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BESII

Outline

e Introduction

* Highlight on the recent results
* Prospects for the future
* Summary

Disclaimer:
selective overview, not comprehensive; complementary to other BESIII talks
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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
& - 1989-2004 (BEPC):
Lpea=1.0x1031 /cm?s
e 2009-now (BEPCII):

TN e | meeat= 1.0 X10%3/cm?(4/5/2016)




BESIT

BESIII data sample

XYZ scan
2009: 106M y/(2S) 4190-4280
225M Jly T ——————— )
2010: 975 pb-! at y/(3770) o P25 [ 4080)  thue 4420
2011: 2.9 fb-1 (total) at y(3770) S| w0 ":;‘ (12042010 o~
482 pb-1 at 4.01 GeV s b o ull G o P
2012: 0.45B (total) y(25) N onse S ek |
1.3B (total) J/y | »BEs (N n* W’ v BT
2013: 1092 pb-! at 4.23 GeV ol H ‘ ll;,;,ww'a_gﬂfl -
826 pb_l at 4.26 GeV 2 :;'Z"'""i:'— i ll}‘_‘l—:ljr’!R can ;.3 fb~1 (130 points) . ‘f
540 pb-1 at 4.36 GeV e e e [Gey]
10 X 50 pb-! scan 3.81 — 4.42 GeV 2020-2021
2014: 1029 pb-! at 4.42 GeV
110 pb-! at 4.47 GeV BESIII Publication

110 pb-! at 4.53 GeV %

60 : :
48 pb-1 at 4.575 GeV o5 submitted : 454

567 pb-1 at 4.6 GeV so published : 412
0.8 fb-! R-scan 3.85 — 4.59 GeV 4

2015: R-scan2 — 3 GeV + 2.175 GeV ;‘g
2016: ~3fb-1 at 4.18 GeV (for Dy) 30
2017: 7 x 500 pb-! scan 4.19 — 4.27 GeV 2
2018: more J/y (and tuning new RF cavity) 2
2019: 10B (total) J/y 15
8 X 500 pb~! scan 4.13,4.16,4.29 — 444 GeV ' i II I I II
0 -

2020: 3.8 fb! scan 4.61-4.7 GeV 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
2021: 2 fb! scan 4.74-4.95 GeV; 2.55B 1(2S) I Submitted [ Published

2022: 5.1 fb-! at Y(3770)
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BESII
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* Hadron form factors

* Light hadron spectrosco « XYZ particles
* Y(2175) resonance g P py D

_ * Gluonic and exotic states * D mesons
* Mutltiquark states * Process of LFV and CPV » fyandf,,
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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BESIT

Updated R values at BESIII

. : PRL128, 062004 (2022)
14 fine-scan data points from 2.23-3.67 GeV i 0620_04 2?22
« Important inputs for SM-prediction of g-2 >w<.$ ......
Comparing BESIII R values with previously published results: - M B
3 —

2 I
e BESIII ® BES a Crystal/Ball
= KEDR * MARK-I ¢ PLUTO ---pQCD+J/y and '
1 1 I L L 1 1 I L 1 L 1 I 1
2.5 3 35
Vs (GeV)

» The accuracy is better than 2.6% below 3.1 GeV and 3.0% above.
» Larger than the pQCD prediction by 2.70 between 3.4 ~ 3.6 GeV.
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http://link.aps.org/doi/10.1103/PhysRevLett.128.062004

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

Y (21735) resonances

ete > K'K-nd

* M=2190+19+37 MeV/c?, '=191+28+60 MeV

600 )
—f— BESIie'e = g7 —¥— PDG 2021 % *
- ——— - e from PWA of K*(892)K and K,*(1430)K;
= BESIlle*¢” - ¢7' === BES J/y — 1¢f,(980)
—Z&— BESllle’e” — K 'K n°° —T— BABAR e'¢" - y¢n JHEPO7’ 045(2022) 400
—5— BESIlle'e = KK —3— Belle e’e” — ¢1°1 o ;;: il (a) 3 BaBar Py r (b) i
= 400 =i BESIll e’e" - KK —%— BABAR e'e’ - yK'K'n'n’ % £l + SND @ C b w+
% =3 BESIll e’e” - K'K'n° —F— BABAR e'e" — yK 'K z°° ® 228 i -+ BESII R 300:_ il *
= —Z— BESllle'e” — ¢r° 7 —8— BABAR e'e — yf(980) x 200; [l 1 ; 200:_ l_ : ‘DV—l—' ' — .
[— + BESII J/y — nérx’'n X ; W T N T 2122 2??4(;1\‘/‘
S T 150# i +| ol -+ BaBar
~ ) Eol - SND
= o 100F * { H’H[ [ < 1oo—+++ H. ;
N N * E I - r v -+ BESIII
e ] 'l’ % 505_ M *‘J}ﬁ{w@&{ﬁ i © &‘ + f+ )
L‘ 200% H | [ L/ IR i 1)L T O_I_‘J_l;l_liﬁ_l_l_x_hn_h?ﬁtﬁgﬁ_l_u
1.5 2 25 3 3.5 16 1.8 2 22 24 26
- B _qg_ | /s (GeV) /s (GeV)
B S % 140; —4+— BESIII Data ﬁﬂ. 8 —4— BESHI Data
— 120 (a) o~ —3200F (c) —F
~ k S A it g O I R A Resonance
I + I é\ 100 E = - continuum éﬁOOO :— — = continuum
O 1 1 1 L 1 Il 1 Il 1 Il Il 1 % 80;— F
=24 2 23 7 60 z ¢t
x 40 E 4 B
2 T F
: m 0170, [GEVICT] > 2F
o of A e
= 2 22 24 26 28 3 R T Ry ST ST
s (GeV) s (GeV)

B($(2170)>K**(1430)K™) __ 12.6%4.5
B(P(2170)—>K+(892)K—) — (22.7+4.1)
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BESIT PWA of J/Y - ynn'

arXiv:2202.00621, Accepted by PRL
arXiv:2202.00623, Accepted by PRD
based on 10B J /Y events 5 /

* Then'isreconstructed from yn*n~ &nn*tn~, n from yy

* Partial wave analysis of ] /Y - ynn’

Quasi two-body decay amplitudes in the sequential decay (D aot= L7
processes J /Y - yX,X > nn'and J/Y > nX,X -» yn’ and 8 *®
. . o
J/Y - n'X,X - yn are constructed using the covariant 3 | - 4. "
» < B - o
tensor formalism[! 2 200
« All kinematically allowed known resonances with 0%+, 2+, [ _
4** (mm") and 1*~, 1= (yn(?) are considered e e et
— . . . . . . H
1~* in nn’ is also considered (n/n' not identical particle) o0
400 T . T T r—— e —— .:
N } @ xz/dof=+%).§a7 (q\c; 400 (b) ¥*/dof = 1.52 _ (g 400
% 300 — % %
= — = 300 = B
g 200 — 1: (n,(1855)) 8 8
,\@ :;WA fit projection (exclude n‘) E 200 E 200
GC.) 100 — PWA fit projection (baseline fit) g 8
& o 100 g 100
Oble === 55 3 SSAS e L 15 25
M(nn')(GeV/c?) M(yn)(GeV/c?) M(m)(GeV/cd)
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BESII

Observation of exotic isoscalar meson

171(1855)(177)

Decay mode Resonance M (MeV/c?) T (MeV) Mppc (MeV/c?) T'epe (MeV) B.E (x107%)  Sig.
fo(1500) 1506 112 1506 112 1.814£0.117013 300

fo(1810) 1795 95 1795 95 0.11£0.017593 11.10

fo(2020) 2010+£61§ 2034973 1992 442 2.284+0.121020 24.60

/=X =y’ |_fo(2330) 231247H7 6541013, 2314 144 0.10+0.02+2-0% 1320
m(1855) 1855+£91%  188+1873 0.2740.041092 21.40

f2(1565) 1542 122 1542 122 0.32+0.0510-32 870

f2(2010) 206246710 165417110 2011 202 0.71£0.06038 13.40

£4(2050) 2018 237 2018 237 0.06+£0.017003  4.60

0"+ PHSP . - 1.44£0.151020 15.70

J/h = ' X — yn'| hi(1415) 1416 90 1416 90 0.08+0.0110 03 10.20
h1(1595) 1584 384 1584 384 0.16+£0.021003  9.90

arXiv:2202.00621,
Accepted by PRL

arXiv:2202.00623,
Accepted by PRD

Hybrid?
Molecule?
Tetraquark?

* Assuming 1,(1855) is an additional resonance, scans of with different masses and widths

 Significant 1~ contribution around 1.8 GeV/c? needed @ - ———0 —————————t
. v*/dof = 0.96 .
E :_-::-__-___-_E_-J__TJ_\. R
-50 —’\ % <R : 9 200_— )
_1006'\‘\ 2t , )\‘.//ﬁil o I -]
2 - \ \ %’ I ; 4
< - \ o ow B ~
-150 : o b
- . g Q 100} iy o
RN A= @ L ]
-200F .; ‘ri'lf)ul"lu ; 17 GeV < M G <20GV-
; 3 e iyt 1.7 GeV < M(nn') < 2.0 GeV +
250 | P S e e e e ]
1.6 1.8 7] 29 24 P26 03 05 0 0.5 1
MM')(GeV/c?) cosh,

ELEFIENFCTL | B 10



BESIT

PWA of J/Y —» yn'ny’

PRD105, 072002 (2022)
1400 2000 [ . . , . — o
@12005_ < i xZ/Nbins=1.29>“ f""v(P) . A1°
E 1000 - § 1500 g N% i
o~ 800 o ¥ 1 S B
P - S 1000 |- 4 8 ==
S 600 <) B ] s 10 =
*g 400 S— g 500 :_ _: 2 i .
o - - [} - . o 1F E
@ 200 i i ¥ 1 o B
ok : of . B .
4 4 — 23 27 25 ;
S e ***++++*+m+ Hill *ﬂ**ﬁmi** *++ﬂ++ é 3 ‘ZZE """"" ﬁ*’”’*mW** s *** *ﬂ**f****h*“f **ﬁﬂé M,y (GeVIc?)
* 2 2.5 3 -40.8 1 1 2 1 4 1 6 1. 8 2 2.2
M, (GeV/c?) M, (GeV/c?)
Resonance M(MeV/c?) I'(MeV) B.E. Significance (o)
£0(2020) 1982 + 3134 436 + 4155 (2.63 +0.067931) x 10~ >25
f0(2330) 2312 + 2710 134 +555° (6.09 + 0.641499) x 106 16.3
f0(2480) 2470 + 475 75 £ 9+ (8.18 + 1.771373) x 1077 5.2
hy(1415) 1384 + 617 66 + 1072 (4.69 + 0. 80+?gg) x 1077 5.3
f2(2340) 2346 + 812 332 +£14%% (8.67 +0.701? 71) x 1076 16.1
0+ PHSP e e (1.17 + 0.23+4 %) x 107 15.7
* new decay modes for £,(2020), {,(2330), and f,(2340)
* new state f,(2480) firstly observed
I'(f,(2020) —»
* £,(2020) a scalar glueball? (f0(2020) "") — 0.0148
I'(f0(2020) - n'n")
SEE EE AT | B= 11



BESII

PWA of J/3p - YK K ¢mr°

» To explore the nature of n(1405) and n(1475):
radial ex-citations of the n and n’? non-qq exotic state?
e A clean channel with negligible background

. 14000 = 4 pata ) —
ore- E /N, =160 1
12000 —4— Data el - . " X MNping =
N ) . @ 3 G i E
.- - _ <~ == -
%’ 10000 R . 7 310000 @ -0 3
o p T 0(MD) AT, 1 @ @ --() ]
3 8000F " 1 2 8000 4 g =
o (1) - o ] 3 @ --(12) B
(=] g ] S 6000F"""® (13) -
2 6000 T'(MD) - e 1 @ ---(6) - (18) 3
2 —§ 27 (M) J 1 $ 4000 —
@ 4000 2D A 4 o .
3 == 27(MD) F we ] 2000 3
2000 ¥ 7 R 0 =
e o .. ]
c -o-"fﬁ“ . * - ] = -
S S5l e ey 0 il i 4 —4-.
< 0 Bore c oot TN e = g - — et L
125 1.3 135 14 145 15 155 1.6 N S et aal TR i
M(Kg Kgn")(GeV/cZ) 125 1.3 135 14 145 15 155 1.6
M(KgKgnO)(Gech)
In MI-PWA, large flat O+
components between 1.4-1.5 GeV
[
Resonance M (MeV/c?) T'(MeV) Decay Mode B.F. Sig.(o)
J, 1405 KY(K2m%)p_wa KOK2m® (5.8440.127293) x 1075 35
7(1405) 13917 £0.7715°  60.8 + 1.2753, /% — n( ) = YKG(KZT)Pwave = YEGKGT®  ( T336) X >
J/p — y(1405) — y(K2K2)s wavem® — YKIKIm® (2.88 £0.041353) x 1075 184
J 1475 KK pwave = YKOK 20  (6.58 +£0.1273%) x 1075 > 35
n(1475)  1507.6 + 1.67135 115.8 + 2.41148 /¥ 2 A1475) > 7K (Ksm e KKsm —2s2)
: T/ = yn(1475) = Y(K2K D) swavem® — YKIKIT®  (3.99 £0.097538) x 107° > 35
f1(1285) 12802 £0.6712 282+ 1.1%55  J/i — vf1(1285) — 7a0(980)°7° — yKIK IO (8.55+0.417382) x 1076 >35 o
J, 1420 K*(892)° K KYKn0 7.25+0.127973) x 1075 > 35
f1(1420) 14335+ 117279 95.9 + 2.3+136 /¥ = 7£1(1420) = yK*(892) K — yK5Kgm ( ‘1'2?) o
J/p — 7 f1(1420) — vao(980)°70 — yKIKIn0 (4.62 £0.36723%) x 1076 17.8
f2(1525) 15154 £2.5732  64.0 £4.3729  J/y = vf2(1525) — vK*(892)°KS — KK IO (9.47 £0.437550) x 1076 23.8
D %r/—l_;\ 7/ - AN AY /_\ = —_——
s BFIEERICITS , R

arXiv:2209.11175

Components

(1). J/ip — yPHSP(0~+) — yK*(892)° K3 — vK 3K Jn°
(2). J/¥ — yPHSP(1++) — yK*(892)° K3 — yK 3K 370
(3). J/9 = yn(1405) — YK 2(K37°)p_wave — YK 2K 20
(4). J/ib — yn(1475) — YK(K2m0)p-wave — YK 2K 37O
(5). /¥ — vf1(1420) — vK*(892)° K% — vK3KIn®
(6). J/¥ — vf2(1525) — vK*(892)° K — yKIKIn®
(7). J/¥ = yPHSP(0~") — vao(980)°7° — yK2K In®
(

©)

(

(

(

(

(

8). J/¥ — yPHSP(27+) = vao(980)°7® — yK 3K %m0

9). J/b — yn(1405) = Y(K2IKT)s waver” — yKSK2m0
10). J /¥ = yn(1475) = y(KJK2)s waver® = YK K In°
11). J/¥ — v£1(1285) — 7a0(980)°7° — yK I K270
12). J/v — v£1(1420) — vao(980)°7° — 'yKOKgﬂ'O
13). J/¢ — yn(1405) — yaz(1320)°

14). )°n

70 — yK3Kor

J/¥ — yn(1475) = va(1320 — 7KK 3n0

Resonance parameters of
the involved pseudoscalar,
axial vector, and tensor
states

Data can be used for further
investigations of the
properties of the n(1405)

dn(1475
and n( ) mesons 19



BESIT  X(pp)/X(18??) from J/y radiative decays

_ J/y>vKsKsn i Tia
2 - (b) X(2120), X(2 Lrof B '
S 500 ( 0): ( 370) St — MC projection |
% r . Q60F - Background PN
O 400k ] Oh: - X(1835) s 250 T
& 400f 50 ~X(se0) E il 1 o
= g o —-Phase space § B Jap—yK %K n * 0| v PRL108112003
3 300f e < - Ip—y'n'T N 4 PRL115,091803
5 : » 30} 1 200 : : 0+ | + PRD87,032008
& 299 B E C at m  PRDS8,091502
F e - -: JPC?| Ao PRL107,182001
10 HIoR, 150 <!
L ! - we
0 - ot r : i E o
14 16 1.8 20 22 24 26 238 16 18 20 22 24 26 28 - =
M (GeV/C?) sK"sn (GeV/cd) & <
100 l ot
250: l \T/Wevw‘b (a) — R I
Fol = = ; ] - _;_
& 2000 4R f_(g(zl)g)c)) D E 50
S r e w f_2(1950) > i Ip—ypp s
> C 5 — — n(2225) & L : .
S 150 — - - Phase-space v = -
g C T Background S P ] I CEPRPI RE) SV I TP [ (ORP EPRETS G e
S r £yl = 1800 1820 1840 1860 1880 1900 1920 1940 1960
= 100 B T = M (MeV/c*)
- by ;
L g >
= =
_ A i 0 0“3 PRL117, 042002 (2016) PRD97, 051101(R)(2018)
0 r s Sy o 8 v . / + _
2 2.5 3 2 -
M__-2m (GeV/c?) YI| TU TU —
M(K*K ) (GeV/c?) R 25:!0/‘!] ,,,,, _—________Il J/=vye
raoo\_\l\l\l\l\W\\\\\\\\\\\\\\!\l\_l R B SRR CREES oy
o WE - [ &
s> i . = 0
o F 2 700 % Lt O
1:,200; E-’ 600 F A N M o L 8
‘12150i S 500 L =ik g
GF < 400 £ 2'"r s
@100 Z 300 e X(1870) o | 3
- 2 200 : W sl w
0 - 100 (1405)
n . . . L L 16 18 c2
” jar A PTPRTRRTRIES L Sk L 0 0
0 TR R T X (1285) ; 6 20 y 13 14 15 ;».As[nrljn] 1(39\1/.;;02)2 21 22 M(yd) GeVi
M(3(r*1)) (GeVic?) M,,[ - GeV/< %)

Are they the same state? It is crucial to understand their connections.
s FBLRFEEYIICIIYE , R 12



BESIT  X(2600)in J /¥ — yrtrn™n'

PRL129, 042001 (2022)

* 10B J/y events are analyzed, where X(2120) and

Resonance Mass MeV/c?) Width (MeV)
X(2370) are confirmed fo(1500) 1492.5 + 3.6 107 £ 92!
. + — / . 0 . *Y=20.5 -7
* Anew state X(2600) in t" 1 final states 1s X(1540) 1540.2 + 7.01363 157 + 19*1]
X(2600) 2618.3 + 2.01163 195 + 5179

observed with significance >20c, which i1s

correlated to a structure @1.5 GeV/c? in
M(rtn™)

BF(J/¥ - yX(2600), X(2600) - fxn', fxy > n'n")

. . ’ . Case £o(1500) X(1540)
* Simultaneous fitto M(r"n™n) and M(m™t™): Events 24585 + 1689 21203 + 1456
BF (x107) 3.09 +0.211 1 2.69 +0.191938

1nterference off0(1500) andX(lS" ?2)inm T

T g b) 1 5 5
> 20 > ] :
8 ’IX(2120) | [xc600) | 8 o} xaizoy] (X0 ] A ; 3
g 15 X(1835) \ X(2370) / 2 X(1835) X(2370) : : :
£ 10k = 3 :
) ) - - E C
I e P ; :
5k /7 ¥4 4
4 & G
= 2 25 3 =5 2 25 3 0 T . f o
M, (GeVic?) (Gevic?) 23 24 2 526 27 28 23 24 2 5 26 27 28
. . 2
g 2 i 0 2 70 M, n(GeV/c ) M, "(GeV/cz)
(>3 18} 100 E 1.8F 1 __4000F [y 4 __ 1800 ' d ' 3
= = 50 S I () 1§ (d) :
¥ - ¥ O 3500F 4 L1600 3
= 16} . = q6f 40 3 3000F 1 3400 3
14} 14F o Ezsooi— ........ 3 E 1200 3
) 40 E 20 =2000p%. ] Q100 3
& . E T 800 e
gl 20 12k 10 "5 1500F e i @ e 3
€ E i 3 € E
22 24 26 28 ° 22 24 26 28  ° § 1000 3 i & 400F 3
M x (GeVIc?) My (GeVic?) L SO0E: e i @ 200f = 3

reconstruct n’ from yr* = (left) & n(— yy)n*n~ (right)

0 1 1 P | ""|::\\‘|v.~‘
12 13 14 15 16 17 18 1.9

0 1 1 T T oo S
12 13 14 15 16 1.7 18 19

M, (GeV/c?)

X(2600): 0~* or 277 is favored. n radial excitation, or exotics?

X(1540): £;(1525) or £,(1565)?

s FBLRFEEYIICIIYE , R

M, (GeV/c?)
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BESIT EM Dalltz decay of ] /P -

]/l/) - Y7T T n \
20 (3) Tx@120) | |X(2600)| e e 77: n 77 PRL129, 022002(2022)

m [(x@370) |
10F

Event/0.01 (GeV/c?
En‘

o T N —h— Data i T E B T . —l— Data i T
T P LBk et - 1 o [TFImee ilen
okt . X S 200¢ T Xasw) 1 g T Xasw) §
5 2 A2,15 (GeV/gz) § o (8)1510' .---- ::»z:‘r?:bukgrnnnd ] § i (h) -—-- ::)zll‘t?]?:l')l.t‘lfﬂrwld |
Gk w; 150 o bt < ! ] e ey
. o~ -
* Observation of X(1835), X(2120), & S
and X(2370) in EM Dalitz decays L L
. 50
* First measurement of the TFF e N [ WA
I AT . e MOl A o oz
between]/w,b and X(1835) 14 16 18 20 22 24 26 28 14 16 18 20 22 24 26 28
M —_ (GeV/c?) M. o (GeV/c?)

reconstruct o’ from yn*n~(left) & n(— yy)n*n~ (right)

Branching fractions of J/y — eTe X, X > ntn ™y

X = X(1835) (solution I) (3.58 £0.19 £0.16) x 10~° 5,”I,,,I”,_,,_,,_‘,I,
(solution IT) (443 +0.23 £0.19) x 10~¢ . F(q?) = ]
_ -6 i 1- ¢12/A2
X = X(2120) (0.82 £0.12 £ 0.06) x 10 4: A =175 + 0.29 + 0.05 GeV//c?
X = X(2370) (1.08 +0.14 £ 0.10) x 10~¢ -

dU'(J/y — X(1835)e™e™)
dq’T'(J/w — X(1835)y)

= |F(q*)|* x [QED(q?)],

N I T N

0.2 04 06 08 1.0 1.2

= Yool s o N N . e+e G V/ 2
s EERFIENFEHTS  B= (GeVie?) e


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.022002

BESIT The Zc and Zcs Family at BESIII

Zc(3900)* Zc(3900)° Zc(4020)* Zc(4020)°
PRL 110, 252001 (2013) PISE_IIS, 112003 (2015)

- PRL 111, 242001(2013) PRL113,212002 (2014)

% il P Preliminary ;_;: 5 ’%

5 6 H 3

§ ' B

F i

T %)f&wﬂo ' \"M(n";l‘l;)((‘-e\"/c!) ST M ‘E’M‘” = ”ir;, '1‘7(,5'; e
ete” >t~ wtJ/ ete~ — 970U/ ete™ = 7w~ nthe ete~ — n%mOh,
Zc(3885)* Zc(3885)° Zc(4025)* Zc(4025)°

ST: PRL 112, 022001(2014) PRL 115, 222002 (2015) PRL 112, 132001 (2014) PRL115, 182002 (2015) Ze
DT: PRD92, 092006 (2015) Gal

— - comb. BKG  —4-dsta
— total it
Z,J4025)

2. .8

Everts /{25 MeV/ic?)
&
3

SU(3) counter-part
gl i ZCs state with strangeness
Y a1 4.02 ;il?ﬁ‘(u’) : G‘e"\;’c’\ X RM(n%)(GeVic?)
ete~ — n~(DD* ete” > n’(D'D )° ete~ — m~ (D*D*)* ete” > n'(D°D")"
o° PRL126, 102001 (2021
@:: Ll 40 —— ( )
— /','_ e | . NQSS _ s =4.681 GeV >53 o
+ . %30 3
q =25
ete - K+D:_D0 0.20 . +
315 l 1t.1).] Observation of the Z,(3985)*
e F L
C
b0 Siok _ 2421 4 1 2
®’ ool m = 39852135 & 1.7 MeV/c
. \a D; 0 fl I' - 13.8_5_2 i 49 MeV
. 4 405 41 4.157 First candidate of the hidden-
« RM(K") (GeV/e’)  charm tetraquark with strangeness!
o o ete” > K*D;D*°
/=

e S LEFIEYHCHTS | = 16



BESIT

3.7tb-! data accumulated at 4.628-4.698 GeV
Partial reconstruction

I =
| mt o K
v .G
t ‘ e ik & Missing
Tag: KO, D* . ~' iy
SRS mt 'O S
g = (A4
Missing: D~ e P g et & » e
TN s

or D and °

I p— .1 K+ K~
S Wy
K*‘ ‘q Missing o ' Missing
A—ﬁ - ¥
, Fn 'L_Qn @l
Tag: KSO,DS_ i et a4 k- Z‘ et ad - - €.
. . . ..
Missing: D** 3 "
orD* andy(n?) 7 - b ¥

* The D, and D" are reconstructed through

* Dy2KK 7, K"K 70, KK, KK, n'n”

* D*>K 7t KOnt, KOntntn-

s FBLRFEERICTITES

Events / (5 MeV/c?)

2500
2000F -
1500F e
1000 F e e

500F

1.94 1.I96 l.l98 2
M(D) (GeV/c?)

—$-Data

DNon-msonam signal MC

D; sideband

100

50

*} ©

9 195 2 205 2.1 2.1

RQ(K‘S’D;) (GeV/c2)

, R

15000

10000

5000, , . ere o

1.84 1.é6 1.%38 1.9

M(D*) (GeV/c?)

300

—4-Data
[:] Non-resonant signal MC

200 b, @
100} s g
) PR !

D* sideband

=

20s

2.1 2.15
RQ(K‘S’D") (GeV/c?)

22

17



BESII

Evidence for the neutral Z_ (3985)°

—4— Data —— Total PDF Signal
-~ Sideband -~ Non-resonant process ~ — =~ D**Dg PRL 129, 112003 (2022)
402_ (@ Vs=4.628GeV 40;_ (b) Vs=4.641GeV ?gg F 4 Data  — Total PDF - 2, (3985’
30_ 30 N: 160 b - Sideband Non-resIam process --- DF#*Dg
20F 20f Z MO +H
: i{’ﬂ/{ P : > 120 W+$+ﬁ%
10 | I~ gk 10 S 100 £ H
; 402— © V5= 4661 GeV 100:_ @ Vs=4.682GeV g : 4.60 N,
> 30 [ 1. 4 I e X\
S 20 500 Ut t ++ 1 4.05() T4l 415 42
= L RM(K®)(GeV/c?)
” 5 5o B (o)
o orn X p 9 9
40'— (@ V5=4699GeV | Vs (MeV) R0z, (3085)° K- Z,,(30885)F Xtotal/ndf
30F | 4628  4.4755+2.0 0.87;%£0.6 1.2
20 {& " 'H"} } FI 4641  0.0716+02 1.6712+1.3 05
tof % b , 4661 2.87184+06 1.671°+0803 5.1/5
,,,,, 4682 22112408 44705 +1.4 1.0
995 4 405 41 415 42 4699 7.0732+1.8 24715 £1.2 21

RM (K:)(GeV/ c?)

Mass (MeV/c?)

Width

(MeV)

Z.s(3985)"

3992.2+1.7+1.6 77+41i43

Z.s(3985)" 3985.2720

+1.7 138+

+4.9

Mass and width consistent with the charged
Zcs: m(Zcs™)<m(ZcsY)
Cross sections are consistent under isospin

symmetry
=» they are isospin partners

s BFIEEImeTs , BR 1R



BESII

Various interpretations are possible for the structure

— Tetraquark state

— Molecule

— D, (2573)"D;~ threshold kinematic effects
(Re-scattering , Reflection, Triangle singularity)

— Mixture of molecular and tetraquark

Z.,(3985) from e e~ annihilations and
Z.,(4000) from B decays

their masses are close, but widths are

different

If they are same, why width so different?
If they are not same, is there the
corresponding wide Zc(3900)7?

Looking for more channels will be useful

Candidates / (10 MeV)

700

600 F
500 £
400
300 F
200 F
100 E

RFIEFEIMETS

Discussions on the nature of Z_.,(3985)

200 ] 5
180 E —4 Datz — Total PDF Z.(3985)

Events/( 10.0 V.

40 ¢ .
©35F Vs =4.681GeV
530¢
S25¢
o -
620 f
@15

120
100
80
60
40
20

0 b
3.95

PRL126, 102001 (2021)

iy S 15
! RM(K™") (GeV/c?)

Sidel b nd --- Non-resonant process --- D#**Dg

4.05 4.1 4.15 4.2
RM(K(S’)(GeV/CZ)

= BY - J/ppK*

Eahs

_PRL127, 082001(2021) :

4.2
M, [GeV] 10



BESIT

200"
180
160
140
120"

width (MeV)
NE3 B3

TTTTT T T I T 7T T v I

Y(4230), Y(43XX) and Y(4660)

I I

I I I

+

|

ul Lo a1 P T S W T BT
4200 4250 4300 4350
mass (MeV)

4400

—#- BESIII:
—+— BESIII;
—¥— BESIII:

BESIII:
BESIII:
£ BESIII;
BESIII:
BESIII:
—— BESIII:

W
70/ y
Wy

mxco

=D°D +c.c.

YX01(3872)
iy
n*nh,

Ty (2S)

I' (MeV)

250
-+ BESIII (b)
:
L Belle n'ny(2S)
200
—+- BaBar
150 + +‘
100 L'- T
L =
= [
50 -
0 C 1 1 1 L | 1 L | 1 L | 1 1 |
4300 4400 4500 4600 4700
Mass (MeV/c?)
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BESII

Cross sections of ete™ > KTK~J /¢

BESIII, PRDY7, 071101(2018 Belle, PRD 89 , 072015 (2014)
g o1 [ ® T ] arXiv:2204.07800
= { } I = 1of
1| ST A Sy ‘

3 RN L % ‘ 1y {++++++
42 43 44 45 46 ok lu .+ $of . 1y hlﬂ.mm.
Ecy [GeV] 4 45 5 5.5 6
E,, (GeV)
12—
~ [ - XYZData . : : '
S “rvowveton | @ Investigating the strange content inside Y (4230)
Z 8f --Fitcurve: Y(4230) . .
] [ it curve: Y(4500) : ] - :
¥ of ' Y(@50021 v First observation of Y(4230) — K*K-J/y peak
t ok ’ B(Y(4230) = K*K-J/})
0 I 0.02 < BYUBO) =2 KPEZI/Y) o6
S B(Y (4230) = wt7—J /1))
% : : g
- v Resonance Y(4500) > 50, consistent with the predictions of:
al Be Be el R & > 5S-4D mixing scheme (PRD99,114003 (2019))
ke e > heavy-antiheavy hadronic molecules model ( ProgrPhys41,65(2021) )

3 10k ] : o

& OF _ rit curve: Total (b) > Lattice QCD result for a (cs¢s) state (PRD73,094510 (2006))

> gf ---Fit curve: Y(4230) .

;: .. Fit curve: Y(4500)  Y(4500)7] Parameters Solution I Solution II

£ ] M(MeV) 42253 2.3 £ 215

Y Y (4230) Tyt (MeV) 72.9 + 6.1 + 30.8

A T..B(eV) 0.42 + 0.04 + 0.15 0.29 + 0.02 + 0.10

3 M(MeV) 44847 £ 13.3 £ 24.1

Y Y (4500) Ty0r(MeV) 1111+ 30.1 + 15.2

ranpene - T..B(eV) 1.35 + 0.14 £ 0.06 0.41 £ 0.08 + 0.13
41 42 43 44 45 46 phase angle p(rad) 1.72 £ 0.09 £ 0.52 5.49 £ 0.35+ 0.58
s (GeV)

ELEFIENFCTL | B 04


https://doi.org/10.1103/PhysRevD.97.071101

BESIT

Cross sections of ee™ > T ™ J /Y

arXiv:2206.08554

Higher statistics, higher precision, higher energies, better fit

I f v Y(4230) and Y(4320) observed with > 100

";g Y(4230) —+ XYZ data v’ Structure around 4 GeV better fit by a BW (before exp)
g 80 +?§':a;‘713 v’ Evidence ~30 of a structure at higher energies
N —Fit W(4415)? The new Y(4500)?
;z 50 Y(4320) v’ By including the high energy state in the fit, the
T 40 w(4415)?|  Y(4320) parameters change
° Zg Y (4500)?
° 1o 1 Myuazzoy = 4221.4%1.52 2.0 MeV/c?
4 ry(4230) = 41.8 £2.9 £+ 2.7MeV
O R

B I - B v Myuszo) = 4298 £ 12+ 26 MeV/c?

/s (GeV) ry(4320) = 127 £ 17+ 10 MeV

s FBLRFEEYIICIIYE , R 29



BESIL  Cross sections of e* e~ — wm—1(3823)

first observation of vector Y states PRL.129, 102003 (2022)
decaying to D-wave charmonium state

o
= o
2 Viase0) © 505 —+ Data — 6 [+ Data
& 46 % 40F — Fit < - — Two-BW fit
a = o Background E’ I )
3 E . £ | --- One-BW fit
Sas v 30 I Sideband 2 gk
g v(d's) P T 7
5 4.4 S— b 20 [é2) B
€ Vi I S
4.3 U>J 10: @N P24 R 7
Y(4260) ' L
4.2 S a5 35 M(3.575 \ (G3'$// 2 +§ ol .
v Jh) (GeVic = ! R -
4 " . © Y42 4.4 4.6
UBLE O [ —+ Data
4 > | — Fit Ecm (GeV)
s100F [} - Background
3.9 mg +m, | © o W Sideband Parameters Solution I Solution IT
L] R RN MIR:] 4406.9 +17.2 £ 4.5
3.8 & c 50
VXl s Lot [R1] 128.1 +37.2 £ 2.3
st L T2 ol B bbbt i T BB, 0.36+0.10+£0.03 0.30 & 0.09 & 0.03
5o 365 37 375 38 385 M|Rs] 4647.9 £ 8.6 £ 0.8
o : ; M) (GeV/c?) ot [R2] 33.1+18.6 +4.1
ost precise measuremen T... B™B, 0.24+0.07+0.02 0.06+0.03+0.01
mass and width of y,(3823): ¢ 267.1 +£16.2+3.2 —324.8+43.0+5.7
m = 3823.12 + 0.43 + 0.13 MeV/c?
< 29MeV (at90% CL) * R, and R, consistent with Y(4360) and Y (4660)
« BESIII also observes ete™ — %% (3823)
Bl12(3823) 2yxe2] _ 033 +0.12(< 0.51)) [arX1v:2209.14744], consistent with isospin symmetry
Blv2(3823)—vXc1)

s FBLRFEEYIICIIYE , R il



BESII

Unique data sets near thresholds

e'e symmetric collision: ic::llge— S ASEERs BRESERLEES
O e BESIII 2014 e BESIII 2011
energy scan data sets at open 10° | —— SND (2011 +2012) —<— BES (1999 + 2004)
charm thresholds 10" | —=— FENICE (1991 + 1993)—e— DM2 (1984)
10° _ - - - + - —
3.773 GeV, ~8 fb%, DD wph e (NS, . M oppTT AR
4.008 GeV, 0.48 fb~2, D;Dg o som®t T oo .
4.18-423 GeV, 6.32fb~1, DD 4" Tecas "
4.6-4.95 GeV, 6.4 b1 AA, 107 ' ! !
2 2.5 3 3.5 4 45

; g SGeV/c)
Energy scan in 2014-2015 at BESIII

» Meson and Baryon pair-productions near thresholds:
form-factors in the time-like production, precision branching fractions, relative phase;

» Quantum-entangled pair productions of charmed mesons

» Hyperon and charmed baryon spin polarization in quantum entangled productions;

s FBLRFEEYIICIIYE , R 24



BESII BESIII advantage: unique data near to the

thresholds

e X7 — pyu
Known initial 4-momentum Single tag 7P
Known beam energy: pair productions ot e o
Decay with neutron & m'
Decay with invisibles: neutrinos >t - prd
Missing mass or missing energy
use machine-learning algorithms?
under study by
Zhang Jian-Lu
80" < ‘p
'vé'.i : ° Ve T (o
260 il X e
2 % ) CR— \ @
2 40f \ /
g E 2
4 E / (A ) —
02 01 0 o1 oz e—*_(_ef)

M2

miss

[GeVZ/cH

®
s BLRFEERIICIITE , R

Excellent resolution
Beam-constraint A, mass

1000 -

500 -

Events/( 1.0 MeV/c?)

Sassyessedeegecpeney,

925 226 2.27 2.28 2.29 2.3
M, (GeV/c?)

Neutrino reconstruction
A;" — Aety,

w
o

Events /0.010 (GeV)
T T

-0.2 -0.1 0 0.1 0.2
Umiss

(GeV)

275



BESIT

Charm hadron decays

_ K*
" \ 7
7 7T+ Signal side Tag
T s
s T f
Tag side _ L
d D5 [signal
- i \ igna
2.93/fb at ¥(3770) X ‘(JD: Y @®

Take V,, from fits to CKM
assuming unitarity and measure f | q (= four-momentum of W) Isospin
dependent SU(3) flavour
Precise test of lattice QCD in Different amplitudes T, P, A, E
charm and extrapolate to beauty | Test QCD models of the form Long and short distance effects
factor

s B BRAFIEZEEFR , EH 20



p+and fp+

PRD104(2021)032001 PRD104(2021)052009 PRL127(2021)171801
D} - tH(ptv)v D} - tH(ntv)v D} - tt(etvv)v
6.3 fh'l 1745:84 6.3 fb-1 946146 6.3 fb1 4940497

100~ 4178 GeV-

/(0.04 GeV¥/ )

Events / (0.04 GeV¥/c')  Events / (0.024 GeV?/ c)
/(0.04 GeV¥/ e Lvents

Events

4199 GeV.

Number of events/0.02 (GeV/c*)*

fp#|Ves| = (244.8 £ 5.8 + 48) MeV

Number of events/2 MeV/c®

fp|Ves| = (243.0 £ 5.8 + 40) MeV

fo, (MeV)

LIIIIIIII|IIII|IIII|IIII|IIII|IIII
NAL/MILC PRD98,074512 249.9+0.4 L]
RBC/UKQCD JHEP1712,008 246.411.3'7 u
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 -
ETM PRD91,054057 247.2+4.7 -
FNAL/MILC PRD90,074509 249.0+0.3; "
FNAL/MILC PRD85,114506 260.1+10.8 ——
HPQCD PRD82,114504 248.0+2.5 .
CLEO PRD79,052002 t,,.v 252.8+11.2455 m
CLEO PRD80,112004 v 258.0£13.345.2 il
CLEO PRD79,052001 1 v 278.3+17.6+4.4 —r—
BaBar PRD82,091103, 7,,, ...V  244.619.1:14.2 sl
Belle JHEP1309,139, 1, ., -V 262.2+4.817.4 -
BESIII PRD94,072004, 1v, TV  241.0+16.3+6, Gt
CLEO PRD79,052001, pv 257.6:10.314.3 i
BaBar PRD82,091103, uv 265.9+8.417.7 —_
Belle JHEP1309,139, pv 249.8+6.615.0 ===
BESII PRL122,071802, pv 252.9+3.7+3.6 -
BESIII PRD104,052009, j1v 249.8+3.0+3.9 =
BESIII PRD104,052009, t_,v 249.7+6.0+4.2 ==
BESII PRD104,032001, T, v 251.64+5.9+4.9  =m=
ESIII PRL127,171801, 1, v 251.1:2.4+3.0
I_IIIIlIIIlIIlIIIIlIIIlII]—I[IIllII
-50 50 100 150 200 250

R R e
100" 1020 1940

Events /(0.1 GeV)

1960 1980 2000 2020
M,(D;)(MeV/c?)

7

ot
extra

fo: [Ves| = (244.4 £2.3 +29) MeV

IIIIIIIlII

T I T

Illlllllll

FNAL/MILC PRD98,074512 212.7+0.6 .

RBC/UKQCD JHEP1712,008 208.7+2.87) -

ETM PRD91,054507 207.4:3.8 —

FNAL/MILC PRD90,074509 212.6:0.477 L

HPQCD PRD86,054510 208.3:3.4 -

FNAL/MILC PRDS85,114506 218.9+11.3 ———

CLEO PRD78,052003, pv+tv 206.818.712.5 =i

BESIII PRD89,051104, uv  203.8+5.2+1.8 meiieem

BESIII Expected (20fb™), pv  203.82.0+1.5 ===

111 l 111 I - I 111 I 1 1 | 1 101 I 1
120 140 160 180 200 220

fy (MeV)
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Most precise direct
measurement of |Vcs| and [Ved|

Vv V "
o cd(s) |+ cq w . e
R W~ 6 . % ~v
D P K - NVWWWWWWA< [) .
(s) S E_~ N D—F - q
,//’ e \ Y. WO ik
~d(s) < : i
242 2 q
p GF{D = & m; f+(q2)
roy, Tv) = Vedis)|"mgmp+ | 1 mi,
T L LI | e —— L b i | e | | LI I I I I I I I I I I I I I I I I I
SMfit PDG2020 0.97320+0.00011 L]
DELPHI PLB439,209, W* 5 0.94:0.32:0.13  me———
PDG  PDG2020, D-KlI'y 0.939+0.038 a
s g i ]
CLEO PRD80,112004,D -1, v 1.001£0.052+0.020 -
CLEO PRD79,052001,D -7 v 1.080:0.068+0.016 —-_
BaBar PRD82,091103,D 7, . v  0.949:0.035:0.055  =m= PDG  PDG2020, D" 7 Ory 0.214+0.003+0.009 ===
Belle JHEP1309,139,D 7, - v1.017:0.019:0.028 L]
BESIII PRD94,072004,D_—>pv, ©_ v 0.936:0.063:0.025  =m=
CLEO PRD79,052001, D] —pv 1.000+0.040:0.016 - .
BaBar PRD82,091103, DZ v 1.03240.03340.029 & CLEO PRD78,052003, D" 5puv+tv  0.218+0.009+0.003 ——
Belle JHEP1309,139, D] —pv 0.969:0.026+0.019 -
BESIlII PRL122,121801, D —»n'ev 0.917:0.094:0.021 ===
BESIlII PRL122,121801, D] »nev 1.031:0.012:0.080 - BESIII PRD89,051104, D°>uv 0.2150+0.0055+0.0020 ===
BESIIl PRL122,011804, D" >Kpv 0.967+0.004::0.007 o
BESIII PRL122,071802, D] —pv 0.985+0.014:0.014 o
BESII PRD104,052009, D] —pv 0.973:0.012:0.015 o
BESIII PRD104,052009, D't v 0.972+0.023+0.016 - BESIII Expected (20fb™), D*»pv  0.2150+0.0021+0.0017 =
BESIII PRD104,032001, D] -1, v 0.980:0.023:0.019 L
BESIII PRL127,171801, D -1, v 0.978:0.009:0,012 o
IIIIllI IIIllIIIlIII[IlIl‘lI 1 I0105IIII0|IIIIO|E)IIII0|2II
- . -0. \ . A A .
V.l IV

fX,(0) from HPQCD: 2.4%->0.6%
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BESII

Amplitude analysis of DY = K¢K*n?

D hadronic decays

arXiv:2204.09614
! KK (892 RO
Z, @ K 2
=0 — K*K (1410/ 2100-
& I — a,(980)'" ST
Eé 500 — - a,(1710 Eé 503
$ £
s [t R = . a8 o =z A S5 i 1Y
1 1.2 14 16 18 0.6 . 1.2
My (GeVIe) M,s,s (GeV/c)

Events / (20 MeV/c?)

0608 1 12 1r

M

K'Y

(GeV/e)

Observation of ay(1710)", the isovector
partner of the f,(1710) and f,(1770)

M = (1.817 + 0.008 + 0.020)GeV/c?
I = (97 + 22 + 15)MeV

Observation of D* - w¢
PRL128, 011803(2022)

E Ie'e'a:)‘D', yl\i/w/w(lasae) DD MC 'I 3 ;"‘,f x ‘.:"\:ﬁ'? LN
2000 ‘ $(377o)—>DD vel o~ 1.04 [Fofeta®e = } '~
§ E + ;; ombined MC  § k&)
8 3957 41 N
g [t y ¢ 1.02 .
%wm t ) J X 5y

1 4 L4
¢ = ,:
w B S ]
[ g e A e 065 07 075 08
My (GeV/c?) M. . (GeV/c?)
2000F

1500~

1000 F

2 JFQ

Events

n L n n 1 n n n ! L ! |
0 0.5 1 0.5

IcosH,| Icos®, |

Angular distribution studies reveal that the ® and
¢ in the D° decay are transversely polarized,
which contradicts predictions from the naive
factorization and Lorentz invariant-based
symmetry models.
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B New A data is available!

Hadronic decay 2014 : 0.567 tb! at 4.6 GeV
A} > pK~m* + 11 CF modes PRL 116, 052001 (2016) ~8 times more A. samples are
A —pK*K, pr PRL 117, 232002 (2016) accumulated in 2020 and 2021
A —nKsn* PRL 118, 12001 (2017)
AF—pn, pr° PRD 95, 111102(R) (2017)

(a) Charmed baryons

AY— X ntn'n® PLB%’Q 388 (2017) @ 7 2(%080) e
A > B0+ £B78 200 (2018) .
¢ e& S ACKR
A > Anpm* \Q P&ﬁb\) 032010 (2019) N oo ? gcfzgso) -
? £K,(2940)
AF > XM, 2y’ 60 (\'3 CPC43, 083002 (2019) poﬁ% Sen Al
2.9— 52+ 880 T 0.
AF > BP decay a%q&emii o PRD100, 072004 (2019) ) %
- . - 32 B(2815
AF > pK.n \\2 PLB 817, 136327 (2021) s |7 2 3phoo) 5B
‘6 &) A m -9 "‘)3/2 (2770)[
A} spin determilét?on PRD 103, L091101(2021) 2 £ v
g +
Semi-leptonic decay g 275 “L LL. | 04
) & + | YE(2645
Af > Aety, PRL 115, 221805(2015) 2 - 2 TREe9)
= — 12 - ,
A Aty PLB 767, 42 (2017) Z 120Y | o El B
H B &) | k14
Inclusive decay - !
' 2+ 02
AFAX PRLI21, 062003 (2018) % :
Af setX PRL 121 251801(2018) - i
AKX EPJC 80, 935 (2020)
Production 237 _ V2PN, DR SRR —00
A} A7 cross section PRL 120,132001(2018) A = h:

BEFIEEImeihT=
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BESIT Recent results on A leptonic decays

Determination of form factors of

A+ + Observation of AL - pK~e*v
c — Aevv, . .
arXiv:2207.14149 arXiv: 2207.11483
300+ —+ data 2ok + dua 10/~ AE—» A(1520)e:v, —4 data
= 1.14] % — total fit — total fit 8.26 N 3.86$ Ao, _Z‘f::( .
= O ses Ag— AV, > 15 W A PRy, = o pK"::‘n“ °
% S 200 Al— An'n® E A= PK:‘""H 3 -- other bkgs
g : .. % === other bkgs g e Pl 3
g ‘ _’_','\'.;__": E E 10 --- other bkgs g
= PR S 100 5 g
. ) B | + .
Wi | | d
g 02 01 0 01 02 14 15 16 17 18
Umiss (GCV) Umiss (GCV) o o Ufr)nz (GeV)O‘l 02 MPK' (GeVic?)
+ + — 0
i = —
B(Af - Aetv,) = (3.56 + 0.11 + 0.07)% B(A - pK-e*v)=
3} ==:DATA: Aj— Ae'v, y/ 1 (0-88 :i: O. 17 :i: 0.07) X 10_3
- ==:LQCD: A{— Ae*ve//‘/“(.r‘/'. ~08f g + +
s 2 - N == B(A: — A(1405)e™v)=
= _— ‘,‘_,/;{,,,/ """ *0.6 rrr.{-;;jff':,',::'f//”"’ . . B
1 (1.6940.764+0.16) x 10~3
0 0.5 1 04 05 1
7 GeVilch 4 (GeVilch B(AT - A(1520)e™v)=
1 ’
1.5F 2 _
_ ) oal e (0.99+0.5140.10) x 10 3
I | & i : . o
T e O i
& I sty 0 0.6 bpumnn" = . .
055> « Second leptonic decay of A{ is observed!
: : 04 : : .
P fGeviey D PGy * Good channel to study A excited states,
First direct comparisons on the differential decay rates such as A(1405) and A(1520)

and form factors with LQCD calculations
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BGS]]I Recent results on A, hadronic decays

PRL128 (2022) 142001
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arXiv:2208.04001
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]

+ Data

= Fit result
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= « = Background
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N
[
a1

Determination of the BF for A} —

»*Ks and ZOK ¥
PRD106, 052003 (2022)

Py V_ = 4 600 4 \1// UL v —_ ﬁ = 4.600 ~ 4-699 GeV
RS G A+—>20K+
= > 30f ¢
() V
= =
Q Q20
2 g 10 }; i S __
l-r'{'r |"5’1'1|1-L1|||||, a4 %__
2.26 2.28 23 2.32 2.34 2.26 2.28 2.3 2.32
sc (GeV/c?) sc (GeV/c?)
+ !
Af - pn’  PRD106, 072002 (2022)
[ 4 Data v [ 4 Dat
o 1 [ ---Signal @ . -»-Sigl:al ®)
=2 8 [ ---Background l | --- Background
% - A!A, background :,>) L A!A, background
b [ &3 qg background = 6 &3 qqbackground Tt
] 6f IS C E
g af g 4r
= 2 I
= af B o2H \ i
S ¥ i1 ¥R W v v e
. g 2 2 0.85 09 0 95 1 1.05 1.1
M ool ) (GeV/c?) My (GeV/ed)
A > nrtn® A} > nK ntmt
"~ F©
arXiv:2210.03375 o L 200F > 100
< e S -
s 2 2 150
S 100 S s F
S > Z 100f

5

BEFIEEImeihT=

1 1.1
M, (m7°) (GeVic?)

2 S o bt
23 P'—-‘v—"‘v‘“w“v*ﬂ‘“*‘ﬂw‘““‘l
12 13 0.85 0.9 0.95 i 0.85 0.9 095 i 1.05
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, FAR 29



BESIT

Amplitude analysis of A} - Antr°

First Amplitude analysi

s of this mode

arXiv:2209.08464

. Based on TF-PWA package: https:/gitlab.com/jiangyil 5/tf-pwa
£1000 E‘ E:S‘g‘f““d S N
> | T heanoy > 400 B 400
S [k & S
e g :
= 500j_§1§§}§§3§3 S 200} f % 2001
% F— w1750 % 8 i
0= 'Ty 9% 14 16 18 2 22
M, . (GeV/c?) M, . (GeVic?) M 0 (GeV/c?)
Theoretical calculation This work PDG
102 x B(A} — Ap(770)F) 4.81 +0.58 [13] 4.0 [14, 15] 4.06 £ 0.52 <6
10% x B(AS — (1385)"7%) 2.8 £0.4 [16] 2.2+04 [17] 5.86 +0.80 —
10% x B(Af — $(1385)%7%) |  2.840.4 [16] 2.2 4 0.4 [17] 6.47 £ 0.96 —
QA p(770)+ —0.27 £0.04 [13] —0.32 [14, 15] | —0.763 £ 0.066 | —
0t52(1385)+ 70 —0.9170:3> [17] —0.917 +£0.083 | —
Ot (1385)0 7+ —0.911915 [17] —0.794+0.11 | —

Many first measurements of intermediate states!
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https://gitlab.com/jiangyi15/tf-pwa

BESII

To see CPV, need > 2 amplitudes

a2 alanl: 1] @) 22N

Kaons: from Viktor Thoren
Isospin amplitudes Aar—1/2 and Aar—3/2
Test direct CPV via %O—) =e€— 2¢, ﬁgg%m =e+¢
Hyperons:
Two amplitudes S, P even for
AT =1/2: Two Measureable Parameters
A=S5+Po- it o 2Re(S*P)
N [SP + [P
rong phases *
21 M (S5 R
S = [S|exp[i€s)exp(fds p= |S|2—E——|P|2)
P = |Plexp|(i&pJexp(idp ‘
Weak CP-odd phases =V1-a?sing

e

i
Ql

CP-tests: Acp =2

a—a?

SM prediction *:

— B e Y = Ay = Al
—2x1075<A=<1x10°

Decay Eoitp

mode (10=% rad.)
Aopr | 03+22
= An | —-194+1.6

HyperCP measurement?:
AZp + A%p = 0(5)(4) x 107

FBLRFEEYIICIIYE , R

Experimentally, ¢ accessible
when polarization of mother
and daughter hyperon

measured.
A
: L
c- & 'i.m. .9'.
Pza_ 9 e e,
E‘\/' .
. ® @ A
T ®
@ /
@ = E -> An: A = pn

q

e’ ’ c

B B
Bg (%)BSM-‘_ w CBSM
0.5<Bg <2and 0.2< |k| <13

(€p —€s)Bsm =

Decay | Cp | Cb
A — pr— 1.1 +2.2 0.4 +0.8
E > A~ —-0.5+ 1.0 0.4 £0.7




BESI CPV in - D An- decay

Nature 606, 64 (2022)

Based on 1.3 B ] /Y events

+o— ==t
ete” > J/p - EE (13% of total ] /1 events)
Parameter This work Previous result 9-dimentional fit: ~73K signals
Oy 0.586+0.012£0.010 0.58+£0.044+0.08 3
AD 1.213£0.046 £0.016 rad. -
oz —0.376 +0.007 £ 0.003 —0.401+0.010 2
0z 0.011£0.019+0.009 rad. —0.037+£0.014rad. 2
Oz 0.371 £0.007 £0.002 -
0= —0.021£0.019+0.007 rad. -
7[+
oA 0.757+0.011£0.008 0.7504+0.009 +0.004 3
o —0.7630.0110.007 —0.758 +0.010£0.007 3
-2 :
& =& (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 -
AE, (—4.8413.742.9) x 10~ rad. _ We obtain the same precision for
¢ as HyperCP with three orders
AN, (=3.7£11.7£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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https://doi.org/10.1038/s41586-022-04624-1

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: i LI L LB L L BN N LN NN B N B LA I DA B | IR LR B B
0.15} 7 attie. ¥ PDG 2018 PDG 2021 PDG
0.1 uiff'r" LH AST75 — | | |
=% GEE. : b CLET —l"_ | CNTR85 |
c:%j g o DAUS9 : Dm2 |
= -0.05f &f OVE67 . | CNTR96 —
‘0-13 IL-.‘, ;xff tgf;:al MC CRO63 —+ l BES |
_0‘152_ i*wwwfﬂ — PHSP MC BESIII 1.3 billion J/y | | = BESIII 13 billon J/y _.|_
= CLAS19 - ' ‘ '
5 BESIII 10 billion J/y | |.§l5_‘71 BESIII 10 billion J/y ’l
= Op e b b L W T I T D Lo
-53 5 0 05 104 045 05 055 0.6 0.65 07 075 0.87.25 02 —0.15 01 005 0 005 04 015
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 4 0.027
AP 0.7521 £ 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 4+ 0.013
oy —0.7559 £+ 0.0036 + 0.0029 —0.758 £+ 0.010 &= 0.007 —0.71 4+ 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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BESIIT  Radiative hyperon decay 4 — yn in
J/Y — AA decays arXiv:2206.10791

* To access the information on parity violating and parity conserving amplitudes
in hyperon decays

* Previous measurements are from fixed target experiments and 30 years old!

1800F 4 ook +Data_
~1600F _*‘ » —_ —gptal Tn
uoof () [T = 2 o e |
= 1200f P = - ~
21000f I A 2 600 S . g © 8
T Sttt s oo N t CESE e o o | X Et
5 800F P > & ] 04 :
S 600 — Total PDFs € 400p ] — Total PDFs ;
Q soob PR - - Signal PDF e { --- Signal PDF 0.2f :
w : /J BG A PDF W 200r / BG A PDF 1 05 0 05 1 . 05 0 05 1
200 7 7 BG B PDF F BG B PDF cos6 cos,
§0870.1 0.120.140.160.18 0.2 0.22 0.24 §080.10.120.14 0.16 0.18 0.2 0.35 0.2 -
A x. = o
E} in A rest frame(GeV) EX in A rest frame(GeV) 02 (c) +
0.1f
_ ;< N ;K
o= 172 I 7]
Decay Mode A — ny A — vy 8 o 8
SN i SN
r —+ Dat
BF (x10~%) 0.8204+0.0454+0.066  0.862+0.071+0.084 0.1 = :
X = Signal
0.832+0.038+0.054 02 PHSP
-1 -0.5 0 0.5 1 0.5 0 0.5 1
—0.1340.1340.03 0.21+£0.1540.06 cosh, cos
Oy

—0.16+0.10+0.05

» Afactor of two smaller than the previous measurement
» Obtained asymmetry does not agree well with existing theoretical predictions
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BESII

Evidence for the cusp effectin ' - nron? (&R
arXiv:2207.01004

* Based on 10B J /i events: ~0.43M signals of n" — nmdm?
* A Dalitz plot analysis within the framework of non-relativistic effective field

theory (NREFT)
P 1.2
o I ¢ Data (b)
L | —Fitl *
1.1 | —Ftl
0 E —IE:I :{l/
1F
P C
¢ Data - I +
0.9 I —Fitl 0.9 Y
-~ ° N — Fitll |
g 0.8F —Rew 0.8} I w
16 ' ' I : — :
COOITF(GO‘FM?)O—&), 55“I et o 4 5 " .
o ¢ g gmwﬁw.:o KN ARV LKLY O NN PR g m‘m...::wyw;“ ‘Mﬁ"‘w’oft‘n"’tﬁm‘o‘%’,&,’.“
Co = (a2 = a0)(1 +3), 0.5 Mg-SSO 06  0.65 008 01 012 014 0.6
8 (mr®) GeV'/c M (n°%) GeV?/c*
Ci— = 5 (2a0 + a2)(1 +8), (%)
f _ M,%i - Mio
- TN )

« Evidence for a structure at w77~ mass threshold is observed in the m°® mass
spectrum with a statistical significance of around 3.50

=» consistent with the cusp effect as predicted by the non-relativistic effective
field theory

* Scattering length combination a, — a, determined to be 0.226 + 0.060 £ 0.012
=» in good agreement with theoretical calculation of 0.2644 + 0.0051
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B(J/¢ — e*uT) < 4.5 x 10~?

N signal
01« 05 1 5 2 2
i Jk *  Fulld ! 1
008 ° .*. . ull data \  arXiv:2206.13956
2006 x o g E
0'0 ; .”?'i A
[ [} ]
0.02 - Ry .
0: ‘ 7o ‘ N . 1a0°
0.8 09 1 1.1 12 0 2 4 6 8 10 12 14
E,/ (s By —ep)
0 0 -
o =
D VY E -
d,s,b
l
v/Z°
> B(D° - n'v) < 2.1x107* !
» FCNC is forbidden in SM at tree level but allowed in loop/box diagrams.
> Discriminator: EMC energy not associated with signal and tag decays.
> Provide a clean probe to search for New Physics in charm sector.
400 e - T o T
T ek
% 300 :—-D“ﬁ KX Signal Shape :8 18 Non D° decays
g 250? ] ::j
2 PRD105, L071102(2022)
o 150 < o
00 0.5 1 15 2 25 3
i TR TR ool
LR pp R b
0 0.2 0.4 0.6 0.8 1 12 14 1.6
Egyc [GeV] o
O ==
=RE

Rare processes

A invisible decays

>i103

45
4
35F
3F
25F
2F
15F
3
05F
0:

; R %

Number of experiments

invisible
B(A— invisible)x10™

B(A - invisible)< 7.4x1075

eV.

Observation of eTe™ - y.4 Fee» = (0-12tgﬁég

FBLRFEERICTITES

PRL129, 122001 (2022)

) B ) —Me
£0.022- | ish 8
© B . 286 T oMC, Default Tee, 0
: AL ol Bost T\, 6
002__ --------------- - + ) ‘.:é lesl% BG+y, Best I'ge, ¢
: 410 E ".'i + clng% oo+ (Gx“"'cim.)da(a
0.018— 0007 e
0.016{— Py { 18¢
L L L |
3.505 3.51 3.515 3.52
s (GeV)
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http://arxiv.org/abs/2206.13956
https://link.aps.org/doi/10.1103/PhysRevLett.129.122001

BGS]]I Observation of the hindered electromagnetic
Dalitz decay ¥ (3686) — e*e™ 1,

arXiv:2208.12241

« A probe of the dynamic EM structure of the transition V—P, to investigate the
fundamental mechanisms for the interactions between photons and hadrons
« Transition form factor characterizes the EM structure

2
dr (V — ¢+0-P) | fvr (&
(2 ) = ( ) X QED(qz)
dg?T’'(V — vP) fvr(0)
6 x103
g : x*/N ,=93.80/36=2.61 : | (E
e - >
—d . S
(—] _6,‘4»'—’ Q.
2 Rl )
i\g 2+ .4\9
5 i =
3 2
= R =

28

\

29
RM,.. (GeV/c?)

3

3.1

1 ! !

0.1

0.2

M,.. (GeV/c?)

B(1(3686) — ete™n.) = (3.77 £ 0.404¢a¢. £ 0.184y5.) X 107°

03

consistent with the theoretical prediction from the VMD model
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FUTURE
0
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BESIII Physics
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Chinese Physics C  Vol. 44, No. 4 (2020)

THEP-Physics-Report-BES-I11-2008-001

Physics at BES-III

Future Physics Programme of BESIII*

Abstract: There has recently been a dramatic renewal of interest in hadron spectroscopy and charm physics. This renaissance
has been driven in part by the discovery of a plethora of charmonium-like XYZ states at BESIII and B factories, and the obser-
vation of an intriguing pi I threshold enh: and the possibly related X{1835) meson state at BESIIL, as
well as the threshold measurements of charm mesons and charm baryons. We present a detailed survey of the important top-
ics in tau-charm physics and hadron physics that can be further explored at BESIII during the remaining operation period of
BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and provides physics motiva-
tion for the possible upgrade of BEPCII to higher luminosity.
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BESII

Planned future data set

Table 7.1:  List of data samples collected by BESIII/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) or upgraded (Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

Energy Physics motivations Current data ’ Expected final data ’ Tc | Tu
1.8 -2.0 GeV R values N/A 0.1 fb~1 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)

to be complete
in 2022-23

J J /1 peak Light hadron & Glueball 3.2 b1 3.2 th~! N/A
J/1 decays (10 billion) (10 billion)
1(3686) peak | Light hadron & Glueball 0.67 fh~! 4.5 fh~1 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
»(3770) peak D"/DE decays 2.9 b1 20.0 -1 T 610/360 days

3.8 -4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 b1 6 fb—1 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 b1 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 15 b1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YA cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y..X. cross-section N/A 1.0 fb~! 120/50 days
4.95 GeV =. decays N/A 1.0 fb~! 130/50 days

~55 fb-
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BESII

Proposal of the upgrade BEPCII

v An upgrade of BEPCII (BEPCII-U) has been approved in July 2021:
the optimized energy is 2.35 GeV with luminosity 3 times higher than current

BEPCII and extend the maximum energy to 5.6 GeV

» Add another cavity per beam to improve the RF power

» Change optics slightly, increase number of bunches

» Challenges: high beam intensities, backgrounds and aging effect in

the detector

» Small risk: can continue running with better performance than BEPCI|

» Timescale: 2.5 years construction + 0.5 year installation

» Installation: July — December 2024 and the upgraded machine ready

in Jan. 2025

& = ke &
O ERCH e ______'_"'___"_"f:e
\\-\‘L: >—ertie R P

o **ﬁw Vg

0 T ey e

BEFIEEImeihT=

o

]

Peak luminosity (cm~?s™")

1x 108}

8x 10%

6x10%+

4% 10%}

2x10%}

I N

Lum [10%2cm-2s71]

By [cm] %5 1.35
Bunch Current [mA] 7.1 7.5
Bunch Num 56 120
SR Power [kW] 110 250
& Tum 0.029 0.033
Emittance [nmrad] 147 152
Coupling [%] 0.53 0.35
Bucket Height 0.0069 0.011
a2, [cm] 1.54 1.07
o, [cm] 1.69 1.22
RF Voltage [MV] 16 33

Upgrade BEPCII
(BEPCII-U)

BEPCII

-
ze

° L ]
3.0 4‘0 5.0 5.6
L Ecm (GeV)
, R a4



BESIT  Potential physics with BEPCII-U

v' Detailed studies of the known Z ) 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

2E = 4.69 — $.98 GeV i
Integrated Ifminosity 13.7 pb?
17 energy ints

=+ —*+Tl+ ~1}— b J‘Lﬁwa—%—

a5 50 55 6.0 6.5 7.0
)
e~ A2 el e~

Few data and potential physics for XYZ
and charmed baryons

s FBLRFEEYIICIIYE , R AR



BESII

-
o
o
o

I e ——————— ] & ]

4000 | CD ISR effective luminosity

- Belle IT @ 10.58 GeV |
S 3000 |- :
=
8 2000
E
3 ?
2025

Ecm (GeV)

Competition with Belle Il exists, and
the scan energy points between 4.0
and 5.6 GeV need to be optimized

Integrated Luminosity (pb™)

/ / /
' AR AL AR ' I l
I ,/ BESII

103 el byt S e =
; ..... ..-};?M'.--t‘.h--..4 ........... | I - SO _f
102 E_ ................... !-‘......... ...... : .............................. —E
5 g E
_l4fOI - I4!5I - ISfOI - I5.ISI - l6-TO

Vs(GeV
We need further scan data samples (GeY)

for Ecm=4.00-4.15, 4.43-4.59, 4.90-5.60 GeV,
and some other energy points around
charmed baryon threshold, such as
v 4.01 GeV: DsDs
v 4.6-4.7GeV: A, A,
v 495-497GeV: 5, &,

5.4-5.6 GeV: 1202
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BESII

Summary

* BESIII 1s successfully operating since 2008, and will continue

to run for 5—10 years
— collect large data samples in the energy range 2.0~5.6 GeV

* Cover a large scope of physics topics

Charmed mesons and baryons

XYZ states and light hadron spectroscopy

Form factors of the nucleon and hyperons

Low-Q? QCD studies: R value, multi-meson production, fragmentation
function, ...

v Rare decays and new physics search
v

* Kuture goals:
50M DO, 50M D+, 15M Ds, 2M Ac , high-lumi. fine scan between 3.8 GeV
and 5.6 GeV
=> BEPCII-U: 3x upgrade on luminosity

D NANER NN
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Thank you!

I |
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