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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):
eak™ 1.0 x1033/cm?(4/5/2016)
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BESIT

BESIII data sample

XYZ scan
2009: 106M (25) AN
225M Jly R 7 e :
2010: 975 pb-1 at y(3770) % $OS) | (aoh0)| e [ 4420 ;
2011: 2.9 fb- (total) at y(3770) ‘I v | O 3
482 pb-1 at 4.01 GeV s b . sl 05»;'109 o | i Ve
2012: 0.45B (total) y(25) b i : | - E
1.3B (total) J/y | * BES szbx ! , ; ’ E
2013: 1092 pb-! at 4.23 GeV oo i [ W 3‘:,15?1 0.0 - -
826 pb-! at 4.26 GeV e e *H 3 (130 i)
540 pb-1 at 4.36 GeV . e ENVE [GeV]
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
110 pb~! at 4.53 GeV BESIII Publication
48 pb-! at 4.575 GeV 65

60

567 pb-1at 4.6 GeV
0.8 fb-1 R-scan 3.85 — 4.59 GeV 50
2015;: R-scan2 — 3 GeV +2.175 GeV 45

40

2016: ~3fb-1at4.18 GeV (fOI' Ds) 35
2017: 7 x 500 pb-1scan 4.19 — 4.27 GeV 30
2018: more J/y (and tuning new RF cavity) 2(5)
2019: 10B (total) J/y 15
8 X 500 pb~! scan 4.13,4.16,4.29 — 4.44 GeV 1 I II II II I I
2020: 3.8 fb! scan 4.61-4.7 GeV I- I

2021 2 fb'l scan 4.74_4.95 GeV, 255B 1/}(28) 2010 2011 2012 201:0;1b12l:)iit5ed2ﬁ lzgll):lszi)(iS 2019 2020 2021 2022
2022: 5.1 fb-! at Y(3770)
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Hadron form factors

=

Y(2175) resonance

Mutltiquark states
with s quark, Zs

MLLA/LPHD and QCD
sum rule predictions

Light hadron spectroscopy
* Gluonic and exotic states
* Process of LFV and CPV
* Rare and forbidden decays
* Physics with T lepton
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BESII Light hadron spectroscopy
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BESI PWA of J /¢ - ynn'

arXiv:2202.00621

arXiv:2202.00623
based on 10B J /i events

* 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 Wider= Loy
processes J /Y - yX,X > nn'and J/Y > nX,X -» yn’ and 8 *®
. . o
J/¥ = n'X,X - yn are constructed using the covariant 3
: 2 |
tensor formalism[! 2 200
« All kinematically allowed known resonances with 0**, 2+, { _
4** (qm") and 1=, 17 (yn) are considered e e
— . . . . . . (3]
1~* in nn’ is also considered (n/n' not identical particle) o0
400FT — —r—— T v — —r——r—rTrrrT .:
N,g\ p @ y*/dof =+é.:a7 ‘ic; 400 (b) ¥*/dof= 1.52 _ &Q\ 400
S — o 3 3
= —_ = 300 s =
= 200 — 1" (n1855)) S 8
,\@ : |13WA fit projection (exclude n‘) E 200 E 200
GC.) 100 — PWA fit projection (baseline fit) {]:) 8
T 5 100 g 100
e N - " .- = BN ==
05 2 25 3 e 1 15 2 0% 5 —=35
M(nn')(GeV/c?) M(yn)(GeV/c?) M(yn')(GeV/c?)
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BESII

Observation of exotic isoscalar meson

1 8 5 5 1 — -+ arXiv:2202.00621
N1 arXiv:2202.00623
Decay mode Resonance M (MeV/c?) T (MeV) Mppc (MeV/c?) T'epe (MeV) B.E (x107%)  Sig.

fo(1500) 1506 112 1506 112 1.81£0.1175-19 300
fo(1810) 1795 95 1795 95 0.11£0.017593 11.10
f0o(2020) 2010+£67§ 2039713 1992 442 2.2840.1210-23 24.60

I/ =X =y’ |_fo(2330) 23124717 651073, 2314 144 0.10+0.02195 13.25 Hybrld?
n(1855) 1855+97% 188+18F3 0.2740.0413:92 21.40 Molecule?
f2(1565) 1542 122 1542 122 0.32+0.0510-32 870 Tetraquark’?
f2(2010) 206246710 165417110 2011 202 0.71£0.0610 58 13.40
£4(2050) 2018 887 2018 237 0.06+0.011003 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

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

 Significant 1~% contribution around 1.8 GeV/c? needed

0 - A 3 ; —i.
H— TR S b S
B0f-w SR
:.-\ 3 g
100 Y ,
< _150f e ¢ |
E \ N / #T =50 MeV
B \ #I =100 MeV
-200 T = 156 Me
5 ®T =200 MeV
250 B "= 2:50 MeV
—16 18 2 22 24 26
M(m')(GeV/c?)
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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  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) and f2 (1525) inmtm™

N N A
> 20 > (b)
8 ’|X(2120) | [x@600) | 8 10F " xz120) X(2600) | 4
S 15§ X(1835) \ X(2370) / 2 X(1835) X(2370) .
Z 4ok =
o < = -
@ @ ° )
sk /
0==45 2 25 3 0=s 2 25 3 oF . ]
M. (GeVic?) M, (GeVic?) 23 24 2 506 27 28 23 24 2 5 26 27 28
7 - 2!
< = e 82 70 M, .. (GeV/c ) M, "(GeV/cz)
3 3 - 4000F () 3 1800F () :
1.8F 1.8F - 3 i 3
< e i o 5 3500 ©) 3 % 1600 (@ 3
80 s E i 3
= 18} - S 16k 40 %30002_ _; % 1400 3
b b 30 325002_ ........ E E 1200 E
g 40 3 20 =2000p%. ] Q100 3
& . E J 800 =
12F 20 12F 10 “& 1500F i @ e E
= E - 3 E = E
22 24 ] 28 ° 22 24 26 28  ° § 1000 3 i & 400F 3
M. (GeVic?) M. (GeVic?) @ S500F. T 3 @ 200 - 3

0 1 1 P | |\\ " \‘nvl‘
12 13 14 15 16 17 18 1.9
M, (GeV/c?)

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

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

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

X(1540): £;(1525) or £,(1565)?
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BEST  EM Dalitz decay of / /i —
e T e T T T T]’ PRL129. 022002(2022)

T —— Daa T = T —— Data T
O e B PSR L e e
: < 200 e 1 Swep - ]
* Observation of X(1835), X(2120), zF -~ Y 1 = N o Nade
4 B a 5 : n-1 .bft'kn‘ und z wieies Non-n) :;a.(lfgfnuld |
- : % 150f e S [ ®5) T, |
and X(2370) in EM Dalitz decays gF s | 73 1]
* First measurement of the TFF 2 10} 2 s i
between J /Y and X(1835) = s 2
| RS o s e R e o AR
l4 1.6 18 20 22 24 26 28 14 16 18 20 22 24 26 28
M e (GeV/c?) Moo (GeV/c?)

reconstruct 0’ from yr*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~° 52
(solution 1) (4.43 +0.23 £0.19) x 10 S Fa= T 2

X = X(2120) (0.82 + 0.12 + 0.06) x 10~ F A=175£0.29£0.05GeV/c

X = X(2370) (1.08 £ 0.14 £ 0.10) x 106 '

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

= |F(¢*)* x [QED(¢?)],

R TS

02 04 06 08 10 12
M. (GeV/c?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.022002

BECSII The Zc Family at BESIII

Zc(3900)+ Zc(3900)° Zc(4020)* Zc(4020)°
PRL 110, 252001 (2013) PRL 115, 112003 (2015) - PRL 111, 242001(2013) PRL113,212002 (2014)
% ; :’,‘:: Preliminary X S_‘MI <
a z g % 3
5 60 ' R Z A [ E 2 {
L % B E
g N o] Rt 1] Y M.::mn‘fll" §
a 2 i &
(I 2= 3 [ - Q-.(- 38 3.0 2 ’ Ubvparhs -\
M intiy) GoVIED) M(R"J/Y) (GeV/e)) R B ® e ey
ete™ = - atJ/p ete~ — 90U/ ete™ 5 7w~ nthe ete~ — n°nPh,
Zc(3885)* Zc(3885)° Zc(4025)* Zc(4025)°
ST: PRL 112, 022001(2014) PRL 115, 222002 (2015)  PRL 112, 132001 (2014) PRL115, 182002 (2015)
DT: PRD92, 092006 (2015) P = -como.ekG  +cata SO Tt -
: w T Tz E ol

Everts/{ 25 MeV/c?)

F -
4.02 4.04 4.06

4.08 4.1
RM(n°)(GeV/c?)

RM(T) (GeVic?)

) ‘ +,- 0 *)*)\0
ete™ — = (D*D*)~ erer »m(D°D)

Which is the nature of these states?
If exists, there should be SU(3) o
counter-part Zcs state with strangeness C

c

@

L@

aiRE FEREFRYIESQCDITTE , K2 19



BESII

Observation of the Z,.(3985)*

PRL126, 102001 (2021)

e 3.7fb! data accumulated at 4.628-4.698 GeV P
. . — ()
* Partial reconstruction of K* and Dj I
* Signature in the recoil mass spectrum of K* D7 to —— ™o
identify the process of e*e™ - K+ (D;D*® + D~ D?) K
220 T e*e” > K*D;"D°
(\b F = 4. T g™ 's*o =4,
S 2000f (a) ‘ (s = 4.681 GeV Y %(8)8 _____ z e gDD Is +4 ;?31 GeV
% 1500 2 o + D'ata B 160F K'D,D* + — Fit result
p - , —Signal MC S M0E_ | wopep? 99 WS Data D0
P - . o 120 s /
~ 100
£ HH @\
& 5 ol b/ D;

1.9 1.95 2 2.05
M(K'KT) (GeV/cd)

195 2 205 2.1
RM(K*D)+M(D))-m(D)) (GeV/c?) Kt

ete” > K*D;D*°

40 2.75¢ . : e — 2 75¢ : , : A
o, Fs=4.681Gev -+Data R Is=4681GeV{ _ | Vs = 4.681 GeV]
§30:— Zp.p" v 27 L Right-sign 7 <% 2.7F Wrong-sign
O [ 7 s™s >2 65:_ :)3._::.' ~ 2= >,) :_ _:
=0k ©2.65F A3t v o 52.65F

20p O - ?’* PRI U ] @) -
v N D B S0t Lt s L. . ] e -
Sop Y | Passt RRIPRERE I N S I ST 3 ;T 3
= F b H M- ] % Tose .' E_d/ i . “ s
S0 - = 25F e A 3 25F R
= YT PN z
R e N T aie 4 405 41 415 245 4 405 41 415
RM(K") (GeV/c?) RM(K") (GeV/c) RM(K*) (GeV/c?)
Shes SEESHYIZSQCDIRTS | Kb 12



BESIT
Observation of the Z_(3985)~

PRL126, 102001 (2021)

40
‘“523 (s =4.681 GeV e Assume the structure as a D; D*° /D~ D°
%25 (@ 1{ * resonance, denoting it as the Z.,(3985)".
520 l hlJ [ ]] * Afitof JP=1" S-wave Breit-Wigner with
%18 \\ i T mass dependent width returns:
g m = 3985.2%53 £ 1.7 MeV/c?
0 R — r =138*%1+49Mev
T RMKY) (GeV/ed) * Global significance: >5.3 o
“Hs = 4.628 GeV s =4.641GeV

s = 4.661 GeV (s = 4.698 GeV

15 (d) 4 1 * (e) ‘ *

10 ! - ‘
o gt | gL
0 4 41 4 4.05 41 4.15

RM(K™*) (GeV/c?)

First candidate of the hidden-charm tetraquark with strangeness
s FNREEKRYIESQCDIfITE , K7 14



BESIT  The Zes (3985)* and Zc(3885)

16136/813);) (C;lsxt/a 525 /pb data @4.26 GeV from Marek Karliner in Nov. 2020
Mass (MeV/c?) 39852723 +1.7 3899.0+3.6+4.9 3883.9+1.5+4.2 charm-tau factory program
Width (MeV) 13.8781 + 4.9 46+10426 24.843.3+11.0 « JJ K* resonances:
GBO . B (pb) 44793 + 1.4 13.542.1448  83.546.6+22.0 Z(3900) analogue? )

Z.(3900)* = (c¢ud); d — s: (cEus) ~ DsD*
~10 MeV above D,.D*/D.D thresholds no natural molecular binding,

similar to Z (3900) & Z,(10,610) so if discovered, would indicate
C(DD*) b(BB:") Tq or a novel mechanism

Zcs: 3985.2MeV

§ﬂ

@
=3

(7
SU(3) partner of Zc(3900)? 9.2MeV 10MeV

Events /0.01 GeV/c?
3

40 .
35F (s =4.681GeV - e e e e e _
§30 3 @) D;~D° 3977.0MeV
225§ 7 M,::w-v) :szﬂ FEES e o D —D*O 3975.2MeV
G20 | ILL LL} hﬂ“ { , _ *
215 3 \ ﬁr—I. | II % g? ! (a) ¢
o10F | \ o b
> =9 1l - ° ge {—
33 38 % diquark-antidiquark? D*D, + cc molecule?
04 405 41 415 im| ¥
RM(K") (GeV/c?) 385 350 395 400 405 410415
M(D°D") (GeV/c?) M(D'D") (GeV/c?)
Z.(3985) Z,(3900) \ !
gluons % + 5"‘".:"’ =
Kz Rz K2 Kz rZ} =) w7 a T bf
1/4 1/4 1/4  1/a 13 1/3  1/3 = %
neutral/charged = 1 neutral/charged = 1/2

s FEREFRYIESQCDITTE , K2



BESIL Evidence for the neutral Z_ (3985)°

3.7fb! data accumulated at 4.628-4.698 GeV arXiv 2204.13703, accepted by PRL
Partial reconstruction

1 -
" P! "
%
oY o . Y
Tae: K Dt a p— e -y
s m* 'O @‘ '
A 4 (L 4
Missing: D~ A Y e et > 3 < e
or D and ° o o
+ .
@—é\n_ g_é\g_
ete” - KID**D; ete” - KID*D;~
- e s e s s s . - —1 --------------- I?—- —————— 2500 15000
+
‘I_ R K‘ 2000 F - -,
. 10000}
1500 F o
":} ‘q " e 1000 -, © 5000} = T, O
> i & me e
w
1 (A . [ o= . ; . : : : : .
Tag: K9, D5 et 3 . e e M. e S 0704 196 198 2 07784 186 188 19
Missing: D** - " = M@D,)(GeVic?) M(D") (GeV/c?)
+ y 0 ‘I‘: - 4 é n -$-Data D; sideband —$-Data D* sideband
= D and Y(n ) \ﬂ' - \,;t_ : 100 DNon-msonam signal MC 300 [:]Non-resonamsigna.lMC
5 200
g sof {}; © i O
. g o4,
* The D,* and D* are reconstructed through t‘hﬁﬁjﬁ,&ﬁ! i 109 e
e N -DK+K-m- K+K-m7-m0 K K- K OK +m—m— 1’1 - - ey Lo »
D, 2KK -, KK, KK, KK nn™, n'n 9195 2 205 21 21t 205 21 215 22
* D*2>Kntrnt, KOnt, K Onrmhm- RQ(KD)) (GeV/c?) RO(KD*) (GeV/c?)
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BESII Evidence for the neutral Z,,(3985)°

5l e e oo arXiv 2204.13703 accepted by PRL
<o Sideband -~ Non-resonant process ~ ~ 7~ F*Dg
40F o) G=4628Gev | 40F o (5=4.641Gev fgg e Dmn TowlPOF p—
30_ 30 ~ 160 E_ - Sideband ----- Non-resonant process --- D#*Dy
20F 20f 2 o 4
i i\»ﬂ/{ , : S 120 F W+$+ﬁ%
10F [T 10 ST S |
o b %,
; 40;‘ @ B=as61Gev | 1O ) =d682Gev g Zg; " 460 | “
2 O + S Y N
E 20¢ S = 0 T, t ++ 1 %05 4 Rﬁ&%{ oG {1/}1) 415 4.2
2 C : D [ 1. eV/c?
5 10F 1T [ L/ s
E EM+ Lumssas é,‘/"_\; " . B ( )
R = Nt o5 % B (ob .
40F () V5=4699GeV | Vs (MeV) ROZ,,(3985)0 K- Z(3985)+ Xtotal/ndf
30F | 4628 4.4725+20 0872106 1.2
S0k {& }'H'} } FI 4641  0.0t18 +0.2 1.6712+1.3 05
n % b , 4661 2.87184+06 1.671°+0803 5.1/5
gt 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 and width consistent with the charged
Mass (MeV/c®) Width (MeV) Zcs: m(Zcs™)<m(ZcsY)

Z.5(3985)° 3992.2+1.7+£1.6 7.77;3+£43  « (Cross sections are consistent under isospin

Z.s(3985)" 3985273 +1.7 13. 8+ +4.9 symmetry

=» they are isospin partners

s FEREFRYIESQCDITTE , K2 17



BESII

Various interpretations are possible for the structure

— Tetraquark state

— Molecule

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

— Mixture of molecular and tetraquark

Z.,(3985) from e*e~ annihilations and

Discussions on the nature of Z_.,(3985)

10 PRL126, 102001 (2021)

35} Vs=4.681GeV
>30
S25
o

520
@15

4 405 41 '4 15
' RM(K*) (GeV/c?)

E —+ Datd — Total PDF Z. (3985)
- T s ---Dg*

arXiv 2204 13703 AL
65(4000) from B decays g Wi + Y
their masses are close, but widths are gy *
different i D T
« If they are same, why width so different? PRIL127, 062001(2021) ;
» Ifthey are n me, is there the = = e T
teyae.otsa. e, Is there t §25°; Lrcn
corresponding wide Zc(3900)7? —200F 4 pata o ot
* Looking for more channels will be useful S 1sop 1 ;jfa;f“ﬁt
g 100 —— ch(4000)
S S I
50 — !
- 31:8
e FNREEKRYIESQCDIfITE , K7 1



BESIT

Y(4260) = Y(4230) and new Y’s

100 PRL118, 092001 (2017)— 80~ PRD 102, 031101(R) (2020)
= - -4 XYZ 70 '
e 80 —Fitl 60
2 L 50
2' 60 :— Fit Il o
? 4wl =
o f g
% 20 :_ § 10 ‘:.' AL N -
O [ L 1 1 1 1 2 0. ‘-f‘.“"‘: e : :.‘.‘::.““; .. } : -3 .-.
3.8 4 4.2 4.4 4.6
- - — Vs (GeV)
[~ -« BESIII: R-scan data sample
- ey _ PRILL118, 092002 (2017)
2 200 = BESIII: XYZ data sample ’ 1000 PRLIZZ, 102002 (2019) T .II .I LI e e e
) - —Fit curve: Total _ ]
= = Fit curve: Y(4220) 800 = _ _ o
'§ 1501 _ it curve: Y(4390) T ete” - T[+D0D* .
b E '8_600_ =)
g 100~ ~ L ]
g 501 (<) 3 :
E oo "E o 3
E 0-Ilh 1o 11 I—"I sanalu sl s ianacaxlsl
-50— 4.1 42 43 44 45 46
B T N W R ¥ R v S v Fout el
S seewy Evidence for Y(4220)>nortnd confirmed Y(4220),
Tt -
4 e Y(4390) and Y (4660)
, 60 | m [MeV/c?] 4236.3 + 8.9 100E Soluti T
) ' —+— This work =0 elies 0 e g 80 - RolasionsLlL Single BW
8100 ¢ 40} . + -0 | 2z efF o
-~ ~4- BESIII 201542016 =30} ee =>nnmnm = foe
~ T£20 £ o
3 50 g } aE
i) ' o 10} o a0
R | ) + + ol —— T %of  PRD104,052012 (2021)
8 O e | o i ) ) —10 9 (@] Data U]Ii%(n;n'n n°) g 3 i
b r Fit Wi B o o e o FF R T i e 0w P B
412 43 44 4F 4B =20 | - ¥(426C PRD 103, 032006 (2021) 2f :
. - . . . -30 : = : 4 41 42 43 44 45 46 47 48
/s [GeV]
e S N A N
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BESIT

200"
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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
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mass (MeV)

4400

—#- BESIII:
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—¥— BESIII:

BESIII:
BESIII:
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W
70/ y
Wy

mxco

=D°D +c.c.

YX01(3872)
iy
n*nh,

Ty (2S)

I' (MeV)

250
-+ BESIII (b)
e
L Belle n'ny(2S)
200
—+- BaBar
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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
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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
<ol ] 2
S e B gty

" 42 43 i 15 46 o I .+ $of .+ +++++ Bt
Ecy [GeV] 4 45 5 5.5 6
55 E,, (GeV)
3 10?_ EXVZData ()' f Investigating the strange content inside Y (4230)
& "I —Fit curve: Total 2
:5 8F -~ Fit curve: Y(4230) 3 v Ei ) s
g I it curve: Y(4500) | Y(4500)? ] First observation of Y(4230) —» K*K-J/y peak
P  B(Y(4230) » KTK~J/4)
- 0.02 0.26
;I, 4: = B(Y (4230) —» ntn=J/¢) S
A
3 v Resonance Y(4500) > 50, consistent with the predictions of:

L 4243 n » 5S-4D mixing scheme (PRD99,114003 (2019))

4 45 46
I . .
... > heavy-antiheavy hadronic molecules model ( ProgrPhys41,65(2021) )
g 1of T XYZData b) A » Lattice QCD result for a (cscs) state (PRD73,094510 (2006))
& ""F —Fit curve: Total 1
\3 gF --- Fit curve: Y(4230) . Parameters Solution I Solution II
o [ - Fitcurve: Y(4500)  Y(4500)?] M(MeV) 42253 £23£215
g . Y (4230) Tt (MeV) 72.9 + 6.1 + 30.8
' TeB(eV) 0.42 + 0.04 + 0.15 0.29 + 0.02 + 0.10
‘0 M(MeV) 44847 £ 133 £ 24.1
° Y (4500) Ty00(MeV) 11114 30.1 + 15.2
% TecB(eV) 1.35 + 0.14 + 0.06 0.41 + 0.08 £ 0.13
Pl i phase angle p(rad) 1.72 £ 0.09 £ 0.52 5.49 £ 0.35+ 0.58
41 42 43 44 45 46
s (GeV) arXiv:2204.07800 submitted to PRL
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BESIL  Cross sections of e* e~ — wm—1(3823)

arXiv:2203.05815
first observation of vector Y states
decaying to D-wave charmonium state S-wave m*m”, such as fo(500)
_ Consistent with Y(4360) and Y(4660) L =2520§"9ht'y favored over L =0
<\T\"\ Y(4660) & = i 3823) i —4- Data
34.6% ( ) ';5 6 j +Data < 200-_ lé)ri'(frame) & — L=0 fit
é . ;— : —Fit %150; — L=2fit
§44 yas) i 4r 51002\1 ! | V
LN S G g
Viazs0) 4 I 9 05 0 05 1
e = ‘e 0— . A i ‘ cos0
o o ° 42 4.4 4.6
" ] Ecm (GeV) NQ 50; —+— Data
: : > 40F — Fit
- ‘ Parameters Solution I Solution II S g ]l ------- Background
| ey MR 4406.9 +17.2 + 4.5 0 30F I Sideband
3.8 & | TuilRi] 128.1 +37.2+2.3 £ 20-
s A Ty BB, 03640104003 030£0094003 8 b
TS 4647.9 + 8.6 + 0.8 WO Y .
Piot [ 33.1%18.6% 4.1 $45 85 355 36
Coto-BF2B; 0.24+0.07+0.02 0.06 +0.03 +0.01 M(y, JAp) (GeV/c?)
. ¢ 267.1 +£16.2 3.2 —324.84+43.0+5.7
Most precise measurement
mass and width of 1,(3823): « consistent with Y(4360) and Y(4660)
m = 3823.12 + 0.43 + 0.13 MeV/c? B2 (3823) X 2]
2. — 0.33+0.12(< 0.51
[<29MeV (at90% CL) B2 (3823) —vxc1] B ( )
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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)
4 4r
3.5F # (a) 3.5F % (b)
3_ + #* +e+e"—>D'+D.- 3? m% +Bel|e
_. 25F : ' _ 25F
L 55 E £ 2 ! +e'e DD 2 2F % +e'eD"D"
} . | ° 1sf : ° 15—%
C E ¢ E
& aE ' {: S k3 ‘x ot 3 } iiﬁ%
T f ' H S 0.5F - ¢ 40, 0.5) f ¢§‘”’¢w¢¢°¢°" %w e,
= 35 i, 0 : ‘:{‘,\ e e e el e PSS P s F G El i g i i
£ L e uTunAT g 0""21 22 43 44 45 46 04 22 a4 a6 48 5
3 3 : ey ® E.., (GeV) E.. (GeV)
l: =E ;;:' r § 1.2r 6p
? o P : 2 i (a) sf (b)
r '\u(3770) ?4!(4040) 5{1(4160) :!u(4415) N i o E
8 oSt B T R ¥ — 0.8 ‘ +e+e“’D D af # +—Be|le
Energy (GeV) 5 B . o o {} .
£ 06 * } +e+eq D'D" £ 3fF %, +e+e'_>DD
© N *k } ¥ E {% %}(}
1 i AL R Tty :
0.2 i 15 } b \
: 1 1 1 1 | | : 1 1 1 ¢ %m FO%wO%
02122 43 44 45 4s %3 . 6 48 5

E. . (GeV) E.. (GeV)

» Good agreement with existing measurements, with best precisions
» Structure at 4.39 GeV in D*D*?
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BESIT

Form factors of baryons

e N
/
- / 3
e \\

e —C

Scattermu

< Time-Like region
N(pl\\Jzad N(p2)
%zééo

Annihilation

N e (ki) /\_/V
\ .
7' (%) & i @
4 & 7" (q%)
e (ki) Jiep e~ (k2)| ¥ et (k2) N(p:
Access via:

t;channel: (p2 - p1)2 = pp — € e+7r0 s-channel: (k1 -+ k2)2 — q2’
Space-Like region 0 4M§, 92

S ESHYESQCDITS | £ib

In the time-like region, access to the Electromagnetic Form
Factors (EFF) of the baryons, which characterize the internal

structure of the baryon
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BESII

Threshold production of the proton

-~

do .- 2 4m; 2,52
o‘pp(s‘) _a’pC |GM(S)|2(1 + cos26) + % \Gg(s)|"sin“@

dQ  4s

BESIII tagged ISR: PLB 817, 136328 (2021)
BESIII 2020 energy scan: PRL124, 042001 (2020)
BESIII untagged ISR: PRD99, 092002 (2019)
BESIII 2015 energy scan: PRD91, 112004(2015)

BESIII (LA-ISR) BESII 2020 0 4§ (b) 0.06 e BESIII (LAJISR)  + BESIII 2020
° - ¢+ K BESIII (LA-ISR) + BESIII 2020 :
BESIII (SA-ISR) B * BESIII (SA-ISR) : BESIII (SA-ISR) 4 BABAR
e BESIII 2015 0.35 1 BESIII 2015 0.04 T
a A BABAR 0.31%; & oo = :
o, Fenice Fou Fenice 0.02 s
oy DM1 — 0.25F% = PS170 I
Q. DM2 om 02; ‘_: E760 = '.: i , g . + 3 +—f-
T | 1T, BES — TTELR gm; w gl 5 A7 SEERE T
2 il CLEO 0.15} A E';Eéo 1. —+~,¥
% ! Nﬁ ; - ga%’_‘fn 0.1f : ADONE73 -0.02p :
_ R oot | ﬂ*‘**hm._ -0.04[~
5 ! Frd. | I | R I R W 0 o 0 | r
el T ey 4 6 8 10 12 14 16 -0.061-
4 5 6 7 8 9 qA(GeV/cy] — — A PSPPI I U BT I
qA(GeV/cy] . . 0 05 1 15 2 25 3 35
Gur = / 2+ Gl p [GeV/c]
. 27 + 1

» BESIII provides best precisions: cross section threshold enhancement established
* Oscillating structures observed in the EFF after subtracted the modified dipole
parameterization
[PRL114, 232301 (2015)]
e confirming the observation at BaBar
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BESIT Threshold production of ete™ —» 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)

10 F— .
- Ccross sections ;s |+ =" _.cross section ratio 07 R
g FENICE" LU S Prediction’" 06 L EFF = DM2 (ref. %)
sl i e [ Prediction™® ' : FENICE™
10°F 1 4 SND® & SND®
E ?‘;Hﬁ & 05+ ] 4 SND®
g ; t 3 t & }
@ 10°F tie ¢ @ ﬁq 100 | H - 0.4 :{
: © ¢ = :
. . t | ' t t “ } SR b '[
10 | $ fﬁ ................ i; R ——————— o2l “i‘k
. i t }H 5 te J
1 1 1 1 1 1 101 b | ! | \ L \ 01 o bas e
18 20 22 24 26 28 30 18 20 22 24 26 28 30 5 .
\/?(GeV) \/?(GEV) ol : I I I ! j e e
1.8 2.0 2.2 24 2.6 2.8 3.0
. . . s (Gev)
e XS measured in a wide range with unprecedented
. . . 0.08
precision (~10%): confirming threshold enhancement EFF « BEsim
. 0.06 - , . Y BaBar: ppygp (ref. )
» XS ratio between proton and neutron: do not support osciliation ... Simulaneous i:prton
the FENICE conjecture, but are within the theoretical "N A T S
. . 3 0.02 i
predictions % o
« Oscillation of EFF observed in neutron data: N AR Sy g

simultaneous fit of proton and neutron data gives o ‘:-.f
shared frequency (5.55+0.28) GeV-! with almost Rl 1
orthogonal phase difference of (125+12)°

s (Gev)

s FEREFRYIESQCDITTE , K2 27


https://www.nature.com/articles/s41567-021-01345-6

BESII

Comparisons of different baryon pairs

oP BESIII
pp Babar
ni BESIII
nit SND
AR BESIII
=T BESIII
=T BESII

+ ’ (:)(:) +
ﬁ o} . : I BESH
i) ﬁ‘ . bp¢ ¢ *3%?(:) . AR, EE?M
s AGA, Belle
f ’ ﬁ;

o
2.3
o 10 E 0000+ 0®0~Op0r;

® OO0

10°

T TTTTTA]
L 2
[ ]
—

10

—h

LI I
——
—3t-
e

IIIIIII|

o
o
O
o

1.0
B=\1-4M/s

Threshold enhancement is observed for
nucleon/A/A. pairs, while not for X/ pairs

s FEREFRYIESQCDITTE , K2 27Q



BESIT  Relative phase of A 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(§) +nFs($) + a& (F1(§) + /1 —n? cos(AP) F,(§) +nFe($))
+/1 — n?%sin(A®) (aF3(§) + aF,(§)) X a2
, . ‘\,/((;1'471)

R = |Ge/Gm|, Ad = O — &y, n = =&

* First complete EFF measurement of the A at 2.396 GeV

PRL123,122003 (2019)

? 1= G
% of | | ‘G—E‘ = 0.96 + 0.14(stat.) + 0.02(sys.)
M

* o |
05% ‘ A® = 37° + 12°(stat.) + 6°(sys.)

Confirm the complex form of EMFFs !

| 1
-1 -0.5 0 0.5 1
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L s oPBR

To see CPV, need > 2 amplitudes Experimentally, ¢ accessible

Kaons: Jrom Viktor Thoren when polarization of mother
Isospin amplitudes Aar—1/2 e;n;i Aar=3/2 L and daughter hyperon
Test direct CPV via %—) = ¢ —el, % =i g measured.
Hyperons: N
Two amplitudes S, P even for g : f 1?A
AT =1/2: Two Measureable Parameters S ¥ .i:“;i;
= 2. @ B 7 coso
“= ISP+ |P]2 ) o.‘o\s/ A
Strong phases * & ®
: : 2IM(S*P) .
S = |S|exp|i€s)exp(fds B = 1S + [P © Cia E - Am,A - pr
P = |Plexp|(i&pJexp(idp ‘
Weak CP-odd phases =V1-oa?sing

A
™

I
—

I

Q
N
e,

=
ASHE

i
Ql

CP-tests: Agp =2

a—a?

SM prediction *:

— B e Y = Ay = Al d
—2x10°<A=<1x107°
Decay S5
mode (10~ rad.) 4
A — pr— 0. 3EED29 (§P—£S)BSM=%(%)BSM+CTBEBSM
ZE—>Ar" | —1.9+1.6 0.5<Bg <2and 0.2 < |k <13
Decay | Cp | Cb
) _ HyperCP measurement?: g, ’ i) } e

AZp + A%p = 0(5)(4) x 107
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S5 Hyperons produced at i) peaks

ete”™ > ]/ > AN - pprtm™ ete” > - X*E" - pprOn®
Nature Physics 15, 631 (2019) o PRL125, 052004(2020)
< UWQE (a) prpm* Hap _ 005
S 0.0021 52
o E @ (1] =T RRPPET LL T ERE -, - P
?f 0: % -0.05 :I?}?;ie Space +
\8::—0.002:— H 0.1 — R ]/1'0
_0.004'_ 7 et t
| P 1/)(3682
. . coso, . = 0.05
AD =424 +0.6"(sta) £ 0.5 (sys.) R S B s S
- BESIII - BESIII =
SPEC F '
3 . [ -0.15
- OSPK 3 BES 1 08 06 04 02 0 02 04 06 08 1
- HBC 3 coso,.
- OSPK E
' CNTR ~ DM2 Parameter Measured value
O B TIRETRRNTRNTE a5, —~0.508 £ 0.006 = 0.004
(a) a- for A — pr~ (b) oy for A — pr AD,, —0.270 £ 0.012 £ 0.009
« Very precise determination of hyperon oy 0.682 = 0.03 = 0.011
decay asymmetry: = CPV search AD, %‘2@1%%?1’3’ 1;(1)9
. i . . Qp —V. . .
Correct a long-history underestimation of & 0.990 & 0.037 & 0.011

A decay asymmetry
BRE FNEEKYESQCDHHTS |, K7 24



BESII A. polarization and decay asymmetries (|
single tag method PRD100, 072004 (2019)

4(6)-fold angular analysis of the cascade decays of
A, > pKS,Aﬂ >*t% and 2%t based on 567/pb data

+
80 -A,; —An ( a)

60

Events/0.1
Events/0.1

40 -

20

0 N

CM frame A rest frame

— g" 02/
s @ s
\p ) GED. 0.1 :
7
i i
S
A/ rest frame A rest frame -En -0.1
- <
AT — pKS AnT >0 ot -0.2
—1.0[16], 051 [11][—0.70 [16], —0.67 [L1]| 0.71 [16], 0.92 [L1]| 0.70 [16], 0.92 [11]
—0.49 [10], —0.90 [10] |—0.95 [10], —0.99 [10]| 0.79 [10] —0.49 [10]| 0.78 [10], —0.49 [10] -
Predicted |—0.49 [17], —0.97 [15] [—0.96 [17], —0.95 [18]| 0.83 [17], 0.43 [15]| 0.83[17], 0.43[1§] cosf),
e —0.66 [19], —0.90 [30]|—0.99 [19], —0.86 [30]| 0.39 [19], —0.76 [30]| 0.39 [19], —0.76 [30]
—0.99 [20], —0.91 [31]|—0.99 [20], —0.94 [31]|—0.31 [20], —0.47 [31]|—0.31 [20], —0.47 [31]
PDG |2 —0.91 £0.15 —0.45 +0.32 i —
This VE’O]I‘k 0.18 +£0.43 £0.14 —0.80£0.11+£0.02 | —0.57£0.104+0.07 | —0.73 +£0.17 £ 0.07 Sln A¢__O'28 i 0'13 i 0'03

» Best precisions on the hadronic weak decay asymmetries

» The transverse polarization is firstly studied and found to be non-
zero with 2.1o
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BESIT CPV in £ 2 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

BESII Update on J /Y — AA

arXiv:2204.11058

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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BESIT Rare processes

LEV in//{ > e"u” A invisible decays A0 P X
B(J/1 — e*u¥) < 4.5x 107° aspl . é “ Y @

S signal %’ 4E
[ p— 0.5 Mo 5 w3  Fagf
ar qk& " Fulldat ! - 1 8%
0.08 - R ull data osB\  arXivi2206.13956 ] g 25
ool 3 x b ] 5 2F
= 0.06 i AR < E0.6F B @ 1.5F
Booar 2% Sask ) ] £
d .”‘?ti 0.4: : \ 3 Z 0,55—
0.02 s Sl 02p = ] 0= = invisible
ol R ‘ N e daa0? B(A—> invisible)x10*
0.8 09 1 11 12 0 2 4 6 8 10 12 14 . . . _
EJis B/ —ep) B(A - invisible)< 7.4x107>
w
= . 4+ — _ +0.13
D° - vy i u NN S e .. = (0.127553) eV.
d,s,b |
v ; arXiv:2203.13782
Y/Z —
> B(D° - n%v) < 2.1x1078 ! 2 0.022 .1 T %%
» FCNC is forbidden in SM at tree level but allowed in loop/box diagrams. ot "_2 B G Tt o}, Default Tee, ¢
> Discriminator: EMC energy not associated with signal and tag decays. i [ : GC, Best Iy, 0
> 4lo’orovide a clean probe to search for New Egslvsics in. charl-m selctor.l 0.02 - + A BoRt Tt
<==x+ Wrong tags 2 ~-Data I ata
e O O docays 2 B oo O K & = 41 : ¥ olfsc+ (0, +0y)°
> Signal Shape % 1.8 Non D° decays v L
% N% 16 0.018 00c
=3 1.4 .
N 2 12 PRD105, L071102(2022) i i { S
g % 1 : : -,. - f
it a2 g:g 0.016— ; '-_. ‘ :."’ 18 ¢
0.4 - H K o
G 02 - i
- % o5 1 15 2 25 3 _—
- oF I I M, [GeVc] 3.505 3.51 3515 352
g oy ﬁ*‘%}i}mi H}HH ip*m{ﬂ %}} Vs (GeV)
0 02 04 06 08 1 1.2 1.4‘l 1.6

Egyc [GeV]
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BESII

FUTURE
0
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BESIII Physics
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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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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

1x 108}

"‘%u
oedPis "

Peak luminosity (cr

4% 10%}
\\ 8 e i 9’5' 0 o
“% w- L LI — ) 2x10%r e
20 o T L
2.0 3.0
s BERPIESQCDHTS |, Kb

Lum [10%2cm-2s71]

By [cm] %5
Bunch Current [mA] 7.1
Bunch Num 56
SR Power [kW] 110
$y,lum 0.029
Emittance [nmrad] 147
Coupling [%] 0.53
Bucket Height 0.0069
a2, [cm] 1.54
o, [cm] 1.69
RF Voltage [MV] 16

I N

135
7.5
120
250
0.033
152
0.35
0.011
1.07
1.22
3.3

T, 8x 102}

26x10%t

Upgrade BEPCII
(BEPCII-U)

BEPCII

<) Q\

}"\\-

3xLggpcn

4.0 5.0

Ecm (GeV)

5.6



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 FEREFRYIESQCDITTE , K2 a0



BESII

-
o
o
o

I e ——————— ] & ]

4000 | CD ISR effective luminosity

- Belle IT @ 10.58 GeV |
S 3000 |- f
= 5
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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BESI[[ Joint efforts among experiments and theories

« |t is crucial that different experiments, such as BESIII, LHCb and
Belle Il, exchange information in the efforts of amplitude analyses

v' Sharing the knowledge on analysis tools
eg, TF-PWA (talks given inside BESIII and LHCDb) attos./github.com/jiiangyi1s/tt-owa

v' Constraints on properties of the hadronic states
« A few cases:
« /c//Zcs productions (e+e- annihilations or b-hadron decays) and decays
(to open or hidden charm states)

State Decay modes Seen by Y(4260)
Z (3900)*° | a=Jhy, (D*D)* BESIII, . — —
3900 Belle inete™ » ™ Zc -
CLEO - ‘9
[— S \
Z (4020)*° | x*h, (D*D*)* BESII inete™ - 1~ Zc .
Z (4430)° | m=w(29) Belle,
+ BaBar :

Energy-dependence
Patterns in productions and decays

X(3872) awamy Zc(3900)
orld-wide

experimental O .

efforts
Shes SEIEEHRYIESQCDIHTL |, K7 49

Pole properties
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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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Hadron Landscape

Aghg gl Achc

Two-body LS Qs DD IS Qf Hadron-physics challenges:
Thresholds EsBg EcE; ] .
T | T « Understanding of established
Molecules qqqq pad o
— : states: precision spectroscopy
Gluonic dag,u:ug,ssg ccg .
Excitation ' : « Nature of exotic states:
it search and spectroscopy of
| unexpected states
r Light Mesons : Charmonium
Eﬂqesons AR Jhy, % w(23)
p,f,a,h,K i STALISES
LEAR: BE |III§ |
| | I | | §_'I |
1 2 3 4 5 6
Mass [GeV/c?] 10° 2 ® S st ¥ B
o e P 1
=
B
At BESIII, two golden measures to study - ‘ .
. f0r —
hadron spectroscopy, esp., to search for exotics .
* Light hadrons: charmonium radiative decays (act ;
. | . | - - ] P L
as spin filter) (10 B J/3p and 3 B ¥ (2S) ) 38 40 42 44 46 48 50
E., (GeV) EE

* Heavy hadrons: direct production, radiative and

hadronic transitions (data above 3.8 GeV) XYZ studies: about 23 /fb

data above 3.8 GeV
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BESII  The X(2120) and X(2370)

« Observed in Jiy—yn'ntt ™ at BESIII
[PRL106, 072002 (2011)][PRL117, 042002(2016)]

so0f ()

* Candidates of glueball states 400;—
« Combined analysis of [/ - yK*K™n' and 300}
200

YKsKsn' | i . _
 Search for X(2370) in J /3 — ynnn' 100F o . PRL106, 072002 (2011)

Events/(0.02GeV/c?)

O » XL v |
20— EPJC80,746(2020) 14 16 18 20 22 24 26 228
s Jhp—yK'Kn', n'=a'nn, n—yy (a) _ 500 Jhp—=yK'K ', w—yp’, pl—snn’ (b)4
‘o —— Data - Chebychev o [ —— Data ~ - Chebychev ] ﬂ:’?t n(GeV/ C )
> 1501 __ Fit result - PHSP o > 400} — Fit result === PHSP -
3 523 Signal X(2370) - Totalthg t 3 55 Signal X(2370) " 1O/ Pk § e R R
) Jhp—K* K n'+c.c. S 300 Jhp—K* K nse.c. i A0 e T j
e L ' sideband e [ - - v sideband t s 10 _J/‘P;’Yt"l"m M _T 135 ‘
8 g o 2 LS aa PRD103, 012009(2021
S i
s sof Bt 41 @ - > gl Fitresult ’ ’( 8 )
w w 100} 8 [ g X(2370) ]
P cosmrivitsesos st OB s iinia [ ---'sideband a
> 21 22 2. 4 25 26 27 2 £ = B Chabvohey -
Mooy (GeV/cz) 3B My, (GeV/c?) = i y E
1 |
30 - : - . 90 - - - - ﬁ - &
L J/\p—'ngKg n', N’z vy (c) . 80 MJ/w—vszng]'. =y p°, PPt (d)3 -— .
% 25— paa — - Chebychev € 70f —Data — - Chebychev 3 QC) : I
PHSP g - ---- PHSP -
% 20k — Fit result T:EI bkg E %, 60k — Fit result Fhat T:tal bkg 3 LI>J -
o “rem # Signal X(2370) o | 5 Signal X(2370) i
S 4gf - - ' sideband S 50F . sideband 5 ) el b oo bl 4t
g g 40 0 OB NRL RS o e S PR RN -
.g 10 .g 30} 2.2 2 3 2.4 2.5 2.6 2.7
[ 9 2
@ s a 2k . (GeV/cd)

nrm

'MKgKg (GeV/c) ' .MKgKgn,(GeV/cz). o o ObSGI’VEltiOl’l Of X(2370) - KKT]’

M (2370) = 2341.6 % 6.5(stat.) = 5.7(syst.) MeV/c?, with stat. significance of 8.30
T'x(2370) = 117 + 10(stat.) % 8(syst.) MeV, * No eV%dence of X(2120) —» KKn
* No evidence of X(2370) — nnn’
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BESII Overpopulated charmonium spectrum

(28+1)L

J 1 3 3 3 3 1 3 3 3 1 20 . .
i O 5 B By Py By D00 0, T arXiv:1511.01589, arXiv:1812.10947
«— 5000 )
[&)
>
(o) e
= g BEPCII energy Y(4650)
;)’ e BE6CAE e e e e e e e e e .
% 4500(— 415) = Z*(4430 ACAC
s jiwﬁ_ Y(4350) = X(4350] @ )((4500)
4250 7(4160) IY(4260) \—‘:t_l z;. DD (25) ........................................................ 2(4430)
a l { { = 1 ' av(@ia0 e e—
4000= wﬁl Y(3915) e 71 8z°(a020 VT cm— Y(4390) VVVVVVVVVVVV
X@oa0) x (oP) = 1 =z"(ao0q X(4350) _y(a360)
3750 & X(3872) ! [ ) 0 Yok
—— Open charm threshold v(3770) ! X(4274) (4250)
h(@S) V2 _, Y(4220) %
35001 W i TR Z(4200)
Xy =— Ne
3250 = Established X3t
stablishe 0 3 L
o 2114050
3000 =a_ Yy = New States D*D* =:::ssssszzzsssszzzssssszzssssssszsssssssssnsss svereeerend (4020
n(1S)
27501 [] Theory Pebs X331y
DD‘ S x(3872r::::::::::::::::::::::::;Zc(g.g.oo)
2500 | | I- | L | L | 1 | 1 | 1 [ | | | I | I | |

F TR AT g B 1 & o ge

Overpopulated observed new charmonium-like states, i.e. “XYZ":
* Most of them are close to the mass thresholds of charmed meson pairs

e Some are not accommodated as conventional meson
==> candidate of exotic hadron states

« More efforts are needed to pin down their nature
s FNREEKRYIESQCDIfITE , K7 a7



BESII More X(3872) decay information

» Observation of X(3872) 2m%

& 0 2 —
e‘e —>y,w xwwnhch yzdhp

» Transition of X(3872) — yJ/, yP(2S)

N;’ oF (a) 4.15<E_, <4.30 GeV '°:;:'] ! l”'”“!""’"'f"f 'Y\|I(ZS) :— H'a~ mode :Y -!/\Jf’
S 8 § ftal LIl 0, it L L §|o L 1 ity 2 gt 11T
: ’ = # o
21 ~ l i ' T ) Gevid s =
‘\z;’ [ (b) 4.00<E_ <4.15,430 <E_, <4.60 GeV R_BF(X(3872)—>V\V(25)) 0.59 at 90% C.L. . asrees
s ! | BF(x3872)-yJ/y) ot.L.,ag
< BESIII, PRL122, 202001 (2019) with Belle(<2.1), while challenges Babar(3.4+1.1)
£ 2h and LHCD results (2.46+ 0.70)
‘“ I 1 10; DOD*0 D™ = yD° § 5.70 .y
; 1 m
P75 E0 aks hs B 400 N I % % P
M(x%_ ) [GeV/c?] % 5 :
= I < | ik L
. o™ -ll ; sne Wiy o e e bl e L1
* Observation of X(3872) —> wJ/y = R
BESIII, PRL 122, 232002 (2019) §'° -
wio Ezo iFfsms)
* Observation of X(3872) >D°D*° >4\l i 210
BESIII, PRL 124, 242001 (2020) ) 3.95 3
M(D °D) (GeV/c?) et e
e o . . = el
s FNREEKRYIESQCDIfITE , K7 Mol V)
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e*e~(yisg) —> mwra-Jip at BaBar

YisR

M, hadr

Hadrons

The Y states

Y states: charmonium-like states with JP¢=1--;
Observed in direct e+e- annihilation or initial
state radiation (ISR).

arXiv:1211.6271 and CHARM 2012

ete~(Yisr) > Ir*frip( 2S) at BaBar and Belle

While not seen yet in B decays

80 20
F 4 ’3) 1.y ¥ LELEN B ‘ LERTH | L 4
3 1 2 Y(4360) Yagso] YOO IvEr *
% ok PRD 86,051102(R) 2012) 1 > * BaBar
> Y (4260 ] 2 uE 112 events (520 ")
8 sof (4260) z LE [Belle E
8 F 4 : 110 events (673 fb") =
=] @ 10E
e 8F
2 o 3
} E
“ : l oL
; MR Nt il
ol S P Y I ANVURFURIN P 1 P 4 42 44 46 48 5 52 54
38 4 42 44 46 48 5 52 54 |n(\|l('.’S).‘t‘7!‘)1(ier‘c“)
m(Thim e\ GeVieh .
* Improved knowledges from BESIII
100 C
—_ - —4-XYZ 100 [~ _._BESIII (This work)
2 b ) -+ BESIIl (2017)
= - — Fit | S 80| -+ BaBar *
= [ . e -+ Belle Iy
5 eof -=Fitll 7 60f 5:%\,/
F B %_ - HES l
B i ! 40 i T .l
foaof N mIgEL vy
+$ [ T 20 ”L‘l’ 5"‘[_ 1 690‘7 °
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5 ; e oRMIHMHL..... ] ip Ao |
0 i L 1 1 1 1 N
3.8 4 42 44 48 -20 ¢ BESI II PRD 104 05201
s (GeV) AR . A i
4 Tai T4z a3 aa

BESIII, PRL118, 092001 (2017)

Vs (GeV)
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BESII

ete” - yx. at/s=3.8-4.6 GeV

+ No signals for ete™ = yx.0 PRD 104, 092001 (2021)

 Observations of e e™ - yx 12

10: : Data 40+ +Pata i
o o _ ank Pl - — fit result
o 8 upper limit (90% C.L.) o 30 O a T --1(3686)
S ¢ | S v
© 6_ ~ o= o~ o
F R L8 a0 —y(4160)
' 4 ; >~ : > L
+q> : T 10 i ? T o
E?’ o > b + I ] S R
b “f g 0 y—3—+1 O 0
i o Yr 5 |
0 4 4'1 4'2 43 4'4 4'5 4'6 _10:'1,..,1.”.1,““ N P PP T PR N PP TS P TN NP I e e
's GeV 3839 4 414243444546 3839 4 4142 434445 46
Is (GeV) Is (GeV)
. Y Xxc1 . Well describe with conventional charmonium states
. Y X2 - Along with conventional ones, an additional Y state is needed

M= 43717+ 75+ 18MeV/c?, T =51.1+17.6 + 1.9 MeV

v’ statistical significance of 5.8 ¢
v' consistent with the Y(4360)/Y(4390)
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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 "
4.6-4.7 GeV, 4.4 b1, A A, 1015 ' ! !
2 25 3 35 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 FEREFRYIESQCDITTE , K2 51



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 EIREERYIESQCDHRTS |, Kb

Excellent resolution
Beam-constraint A, mass
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500 -
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Neutrino reconstruction
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BESII Hyperon production cross sections

PRD97, 032013 (2018)
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BESIT

R values at BESIII

PRL128, 062004 (2022)
Comparing BESIII R values with previously published results:

Ll
"
"
"
"
!
o
! $ .

| :I * X b
N
!
]

— ‘ * :l x x

'
x :l
W !

PEWEAR RTINS N

® BESIII ® BES ) A CrystallBall
= KEDR * MARK-I ¢ PLUTO ---pQCD+JAp and v’
L 1 I 1 1 1 1 I 1 1 L 1 I 1
2.5 35

3
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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scans of additional resonance with different J°¢

, masses and widths
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BESII

Further checks on the 177 state 14 (1855)

Angular distribution as a function of

M(nn") can be expressed model- neediforthey); (1653) Pwave
independently in terms of Legendre [
polynomial moments
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..PWA fit projection (exclude l]‘)
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» for data, W; is to implement background subtraction !
* for MC, W; is intensity for each event calculated in the PWA 0
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The moments are related to the spin-0 (S), spin-1

(P) and spin-2 (D) amplitudes by ‘g Ng
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