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BEPCII and BESIII
« BEPC > BEPCII
. Luminosify:1.0x10319 1.0x1033cm2s1 _

BESIIT: a new spectrometer
* Very good energy resolution for photon

 Excellent momentum resolution for charged particles

Upgrade in 2004-2008 « Good hadron identification capabilities
(BESI1—>BESI 1)

Upgrade in 1996—1998
(BES—BESI I )



World largest data sample directly collected in
the T-charm region
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Physics accomplishments

@ T mass measurement

@ R value measurement

@ Light exotics

@ Charmonium-like states
@ Charm physics

@ New physics searches



T Mass measurement



T Mass measurement
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@ More likely T mass come down in case of lepton First T events

universality ?
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energy scan
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T mass: BES
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T mass: BESIII
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R value measurement
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R value measurement at BESII M

R(s) = otot(€te™ — hadrons) .
Tiot(€Te™ — putu) G

CrystalBall
Gamma2
Markl
Pluto

BES (2000)
BES (2002)
BES (2009)

MYLLATULL A
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(GeV) Beam Pts | Beam Pts| (days)
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e+x<ogr[O>

PRL84, 594 (2000),IPRL88, 101802 (2002), PLII?>677, 239 (2009)

2 3 4 5

Ecm (GeV)

R provides strong evidence for the quark model and 3 colors
- Mass of Higgs particle ?

A
¢ u
1995 before BES R data

a(i?)™" = 128.890 £ 0. 090
m, = 627, GeV, m, < 170 GeV

2001 with BES R data

a(M;)" =128.936+0.046
m, = 982:GeV, m, < 212 GeV



R value measurement at BESIII
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@ Full energy region in progress

R scan above open-charm threshold
3.85-4.59 GeV 104 pts ~0.8 fb~" @ Exclusive hadron cross section

@ Form factors of baryons and light mesons

12



0.06

0.04

0.02

-0.02

-0.04

-0.06

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

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

ete™ — AA with data@2.396 GeV
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Confirm the complex

form of electromagnetic

form factors
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New resonant structures at BESIII

Charmonium(-like) particles
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31 new hadrons at BESIII
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Conventional & Exotic hadrons

o Quark Model 9 e

baryon meson

@ QCD allows for hadrons beyond Quark Model

® @

dibaryon Pentaquark tetraquark

S & &6

hybrid glueball molecule

””
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Observation of X(18??) at BESII-BESIII

PRL91, 022001 (2003)
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Observation of the anomalous structure around 1.84 GeV
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Events/(0.01GeV/c?)

Events /0.015 GeV/c?
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new glueball candidates ?

6 Glueballs and light hybrid mesons 91
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6.1.1 Lattice QCD and QCD sum rule calculations. . . . . . ... . .. 93

6.1.2  Scalar glueballs and the f(1500)/fo(1710). . . . . . . . ... . .. 95

6.1.3 Tensor glueballs and the f5(2340). . . . . . . ... ... ... ... 100
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Physics \ General Physics

Editors' notes
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Possible evidence of glueballs
found during Beijing
Spectrometer lll experiments

by Bob Yirka , Phys.org




Observation of 1;(1855) in J/y-ynn’
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Multi-quark states
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Couple channel analysis of X(3872) line shape
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Field renormalization constant : Z=1: pure elementary state; Z =0.18 LHCb: 2=0.15
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o(e'e’— nrnd/y) (pb)

Dressed Cross Section (pb)
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Y(4260)=Y(4230)

®Seen in more than 10 decay modes, including open charm final states
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Dressed Cross Section (pb)

Y(4260)=Y(4230)

®Seen in more than 10 decay modes, including open charm final states
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Events / 0.01 GeV/c?

Events / 4 MeV/c?
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Observation of Z_(3985): SU(3) partner of Z,
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RMA(K*) (GeV/c2)?

M= 4208.4 + 3.1 MeV/c?
I'=6.1+5.7 MeV

M= 4316.0 + 2.7 MeV/c?
' =9.0+ 8.6 MeV

High statistics needed |
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Charm physics



CKM Matrix

% CKM matrix elements are fundamental parameters of the Standard Model (SM):

Vg 1— 222 A AN i) 4
I_‘/gd_ AN (1 —p—in) —AN? 1
Vid /-

Charm decays + LQCD B decays + LQCD

Expected precision < 1% at BESIII

% Any deviation of Vg from unitarity indicates new physics
- Measurements of CKM matrix elements [from PDG2024] Precision: (0.6-1.8)%

IV ud|?+|Vaus|>+|Vup|2=0.9984 +0.0009 =1(SM) V4| = 0.221 J_r/
Veal2+|Ves |2+ Vep 2 <0.001 +0.007 ) =1(SM) Ves| = 0.975 + Q006
P

Vepl =0.0410 £ 0.0012
recision: 0.7%

$ D/Dg (Semi-)leptonic decays provide direct measurements of [Vz5| and [Veq|


https://pdg.lbl.gov/2024/reviews/contents_sports.html

Veq| from D —» pu*v, and D™ - t¥vyviatt > i,

LA I S B —

Data a1 -1
i o Nptoyty, | 20317@3.773 GeV Bot oty = (3.98 + 0.08stat. & 0.04deyst.) x 107
ol . =2890457]  arXiv:2410:07626 Dot = o yet.)
PG I ] fo+ | Vea| = (47.53 + 04840t + 0.245550 + 0.1245p40:) MeV
s | for = (2115 £ 215000 = 1.1gys0 = 0.8input) MeV
s 200
=0 [Vea| = 0.2242 £ 0.002344t £ 0.00115y5¢ £ 0.00095put
0

92 ¥y 2 0.0 '_2 L ' ' ' ' I ' ' ' ' ! ' ' '
ML (GeV¥/ct) SM global fit PDG 0.22486+0.00067
~ 100 R |
:‘T‘ I —$— Data _
LIS Npegn, \i 79 fb=1@ 3.773 GeV HFLAV21 PRD107,052008 0.2208+0.0040
g [ —o-oww  =283132 JHEP01(2025)089 -1 e
S ol — g:: ;:L: ( ) BESIII 2.93 fb™ PRD92(2015)072012,re*v, 0.2278+0.0034+0.0023
S [ —ookw BESIII 2.93 fb' PRD96(2017)012002,m%*v, 0.2243+0.0058:+0.0026
R [ == D'>n1*
*g L :q t*:‘bkr‘a non v, + BESIII 2.93 fb™ PRD97(2018)092009,ne*v, 0.2264+0.0338+0.0318
> [ = Smoot g
= 20l 2 BESIII 2.93 fb™ PRL124(2020)231801,nu*v, 0.242+0.041+-0.034 ——
N il L BESIII 2.93 fb” PRL124(2020)231801,K"v, 0.217+0.026+0.004
M2 (GeV/c2)?

. BESIII 2.93 fb" PRD89(2014)051104,u*v,  0.2165+0.0055+0.0020
BD+—)’T+V7- — (9.9 :l: ]..1stat. :t 0.5syst_) X 10_

BESII 2.93 fb" PRL123(2019)211802,7v  0.238+0.024+0.012 —t
o +|Vc d’ s (45_9 + 2.5t 1-2syst + 0-1input) MeV BESIII 7.90 fb™ JHEP01(2025)089,tv 0.216+0.012+0.006 -I
BESIII 20.3 b arXiv:2410.07626,1°v, 2242+0.0023-0.
Via| = (0.21640.0124¢1 +0.0064y5: £0.001 10put) . i e ”/',"?2“2’7" °°23+° ot
B e o G T 7 . - o o b
LFU test: Rrju = == =249 40.31 Highest precision of |[V,4| to date: ~1.2% Veal

Bot—utv,  SM=2.67 30



V5| from Dg — p*v, and DS — t™v;

7.33 fb'@ 4.128-4.226 GeV 10.64 fb~1@ 4.237-4.699 GeV, PRD 110, 052002 (2024)
PRD 108, 112001 (2023)
+ * + $ + + _ D1y, 3 ‘D | ED:—n;v1 ! e
—_ T —_ Xk Xk — - . [ — Best fit ]
eTe” — DDy ete” = DT Dg 00 el o
: '_*_IDIt | | Iil I+ | | | | | ' ‘ I | l I + I + ..... Background : AIOO:_ \ """ g%:&f:)’:ikgmund_:
e ey Y o 60T 2 Perti 22 12 b [ ]
300 - : 2 r ; 2 > 50f TR
o | [ Real-D, and non-D] N> L N _Slg{lal QO \ -f ) 6 “ LS
N<> é i D.S-‘I-_)M-I-v[l pag| 0 me Background g e /L’— <= ===
z . __ND+_>M+V £ 9" =507 + 26 S | & s, © som . d
= F=2515452 s | £ 200f R B =l
% i ‘§ 20~ = 1s0f eSClenl, < 5 a0} i cg»hjeg‘zﬁ’ﬁgmum
L: 100 —_ 5 = EnNN g Background 1 L
_ i 100f } h . !
- PEEE o - AR EPRERERL & = m <k 1o TR f 1 20
= e -0.2 -0.1 0 0.1 0.2 S0F),\-"" ¢ . i
-0.2 -0.1 0 0.1 0.2 M} (GeV/cd) ) ] e -
M, (GeVZcY) 00 05 10 15 20 02 00 02 0.4 0.6 08
Eqm ' (GeV) M2, (GeVZ/ct)
BD?—WW,, = (0.5294 £ 0.0108,, % 0.0085,) % ND+—>r+v — 2845 + 83
for|Ves| = 241.8 £ 254, + 2.2, MeV Bpi uty, = (0.547 £ 0.026,, = 0.0164y) % Bipi-saiy, = {500 01655 020, 1%
fDS+ = 2484 + 2°55tat + 2°2syst MeV ij - (253-2 == 6-Ostat == 3-7syst == O-6input) ij — (2596 = 3'7stat == 4'°6syst == 0-6input)
V| = 0.968 + 0010, = 0009, [Ves| = (0.986 = 00234y £ 0.0145 £ 0.003i5p0) |V, | = (1.011£0.014, £0.018, 4 £0.003;1)

Precision : ~1.4% LFU test: ;’ﬁ; = 10.24 £ 0.57 SM=9.75

D —>;l+l/l
s I 31



Ves| and fp+ from Dy — u*v, and DJ - t¥v;

[ [ [ [ [ [ [ [ [ [ [
CKMFitter P+EP2022(2022)083C01 | 0.97349+0.00016 ,|
HFLAV21 PRD107(2023)052008 0.9701+0.0081 .
CLEO PRD79(2009)052002, t.v 0.9811+0.044+0.021 =1
CLEO PRD80(2009)112004, t v 1.001+0.052+0.019
CLEO PRD79(2009)052001, t_v 1.079+0.068+0.016 et
BaBar PRD82(2010)091103, t,,v 0.953+0.033+0.047  HeH
Belle JHEP09(2013)139, <, .V 1.017+0.019+0.028 HoH
BESIII 6.32 fb! PRD104(2021)052009, t.v 0.972+0.023+0.016 i
BESIII 6.32 fb! PRD104(2021)032001, t,v 0.980+0.023+0.019
BESIII 6.32 fp! PRL127(2021)171801, t,v 0.978+0.009+0.012 I
BESIII 7.33fp! PRD108(2023)092014, t_v 0.993+0.016+0.013 o
BESIII 7.33fp! JHEP09(2023)124, t,v 0.987+0.016+0.014 o
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016
BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 et
Belle JHEP09(2013)139, pv 0.969+0.026+0.019 e
BESIII 0.482 fb' PRD94(2016)072004, pv 0.956+0.069+0.020 1+
BESIII 3.19fb! PRL122(2019)071802, pv 0.985+0.014+0.014 -
BESIII 6.32 fb! PRD104(2021)052009, pv 0.973+0.012+0.015 ™
BESIII 7.33fb' PRD108(2023)112001, pv 0.968+0.010+0.009 «

[ [ [ | [ [ [ [ [ [ [
E'11M(2+1+1) PRD91(201;)054507 247.214'.1 Foi
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 o
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5
HFLAV21 PRD107(2023)052008 252.242.5 boi
CLEO PRD79(2009)052002, t.v 251.8+11.2+5.3  #—e—t
CLEO PRD80(2009)112004, 1V 257.0+13.3+5.0 +—e—i
CLEO PRD79(2009)052001, t_v 277.1+17.5+4.0 ——1
BaBar PRD82(2010)091103, 7.,V  244.6+8.6+12.0 H——H
Belle JHEP09(2013)139, ., v 261.1+4.8+7.2 H-eH
BESIII 6.32 fb ! PRD104(2021)052009, t_v 249.7+6.0+4.2 H—e—i
BESIII 6.32 fb ' PRD104(2021)032001, TV 251.6+5.9+4.9 He—t
BESIII 6.32 fb ! PRL127(2021)171801, <t.v 251.1+2.4+3.0 [roen
BESIII 7.33 fb ! PRD108(2023)092014, t.v  255.0+4.0+3.1 et
BESIII 7.33 fb ! JHEP09(2023)124, T,v 253.4+4.0+3.7 ot

BESIII Combined tv
BESIII Combined ™V + LV

| | | I | | | |

0.9831+0.0068+0.0080 »
0.977410.0056£0.0072 « 0.9%

BESIII 0.482 fb " PRD94(2016)072004, v

CLEO PRD79(2009)052001, pv
BaBar PRD82(2010)091103, pv
Belle JHEP09(2013)139, pnv

BESIII 3.19 fb ! PRL122(2019)071802, pnv
BESIII 6.32 fb ! PRD104(2021)052009, uv
BESIII 7.33 fb ! PRD108(2023)112001, pv

245.5+17.8£5. 11—

256.7+10.2+4.0 ——i
264.918.4+7.6 H——H
248.8+6.6+4.8 H—e—H
253.0+£3.7+£3.6 H-eH
249.8+3.0+£3.9 HeH
248.4+2.51+2.2 ]

| | | | |

Precision : ~0.9%

BESIII Combined 7TV
BﬁSIII Combined 7TV + UV
|

|

252.37+1.74+2.07 1
250.90 i|1.44il.86 12
| | | |

0=0.9%

| | | | |
0

200
f D.;I_ (MGV) Precisionﬁ ~0.9%




New physics searches



CPV in SM is small : # events Experiments
Bmeson (2001) : O(1) 10° B factory ﬁ
K meson (1964) : 0(103) 106 Fix targets ]
d ntlmattg If
D meson (2019) : 0(104) 108 LHCb
Hyperon : 0(104) 0(10%) Fix targets, BESIII 10 000 000000
12000
J/y samples BESIT

10000
10000

Y 10 000 00000 1

800

600

v »Not enough |
2000 CP asymmetry : 10-10 — present universe
ekl w2 mes  msi mEsi CP asymmeTr'y in SM : 10-20 ~ 10-16

Events (Million) 34




The most precise CP test in A and A decay

10 billion J/t[} (PRL. 129, 131801 (2022)) Nat. Phys. 15, 631 (2019)
- 10 billion ] [ m This Work (10 billion J /1) Previous Results (1.3 billion J /1)
%2bolarization: max 25% " Gy 0.4748 + 0.0022 + 0.0024 0.461 + 0.006 + 0.007
0.1F AD 0.7521 + 0.0042 + 0.0080 0.740 + 0.010 + 0.009
§< N . . A . a_ 0.7519 + 0.0036 + 0.0019 0.750 + 0.009 + 0.004
g 0Of
= f a, —0.7559 + 0.0036 + 0.0029 —0.758 + 0.010 + 0.007
0.1
_osE ’ —FT Acp —0.0025 + 0.0046 + 0.0011 —0.006 + 0.012 + 0.007
= —W=1
- | PR [ S S ST S R T S S
-1 —0.5 0 0.5 1 Aavg 0.7542 + 0.0010 + 0.0020 —
cos(9,)
' rrT Illllllllllllllllllll g IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
BES3 1.3 billion J/y(Z /%) @ PDG
|
More than 10 BES3 10 billion J/y(A/A) @ CNTR8s |
standard deviation DM2
shift from all CLAS19 —— CNTR96 |_._
previous BES |
measurements BES3 1.3 billion J/\y(A/A) |
BESIII 1.3 billion J/y -
- . BESIII 10 billion J/y Jl
IIIIIIIIIIIIIIIIIIIIIIII_IIlIIIIIIlIlII
PDG 2018 PDG 2022
1 | 1 1 1 I l 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 I 1 l 1 I l 1 _0'25 _0'2 _0'15 _0'1 _0'05 O 0'05 0'1 0'15
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 Ace

o.(A — pr) Standard mode prediction : Acp™ 104 (PRD 34, 833 (1986))



(a)

Strong

CP test in J/y—A X

4 >MNWVW\£)>NM/VW\A< >¢VW§?A)AN<
EM
\_ EM HVP

~

J

O 4 N * Each bin result for Jiy—Ax®

B {' Each bin result for JAV—>A§0

== Global result for JAV—>Afo

= Global result for JAy—AL®

First measurements:
Ap=1.011 = 0.094 = 0.010
Ad,=2.128 + 0.094 + 0.010
|G¢/G),| =0.086+-0.029+-0.010

Ad+Ad,=(3.139 + 0.133 + 0.014)

Nature Communications, 15,8812,(2024)
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CP tests at BESIII

——

—— A2, (X1079) =

& Agp(X10-3)
——Agp(x107%)  —em-
= ApIp(X1073) —hr—e—

APZ(Xx1073) —a—as

BESIII results
J/ — AX0[27]

¥(3686) — E-E+ 24
¥(3686) — E0=0 [29]
J/¥[¢(3686)] — T+ [22]
J/Y[¢(3686)] — B+ (23]
T/ — AN )

J/p — AA (X10-1) [13]
J/yp — E-E+ 4]

J/p— 370370 [19]

J/vp — EO020 (x10-1) [21]
J/p — E"E+ (x1071) 9]

Theoretical predictions

Adp (X10-6) 12]

H
1 Agp (x10-6) [11]
— Agp (X10-6) 11]
I | | | | | ‘ |
—500 0 CP parameter

@ SM predicts very small violations of CP

symmetry.

@ Sizeable CP violations prerequisite for

Baryogenesis
@ BESIII: 10 billion J/4 events
@ CPV at BESTIT: ~ 10-3
@ More data strongly needed!

@ 10%3J/y per year @STCF ??
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Future prospects
« BEPCII/BESIIT upgraded in 2024

« Optimization 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 — more physics opportunity
Q.0,

olete>utu")
wooh

R=c(e*e->hadron)/ R
t\)

1 G

Continue to run for >5 years??

More exciting results are expected in the near future!
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