify n/A energy deposition patterns on EMC

* Establish a data-driven pipeline for GNN training, calibration, validation and systematic

uncertainty quantification.

» First determination of |V,.4| from charmed baryon decays with form factors from LQCD as input

[Veal = 0.208 £ 0.011 ¢ & 0.007 cp + 0011, ,
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Comparisons of f27K(

I I I I I I I I I
LCSR IJMPA2|1[2006)6125 | 0.661:£0.067 |—-— |
LFQM  JPG39(2012)025005 0.79+0.01 -~
QM JPG39(2012)025005 0.762
CCQM  FP14(2019)64401 0.7820.12 —_—
RQM  PRD101(2020)013004 0.716 .
LQCD PRD96(2017)054514 0.765+0.031 —
LQCD PRD104(2021)034505 0.7380+0.0044 .
LQCD  PRD107(2023)014510 0.7441+0.0040 . 2010->2023
LQCD  PRD107(2023)094516 0.7452:£0.0031 2.4-0.4%
‘Belle  PRLO7(2006)061804,D—Fe'v,  0.605:0.007£0.022 —— | |
BaBar  PRD76(2007)052005D'—Ke*v,  0.727+0.007+0.000 -t
CLEO  PRDS80(2009)032005D—FKe'v,  0.739+0.007-+0.005 -
BESIIT PRD92(2015)112008 D' >K'e*v,  0.748+0.007+0.012 -
BESIII PRD96(2017)012002.D' >K'etv,  0.7246+0.0041+0.0115 ==
BESIII PRL122(2019)011804,D"—Ku*v,  0.7327+0.0038+0.0030 <
BESIII PRD92(2015)072012D°>Ke'v,  0.7368+£0.0026+0.0036  +
BESIII  PRD110,112006, D—KI'v, 0.7366:+0.0011+0.0013  + <0.3%
0 | | | O|2 | | | O|4 | | | O|6 | O|8
f224(0)

Experimental precision of f27K(0) is
comparable to the latest LQCD precision

T
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Experimental precision of f2°7(0) is still
dominated by statistical uncertainties
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Comparisons of |V .| and

‘Vcd‘
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u-e LFU tests with semileptonic decays in different g2 bins

D° > K pu*v,
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u/e

D° - K~
D° - n~
D° - p~
Dt - K°
D¥ — 10
D* —n
Dt -’

D® —» K*~

Dt - Kdn®
D° - K[
Dt - K?

Summary of LFU tests

0.971 + 0.004 £+ 0.005
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090+ 0.11
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SM predictions for semileptonic
decays: 0.90-0.99

14 new decay modes are observed

No deviation greater than 1.7¢
is found!
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Future Physics Programme of BESIII:

Plan of BESIII data taking

Chin. Phys. C 44(2020)040001

Table 7.1:  List of data samples collected by BESIIT/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T¢z) or upgraded (Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

+<—108B finished

150/90 days . 5 7B finished

610/360 days—20 fb- in hand

Energy Physics motivations Current data ‘ Expected final data ‘ Tc | Tu
1.8 -2.0 GeV R values N/A 0.1 fb~! 60/50 days
Nucleon cross-sections (fine scan)
2.0-3.1GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J/i peak || Light hadron & Glueball 3.2 b1 3.2 b1 N/A
J /1 decays (10 billion) (10 billion)
Y(3686) peak || Light hadron & Glueball 0.67 th~! 4.5 b1
Charmonium decays (0.45 billion) (3.0 billion)
1(3770) peak D°/D* decays 2.9 b1 20.0 b1
S - 4.0 Ge R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 fb~! 6 fb—! 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 fhb—! 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh~! 15 b1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YF A cross-section N/A 1.0 fh! 100/40 days
4.91 GeV ¥.Y. cross-section N/A 1.0 fh~! 120/50 days
4.95 GeV =, decays N/A 1.0 b1 130/50 days
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Plan of BEPCII upgrade

* Optimize E_, at 4.7 GeV with luminosity 3 times higher than the current BEPCII -

more effective data taking
* Extend the maximum E__ up to 5.6 GeV — mthysics opportunity
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Summary

» Since 2009, BESIII has operated stably and collect >50 fb! data in E_ = 1.84-4.95 GeV

» Many important results have been published, covering many aspects:

v' Light hadron and glueball search

v" Charmonium(-like) and strangeness(-like) states
v' Baryon physics

v' Charmed hadrons

v" New physics

» BESIII will continue to run for >5 years. More exciting results are expected in the near

future
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Thank you!
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Recent study of D™ - n'f7v, (£ = e or u)

20.3 fb' @3.773 GeV, PRL134(2025)111801
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Most recent results of D

7.33 fb-' @4.128-4.226 GeV, arXiv:2510.05904
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Comparisons of other D — P form factors
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Events/20 Me V/c?

Events/40 MeV/c?

Amplitude analysis of D} — nz*z?

PRL123(2020)112001
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Events/20 Me V/c?
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=)
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Amplitude ¢}, (rad) FF

n

Df —pty 0.0 (fixed) 0.783+0.050+0.021
D = (zt7%yn  0.612+0.172+£0.342  0.054+0.021 £0.025
D —ay(980)r  2.794+0.087+0.044 0.232+0.023+0.033

, =(9.50:£0.28:+0.41)%

Df—>r'n

B =(9212)%

IONERY AP 2

B, . =(T44+048+044)%

DS

Observation of a W-
annihilation process:

sy = (2:20£0.22£0.34)%
which is significantly greater than that of the
known D annihilation decay by two orders of
magnitude
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Amplitude analysis of D} > KKx

D} - K2K2x* PRD105(2022)L051103
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More amplitude analyses of hadronic charm decays
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Strong phase difference between hadronic D and D° decays

CR)

(1,0)

Precision measurements of y at LHCb and Belle Il need input
the strong phase differences of neutral D decays

15 [T T T T
10~
05
0.0 F
05|

-1.0

In B physics, precision measurements of CP violation phase
angles a, B and y offer powerful tests on the EW theories.
Among them, the y precision is the most urgent

Amy

Quantum-correlated ete™ — y(3770) —

' DYDY pairs at BESIII offer an ideal opportunity

to extract the strong phase differences
between D° and D°

In the future 10-15 years, the statistical
uncertainties of the y measurements will

N reach at ~1.5° and 0.4° at Belle Il and

LHCb upgrade

The constraint on the y measurement before BESIII is only 2°. Improved

measurements of strong phase differences are highly desirable
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Strong phase difference between hadronic D and D° decays

0 B _ —
D - KJ,m*n~  PRL124(2020)241802 ete™ - Y(3770) - D°D%at3.773 GeV
1- 1- 1t
05 - 05 — o.sf—
: : : Constraint on y measurement ~ 0.9°
@ of & of & of
0.55— 0.55— 0.5F
s o Yos s T s T
C c
D - Ky, K"K~ D—- K n*n*n~ and K " n°
PRD102(2020)052008 JHEP05(2021)164
B T B 1'55_%%%';&.;&' T T o
1| 1 o . 300 \\ 300F  BESII
. i S F [ A%2=2.30
0.5 . 0.5 y 20 250;-A§2=6.18
| N S 200F S oo I Ax°=11.83
o 0F by w 0 . § s b E o F
: E : L e | 7 Gleoe
_0.5:— 0.5 - . 100;\.“ ) — e 100;________ Ax?=2.30
: : | : b Ay*=6.18
-1 — CLEO-< ] -1 CLEO-c sof s0F — Ay®=11.83
* BaBar Model - * BaBar Model r ;/ C
1S s 0 05 1 s MM i s o oE i Ts g g g gl E s e it g g e s g e
ci c’i RKS:-: RKm"

Constraint on y measurement ~ 1.3° Constraint on y measurement ~ 6° 67



Charmed baryon A decays

> Knowledge is poor. Taking A as example
> AF was observed in 1979

> Before 2014, all decays of A} are measured relative
to AY - pK~ ™, which suffers large uncertainty of
25%, with data at high energy range. No absolute
measurement using data produced at A} pair
threshold

> Sum of the BFs of known A decays is only about
60%

> Similar situation for the other charmed baryons =,
=0 _QO =++

-C cr=cc and Eg_C

Intensive studies of these charmed baryons, search for
new decays and absolute BF measurements are
important to fully explore charmed baryon decay
mechanisms

Scale factor/ s
A: DECAY MODES Fraction (I ; /) Confidence lewvel (MeV/c)
Hadronic modes with a p: S = — 1 final states
=y d ( 2.3 &+ 0.6 )% 873
P — o+ [=1 ( 50 = 1.3 ) % 823

p K> (892)° 6] ( 1.6 + 0.5 ) % 685
A(1232)FF K ( 86 £ 3.0 ) =< 10—3 710
A(1520) =+ [&] ( 1.8 = 0.6 ) % 627
P K~ 7+ nonresonant ( 2.8 = 0.8 ) % 823
P9 70 ( 3.2 &+ 1.0 )% 823
P9y ( 1.2 + 0.4 ) % 568
Hadronic modes with a hyperon: 5§ = —1 final states
Aot ( 1L.07=+ 0.28) % 864
A+ a° ( 3.6 = 1.3 ) % 844
ApT = 5 %% CL=95% 636
At ata— ( 2.6 = 0.7 ) % 8O7
F(1385)y ot o—, T+ — (7 =+ a4 )=10—3 688
Axt
I (1385)  wt o+, T+ — ( 5.5 &= 1.7 ) = 10— 688
A —
At 20 ( 1.1 = 0.5 )% 524
I (1385)+ p9, ZT++ . Axt ( 3.7 &= 3.1 ) =103 363
At o+t~ nonresonant = 8 = 103 CL=90% 807
A+t ot a— 7% total ( 1.8 = 0.8 )% 57T
ATty [B] ( 1.8 = 0.6 ) % 601
3 (1385) a7 [5] ( 85 =+ 3.3 ) = 103 570
A+ o [B] ( 1.2 = 0.5 ) % 517
Axtata— 79, no n or w = 7 = 1072  CL=90% 75T
AKTRD ( 4.7 = 1.5 )} = 10—3 S=1.2 aa3
=(1690)? K+, =*0 . AK©Y ( 1.3 &= 0.5 )} = 10— 3 286
30+ ( 1.054+ 0.28) % 825
>+ 50 { 1L.00+ 0.34) % 827
>ty ({ 55 & 2.3 ) = 10— 713
St agt o ( 3.6 = 1.0 ) % 804
=+ 50 = 1.4 % CL=95%, 575
ot at ( 1.7 = 0.5 ) % TOo
FO 4+ 50 (1.8 = 0.8 ) % 803
FO gt gt g ( 8.3 = 3.1 ) = 10—3 763
St gt a0 —_ 767
3t ] ( 27 = 1.0 )% 560
Semileptonic modes
AL Ly [e] ( 2.0 = 0.6 )% a871
Ae g ( 2.1 = 0.6 )% 871
Apt sy, ( 2.0 = 0.7 )% 867
Inclusive modes
e’ anything (4.5 = 1.7 ) % —
pe T anything (1.8 = 0.9 )% —
p anything (50 +16 ) %% — 68



Absolute branching fractions of A} decays

PRL116(2016)052001
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Based on 0.57 fb-'@4.6 GeV:
Very productive for data taken in 35 days!

Hadronic decay
A;: — pK~m*+11CF modes
/1gr - pK*K’, prt'iv
A; — nKr
A - pn, pr°
AT - X onn®
/15- N EO(*)K+
Ag > Anmt
A¢ = X', 20
Agr — BP decay asymmetries
A; - pKsn
Semi-leptonic decay
A;: - Ae*v,
¢ = Apty,
Inclusive decay
AF > AX
Ag - etX
A - KX
Production
AF A7 cross section

PRL116(2016)052001
PRL117(2017)232002
PRL118(2017)112001
PRD95(2017)111102(R)
PLB772(2017)388
PLB783(2018)200
PRD99(2019)032010
CPC43(2019)083002
PRD100(2019)07200
PLB817(2021)136327

PRL115(2015)221805
PLB767(2017)42

PRL121(2018)062003
PRL121(2018)251801
EPJC80(2020)935

PRL120(2018)132001

69



Impact on the world data of A/

PDG2014 PDG2021

Fraction (I;/I')

For example

Scale factor/ P

A;_" DECAY MODES Confidence level (Me\/c)

Hadronic modes with a p: § = —1 final states [ KO 1.50+ 0.08) % S—1.1
1 P
pK© (23 + 0.6 )% 873
pK=m+ 6] (50 + 1.3)% 823 [ p K r (6.284+ 032)% S=1.4
pf((*{89)2_|)_f_"_ 6] (16 + 05 )% R 685 I3 pr\ wvz) 14 ( Lyex v.2/) %
A(1232 K= ( 86 £ 3.0 )= 107 710 4+ p— o
A(1520) 7+ [B] (1.8 = 0.6 )% 627 K (1232) + K (1.08+ 0.25) o/:’
p K~ m+ nonresonant (28 + 08 )% 823 Is A(1520)?T [a] (22 +£05)%
P%WO (33 & 10) :f 823 Mo p K~ 7t nonresonant (35 + 04)%
1.2 + 0.4 568
P ( )% r;  pK%r (1.97+ 0.13) % S=1.1
g niéﬂ—* ( 1.82+ 0.25) %
L, pK%y (16 £ 04 )%
Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) r KO G'T+ 1.60+ 0.12) % S—1.1
10 PRg
+ 11 pK 7T w ( 4.46+ 0.30) % S=1.5
A REFERENCES M2 pK*(ggz) [a] (14 £ 05)%
We have omitted some papers that have been superseded by later exper- M3 p(K™m lnonresonant T (46 +£08)%
iments. The omitted papers may be found in our 1992 edition (Physical 114 l_l\J_L-.JL) n* CEEY seen
Review D45, 1 June, Part|l) or in earlier editions. s pK 2rtm— (1.4 + 09 )x 10—3
16 PK™ ’,?T+2n (1.0 £ 05)%
AALJ 19AG PR D100 032001 R. Aaij et al. (LHCb Collab.)
ABLIKIM 19AX PR D100 072004 M. Ablikim et al. (BESIII Collab. Tk
ABLIKIM 19X CP C43 083002 M. Ablikim et al. (BESIII Collab.je
ABLIKIM 19Y PR D99 032010 M. Ablikim et al. (BESIII Collab.
AALJ 18N PR D97 091101 R. Aaij et al. (LHCb Collab.)
AALJ 18R JHEP 1803 182 R. Aaij et al. (LHCb Collab.)
AALJ 18V JHEP 1803 043 R. Aaij et al. (LHCb Collab. . o geo ° [
ABLIKIM  18AF PRL 121 251501 M. Ablikim et a. (BESIll Collab. Significantly improved precision and new decay
ABLIKIM 18E PRL 121 062003 M. Ablikim et al. (BESIII Collab_)*
ABLIKIM 18Y PL B783 200 M. Ablikim et al. (BESIII Collab.
BERGER 18 PR D98 112006 M. Berger et al. (BELLE Collab. mOdes
ABLIKIM 17D PL B767 42 M. Ablikim et al. (BESII Collab.
ABLIKIM 17H PRL 118 112001 M. Ablikim et al. (BESIII Collab.
ABLIKIM 17Q PR D95 111102 M. Ablikim et al. (BESII Collab J
ABLIKIM 17Y PL B772 388 M. Ablikim et al. (BESIII Collab.}e . ° e °
PAL 17 PR D9 051102 B. Pal et (BELLE ol Stimulate intensive studies of more charmed
ABLIKIM 16 PRL 116 052001 M. Ablikim et al. (BESIII Collab. )*
ABLIKIM 16U PRL 117 232002 M. Ablikim et al. (BESIII Collab.
YANG 16 PRL 117 011801 S.B. Yang et al. (BELLE Collab.) o ba ryO ns
ABLIKIM 15Y PRL 115 221805 M. Ablikim et al. (BESIII Collab. )*
ZUPANC 14 PRL 113 042002 A. Zupanc et al. (BELLE Collab.)
LEES 11G PR D84 072006 J.P. Lees et al. (BABAR Collab.)

Hadronic modes with a p or n: S = —1 final states
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Decay Asymmetry of AT — Z0K*

» Decay asymmetry results
azop+ = 0.01 +0.16 + 0.03 PRL132, 031801 (2024)

Agog+ = 3.84 +0.90 + 0.17 rad

Physical Boundary

Zou(2020), CA
Zhong(2022), SU3)'

providing strong identification for theoretical ZhAcE SO

1 e i R R o M e s o S 4 fonnemne s e s e
Boog+ = —0.64 + 0.69 + 0.13 - 1 A
ysox+ = —0.77 £ 0.58 £ 0.11 osEn  Nuctoosy pole o
> Phase difference between S and P-waves . Fv oyt
Solution1:8, — 85 = —1.55 + 0.25 + 0.05 e 2 . . v s ~ o
Solution2: 8, — & = 1.59 + 0.25 + 0.05 B s
> Qo+ 1S in good agreement with zero, —0.5-"  Sene2019), SUG)

l 1 | | I ! 1 | I

predictions

I
d—i

2 4 6 8
» cos(6, — ) is measured to close to zero, Branching Fraction(x107)

which 1s not considered in previous literature
» Fills the long-standing puzzle on how to model
azop+ and B(A} —» E°K™) simultaneously 71



oBoM(e*e” — ¢ K'K)) (pb)

Threshold effect on e*e™ — BB

A hint of resonance around AA threshold

ete™ - AA
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Electromagnetic form factors of baryons

In the time-like region, the electromagnetic form factors of the baryons
characterize the internal structure of the baryons

A
ek
Unphysical :
e region
/{ o> N
FFs are real FFs are complex

0 aM? g2

The nucleon electromagnetic vertex I', describing the hadron current:
r,(p',p) =v,F1(q*) + %Fz(qz)
Sachs form factors: Gz(q*) = F1(q?) + tr,F2(q?)
Gu(q*) = F1(q?) + k,F2(q%)



o(e’e — pp) (pb)

Form factors of proton

PRD91(2015)112004: e*e™ — pp with data from 2.232 to 3.671 GeV
PRL124(2020)042001: ete™ — pp with data from 2.00 to 3.08 GeV

SA-ISR: PRD99(2019)092002: e* e~ (y;g) — pP With data from 3.773 to 4.6 GeV
LA-ISR: PLB817(2021)136328: e* e~ (y;ir) — PP With data from 3.773 to 4.6 GeV

e Average cross section near threshold is about 840 pb and is close to
point-like cross section at threshold

* |G¢/G,,| and |Gy,| are determined with high accuracy which is
comparable to data in space like

2.5
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Form factors of neutron

ete™ — nn with data from 2.00 to 3.08 GeV

* Born cross sections are measured with much improved precision and
in larger energy region

* Agrees with theoretical prediction and thereby clarifies the “long-
standing puzzle” that the yn coupling is larger than the yp coupling

V. L. Chernyak and A. R. Zhitnitsky, Phys. Rept. 112(1984)173
- = 2
_ _ o(ete” = pp) 0
e” — BB) | ) Qab(s)’, - = =

o(ete™ — ni) 2
geB

(e

4

Nat. Phys. 17(2021)1200

10* - e  BESII
- : [ ] .
c = DM2 (1991) 0l FENICE: Nucl. Phys. B, 517, 3 (1998) [8] .
FENICE (1998) ] i Prediction: Phys. Rept. 112, 173 (1984) [10]
N SND (2014) i C Prediction: Phys Rept. 550-551 (2015)[11] ’
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o (nb)

Strangenium-like states: Y(2175)/¢(2170)
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More Y(2175) studies at BESIII
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R values

»Measurement of R values in the energy range of 2.23-3.67 GeV

»Precision is better than 3% and is improved by about twofold compared to the previous
best measurement

»Crucial input parameters to calculate the running coupling constant in theory.

» Constrain the muon anomalous magnetic moment, therefore help to clarify the 4c
difference between theoretical calculation and experimental measurement

PRL128(2022)062004
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The Y states

ete” (yisr) = /Y ete” (yip) = T P(2S)
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Charmonium spectrum

From F. K. Guo

Charmonium spectroscopy

® Charmonium resonances lie in a
transition region perturbative

and non-perturbative QCD

® Experimental measurements >
test theoretical predictions in

the low energy regime of QCD
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Electromagnetic

Calorimeter
CsI(TI): L=28 cm
Barrel 05=2.5%
Endcap 05=5.0%

Study hyperons at BESIII

Muon Counter
RPC

Barrel: 9 layers
Endcap: 8 layers
Ospatial=1.48 cm

Main Drift Chamber
Small cell, 43 layer
Oxy=130 um

dE/dx~6%

0p/p=0.5% at 1 GeV

Time Of Flight

Plastic scintillator
or(barrel)=80 ps
or(endcap)=110 ps

(update to 65 ps with MRPC)

With 10 billion J /3 and 2.7 billion ¥ (3686) collected at BESIII,
~107 spin-entangled hyperon pairs can be produced, which
enables precise studies of the hyperon physics.

[ Front. Phys. 12(5), 121301 (2017) ]

B 10°) | NyOx 100

J/P = AA 1.89 + 0.09 ~18.9
J/Y - 2% 1.172 4 0.032 ~11.7
J/Y - TtE- 1.07 = 0.04 ~10.7
J/p - EOEY 1.17 £ 0.04 ~11.7
J/Y > E"Et 0.97 £ 0.08 ~9.7

W(2S) > Q-+t 0.057 +£0.003  ~0.17

More 1 (3686) data will be taken after the
upgrade of BEPCII and BESIII inner tracker.

A hyperon factory .
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