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Beijing Electron Positron Collider (BEPCII)

.
beam energy: 1.0 — 2.3(2. 45) GeV \"’ ﬂ*

2020 energy upgrade to 2 45 GeV
& top-up mode

2004: started BEPCIl upgrade,
BESIII construction

N 2008: test run
2009 now: BESIII phy5|cs run
4 - 19892004 (BEPC):
Loeac=1.0x1031 /cm?s
* 2009-now (BEPCII):
seal= 1.0 X1033/cm2(4/5/2016)

5 )\ BFEERAETTS | 7Y



BESTT BESIII data sample

2009: 106M y(25)

BESIII integrated luminosity

225M Jly
2010: 975 pb-1 at y/(3770) | I
2011: 2.9 fb-1(total) at y(3770) IHT HH=_—=,-

482 pb-1 at 4.01 GeV —e—Total lum.

2012: 0.45B (total) yw(25)
1.3B (total) Jly
2013: 1092 pb-!at 4.23 GeV
826 pb-! at 4.26 GeV
540 pb-!1 at 4.36 GeV
10 X 50 pb-! scan 3.81 — 4.42 GeV
2014: 1029 pb-!at 4.42 GeV
110 pb-1 at 4.47 GeV

7.48
ll_llllllll

110 pb—] at 453 GCV Bze(ﬁ;e 2012 2013 2014 2015 2016 2;)17 2018 2019 2020 2021 2022 2023
48 pb-1 at 4.575 GeV =
567 pb-1 at 4.6 GeV
0.8 fb-1 R-scan 3.85 — 4.59 GeV 100 = PRL ®m Other ® Nature/Nature Physics Submitted
2015: R-scan2 — 3 GeV + 2.175 GeV %
2016: ~3fb-! at 4.18 GeV (for Dy) i Totally submitted =
2017: 7 x 500 pb-! scan 4.19 — 4.27 GeV
2018: more J/y (and tuning new RF cavity) ” 542 papers
2019: 10B (total) J/y ?
8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV .
2020: 3.8 fb! scan 4.61-4.7 GeV 35
2021: 2 fb! scan 4.74-4.95 GeV; 2.55B (2S) . l I I I
2022: 5.1 fb! at ¥(3770) o ™ :

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2023: ~8.1 fb! will be taken at ¥(3770)
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* Hadron form factors

e Light hadron spectrosco e XYZ particl
* Y(2175) resonance B P PY PV

_ * Gluonic and exotic states * D mesons
* Mutltiquark states * Process of LFV and CPV « f andf,,
with s quark, Zs * Rare and forbidden decays * D,-D, mixing
* MLLA/LPHD and QCD * Physics with T lepton * Charm baryons

sum rule predictions
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BESII

Hadron Landscape

Aghs o R

Two-body ZZs  Q0; DD EE: QQc
Thresholds ESES - =
Molecules qq9q : i
Gluonic ddg,u:ug,ssg o
Excitation 999, g9
i Light Mesons : Charmonium
Mesons i Iy, % w(2S)
p,fa h K :
LEAR! BE§'I I I_E

1 2 3 4 5 6
Mass [GeV/c?]

At BESIII, two golden measures to study

hadron spectroscopy, esp., to search for exotics

* Light hadrons: charmonium radiative decays (act
as spin filter) (10 B J/3p and 3 B ¥ (2S) )

* Heavy hadrons: direct production, radiative and
hadronic transitions (data above 3.8 GeV)

Hadron-physics challenges:

« Understanding of established
states: precision spectroscopy

« Nature of exotic states:
search and spectroscopy of
unexpected states

[/
1.2
l/
l/

Ldt (pb™)

g - R

38 40 42 44 46 48 50
Ecm (GeV) =

XYZ studies: about 23 /fb |
data above 3.8 GeV

™
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BESIT

26 New Hadrons Discovered at BESIII

http://lenglish.ihep.cas.cn/bes/re/pu/NewParticles/

Y(4790) 4
Y(4390) Y(4500) o
i Z.(4020)" 7 (4020)° e
— 4r @ o . ) .; (3900)° M Z.,(3985)°g
Nu ! Z.(3900) ow2(3823)
~~
=
Q
Q, S F 26 new hadrons at BESIII
% ; N(2570) & :;(((2600))
© X(2370) N(2300) X(2500) 2 24sox -
= Exmzm X(2262)° ®o(z250) X(2356)
2 — #X(1870) @X(1840) n,(1855)Ag o
a,(1817)
‘I 1 1 1 1 1 1
2012 2014 2016 2018 2020 2022

Date of arXiv submission
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BESIT  X(pp)/X(18??) from J/y radiative decays

— e J/y>vKsKsn 0, =140 7
2 soof (b) X(2120), X(2370) 7} iﬂ%‘?ro.em.oni
[ E E D60 I Background 250
Q 400} ] O --X(1835) ] ; 250 r =
S g 850; :fégass?)space 1 o B S W =
S g )t ] - J/3p—yK K O 0| v PRL108.112003
S 300f S4o; e [ Ihp—y'ne - 4 PRL115001803
5 : »30f { . 200[— : : 0+ | + PRD87,032008
& 2 T ool : e it m  PRD88,091502
1ok o= - 2 JPC?| A  PRL107,182001
E w10 i O:
F ] 0 Ay 150 =
0 = : , = ¥
14 1.6 18 20 22 24 26 2.8 16 18 20 22 24 26 28 - =
M, (GeV/c?) koo, (GeV/c?) B =5
S'NS ]
100 o
250: l \T/Wevw‘b (a) — R I |
Fol T = ' ] - _;_
& 2000 4R f_g(zl)g)c)) b 3 50
s r 5 - _2(1950) > B Ihp—ypp H
> C : — — n(2225) [ L : .
G 150 — - - Phase-space &( ; [ :
= C 5 oho Background S P ] I CEPRPI RE) SV I TP [ (ORP EPRETS G e
S r Eogl P 1800 1820 1840 1860 1880 1900 1920 1940 1960
= 100} b = 2
2 : 225M | S M (MeV/c?)
(0] - [ =
i ' 2
B m =
: e © PRL117, 042002 (2016) PRD97, 051101(R)(2018)
ot iy 0.0 0.1 0.2 0.3
2 25 3 2
M __-2m_(GeV/c?) -
M(K'K t*n0)(GeV/c?) pp =R ]/ y-yyo
N"'SOO\_\ T T T T T T T T T T T T T T T T ] R I gy oy T
Tk J'/ SWNT* BES] %
s I J/y—y3(mm) v < L
2250 Iy L =
o F 2 700 2 0]
%200? E-’ 600F R NN o e o §
Z 150 g 500 o < 2
w [ = 400 & 2 s
@100 Z 300 7 X(1870) o g
- 2 200 : = w
S0 L 100 | (1405)//\ b s
0k 617 : ‘“‘11'8“"”‘";‘6”‘ A“.‘z‘ = ‘21‘ 0= 6 20 03 T4 15 16 17 18 19 2 21 22 M(yo) Gevic?

’ ’ Mnn'n] (GeV/c?)
M(3(r')) (GeVic) f,(1285) M,” GeV/< 2) it

Are they the same state? It is crucial to understand their connections.
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BESIT  Anomolous lineshape of X(1840) in
J/Y - y3(mn)

[T T l | B B I L L I L L l L L ] L l L =
SOF Bestm arXiv:2310.xxxx
5 250 M = (1842.2 £4.277! ) MeV/e2 }
o - 2.6 .
3 sk | T- (52 14 11) Mevie g 10B J /1 events are analyzed:
o F|>760 = 50x more than the previous BESIII work
= 150 —
v - =
S [ PRDSS,091502(2013) % ° : ) E——
E E f E {\515000 :_ ; :ta:zsult Fl tt (a) :\’g E ....... 2;(:9;:3)*.)((1330) (b)
50— B > b o X(1840) atte > e s coherent 2B
= T Q - . total background % 10000 N nterference term
5 e O PN Rl N I E 10000 Lo non-resonant 2m o B < total background
e 17 18 19 2 2.1 = [ emseEm 14 =g e
M(3(w*r)) (GeV/c?) 2 soool- @ S0r '
o C 2 -
w B P Y RRETION . 0 -
2500 _|H“IIIIIIIIIIIIH i ‘II‘IIIIIIIIII‘[H[“H— o X F‘;‘":--‘T‘T‘ »I- - - “"l' """"""" |
mo” T T —+ Data b 10-_ :P A
: 1 :ﬁ(lfgft;)m ] g—_ LA set, ¥ sasts g}-h
07\52000?% ] ] r&gﬁxgg;«-xueﬁ{ s FATETY 8 7 {.‘!: RO ¥ -2:_ t
> [ 120d +. ] { — Non-Resonant | -10 | | | 'y | 4
2 1500l \g”\*hh e threchod | 16 17 18 19 2 . .
O [ b M(ér) (GeV/c?) M(6m) (GeV/c?)
PRL 117, 042002 (2016)
T [
L 500
Parameters Solution I Solution II
2
01.3 14 “1.5 16 1.7 18 19 2 21 22 MX(1840) (MeV/c ) 1832.5 :}: 3.1 :}: 2.5
. FX(1840) (MGV) 80.7x£52+£7.7

X (1835)
Mass (MeV/c?)

Bx (1840)(x107°)
Mx (1880) (MeV/c?)

1.19£+0.30 £0.15 2.07£0.50 &= 0.36
1882.1 £1.7%+0.7
30.7x5.5+£24

1825.3 +2.47)7°

Width (MeV/c?)

245.2 +13.156

X (1870)

FX(1880) (MeV)

Bx (1880)(x107%) 0.29+0.20£0.09 1.19+0.31+0.18

Mass (MeV/c?)
Width (MeV/c?)

EIHiz:'—%
= iyav

Iy

1870.2 +£2.2123
13.0+6.175%

F/)\BFEEZICTMTES
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3OI Rediscovery of Y(2175)/¢p(2170)

ete” — K*(892)°K° e
R(K*(892)) = olete” = K*(892)TK™)

arXiv:2309.13883 o(ete” — K*(892)°K")

~_~ | —4§— BESIII L
-Q [
2 2000 (a) — Total oasi- (a) {mesm {
P [ - == Resonance r
LM R N | e Continuum [ oal
— [ N a L
(o] [ === Interference E [
) * L
S 1000 |- Mol
509 —f— sesiiee = on —¥— PDG 2021 I *g r &g 005 | l\ | k |
—&— BESlll e'e’ > on —F— BABAR e'e” - yén'n 1 I [ | |.|{ i
=t BESIll ' — 611 i BES J/y — 16f,(980) ‘o - o:— “l
—Z&— BESllle’e’ - KK %" =T BABAR e'¢’ — y¢én +&‘, 0_“ """" T e e e e e S dr re re as !
—5— BESllle’e = KK~ —3F— Belle e'e” - ¢1° 1 o} L | ’ .\(E (Ge.V) ’
= 400 wdf BESIIl 6°¢" — K2K? —%— BABAR e'¢" — yK'K'n'n" 2 2.5 3
% e BESIIl 6’6" — KK x° == BABAR e'¢’ - yK 'K z°x° /s (GeV) . 9
s ~&— BESllle’e > ¢7° 7 —§— BABAR e’e - y¢f ,(980) R<02 mU.Ch IGSS than 1 K
A —&— BESII J/y — nén’n
)
~
S| + + + 0.0
S <= - - -—
200 l e’ €é DWN T ee D wn'm
L i 1
| - JHEP 01, 111(2023) PRD105, 032005 (2022)
L —_— :g 1200 ] 40U
e - — F.i ] B BESIII
- 2 10000t o BESIT 3 (a) 2 Fii
. g R 1 g0 = =
oL v s b — goobd 11 = Signal 1 & L === Conliuous
24 2.2 2.3 B n e 2 1 g r
B 600 4 % 200
2 3 F ] 3 H
: m 170y [GEV/CY] X 400k R S
: - 1 o
+$ 2001 i1 e 1 o "
QL L $ HEH - o L
() 0 faeet=" (o1 N a [e}
© & ! : ] 0
C 1 A . I I | 7 ; ; : ; ; i S 3 ;
200 2 22 24 26 28 3 2' 2"5 3'
Is (GeV) ¢ Is (GeV)

s F/)\BFEERUmShYS , 75 10



BESII

ete™ - wn®

PLB 813, 136059 (2021)

30 E & + This work + SND(2000)
E 25 i+ SND(2016) — Total fit
= 25 : s, +++ Y(2040) P
o 5 s- p(1450) - - p(1700)
-~ 1 -+~ Interference
& )
=4
8 . FE B ;i \NROSELET Nall L el
T 2.l2 24 26 28 3'
‘D 5 .
+ LA a e
3 0 T B o R R O s IR oA N Y
o] E
-5F
E 1 [ ! | 1
1 1.5 2 2.5 3
s (GeV)

* a structure Y(2040) with stat.

significance >100
M = 2034+ 14 + 9 MeV/c?
=234+ 30 + 25 MeV

* close to the isovector state

p(2000) or p(2150)

ete” - n'ntn”
PRD 103, 072007 (2021)

T I I I T 1
— 300} (a) - BESIII B
o) B --¢-- BABAR 1
o i % — Total fit
:: N --- Resonance
B 200 : - Interference
B %
< 100f
2 0 ;
3 P -
5 b
-100 L g 1 1 5
2 22 24 26 28 3 32 34

s (GeV)

e a structure around 2.1 GeV:
stat. significance >6.30

M = 2111+ 43 + 25 MeV/c?
I'=1354 34 + 30 MeV

* consistent with the
Y(2040)inete” - wn®

F/)\BFEERUmShYS , 75

The isovector states

— + —
ete” »aynt - nutn

arXiv:2310.10452

—#— BESIII
— Total fit
- == - Resonance

T

2000 (a)

1500 |
r Interference

1000 ff

) (pb)

50007

e— ain

00
3000 F

o(e*

2000 [ &

1000 }/

-1000 7

2I 2!2 2{4 2}6 2!8 é 3}2 3"4
Is (GeV)

a structure around 2.1 GeV:

stat. significance >5.7 o

M = 2040 + 28 + 2 MeV/c?
=160+ 67 £ 3 MeV
consistent with the
Y(2040)inete” - wn®
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Besm 3F 26 new hadrons at BESIII

! N(2570) ¢ X(2600)
rxmm) N(2300) ®X(2500) ®f,(2480)
®

X(2120) X(2262)° ®(2250) X(2358)
2r X(1870) X .
(1840)
: ¢ ¢ Hybrid? 0(181 7
. Molecule?
N , . . Tetraquark? _
2012 2014 2016 2018 2020 2022

Date of arXiv submission

PRL129, 192002 (2022)
PRD106, 072012 (2022) ——T—r—r—"—"T

(a) v2/dof 1.57 Decay mode Resonance M (MeV/c?) T (MeV) Mppc (MeV/c?) I'ppg (MeV) B.E (x107°)  Sig.
—~~ a) vy~ = e P
No + A 140 fo(1500) 1506 112 1506 112 1.81£0.117013 300
~ —o— Data : - . c c +0.04
S 300 e fo(1810) 1795 95 1795 95 0.11£0.01*9% 11,10
O { o+ f0(2020)  2010+£67§ 20349713 1992 442 2.28+0.1213-23 24.60
g —_— 4 JIh = X = vy pefekaadon 3190 7+7 s L1n+3 2314 144 01000 02+0.01 199
— T (n (1855 - T2
— 200 - Vi) n(1855) 1855496  188+18+3 : : 0.27+0.04*992 2140
¢ S—
v ===s PWA fit projection (exclude 1) T2(1060) 1542 122 1542 122 0.32£0.0575 05 8.70
GC) — PWA fit projection (baseline fit) f2(2010) 2062+671° 165+17F1° 2011 202 0.71£0.0610:80 13.40
> 100 1 £4(2050) 2018 237 2018 237 0.06+0.011503  4.60
- 0%+ PHSP - - - - 1.44+0.1510-20 1570
J/ = ' X = vy’ | hi(1415) 1416 90 1416 90 0.08+£0.011595 10.20
0 15 2 25 3 h1(1595) 1584 384 1584 384 0.16£0.02100%  9.90

M(nn')(GeV/c?)
171(1855)(17 ")
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BE S m 3F 26 new hadrons at BESIII
L N(2570) . :)f«(zsom)
X(2370) N(2300) X(2500) A 2480X rise
EX(2120) X(2262)° ®0(2250) X(2356)
2r X(1870)

o X(1840) 1855

' ¢ 1185948 1817y
2012 2014 2016 2018 2020 2022

Date of arXiv submission

. + —_ ! . A e + —_ ry
X(2600) in J /Y » yr"m"n fo(2480)in J /W — yn'n’ X(2356) > AAinete™ - nAA
% 205 (;Ffuzg’ 042001 (2022) 73 PRD105, 072002 (2022) PRD 107, 112001 (2023)
87T ] [esw]l  osmb N mman]  of s -

-— . [0} 1000 ol | S A = — Total fi
5 15| X(1835) X(2370) . $ wf A 3 wf X
= 1 o 7 g' 600 i— :gzgigg —; (‘5“ 5 nsidebands |
T 2 |
- 5' ; ‘\/W\.; " 3 w 202;‘ oo T E g s =
i E ; . - ; = 20} m ]
o. . 38 3;;#*.%%#-*,-*w*-#f*#;*ﬁ**w**-*m**}w: b e PR
- A A 2 25 2224 2628 3 32343638 4 42
15 2 25 3 . (GeV/c?
M. (GeVic) M, (GeV/c’) M, (GeV/c?)
ay(1817) in D} > KKt n® (2250) in ete™ > wnn® X(2262) > AAinete™ —> ¢pAA
PRL129, 182001 (2022) PRD 105, 032005 (2022) o | RD104,052006 2021)
~ - - 400 .
) i (@) K'K (892 o BESN G 80 +E§ta
o, KK (892)° g ool 00 o Reschoce 3 70 —PHSP
2 100 B K'K.(I410)0 o: : Interference S 60 - - background
8/ I - a,(980)'n? cg 200;— § ig
2 S0F Bl i s 100 =
= I ‘o i c
4 f A - g 20
m bt ¥y AT i > ] ', VRSO 5. . w 10 ‘
. 12— 94 16 18 wg % R 3 %2 24 26 28 3 32
M o (GeVic?) s (GeV) M(AR) (GeV/c?)
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BESI Amplitude analysis ot X(2085)
inete” - pK A

arXiv:2303.01989
8.35 fb~! data at 4.008, 4.178, 4.226, 4.258, 4.416, and 4.682 GeV
150 (@) . x*mbin=1.10 (b) x*¥mbin=1.17 |00} (¢) x2/nbin=l.04|

© | Vs = 4178 GeV. —~Data

; 200} Egg}:‘l‘(lg‘x"‘:)'und

() 150 K;(1980)

= 19 — XS

S 100 — ﬁfﬁzif‘i(}»

~ Jis — A(1520)

g = o ="

g 50

=

L
A 2.0 25 3.0 35 2.0 2.5 3.0
m,; (GeV/c?) m x (GeV/c?) m_ (GeV/c?)
5 T Year  Mooe  Tooe * pA resonance parameters and spin-
4.008 482.0£4.7 2011 2085+14 50+ 16 parity:
4.178 3189.0 £31.9 2016 2085+6 62+ 10
. 2

4226 | 11009+7.0 2013 2088+10 6812 » pole mass: (2086+4+6) MeV/c
4.258 8284455 2013 2083+11 48410 » pole width: (56£5+16) MeV
4.416 1090.7+7.2 2014 2088+13 56+ 12 > favor 1+
4.682 1669.3+9.0 2020 2092+10 54+10 _ _ , _
Average — 2086 +t4 56+5 * no corresponding excited kaon candidates in

experiment or in quark model prediction
» could be an exotic state
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S pwA on 9(3686) - K-AT*

arXiv:2308.15206

Based on 4.48 M 1 (3686) events

—~ o & T 2/nbin = 1.46
<r(\_) o ::DDEEE =~ s (C)
% 6L o Esull ooo 0. (a/) % | ——— Data
3 b o 23R, <100+ i ———— PWA
S Llan ik o | 1 —— - Non-res
moL 13eg:"gonHRacaRe . © | — — — - E(1690)
L 50 PR 220 - S T | ——— — (1820
s : D@@D 20
I CPPENCNPY L= = P AT ~
oI N B T o "le e GBGg el | (| I g Lr"'TC P e W ..
6 7 8 9 10 1.8 2 29
2/ A =T 2 4 ' — * 2
M(AZ) (GeVc) M(K™A) (GeV/c9)
c<éS-;so'. §8°? (b) X;ﬁbi“m
2 | 260 {
"340-_ ‘340;
i‘;zo:- 3 | Resonance| I(J") |M (MeV/c*)| T (MeV)
5 | 82 =(1690)~ [1/2(1/27)[ 168575 + 128170 £20
Pole e Bl =(1820)~ [1/2(3/27)| 182112 +3 | 7378+ 9
M(K-E") (GeV/c?) ' M(AZY) (GeV/A
s F/)\BFEERUmShYS , 75 15



http://lenglish.ihep.cas.cn/bes/re/pu/NewParticles/

BESIT

Y(4390)

Y(4790)

4500) g

2.(4020)" . Y(4320)
I Z.(4020
4 | ) i L Z..(3985)'g
L Z.(3900) o (3823)
PRD106, 072001 (2022) ¥,
100 :
90 —+- XYZ data
5 - tren | Y(4260) D Y(4230) & Y(4320)
= 70 i f:sf’m PRD 104, 052012 (2021)
E :g Y(4320) MY(4230) = 42214 +1.5+ 2.0 MeV/c? 3 ‘g;: Solution III :ézn.;"’::w
% + 3 = oF S
;[; ;g W(4415)? ry(4230) 418 +2.9+2.7MeV &; 33;
‘o Y(4500)? : f
Bl My 4320 4298 + 12+ 26 MeV/c? 3 2oF
10 ( ) ‘o -40 F-
l Myaazo) = 127 £17+10 MeV 3 Sof
—_ 4¢ . . iE
% :......‘......o............’.‘..'..'-..‘...._-_.;.,.,_._.g\:-..'_;,- x:§ -
-4'3‘8‘ : “‘ : ‘4'2‘ : '414‘ : ‘41.6‘ . 4 41 42 a3 rl(‘(';V)“'s 46 47 48
. . . . \s (Ge
(s (GeV)
0.25p— ] 1 — 1 —
L & Nk 4 Veoa e o [ = vea1s)POGR022 & Vi4360) POG20TE [ o Y(4660)PDG2022 & Y(4660)-wrp(3686) ]
0.00F * Y(4220-wmp(3686) ¢ Y(4220)-wy, o i : Y:& ;-mw(‘fases) A Y:«;so;-g/& - ® YwX(e829) 2 Y, KKy i
. [ & z(f&gl)\.p“”w : mszzf)m"‘ d 0.3 @ Y mX(3823) * Y, KK - 0.3 + YynD'D* v Y,;-D,D; n
F X ¥(4$%'?DD' + Y DD’ ] o Yk, 4 Y, DD - ]
—~ v U YUy = — Vs Yy s
> 0.15F 1s _ + s - :
o [ _+_ 1 & 0.2 1 & 02 7
~ 0.10f 4 ~ - : {1 =~ L iy ]
; 4ol ; o ‘Y—+~r : i — :
0.05} ‘F : o+ - 0.1 5 b
051 & - : 4+ + i [ 2
E_ _|_+.+_|_ _E o:....l....l....l....l..: o:...._+l_....l....l....:
0-%?1 5 4.20 4.25 4.3 2ESO 435 440 445 450 IEGO 4.65 4.70 4.75 4.80
M (GeV/c?) M (GeV/c?) M (GeV/c?)
s F/)\BFEERUmShYS , 75 1A



BE S m 5 http://lenglish.ihep.cas.cn/bes/re/pu/NewParticles/
' Y(4390)
i 2 § Y(4320)
a %(4020) Z.(4020) Y(4230)
i ® R ©Z.(3900)°
s Z,(3900) ‘“’z (3823)

CPC 46, 111002 (2022) _
arXiv:2308.15362 observation of the Y(4710)

Y(4790) ¢ @
Y(471

Z.,(3985)°g

PRL130, 121901 (2023)

€ [ BEsii(2022) ¢ Thiswork — Fit resul 1200¢
£ gL* ( ) is worl it result 3 E — it —+ XYZ data
&  [--Y@4230) - Y(4500) - Y(4710) = 1000 -~ Continuum 1 Goandata
© o + 800 - BWI
o 6f [ e T F --mwe (I)
0 i A 600 '
A i i E ' -
o 4r K N 1
g - ? 200 - s
8 2 __.1. & 8 % 0 : .............
3 [rs I I 5.5 e 0 %2 43 44 45 46 47 48 49 5
a Oy e s (GeV)
4.2 4.4 4.6 4.8
ete” > KK~ ] /¢ /s (GeV)
= 4209.6 + 4.7 + 5.9 MeV/c?,
Parameters Solution I Solution II e N N evje 9 Y(4230)
M(MeV) D53 E23£215 I; =81.6+17.8+ 9.0 MeV;
Y (4230) Tyor(MeV) 729 + 6.1 4 308
I..B(eV) 0.42 + 0.04 £ 0.15 0.29 + 0.02 + 0.10 5
M(MeV) 44847 £ 133 £ 24.1 m, = 4469.1 + 26.2 £+ 3.6 MeV/c~,
Y (4500) Tyot(MeV) 11114 30.1 + 15.2 ; _ = Y (4500)
I..B(eV) 1.35 + 0.14 + 0.06 0.41 + 0.08 + 0.13 I; =246.3 £36.7 £ 9.4 MeV;
ms = 4675.3 +29.5 + 3.5 MeV/c?,
Y(4710) mass: 4708%17 + 21 MeV/c? 2 BN AR Y (4660)

Y (4710) width: 126727 + 30 MeV

I3 =218.3 +72.9 + 9.3 MeV.
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BESII

Cross sections of ete™ — Dt D%~

arXiv:2305.10789
Y (4160) or 1,0(4230)
700:*1 | I L B B B
6001 ¢(4415)‘? g -
2 sook- E Result 1  Result 2 Result 3
R 1 M, (MeV/c?) 4186.5+9.0 4193.8£7.5 4195.3£7.5
& 400F + a resonant - I (MeV) 55417  61.249.0 61.849.0
B 200 ® ﬂ‘ ¢ t 2 1 M> (MeV/c?) 4414.543.2 4412.843.2 4411.0+3.2
tg it SHucture: g Ty (MeV) 122.647.0 120.3£7.0 120.047.0
a,bn% 200 H’ 4 M; (MeV/c?) 4793.3+7.5 4789.8+9.0 4786+10
10054 [m *o e’ ®, g Is (MeV)  27.1£7.0  41+39 60435
42 a3 a4 ’ 47 a3 14!9“_
Ecum (GeV)
364 101 E_ "./" =i - : i ST - -r___—:j
& ' Y(4790): the heaviest charmoniumlike state!
1y O
’.bm I8 — 1BW} ¢ e e
E / = lellz —:iBtt‘;dl:lno o - -
OE L e L 1 S e
43 4.6 4.7 48 49
f f Fen (GeV)
P(4230) P(4415) P(4790)
6.10

s E/)\BFEERUShYS , FE 1Q



Updated cross sections of e"e™ — nJ /¢

¢ oBBESII (2012)
o8 BESIII (2020)

o8 BESIII (2015)

o8 Belle

— 1 o8 This work v oY This work
o P
B i» Ak
[ 4 i
v
- l 4 v
2 TP
| v A
-4t TR g il 1 TR
B 1 | | 1 | I | 1 1 I 1 | 1 I 1 1 | | | 1 L |
3.8 4 4.2 4.4 46 4.8 5
s (GeV)

Y (4040), Y(4230) and Y(4360)
are observed
Large drop of cross sections

above 4.5 GeV

F/)\BFEEZICTMTES

T (MeV)

arXiv:2310.03361
E ¢ Data E
100}  Solution I — Total fit —
B v (4040) ]
" - l//(4230) .
80 C -+ (4360) ]
B — Continuum 4
60 |- -
40 |- N
20| -
] T e S ooy e—tam
38 4 42 44 46 48 5
220 —#- nJ/y (this work) KKy
200 - rrdy K'KJy
180 77 y(3686) = 17Ny
160 -+ oy ~-mrh,
DD PDG \
140 ==
120 ;— ‘
100
80|~ +
60F |
sf %
20
0 | 1 L L L | L L L L | 1 L L 1 | L L 1 L | L
4200 4250 4300 4350 4400
Mass (MeV/c?)
, Y




BESII

Cross sections of ete™ - ATAL

arXiv:2307.07316
: g e+e' —)A“A; 1.5 — e+e- _>A:1-\(-:
400 < BESIII 2018 | <-BESIII 2018 ---Monopole decrease

---- Threshold  ---Damped oscillation

l

o (pb)

-yt Ty

Y Gev) 5 (GeV)

T T I T T T T

. Negate the Y (4630) in decaying into A¥ A7 reported by BELLE

. Energy-dependence of |G /Gy, | reveals an oscillation feature,
which may imply a non-trivial structure of the lightest charmed
baryon.
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BESIT A new X(3872) production
process ete” - wX(3872)

PRL130, 151904 (2023)

Radiative production in etfe—y X(3872)

BESIII, PRL122, 202001 (2019) Ny 095F /s =4.661-4.951 GeV 3 14F
_e_- e S 095_._ & % 125_ —+— Data
o (@) 415<E_ <430 GeV | o : S t0f ogena | 120
60 g 0.85 E— ’ ’ 0 8 F [ sideband
. ¢ 9.0fb! ! o~ 08F : o F 24.0+5.3
L so0f . B . : ~ 61
2 0.75F i r
= 40 y c : 2] 4F
= ©X(3872) 16 G E o : 2
2 A - g 2
& S 065 TR - : ]
0 TR TR 3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94
AU I OO SV APV T /4 88 382 384 3.86 388 39 3.92 3.94 Mt Jhyp) (GeV/c?)
- 2
+,
(b) 4.00 <E_ <4.15,4.30 <E, <4.60 GeV M(rtdhyp) (GeV/c?)
b 5C
3,0 V35 (GeV) Lins(pb™!)  Nug  €(1+6) (%) o®(pb) o2 (pb) Significance
© 4.661 529.63 0.337335  28.25 0.52312:128 +0.051 £ 0.165  5.64 -
2 4682  1669.31 8.00733%%  24.62 456711995 +£0.393 + 1.442  11.49 3.40
i 4.699 536.45 0.007095  26.96 0.0007 1541 +0.000 + 0.000  3.32 -
4.740 164.27 1671777 21.83  10.90673%55" £1.025 +3.444  40.58 1.00
4.750 367.21  5.007255 2243  14.23977320 4+ 1,424 +4.497 38.17 3.10

380 385 380 395  4.00 1o Coes
M(endiy) [GeVic?] 4.781 512.78  1.00%535  31.60 1.4481 1087 £0.216 £ 0.457  6.51 0.70

4.843 527.29  4.677355  26.73 7.768154295 +0.668 +2.453  21.14 2.60
4.918 208.11  1.00753%  22.64 498015790 +0.433 £1.573  21.69 0.70
4.951 160.37  0.0013:%5  20.42 0.000*5-592 +0.000 + 0.000  14.67 -

a new X(3872) production process e*e”™ - wX(3872) is observed for the first time
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BESIT

Studies on the Z  states

Z..(3985)t  PRL126, 102001 (2021) Z..(3985)% PRL129, 112003 (2022)
ete > K*(D;D*° + D~ D) ete” - Kg(DgD** + Dy D)
40 200 ¢ -
N035 E - 4 681 Gev 180 ;_ + SDi?it:band i’ll\;(:r?}rgzﬁam process !ZDC}SIQ)?S)
= < 160 F
%30 > 140 L
=25 l S 120
(@] = u
320 |£ l =R
(\01 5 || E/ 80 C
= 5 60F
91 0 D40 ¢
w 5 20 £ A
0 % 05 47- 205 4l 415 a2
4 4.05 4.1 4.15 ' RM(K?)(GeV/c?) '

RM(K*) (GeV/c?)

. Search for Zf, - K*]J/y arXiv:2308.15362
Search for Z.;  cpc47, 033001 (2023)

ete” > K*D:"D*0 e'e” > K'K'J/Y
i = 30 Is = 4.63 ~ 4.92 GeV
:-'\ 100 Ds|(2536) Ds Comb. BKG ~
§ - - NR —&- Total data S 25
° — Total fit — ®
2 i 220
Q [ 210 4# . 2 15
= S0+ Z. ?‘ + 3
2 [ £ 10
AR :
= L ~ 5
0 .-1—-\1-\'1"{"1"1"1"-|--+. ; 0 - : s il
4.12 4.14 4.16 4.18 R T Ve R e )
RM(K") (GeV/c?) Max(K*J/1p) (GeV/c?)
(4123.5 £ 0. 750 +4.75yst.)MeV/c? mass: 4044 + 6 MeV/c*
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BESII

Form factors

D—h
[+

Int. J. Mod. Phys. A 21, 6125 (2006)
LFQM J. Phys. G 39, 025005 (2012)

QM J.Phys. G 39, 025005 (2012)
CCQM Front. Phys. 14, 64401 (2019)
PRD101(2020)013004
PRD96(2017)054514
PRD104(2021)034505
PRD107(2023)014510
PRD107(2023)094516
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PRD80(2009)032005,D—Ke*v,
BESIII PRD92(2015)112008,D'—>K'e*v,
BESIII PRD96(2017)012002,D*—K'etv,
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BESIII Expected 20 fb”, D"—>K'e*v,

T T | T T T T
0.661 = 0.067
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LCSR Phys. Rev. D 62, 114002 0.65+0.11 ———
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RQM Phys.Rev.D 101,013004 (.64 .
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LQCD PRD107(2023)094516 0.6300+0.0051 .
CLEO-¢c  PRD77,112005 0.666+0.019+0.004 e
CLEO-¢c  PRDS80,032005 0.629+0.022+0.007 Fe
Belle PRL97,061804 0.624+0.020+0.003 ed
BESII PLB597,39 0.730+0.140+0.060 H—r————H
BESIII PRD96,012002,D* ~>n’e*v,  (.622+0.012+0.003 )
BESIII PRD92,072012,0°—we'v,  (.637+0.008+0.004 L]
BESIII | Expected 20 fb", D"—=we*v, 0.637+0.003+0.004 *

-0.5 0

£277(0)

F/)\BFEERUmShYS , 75

« LQCD has repaid improvement on precisions
« Systematics on from factors at BESIII will be
dominant and crucial for further 20/fb charm
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Measurement of |Vcs| and \Vcd\
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BESIT

Combined form factor fits to A7 - Au™v, and Ae™v,

W////’/’;/zj +-aue PRD108, L031105 (2023)
/ // > 200}k — total fit
/ 8 it <o« Al> Ax*n®
7 e --=non-res bkgs
_-".- ; “""'x. g ; -+-A:—'A e’ve -*—Averaged
ol MY 2 100 | A, .- Locp
L%’ ... LQCD E <ap,>=
- of + Fi = —0.94i0i)%7_i o.ﬁ:,%,
A I TS o | I
Umiss (GeV) = 5-(%’”_‘{)——%'— _‘%’—
-0.5F
0 015 i 0 Ol.5 i
> (GeV?) q* (GeV?)
S
! & A=A ey,
5 02f
i N QE_O(Z)? J‘-‘ = T+’£
N«go.os- S e 4“{ bl S
Y %5507 08 08 1 12 0 05 1
q* (GeV?) q* (GeV?)
0 05 1 0 05 1 © % a3 oaoeor 112
q* (GeV?) ¢* (GeV?) 7 (GeV?)
1.4f
LQCD results from Ea 1] sz
Vo ¢ e
S. Meinel, PRL118, 082001 (2017) 0.8fF
0.6

0 05 1

4% (GeV?)
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BESII

7.33 fb~1 of eT e~ collision data between 4.128 and 4.226 GeV

Study on D™ — e™v

PRL131, 141802 (2023)

: xQCD 274 +7 ]
T a4 290 ETM 268.8 +6.6 -
3 B UKQCD 254 £17 —a—
5 : LPTHE 311+9 o
g 2 LPTHE 272 +16}, —_—
Zf HPQCD 274 +6 -

T 02 040 50 100 150 200 250 300 350
Mz (GeV/c') £, (MeV)

*  Branching fraction is determined to be (2.17;5 = + 0.2syst.) X 1075
an avenue to study the weak decays of vector
charmed mesons in experiment
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1 03 E o o EESND = Q) Al 3
S T . ~u 25 T s :
:ﬁ_é“o % $ s o T’ BESII ] Q 4+ pP:BABAR ]
5 ﬁ ﬁil % ot . o =ZBESll rg%MPﬂ .
oE i IR 20 2 £
E + q. O A, Belle E | :
i o i - 15 Lt | =
- | 3 ] 1.0 * *= + E
B i » | ]
1F f % . . | | a
o3 N2 t E
C | ) ’g T ]
00 a2 2l e s a sl s salssaalasaalasaablaasisalaag s
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1 0. : . . 7 0.
[3=V1-4|v|§/s B
» Abnormal threshold effects observed 1n various baryon pair production:
on. AR AR
» |Gg/G,y,| ratio significantly larger than 1 at low beta for p, A}, 2™,
indicating large D-wave near threshold.
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BESIT Threshold production of e"e™ - nn

Very challenging measurement due to pure neutron final states Nature Physics 17,
BESIII takes three approaches and provide validations among each other 1200(2021)

e 0.08

- Cross sections et * I 0ross section ratio EFF & Bl
[ = DM2 (ref‘.o) 10" | FENICE 0.06 - . . BaBar: ppy,gp, (ref. )
: - I J— Predicion” oscillation A A
gl SND* | Pedicion® e s Simultaneous fit: proton
i » E.;‘ H 4 SND® 0.04 - —— — Simultaneous fit: neutron
r 34’§ Cm *
g t *’.* * \:m 5 0.02 ﬁ '
& 10%F | 3¢ ¢ & 1100 ] Iy v
2 , Ny ; ety fﬁH } °f ¥ *}L LA SR AR bt S
] S ' S E S I 3 T 002 |] ¥ f’y
= i iyt
L 1 1 1 L 1 1 10-1 | | | L | | | -0.04 g
1.8 2.0 22 24 26 2.8 3.0 18 20 22 24 26 28 3.0 i i i i i i
(s (Gev) {5 (Gev) 20 22 24 26 28 30
(s (Gev)
* XS measured in a wide range with unprecedented T ics
. . . nature |
precision (~10%): confirming threshold enhancement piy
» XS ratio between proton and neutron: do not support Neutronstructure oscilles
the FENICE conjecture, but are within the theoretical
predictions

* Oscillation of EFF observed in neutron data:
simultaneous fit of proton and neutron data gives
shared frequency (5.55+0.28) GeV-! with almost
orthogonal phase difference of (125+12)°
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https://www.nature.com/articles/s41567-021-01345-6

BGS]]I Separated electric and magnetic form factors
of the neutron in time-like region

A spin-half particle, such as the nucleon, described by two EMFFs: PRL130, 151905 (2023)
Gge(92) and Gy (g2), which are Fourier-transforms of the intrinsic
electric and magnetic distributions of the nucleon in the Breit frame

0.8—

« BESIII (this work) N i e BESIII (this work) |
-+ Modified Dipole: Phys. Lett. B 504 (2001) 291 i FENICE: Nucl. Phys. B 517 (1998) 3-35
o pQCD: Phy: Rev. Elen. 79 (1997) 1209-1212 i [ -.< Modified Dipole: P)flws Lett. B 504 (2001) 291 ) d GM' IOWGI‘ than FENICE
0.6 VMD: Phys. Rev. C 69 (2004) 068201 I O-GT ; :J/?A%l_); ihvshﬂev;::-(;zo(;)figg:!;g?94212 _
— - DR Mainz Model: Phys. Lett. B 385 (1996) 343-347 DR I\/'Iain: Model: Phys. Lett. B 385 (1996) 343347 e SultS
— L " Production threshold L ] e Production threshold h G d G
w | Tsp4l - .
o oa s _ g and Gy: agree more
. 1 BEEAS! | with Dispersion Relations
0.2 - 0.2 : +_ + ]
_?"+‘-*.—*‘{ ] e S 1 (PR
8 2 22 24 26 28 3 98 2 22 24 26 28 3
/s (GeV) /s (GeV)
1L o TL Separated IG,| (this work) A o T, ‘I:LSeparatedIGMl (this wor Time-like (TL) \A) Space-like (SL)
g v SLGg World Data ?“,‘ v SLG,, World Data
! " C N R 1 not sign of following
107" ?’?-1, 1 = 107 Ny b —
— %bﬁ; | ey = S : the tendency of
—_— HE! h'i-.._' ] B E *y e .~ n R
Nl | 1 7 [ e ] TL (.2 2
10_2* E."-. .................... 2| - N RE’M E | G‘S§>M(q ) | |q |_)<>o> 1
g, i e GEr (~ )
3 1 l 1 L Ll e
W% 4 6 8 10 12 14 L R R ST N T S
Iq°l (GeV?) I (GeV?)
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BESIT

Hyperon physics at BESIII

. _ Decay mode B(x10—3)
10 billion J/psi events collected =

_ J/— AA 1.61£0.15| 16.1£15

= Largsiratesin j /1 decays J b — X050 120+ 0.09| 12.9+09
* Quantum entangled pair productions Jjp— E+5- 1504+024| 13.0+24
+ Background free, high efficiency J/p— 2(1385)—.£!‘+ (or c.c.) 031 £005| 31+05
_ _ _ J/¢¥ — X (1385)~ 3(1385)F (or c.c.) 1.10£0.12| 11.0£1.2
Hai-Bo Li, arXiv:1612.01775 T s SO0 120 £024| 120L24

A. Adlarson. A. Kupsc, [v—=E7F ‘ ‘ =
arXiv:1908.03102 Jp—=>="=t 086+0.11| 8.6+1.0
J/v — =(1530)0=0 032+0.14| 32+14

a hyperon factory! J/v— =(1530)" =+ 059+0.15| 59+1.5
¥(28) = 2~ NF 0.05£0.01| 0.1540.03

CPVin SMis small : # events Experiments

B meson :
K meson :
D meson :

Hyperon :

O(1) discovered (2001) 103
0(10-3) discovered (1964) 106

B factory

Fix targets
0(10#) discovered(2019) 108 LHCb
0O(10%) no evidence (102) 0O(108) Fix targets

-> BESIII ?

F/)\BFEERUmShYS , 75
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http://arxiv.org/abs/arXiv:1612.01775
http://arxiv.org/abs/arXiv:1908.03102

BESIT  Relative phase of Form Factors(FFs)

» Through the weak decay of hyperons, we could probe its polarization. Hence
more information of the EFF can be studied

* Ag is the phase angle difference of G and Gy,: can be explored via angular
analysis of the spin-coherent hyperon-pair weak decays

W(§) = Fo(§) +nF5(§) + a@ (F1(§) + /1 —n? cos(AD) F,(§) +nFe($))
+41 —n2sin(A®) (aF;5(§) + @afF,(¥)) X a2
, = \/(;1 1)

R = G[: GMAAQ)—(D[: (DM, ’[—:‘gj

polarization-term
independent O._ and a, dependence

2Re(S* P
,,/l—a,f, sin(A®)cos 8, sin 6, 06=S(—2)

P,(cosb,) = 5 S| +[A
1+a,cos™ 6, ﬁ_zlm(S*p)

0,2; |S‘2+|P|2
=t /\ y_\S|2—|P‘2 CP asymmetry:
4 Sl e s
& + 83 ,13 + A3
02-\/ | 0{2+ﬁ2+72:1 A: 0_6 N B:m .

—1 0.5 0 0.5 1
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B'ESI[[ Polarization behavior in different hyperon

pair productions

0

J/Y - AA
PRL129, 131801(2022)

ete” > Y >3t - pprn'n
PRL125, 052004(2020)

ete” > J/P > T - nutpn’

0-1-5; ,x?/”’”\#ﬂ N, o.t;sf_ x¥/nbin = 0.9 —E 0.04 3 arXiv:2304.14655
0'1; ,v“"r“'; “H»‘ % 0 EL e, E 0.03F E
o< 0055 4 ! $ oosf. ] 0.02f
g ) T, i . | Wb E & 0.01F,
T 0.05F " E + § oF
0.5 A I 0.15F < _0.01F +Data Xz
_0.155_ 1'?3.\&‘:’. 3 ol fﬁrgsp Mg ; 0(:) ; - = _:::;E— _ Il'::?tasef space 3
: g O ~0.03F [@Difference _ E
a y = OB 3 i i i i i E
B Sf ' L b e . ‘ 01 004308206 04 02 0 02 04 06 08 1
1 —0.5 0 0.5 1! B T cosf;.
coso, -1 08 06 04 fo.zcogey 02 04 06 08 1 ,
= (0.7521 + 0.0042 + 0.0066)rad |®U/¥]=155+0.7 +0.5° AP ] =217 £4.0° + 0.8 AP = (-277.2£ 4.4+ 4.1)x10™" rad
9 i Ap=(—0.4+3.7+ 1.0)% Acp=(-8.0£5.2+2.8)%
A=(—0.25+0.46 + 0.12)% P =i s
=0 o~ o €'eT =1/ EEY - AAmtae efe” 2P - E7E - Mt
J/w - EEY - Am”'An y , , ,
-] 04}
- arXiv:2305.00218 j | Detre 606,64 (2022) PRD106, L091101(2022)
0.1} v B
[ 0.1F
I )
g 0 T, SR, 0.1
S‘ u 0.2F
0.3F 04 } -
720820604 202 0 02 04 06 08 1 L L
-0.1 coso -1 =0.5 0 0.5 1
cosO-
= (1213 + 0.046 + 0.016)rad B
Y 1 (L2120 0oL 0010m A® = (0.667 £ 0.111 + 0.058) rad.
cos 6 A=(0.601+1.34 + 0.56.)% Acp=(-1.5+5.1+1.0)%
s F/)\BFEERUmShYS , 75 22


https://doi.org/10.1038/s41586-022-04624-1

BESII Study on hyperon rare decays

A->puvinjJ/yp - AA
PRL 127, 121802 (2023)

71T

It - Ae"vviaJ/YPp - ZtI"

S ——— - 20F
3 - ¢+ Data -

8 ¢ Data 3 I8F — yqume NoT=64 2
& ~ Total fit 3 -~ 165 — A-pu¥V,
; t — Signal = > . A-pn ;
> 6 - Background fit i ﬁ 14 A-pe T,
2 I Background MC E JE -+ - Other backgroands
E 5 - = o0 l..>
wy 3 ™~ -
=) 3  10F
= 4 i E 2 oF
= 3 = 8F
8 3 = o F 1 .
s 3 ") 6:—- .
> 2 3 -
m = 4

: _; 25 1 \

et RO L 3 (ahadREREINE =0 C SNE Oy Ndr41111
o ] % Gx-;;xuk'r dacdel .- Syerqed AR
e s S ¢ 000 0.004 0.006 008 -0.06 0.4 =002 0 0.02 0.4 0.06

M2, (GeV?/cY) U,..(GeV)

PRD 107, 072010 (2023)

inconsistent |Vus| measurement

B | I I I | FRd
BNL (1967) 6 events 1.55+0.63 LR O
o Kg, N, = 24141, PDG 2018
CERN (1969) 10 events 1.0740.37 0.2231+ 0.0008
o Kg, N, = 24141, PDG 2018
0.2253 + 0.0007
BNL (1969) 5 events 1.9410.86 8~  CKMunitarity, PDG 2018
0.2256 + 0.0009
' & ' T— v
This work 15.7+4.0 events 1.0610.28 o 21:5‘ +0.0019
—eo— T—=Kv/t—=nav
Average 1374025 0.2236 + 0.0015
—e—i Ty
0.2234 + 0.0015
Lee-Yang's prediction (1960) 1.57 . —e— t average
PR TSR S U ST S SN NSO S W U NS PR ST BT L 0.2220 + 0.0013
- - - 022 0225
3 2 1 0 2 v e
R - | 2018 |
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BESHT A hyperon beam bombarding
beam-pipe target priiso, 25100 (202

« Stable hyperon beam with well-known kinematics is challenging

« Hyperon-nucleon interactions have been studied both theoretically and experimentally.
Among them, the knowledge about the E-nucleon are very limited.

« Useful input to study H-dibaryon (uuddss) with S=-2

15122.945.5 4 Data
___________ 7.10 — Fit result
---- Background

)]

=
3
|
l
Events / 2 MeV/c?
o

Beam pipe

L

ETE - - PR
1.3 1.35
M(Ax) (GeV/c?)

_ E%n —» E7p is observed
0 E for the first time

0.001436  Au
3.148564------ Vooonns

o
-
i

e+

For 2% momentum is 0.818 GeV/c

p nt v Y . -
0(E°n — E7p) = (7.4£1.85ta4£1.55y5) mb
(assuming effective number of reaction neutrons in ’Be is 3)

0(E°+°Be - = +p+8Be) = (22.1:I:5.3Stat:|:4.5sys) mb,
The first study of hyperon—nucleon interaction in electron—positron collisions!

intense monoenergetic Z° baryon
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SOOI Observation of AN —» X7X

arXiv:2310.00720
x10°

g |

> 400 -

A a E L
/ 2

Al Fo00i5_ 6.425 E 200 |
arbo =
Inner Wall of MDC o 01199 )
Al 0.00995 6.30 §

F ' e e e Y
1.05 1.1 1.15
P RM,. [GeV/c?]
E\ 3.37

D\ = ¥ $1000 -
. Oil 0.08 >
Beam Pipe - - §

Bl Au oooime L0 g 500 -

A —— 3.148564 _‘E i
0 >
=

et :? e~ T
1.15 1.2 1.25
M, . [GeV/c?]

o(A°B,—» 2tX) = (37.3+4.7+3.5) mb
par €[1.057,1.091] GeV/c,
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BESIT

Planned future data set

Chin. Phys. C 44, 040001 (2020)
[arXiv:1912.05983 [hep-ex]].

Table 7.1:  List of data samples collected by BESIII/BEPCII up to 2019, and the proposed

Chinese Pysics C_ Vol 44, No. 4 Q2020)

samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (7¢) or upgraded (Ty) machine. The
machine upgrades include top-up implementation and beam current increase. ISR gaRnSSIRESIE
Energy Physics motivations Current data | Expected final data | Tc | Ty
1.8-2.0 GeV R values N/A 0.1 fh~! 60/50 days
Nucleon cross-sections (fine scan)
2.0- 3.1 GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J J /1 peak Light hadron & Glueball 3.2 b1 3.2 b ! N/A
J /v decays (10 billion) (10 billion)
1(3686) peak | Light hadron & Glueball 0.67 th~1 4.5 fhb! 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
¥(3770) peak D°/D* decays 2.9 b1 20.0 b~} 610/360 days ~ =F

No requiremenfk

3.8-4.6 GeV R values Fine scan N/A
XY Z/Open charm (105 energy points) \
4.180 GeV D, decay 3.2 b1 6 fh1 140/50 days ~—
XY Z/Open charm to be complete
XY Z/Open charm :
4.0 - 4.6 GeV Higher charmonia 16.0 fh~! 30 fh—! 770/310 days in 2022-24
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 th=1 15 b1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV Y FA cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y.X, cross-section N/A 1.0 b1 120/50 days
4.95 GeV =. decays N/A 1.0 b~ 130/50 days

~55 fb-1

F/)\BFEERUmShYS , 75




BESIT BEPCII-U in 2024

v' Detailed studies of the known X/Y/Z sy states and search for "black swans’ in
the higher energy region within a considerable amount of data sets.

v" Cover all the ground-state charmed baryons: production & decays, CPV search

B _ Sele 3
AcACECEC QCQC
1x10%f ! DE = 4.69 — $.98 GeV + EEE’?"ZC‘)”C““’"
Upgrade BEPCII £\ Integrated | mino:ity 13.7 pb? z aaaaaaaaaaa
s (BEPCII—U) | | l| 17 energy ints
T 2| A i
.-';: 810 | \Ll ) lh& I\ /4 #. f y_‘_; — l+_,_1__4+_ JL IR
S BEPCII ' |'1n:,l| A - +_f = } : %
26x10%f E= Ii‘ i i
2 “ L
= 4x102} "
§ l o S,SJ 6.0 6. 0
4 (O )
2x10%} Vs ! e
1 Few data and potential physics for XYZ
oW : i : and charmed baryons
2.0 3.0 4.0 5.0 5.6
Ecm (GeV)
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400m Damp Ring
ot 60m

400 m

‘ B
eV (100xBESIII)

 E.,=2-7GeV, peak Lu.=5><1034 cm?s1@ 4G

« Potential for upgrade to increase L and realize polarized

« 14th 5-year plan (2021-2025): Key technology R&D, 0.42 B CNY.
« 15t 5-year plan (2026-2030): Construction, 6 years, 4.5 B CNY.
« Operating for 10 years, upgrade for 3 years, operating for another 7

years.
F/)\BFEERUShYS , F5 39
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N(sample)

High Statistical Data : > 1 ab-'/year

Table 1: The expected numbers of events per year at different STCF energy points. -nnn _nnn .
CME (GeV) | Lumi (ab™") ’ 1‘2 1b) | No.of Events |  remark Millions to billions of Hyperons, |Ight
3.097 1 00 3.4x 10"
’
o —— Jhw 1012 @ = hadrons from J/y decays and XYZ’s
¥(3686) 640 6.4 % 10T
3.686 1 T 2.5 2.5% 10° H eron facto (1 08-9)
W(3686) — Tt 7~ 2.0 % 10° yp ry
- 6 3.6 x 10° Decay mode Bunits 107%) Angular distribution Detection No. events
D pal r 1 09 8 2.8 % 10° parameter efficiency expected at STCF
o .
3770 ! . 7:9x10 Single Tag - AR 1943£003£033  0469:+0.026 40% 1100 x 10°
DD 55x10 Single Tag v(25) - AR 397:002£0.12 08240074 40% 130 x 106
T 2.9 2.9%10° I/ — 2080 1165 +0.04 0.66 +0.03 14% 230 x 10°
DD+ c.c 40 14x107 | CPpop = + YOS) > 2 273£003 065009 14% 2x10°
4009 | 0 4.0 2.6 x 102 CPpopy = — I - :_:_ 1040 £ 0.06 0.58 £ 0.04 19% 270 102
e 1 09 0.20 2.0% 10 ¥(S) > =2 278 +0.05 091+0.13 19% 2x10
T 3.5 3.5x%10°
DI*D;+c.c. 0.90 9.0x 108 .
s s ' -
4180 1 DD +ec. 13% 108 Single Tag nght hadron (T]IT] ) faCtory(1 0° 10)
T 3.6 3.6 x 10°
J/ymtn” 0.085 8.5x 107 Decay Mode B (x10~%) [2] 7/1 events
4.230 1 T 3.6 3.6 x 10° Ty — v 21+17 1.8 x 1010
yX(3872) , J/w = v 11.08 £027 37x10°
. o 9
T 35 35x10 T4 — 46+05 1.6% 10°
Y(3686)nt 0.040 4.0x 107
4.420 ! e 3.5 35% 10°
4630 S I IR XYZ factory (106-10)
1 e : . . . i . "
AcA 6410/ Single Tag XYZ | Y(4260) | Z,(3900) | Z,(4020) | X3872)
T 34 34x10 - T 7 7
4070 3 300 points scan with 10 MeV step, 1 fo-1/point No. of events | 10 10 10" | 5x10°
>5 2-7 several ab~! high energy data, details dependent on scan results
- T T =]
10" | = BESII —

= Bellell(50 ab™)
STCF(0.2ab™ )]

R - QCD and Hadron Physics
* Flavor Physics and CPV
« Search for New Physics Beyond SM

|

Ac Jy y(3686) X(3872) Y(4220) Zc(3900)
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MUD Endcap-2 (a)

Plastic scintillator MUD Barel

- / MUD Endcap-1
U
!
} Neutron
,'| shielding layer
U
\ n

Z //////é DA
EM calorimeter
Pure Csl crystal + APD

Endcap Yok
Bakelite-RPC ~ Tron yoke :(»;;Eln:nle

Muon detector
+ Bakelite RPC + Scintillator strips

~6m

NWELL PMOS NMOS

Spacing DIODE Spacing  TRANSISTOR  TRANSISTOR

e
<> >

| PID system

[ diode : |

Depletion®,, | ... /*
region®., /"
(P e |
. e

..\ p” ephaxial layer *

Particle Identification
 Barrel : RICH

m‘w! [ « EndCap : DIRC-Like TOF
BREERRERNE
Inne.r Tracker Central Tracker
* MPGD: Cylindrical PRWELL .+ Drift Chamber with extreme-low

+ Silicon : CMOS MAPS mass and small cell

The R&D of each sub-system are ongoing, include both detector and electronics
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Hadron Production and Hadron Structure

* Hadron production:
v' from 0.6 to 7 GeV exclusively and inclusively (+ making use of ISR)

* Nucleon electromagnetic form factors:
v" fundamental observables reflect the inner structure of nucleon
v’ complementary to e-N elastic scattering experiments in similar q? region.

* Fragmentation function (FF):
v’ understanding QCD dynamics, hadron structure and production mechanism

v' new data from e*e” to compare with ep data and to verify its universality

_ Space-like | Time-like &
- > . S +A-
e-N Unphysical | N e'e
[ . I ] L] o
Scattering ragen | Annihilation
FE< are real | FFs are complex
0 IVE g’
e - BESII: nA e + e- 1O3§ u.s. Elé I‘ICD x 100 GeVZY
0.06 - :aBa':: PPrisr :r‘ef ‘“: . — 2 == EicC 3.5 x 20 GeV? p
0.04 - / I e sI::l ttttttt m;: eeeeee Collins FF @ Eotins 5 102:"" JLab 12 QeV /'/-
s o0 / F «L‘l'l. : ) "% F <L ' o i
(G / Iy (L RLT { R g () - STCF - 2~7GeV > z
LI 3 L, s R S — S | : ; : i
o I “\;_,-* | \*L ’ = ",’f\\_.,}d‘ 1 SEEE_- e A o 10 E_'SS-FCF‘F?GQV : 3
ooz IF */V " BESIIl discovered neutron
—0.0a 71 s >
[ ‘ form factor oscillation _ 1k . . .
2.0 2.2 —4 3 -2 -1
10 10 i 10 10 1
Vs (Gev) Fraction of Momentum x
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Pentaquark

ud
s )
S=+1 Baryon

Glueball

L&
8

Color-single multi-

glue bound state

Tightly bound
6-quark state

gd glue hybrid

ofe’e~ x*rdhy) (pb)
8

X@T00) v (o)
$(4660) 2016 Tﬁ
2007 e
» oL
= OV 2F
\ ‘A
Q\O“] 3P G
a0t D 20
Yl (140) '2‘6-
2009 _IF / i
2008 osoyll/' :
op —2p ¢ 0
2007/\_M o
s D] s ) oS, ZeoN0*
% — b Zmuub“ﬂ" 10 k A —
2 r B0 (3823)
g o 26’3Y:>en charmais 2019
PEeN —
2(1P) [
LP) Yei(IP) = X(3915)
3500 X (3940, 4160)
— X (4350)
Xeo(IP) b
Ry *
X(4020,4055)* 1
X (4050, 4250)*
J Godfrey-Isgur quark model
3000~ _17018)
0%(07) 07(17) 07(1%) 0°(0*) 0°(1*) 0*(2"*) 0 (27) 0 (37) 27

a(x'7Jly) (pb)

(o)
AO S
frengew
'
¢

3.8 4 4.2 R
Vs (GeV)

80 (b) }

§§ H”“hh

e _ #W

Belle

50 * Fine structure

3844244464855254

=S
-y

* Hadron spectroscopy is a crucial way to explore the QCD and its

properties.

* QCD allows combinations of multi-quarks and gluons.

* Spectrum above open charm is much overpopulated 2 many exotic
states?

* STCF has unique advantages for searching exotic hadrons (large
effective luminosity, efficiency)
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Flavor Physics and CP Violation

« Large statistical data samples from STCF offer the great
opportunity to study CP violation in the Hyperon, Tau lepton,
Charmed meson and Kaon

« Polarized beam is expected to improve the prob sensitivity.

- B
Hyperon pairs from J /1 decay, Peak cross section in /s =4-5 GeV,
clean topology, background free o.; ~ 3.5 nb, 10 ab-! data in total

of T decay with 1ab' @ 4.26 GeV
Sensitivity ~1073

\— _/

Tau lepton

production&decay

Sensitivity: A;p~10~%, £§~0.05
\— 7
Hyperon decay

Transversely polarized, spin correlation g

Charm mixing kaon mixing

D°DPpairs produced at threshol
quantum coherence with
(D°D®)¢cp-_ or (D°D®)cp—,

/u, g> (CP tag%in_g and flavor tagging o?

N K°/K°from J/¢ decay

CP variables determined with
time-dependent decay rate

S

Sensitivity: x~0. 035%, CP. CPT sensitivity:
~0.023%, ~0.017, ~1.3° N o
y %, Tcp “cp~1.3  7:~107%,4¢,~0.05
SpEE =)\ BEFIEFCHTS | 7 44



Conceptual Design Report

ar <1V > hep-ex > arXiv:2303.15790

Help | Advanced

High Energy Physics - Experiment
[Submitted on 28 Mar 2023]

STCF Conceptual Design Report: Volume 1 -- Physics & Detector

M. Achasov, X. C. Ai, R. Aliberti, Q. An, X. Z. Bai, Y. Bai, O.Bal"~ * =~ '~ " #v-—- s m-trmmsome = 2

Bodrov, A. Bogomyagkov, A. Bondar, |. Boyko, Z. H. Bu, F. M. | Fro ntiers OJL Volume xx - Namber X
Chang, K. T. Chao, D. Y. Chen, H. Chen, H. X. Chen, J. F. Chei .
Chen, S. Chen, S. P. Chen, W. Chen, X. F. Chen, X. Chen, Y. C
Cheng, J. P. Dai, L. Y. Dai, X. C. Dai, D. Dedovich, A. Denig, |I.
Druzhinin, D. S. Du, Y. J. Du, Z. G. Du, L. M. Duan, D. Epifano\
C.Q.Feng, X. Feng, Y. T. Feng, J. L. Fu, J. Gao,P. S. Ge, C. C
W. Gradl, J. L. Gu, A. G. Escalante, L. C. Gui, F. K. Guo, J. C. (
L. Han, L. Han, M. Han, X. Q. Hao, J. B. He, S. Q. He, X. G. He
Hou, Y. R. Hou, C. Y. Hu, H. M. Hu, K. Hu, R. J. Hu, X. H. Hu, Y

The Super 7-Charm facility (STCF) is an electron-positron collider prog
is designed to operate in a center-of-mass energy range from 2 to 7 G
or higher. The STCF will produce a data sample about a factor of 100 |8
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Construction Site: Hefei, Anhui

Heifei Science City: one of three comprehensive
national science centers for ‘Mega-science’
facilities in China

I : - -Sgientist Town
(RO 16008

\ e et S SR

(M 23607 ) AEAEGRER
MU T XRRAFRRAEEE " L i, (1000%3)

REER BN FSRNE (BEST)

P » 6 big facilities for science and technologies (17155 acres).
= » Ecological green space and modern agricultural (11815 acres)
SR fate... W8 « HALF (4t generation light source) was approved by central

government , and just began construction
STCF site is preliminarily decided by local government in Apr.
2023, geological exploration and engineering design is ongoing
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Tentative Plan of STCF

2018 /2019|2020 2021 | 2022

Form collaboration

Conception
design
CDR

R&D
(TDR)

Construction

Operation
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BESII
Summary

* BESIII 1s successfully operating since 2008, and will continue
to run for 5-10 years

* Accomplish many precision measurements and new
observations

Charmed mesons and baryons

XYZ states and light hadron spectroscopy

Form factors of the nucleon and hyperons

Low-Q? QCD studies
CPV search, rare decays and new physics search

AN NI NN SN

 BEPCII-U: 3x upgrade on luminosity

e Future data set:50M DO, 50M D+, 15M Ds, 2M Ac , high-lumi. fine scan
between 3.8 GeV and 5.6 GeV
* STCF will be an important next-generation project in the

precision frontier
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BESIT

Thank you!

I |
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BESIT
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BG S m Mass(MeV/c*2) Width(MeV) Journal

N(2570) 2570.10.10 134 2502421 714*%  PhysRevLett.110, 022001 1207.0223
N(2300) 23003940109 340.30.5s """  PhysRevLett.110, 022001 1207.0223
X(1870) 1877.3+6.3 7474 571241  PhysRevLett.107, 182001 1107.1806
X(1840) 1842.244.1 5 67 83+14411 PhysRevD.88.091502  1305.5333

X(2500) 2470.19.53 15410 230.35.33"%"%¢  PhysRevD.93.112011  1602.01523

X(2262) 2262+4428 7245443 PhysRevD.104.052006  2104.08754
X(2120) 2122.446.7.57*47 83£16.,," PhysRevLett.106.072002  1012.3510
X(2370) 2376.3+8.7.41"32 83+ 17, PhysRevLett.106.072002 10123510
X(2600) 2617.842.1.; 982 200+ 8.,,'%°  PhysRevLett. 129, 042001 2201.10796

X(2356) 23564717 304428454 2211.10755
0(2480) 2470+ 4. 7549 ¢*1! PhysRevD 105, 072002  2201.09710
omega(2250) 2223+16211 51429421 PhysRevD.105.032005  2112.15076
a0(1817)+-0 181748 £20 97422415  PhysRevLett.129.182001 2204.09614
ctal(1855) 185549 ,*16 188+184""  PhysRevLett. 129, 192002 2202.00621
Y(4390) 4391.6.49"°£1.0 '?2210 PhysRevLett. 118, 092002 1610.07044
206 6
1101.4-
Y(4320) 4320.0£10.4£7.0 472534102 PhysRevLett. 118, 092001 1611.01317

Y(4230) 4222.0+3.11.4 44.144342.0 PhysRevLett. 118, 092001 1611.01317

Y(4790) 4793.3£7.5 27.1£7.0 2305.10789
psi2(3823) 3821.7£13%0.7 <16 PhysRevLett.115.011803  1503.08203
Y(4500) 4484.7£13.3224.1 111.1£30.1£15.2  Chin.Phys.C,46,111002  2204.07800
Ze(3900)+- 3899.0£3.6:4.9 46+10£20 PhysRevLett.110.252001  1303.5949

Zc(3900)0  3894.842.3+32 29.6:82482  PhysRevLett.115.112003 1506.06018
PhysRevLett.111.242001/ 1309.1896/
Zo(4020)+- 40229408427 79427426 | TysRevietlll2d ;
PhysRevLett.112.132001  1308.2760
Zc(402000 4023922438 79(Fixed)  PhysRevLett.113.212002  1409.6577
Zes(3985)+ 3982, %521 1284457430 PhysRevLett.126.102001 2011.07855
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BESII

Open charm cross sections

« essential to fully understand the XYZ states
» Important input for coupled-channel analysis JHEP2022, 55 (2022)
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BES]]I Updated A decay asymmetry in J /1 - AA

PRL129, 131801(2022)
e Updated results based on 10B J /i events: ~0.42M signals
* Perfect fit to data

e Decay asymmetries with improved precisions are consistent with previous BESIII results
* Sensitivity of Acp 1s improved to the level of below 0.5%

0.2¢ : L T L B L B R RN R R i N I T LSS B IR M
0.15F 7 i PDG 2018 PDG 2021 PDG
0.1F A b AST75 —28 | |
~  0.05F 7 \ CLE72 -|-—— | ONTRES |
% 0 ;’f"—“—""“"'” —— — DAU69 —= ., = DM2 |
T -0.05F ; OVE67 8 | CNTR96 -
_0-12_ H}, 'f i[s)ia;;:al MC CRO63 3 l BES |
O it = ifi!: 19’3 SRS I _._l BESIII 1.3 billion J/y _.I_
5 BESIII 10 billion J/y I |.§l§1‘| BESIII 10 billion J/y l
xR O g S R A D ey e ) P EPERPE R L | [ I T R I & S T Lo
54 5 0 05 104 045 05 055 06 0.65 07 075 0.8725 02 015 01 005 0 005 01 015
cos6, (A - pr) Acp
Par. This Work* Previous results ** PDG 2018 ***
g/ 0.4748 + 0.0022 + 0.0024 0.461 £ 0.006 £ 0.007 0.469 + 0.027
Ad 0.7521 4 0.0042 + 0.0080 0.740 £ 0.010 £ 0.009 -
o 0.7519 £ 0.0036 + 0.0019 0.750 £ 0.009 £ 0.004 0.642 + 0.013
o —0.7559 4+ 0.0036 £+ 0.0029 —0.758 £ 0.010 & 0.007 —0.71 £ 0.08
Acp —0.0025 £ 0.0046 + 0.0011 0.006 £+ 0.012 £+ 0.007 -

O+ avg. 0.7542 £ 0.0010 % 0.0020 0.754 = 0.003 £ 0.002 -
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BESI CPV in - D An- decay

Nature 606, 64 (2022)

Based on 1.3 B ] /Y events

te ==t
ete” = Jp > ETE (13% of total ] /1) events)
Parameter This work Previous result 9-dimentional fit: ~73K signals
Oy 0.586+0.012+0.010 0.58+0.04+0.08 38
AD 1.213+£0.046+0.016 rad. -
oz —0.376+0.007 +0.003 —0.401+£0.010 22 \/p/
o= 0.0110.019 +0.009 rad. —0.037+£0.014rad. 2 & o /'/A\yr
o 0.371 £0.007 £0.002 - ;
0= —0.021+£0.019+0.007 rad. -
oA 0.757+0.011£0.008 0.7504+0.0094+0.004 3
Oy —0.763 £0.011+0.007 —0.758 +£0.010£0.007 3
—2 .
&p—&s (12+3.4+0.8) x 107 rad. - First measurement of baryon weak
3, — (—4.4+3.6+1.8) x 1072 rad. (8.7+3.3) x 10~2 rad2 | phase difference
AZ, (6.0+13.4£5.6)x 10 -
AOZ, (—4.8413.742.9) x 10~ rad. _ We obtain the same precision for
¢ as HyperCP with three orders
AB, (=37+£11.74+9.0) x 103 (=6£12£7)x 1073 3 . |
——— of magnitude smaller data samplel!
< ¢z > 0.016 £0.014+0.007 rad.

HyperCP: ¢EIH CP = -0.042 +0.011 +0.011
BESIII: <gbs> =0.016+0.014+0.007 HyperCP: PRL 93(2004) 011802
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