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Magnet: 1 T Super conducting

BEPCII/BESIII: a t-c Factory

- v
S
{ proantucto
'.AA.:‘..‘. :-I.! :...:>l A ... - CAAS il B B A e s ..... ...A- .' ’ ... o
.

-

high lumi, large
datasets, hermetic
detector with good
performance and
clean environment
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First collision in 2008, physics run started in 2009
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Operation c.m. energy: 1.84-4.95GeV

BEPCII continues to improve, energy upgrade & top-

up reached peak lumi of 1.1x1033cm™2s* @1.89GeV

New in 2024: 20fb* psi” data achieved; low Ecm scan
at 1.84-1.97 GeV; scan around psi” and chic2

MDC MDC EMC
Exps. Spatial dE/dx Energy
resolution resolution resolution
CLEO-c 110 pm 5% 2.2-24 %
BaBar 125 pm 7% 2.67 %
Belle 130 pm 5.6% 22 %
BESIII
<5% o
115 pm (Bhabha) 2.4%
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BGS]]I BESIII physics: t-c region features

O Rich of resonances, charmonia and charmed mesons.
O Threshold characteristics (pairs of T, D, D, charmed baryons...).

O Transition between perturbative and non-perturbative QCD.
O New hadrons: glueballs, hybrids, multi-quark states
O New Physics: large datasets, hermetic detector, good performance
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2009: 120265“:"1]/)/(;5) More than 52 fb-1 Data Samples bY BESIII

2018: More J/1+tuni RF cavi
2010: 0.98 fb11)(3770) (for DO(H)) ore J/1+tuning new RF cavity

2019: 10B J/ (total)
. -1 0(+)
2011: 2.93 fb* 1)(3770) (for D™, total) 8x0.50 fb1 XYZ scan@4.13, 4.16, 4.29-4.44 GeV/
0.48 fb'l @4.01 GeV

2020: 3.8 fb! @ 4.61-4.7 GeV (XYZ&A)
2012: 0.45B 1(25) (total) 2021: 2.0 fb'! @ 4.74-4.946 GeV
1.30B J/v (total)

0. ©4.23 Ge 2022: 2x0.4 fb@3.65, 3.682 GeV,
0.83 bl @4.26 GeV

1 0(+)
0.54 fb! @436 GeV 5.1fb 1/)(3770) (for D ; total)

2023: ~8 fb1at (3770
10x0.05 fb"1 XYZ scan@3.81-4.42 GeV e e t:kellr:(in 20; 5 rune.
2014: 1.03 fb™ @4.42 GeV '

0.11 fb'l @4.47 GeV Dataset  E.r/ GeV o daye

0.11 fb'l @4.53 GeV

0.05 fb'l @4.575 GeV ¥(3770) 3.773 4.2 119

/!

0.57 fb @4.60 GeV (for A}) scan  3.780 0.41 9

0.80 fbl R scan @3.85-4.59 GeV scan 3.800-3.885 0.14in 14 points 6
2015: R-scan 2-3 GeV+2.175 GeV "'scan  3.768 0.41 10
2016: 3.20 fb'l @4.178 GeV (for D}) X2 3.554 0.13 4

2017: 7050 fb! XYZ.scan@4.19-4.27 GeV < 2GeV 1.80-2.00 0.025in 13 points 64




BESIIl is in very good state in all aspects

BESIII Publication

We have reached 571 paper milestones

115 publications in PRL/Nature/Nat. Phys.
50
The collaboration size still grégling: ~600
members from 82 institutiong,in 16 countries. |I I| | |
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BES EFENERBARIFR _FR (1995, 2001, 2004, 2010, 2013, 2023)

5
| Y(4790)
Y(4717)). Natlonal
Y(4390) Y(4500)9 Science
0(4020) Z.(4020)° ‘)):2353 revew
4 7 (3900 zcs(3985)f. VOLUME 8 ¢ ISSUEll NOVEMBER 2021
c(,('; i 'zc(sgoo) o® (32{23) )’ N - T J}aﬁ
© L et
Ot 30 new hadrons at BESIII | aE=n. BN %
% i N(2570) . .;(((2220803) | A v %ﬁ * jﬁa %
X(2500 CHEE = e
S EX(237 O Ni2300) (2999) xzz520 @, o OX(2356) | | ' ==
) X(2120) ©(2250) X(2000)
|~ @X(1870) (1840) h,(2100)
i o¥ ,(1855)A8, ,(1817)"° X(1880)

2012 2014 2016 2018 2020 2022 2024 Physog o1l

Date of arXiv submission

%2 45 Wy B2 0L BESII Journal Publication Page:
http://english.ihep.cas.cn/bes/re/pu/pjp/
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BESII

Charmonium Physics

»

with focus on “XYZ’’s
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[ < Data — Fit result
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BESII

cP(e*e’ — K'K'J/y) (pb)

Studies of e+ e-2>K K-bar J/¥
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8:— ¢ BESIII (2022) ¢ This work — Fit result
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Phys. Rev. Lett. 131, 211902(2023)

B(Z.(3985)" = K*J/y]
B|Z.,(3985)" = (D"D;* + D*°D}))

<0.03 @ 90% CL
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BGS]]I X(3872) recent results

coupled channel analysis of the X(3872) line shape

i o — Production>4.6GeV e*e™ —»mX(3872) —» on'n"]/¥
2 pof o e 2%
2o J’ g ere-doXdoylly 14
= 8 |y B ta
7o i) Pl + Data 12 >
S o4 ) l g 20 b 6 100000 e wy , MC — Fit
o .: :if.ffl.','" = 10 : % 14 — Y MC 10 - - - Background
586 388 39 392 394 39 598 3 = 12 ;:’::S:;:Lgﬁc 8 [ sidebana
(2, TR ll *I + § 8 10 Jy sideband
T 1!?; nunn; g 8 l” rn olp ¥ ; 6
5 4
. 0.16 + 0.10*312 0,108 + 0.003*¢ & ol
B KA = M) (Govic) 98 3.82 3.84 386 3.88 3.9 3.92 3.94
Im[E,] [M —0.19 + 0.08+0-14 0.1 8 3. : 86 3. 9 3. :
m[E] [ CV]_ 0.19 £ 0.08Z519 0.13 0w (3872)  Texen = 52+1.0+1.9 M(rctr J/p) (GeV/c?)
T(w*n=]/)/T(D°D*®)  0.05 + 0.01+2:01 0.11 + 0.03
+0.13 +0.38 +0.06 +0.25 T (3872) [ Tz = 55+ 1.1£24
FWHM (MeV) 0.447535 Zo25 0.227508 Z0:17 D
2 z 0.18 0.15 e.c)aiys
200 Weinberg’s compositeness: —>THT-Y el PRD(L) 109, 071101 (2024)
g X(3872) Z = 1: pure elementary state; X
3 oo : > —>TU+TT-T| PRD(L) 109, 011102 (2024)
2 120- Z = 0: pure bound (composite) state. .
L oo o X —VI/Y via eve— 0X(3872), arXiv:2404.13840
% 80-
T 60}
[PREBZISIO0BGOA]  «X—5yX(3823) wrxiv:2405.07741
20}
0 PO TR
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BESII

Light hadron Physics:

Spectroscopy and decay properties
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BGS]]I Light hadrons with exotic quantum numbers

MIT bag model
Theoretical predictions of the JP¢ 3 | : 3 x Others
- 1_+ hybnd Meson Mass : : Flux-tube model
< | |
(%5 20 { : E Iﬁ: i % f" . . 192 x QCD sum rules
'; x> : /: é X I Constituent gluon model
] x 9 |
g T x : : 1 I Lattice QCD
: : I QCD sum rules
0 ! : ! : ! ! L O I Others
1970 1980 1990 2000 2010 2020 2030
Partial wave analysis of J/y — ynn’
OF T T T T T
o« L[4 (2)x¥dof= 157 : PRL 129, 192002 (2022),
§ 3000 & ~+- Data h o 200 PRL 130, 159901(2023)
C {4 T ] = PRD 106, 072012 (2022),
2 200f | 1 Eiﬁ(mﬁf’%» - % [ e PRD 107, 079901(2023)
‘\9 [ ....PWAfit pro!ection (exclufie nJ): L% 100_ E--:”""""f."
S 100} L > Observation of isoscalar 1-* n(1855)
. N I > critical to establish the 1+ hybrid nonet.
095 2 25 3 ' > supportring fy(1710) overlap with glueball

M(m)(GeV/c?)

2024/7/8 BRI B o Dayong Wang 13


https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6

BESII

Spin-parity of the 71 (1600)

¢ 177 assignment fit is better than that

Observation of the 1, (160
INY > VX1, Xe1 2T TN

Nominal PWA solution

0)

P

for 0", 2%* or 47" assignments with 2
significances well over 100 =
Significance of the Breit-Wigner state | ™| Decay mode|Significance = £
phase motion m1(1600) [1-F|  7*n >>100 "
¢ Replace the resonant ;(1600) with a ()5 —wave | 07| w0 >> 100
non-resonant 7y’ P-wave described by __%(980) A ol
the Breit-Wigner function without f2(1270) |27 wtar >> 100
phase motion a(1320) |27 | Doty > 50 oy
o« f= 1 f2(1950)- 27+ Tt > 100 é
\ (m2—5)2+m?2T? £o(2200) |0++| oo > 100 2
o The fit yields that: AM = +6.9 MeV/c?, ap(1710) |0F+ rty > 100 &
Al' = —96.4 MeV fQ(PHSP) o++ ata— > 50

We observed significant phase motion
with a statistical significance greater

9200 |
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Light hadron spectrum: X families

J/U - ynfnn’

58 M J/¢
PRL 95 262001(2005)

1.4 2.0 2.6
M(z'mm’) (GeV/c?)

Observation of
X(1835)

225M ]/

PRL 106 072002(2011)
X(2370)
X(2120)
2 sp® gy
o ANAL
S 300}
2 200p
100}
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X(2120), X(2370)

10B ]/
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BESTI PWA of JJi — yK.Kcn'

PRL 132, 181901 (2024) sob . amgmim
C *» Data ]
2:—(&) n'—>YTc+n' Zgg 2_(b) n'—mﬂfn %160__ | — MC projection
.5l Data 180 | Data 140" } } b -Background E
—~ 1.8 —~ 1.8+ C I -~ Non-resgnant
% m% E w1200 i R [ X :
"o 120 § 18 Stoor (ALt e
¥1.4fF ;g° ¥1.4f < 80F | - m ' | m E ,(980)
= | = | 2 S S | LI
1.2 1.2 § 605_ A X(2370)
1 1T [ 40:— { } Y g : -
....................... 0 T T rof e - .
MK°K° (GeV/Cz) KoK GeV/CZ) 0' s e - s . . .
N = 50_,“”;,7 R o 22 24 26 28 3 prediction of lightest
o, 120F(¢) ‘ ‘ oy 1 () M nonTn Moo, (GeV/c?) pseudoscalar glueball
= - | Data 1 S 40f { Data
(?3100 NH ’ ” |I‘ —— PHSP MC ] (%D, | ~—— PHSP MC c = 0O-+ wi i ifi
| | || 19 ¢ ] pc = 0-+ with significance >9.80
g 80 I |||| || .Backgroundl 5 30:' ‘ ’ | | } .Backgroun ; M 2395 11 . M v
S 60 || 7S 20t H”H 1 - =114 Vi€
% 40: | H % HH ”’ M’H } H : I = 188+18.47+124 33 MeV
G 20} @ 10 _ (Jy—yX(2370))B(X(2370)—£,(980)) B(fo(980)—KOsK0s)
0-0%22 24 26 28 3 9 2322942628 3 = 1.31 + 0.22+2%.944 x10-°

MKg’Kgn' GeV/c? MKgKgq- GeV/c?
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Events / (10 MeV/c?)

Events / (10 MeV/c?)

PWA of ¥(3686) — ppr®/n

v’ Data can be well described with Several N*& p*/w™/¢™ states.
v’ Three lowest lying N* is described with :T(\/s) = Tpx X1y X Pilys)

pPi(Mmg)
v Iny/Tng is determined to be 0.99 + 0.054,, + 0.17,,

3000 5) x¥nbin=1.23 (b) ¥¥nbin=1.56 1000 5) x¥nbin=1.47 (b) x¥nbin=1.47
A7 0 S 3000 N _ 4
Y(3686) — ppr > BESTT preliminary > (3686) = ppn > 10001~ | BESII preliminary
2000 = < <
= b
S 2000 2 so0l 3
2 2 Z s00f
= = = ; )
1000 2 1000 2 >
< 2 =
i . s - — \ S - - S — | e e T
2.0 2.5 32.0 3.5 1.5 2.0 2.5 2.0 2.5 3.0 1.5 2.0 2.5
MpB (GeV/c?) Mpno (GeV/c? Mpﬁ (GeV/c?) M, (GeV/ c?)
—+— Dat:
(0 x*/mbin=1.22 —— Total Fit (c) x*mbin=1.24 —+ Data
3000 — B(azcllg%l;ound = — Total fit
P o % ggg) § 1000 . [_]Background
- 5(21272150;) § & — ©(2205)
2000 — .- N(2300) 3z ®(1960)
N S — om0
gf}gggg 2 500, —— N(1895)
1000 - EE} ;ggi :E* N(1710)
— N(1520) —— N(1650)
[ T —--- N(2570) B N(1535)
S s e e s P
1.5 2.0 2.5 1.5 2.0 2.5 17

M. (GeV/ c?) M, (GeV/ c?)


https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.055205

PWA of 1(3686) — ppr®/n

v’ The continuum background is subtracted based on PWA result @3.773 GeV

Resonance state Niig Neon Npet e (%) B (x107°)

NR(1) 122215 + 3266 656 + 164 121188 + 3276 39.71 113.9 £ 3.1 +11.0
N (1440) 57118 £+ 1383 953 + 147 556?{7¢|: 1402 38.34 54.2+1.4+13.2
N (1520) 8109 + 428 870 + 81 \Q@Q + 446 38.43 6.6 04+1.8
N(1535) 18894 + 778 240 £ 77 (\{(\18519 + 787 39.61 17.5+0.7+ 3.4
N (1650) 11146 £+ 794 278 £ 79 n(e\‘ 10712 £+ 804 43.75 91 +0.7x£24
N(1710) 5043 +=472 369 :tll\Q&‘ 4466 + 497 39.73 42+0.5+38
N(1720) 6983 £+ 523 211@3 6644 + 539 39.93 6.2+05+1.9
N(2100) 11107 £+ 1033 55X 161 10245 + 1063 44.90 85+0.9+38
N (2300) 5633 £ 566 894 + 222 4235 + 664 43.75 3.6 £0.6x2.9
N(2570) 27716 = 1041 2349 + 187 24043 = 1082 46.14 19.5+£0.94+13.8
-

Resonance state Nsig Neon A\(\%Vnet e (%) B (x107°)
N(1535) 20411 + 460 570 £ 115 D‘\\\19486 + 486 36.17 50.5+1.3£7.0
N(1650) 809 & 310 388 £ S3QNC 180 & 341 — —
N(1710) 3351 £+ 273 63 ;t@‘\ 3250 £ 292 38.81 7.8+0.7+1.8
N (1895) 198 = 50 o 32 RED) — —
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BGS]]I Also hyperons...  yig by ==

| T

@ Hyperons are the strange siblings of the proton and neutron , _
Testing of P and CP Symmetries,

/cm__\/u_u\lp > Half lifes: 10-10 s X.G. He & J.P. Ma, Phys.Lett.B 839 (2023) 137834
Y ~J

e 3 New Physics Searches at Kaon and Hyperon Factories
f - ~ * Sensitivity loss ~ 10° w.r.t. to KT, K.
-1 - 1/2 (u )

—J Editors: Evgueni Goudzovski®, Diego Redigoloz’s, Kohsaku Tobioka™®, Jure Zupan6
\"

sl ) » Rich phenomenology: ,
\\OV/ |3 p gy " Authors: Gonzalo Alonso-Alvarez7, Daniele S. M. Alvess, Saurabh Bansal® , Martin Bauerg, Joach
. e . Brod®, Verom'ka Chobanova™, Giancarlo D‘Ambrosio11 Alakabha Datta'?, Avital Dery13 Frtmce
5 - * Spl n— senS|t|V|ty to various N P structures Dettori* Bogdan A. Dobrescu'®, Babette Dobrtch , Daniel Egana Ugrinovic"’, Gilly Elor'®, Mi
sd

\ 7 ;d . Escudero™® Marco Fabbrtehest2 Bartosz Fornal®* PatnckJ Fox™® Emtdm Gabrtellt20 22 23
\s /1 \s/ *  SU(3)-relations to nucleon-structure Li-S]
= =  Rept.Prog.Phys. 86 (2023) 1, 016201

Kelly
Kvedarazte Gaia Lanfraneht , Danny Maifana , Jorge Martin Camalich™ Dtego Martinez

° Rece nt expe ri me nt al 66 revo‘ ut i o n ” after 40 + yrs . Santos'®, Karim Massri*®, Patrick Meade , Matthew Moulson4 Hajime Nanjo Matthtai Sl\fguh

Ma_xzm Pospelov31 32 Sophle Renner?, Stefan Schacht™™, Marvin Schnubel , Rui- Xtang Shi
Shuve®® Tommaso Spadaro Yotam Soreq Emmanuel Stamou®* Olcyr Sumensari> Mtehele

Polarized-hyperon factories (BESIII&SCTF) > LHCb: 102-3 more hyps than B's e o T Coby™ e Dann’™ i Chen T, Dyon s e

1k

Arbitrary units

e L] « More channels
g * More complex analysis

TR I T T More data samples in
Snowmass2021 workshop Alves Junior et al. JHEP 05 (2019) 048 critical regions
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Rich program with eta/eta’ decays

Decay Mode B(x1074 [5] n/n’ events n decay mode  physics highlight o mode physics highlight
I — vy’ 51.5+1.6 5.2x 107 n — 12y ChPT n —nn CPV
JIy—yn 11.04+0.34 L1107 n— yB leptophobic dark boson 7’ — 2y chiral anomaly
JIv — ¢’ 7.5+0.8 7.5%10° 7 — 370 my —my n’ — ynr box anomaly, form factor
JIy— ¢n 45+05 4.5%x10° I me—-mg,CV o = xtrad my, —my, CV
I — wn 17.4+2.0 1.7x10’ n— 3y CPV 7 — 7% cusp effect [83]

I — wn’ 1.82:+0.21 1.8 % 10°

P’ 1.2

.o« EVidence for the cusp effect in n’=2>n =% n°

—Fit |

PRL130, 081901 (2023) (a)

|
1.1 1.1 I
0 - $o E
P s 't
0.9 2T 0.9E
- n? - —Fitl o
4 08~ I_EZI v | | 0.8 :—I § o os-sor oo ots-ose
16 1 1 1
COOZTW(QO+2CL2)(1_§)’ ot PR LT W0 thorrtia bt byt o 0 P sty b .
167 6 -g !‘MW M‘O" .W.u,,Ww AT Y W g w‘ﬂ’*.w’. w.’ A (LY “”0" P ’“”‘0".‘" "...
Ca = 3@z —a0)(1 +3), 05 055 06 065 008 01 012 0.14 0.16
8 M(nr%) GeV?/c! MP(x0n0) GeV?/c*
C+— = ?(2(10—{—(12)(14‘5), . . . .
M2, - M2, B Evidence for the cusp effect with 3.5c, consistent with NREFT
5 — s 2 us .
M2,

B Scattering length combination in good agreement with calculation
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BESII

R value and QCD studies
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BESII

8f 2.2324 GeV PRL130, 231901(2023) 2.2324 GeV 3.0500 GeV
. NNFF1.0 NNLO _ . NNFF1.0 NNLO
/ 6 7] maereno 0.2F ++
D 4 === AKRS NNLO : -+
e, q E _ 2F -0:"__ —— == ARS NNLO 01;— +++
- § 2 :§ "' R T T 1
E g 8 3.4000 Gev > o03f 2.4000 GeV 3.4000 GeV
Py < ¢ e i
W\§< . <T: FH ¥ 4 o % +++ +
X@Qg: I T e T 3 1S o .
€ Fbs * — E -o-| R + 1 Ml
qq o 8t o)
N 0.3k 2.8000GeV | 3.6710 GeV
6 +4
QED Hard QCD Decay 4f 0.2F + L
Scattering Fragmentation 2r TN F e 0.1 &+ g /4
T .0.I5l — I . ”1.5
p (GeV/c) p (GeV/c)
1 dc(h+X)
Otot o C (Z,as (S) Z ) D ( ru ) 0.4F ¥ =2.0000 GeV [ Vs =2.6444 GeV [ 15=3.5000 GeV |
0 "
N +++++*. 2401.17873, PRL (2024)
. 0 . . . . § A -+-+_._ [ A, oo A :00’
B Inclusive 7’ /Ks/eta production in e+ e- collision - e L e o e
= Ar Vs =2.2000 GeV Vs =2.9000 GeV [ Vs=3.6710 GeV
at 2.2324, 2.400, 2.800, 3.050, 3.400,3.671 GeV. Sl f ++++ R : +++++
.. S 02 - ¥ % N
B broad z, coverage from 0.1 to 0.9, best precision & Fd e [d e, 4 Mo
.............. .-'.' - --......._..:._._ ; . ~....1.'._,._ |
B provide brand new inputs in low-energy region to global 04f P - 5= 3.0500 GeV 05 Lo
fits of fragmentation finctior wf 2 b e M
* More channels in progress Fon, Peg LA e |
035 1.0 035 1.0
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Study of hyperon/nbar-nucleon reac

v Phys. Rev. Lett. 127, 012003 (2021).
v arXiv:2209.1260

X
T< -
S - Single
Tag Side
( \ Beam pipe
e K4 et Y

VZANE o7 ethod

P “) . J J
Y Y

Hyperon Beam

MDC Inner X
Chamber

Beam
Pipe

~

Signal Side
YI

0.08 Qil (C, H)

0.001436 Au
3.148564------ V......

Target

Study of En—Ep N p—>N"p and Ap—>Ap

© 15F —t— Data 4:
s e g g e PhysRevLet 132,231902(2024) . oL lee >
[ _ — Fit result % 3f >0 2
E 10F ---- Background 'cé
i ~ 2r - =
P g | + + <H'+ Ap=Ap More channels with different
S o g T —{—_;_ beams, elastic/inelastic ...
i :l u l , “ ob = | Differential measurements
0 U TR - - - -05 0 05 1
1.3 1.35 cosf,
M(AT) (GeV/c?) k
0.1.;lx e - N BT |
- -0.5 0 0.5 1
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Charm Physics

mesons and baryons

2024/7/8 HE R P SR E ) 2 Dayong Wang



BGS]]I Charm meson

studies: Measuring CKM matrix
--- test SM EW theory

At zero positron mass limit: CKM matrix element

Differential 2 Form factor
rate (Exp.) dr D _> K} GF' cs ‘ IP / (LQcD)

Charm decays + LQCD

Expected precision < 2% at BESIII

Charm decays +
B decays + LQCD

« extend analyses to 20fb-1 data
 More advanced analysis techniques

Decay constant (LQCD)

Decay rate Exp)
! ) 8FmémD( (1= /mD<s>)2
CKM matrix element

2024/7/8 ALK PSR A BT &
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BESII

D » ttv_, " - vy,

5 8
g

patamc Events /0.0225
patamc  Events /0,03
o
g

4data [ |MC
7 other T\ other bkg

Latest updates of D.2t v

7.33 fb~1 data from 4.128 GeV to 4.226 GeV

PRD108,092014(2023)

200|
0k 0 .
1. 1.5 +
Ty -
0. 0.5
04 02 04 02 0
BDT score BDT score
1 toatalMC < wgo00 - +data [JMC 4
other bk |
b 9 000! = | qqre other bkg

patwmc  Events /0.0225

Events / (100 MeV)

OO T T s
8 B — total
S 400__ — - signal H
_.2 : - - - background :
© 2001 B
Z i ]
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JHEP09(2023)124

1501057 Meop e’

—4— Data
= Fit result
[T Signal
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Comparisons of f,+ and f )+

| I | | [ [ | | | [ | [ [ L I T I T 1 I T 1 I T 1 I | | I |
ETM(2+1+1) PRD91(2015)054507 247.244.1 e
FMILC(2+1+1) PRD98(2018)074512 249.9104 . FNAL/MILC PRD98,074512 212.710.6 .
FLAG21(2+1+1) arXiv:2111.09849 [hep-lat] 249.910.5 ¢
JHEP1712,008 208.7+2.8"%’ --
HFLAV21 arXiv:2206.07501 [hep-ex] 252.242.5 bl RBC/UKQCD 08 8
CLEO PRD79(2009)052002, t,v 251.8+11.2+5.3 ——
CLEO PRD80(2009)112004, 7 v 257.0+13.3£5.0 [ —— ETM PRD91,054507 207.4+3.8 -
CLEO PRD79(2009)052001, t.v 277.1+17.5+4.0 [——
BaBar PRD82(2010)091103, 7, v 244.648.6£12.0  H—e—iH FNAL/MILC PRD90,074509 212.6+0.4"'7 o
Belle JHEP09(2013)139, 7, v 261.1+4.8+7.2 H-H h
BESIII 0.482 fb! PRDY4(2016)072004, v 245.5£17.815.1 F——a—iy
CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 —— HPQCD PRD86,054510 208.31+3.4 -
BaBar PRD82(2010)091103, pv 264.918.417.6 H—e—H
Belle JHEP09(2013)139, v 248.8+6.614.8 [ - FNAL/MILC PRD85,114506 218.9+11.3 ——
BESIII 3.19 b PRL122(2019)071802, pv 253.013.7£3.6 el
BESIII 6.32 fb™! PRD104(2021)052009, uv 249.8£3.0£3.9 HeH CLEO PRD78,052003, uv+tv 206.818.712.5 v
BESIII 6.32 b PRD104(2021)052009, v 249.746.0+4.2 [ '
BESII632 5" PRDIGCO2D0300L Ty 2516559+49  hol e PRDSOOSTION by 2000452018 —a—
BESIII 6.32 fb! PRL127(2021)171801, tv 251.1+2.413.0 (]
BESIII 7.33 b Submitted to arXiv, T v 254.3+4.0+3.3 [ BESIII Expected (20fb”), uv  203.842.0+1.5 ===
BESIII 7.33 tb! this work 7,v 252.7+3.8+2.6 - | | | | | |
BESIII v 252.1£1.742.0 M Combined S 7 S b T pm— S N <V S —v-v-
T L - R 120 140 160 180 200 220
0 100 200 300 fp (MeV)
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BGS]I[ Strong phase diff b/w hadronic D°/ D® decays

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

AR T ] ST Quantum-correlated efe” — w(3770)
o U N L e 1 A 1 — DYDY pairs at BESIII offer an ideal
“mzg j | | opportunity to extract the strong phase
1 e .1 Opp y ; of
: i * : & differences between D* and D
1= 1= 0.0_
In the future 10-15 years, the statistical
| : | uncertainties of the y measurements will
- ! & ] - ; & ] ~ o o
O pm' il 1 T m " reach at ~¥1.5" and 0.4" at Belle Il and
Y. RITTN \ ink BN Ao PO RTINS iV LHCb upgrade

-1.0 -0.5 0.0 0.5 1.0 15 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

el

The constraint on the y measurement before BESIII is only 2°. Improved
measurements of strong phase differences are highly desirable

2024/7/8 T 2R B 2R e B AT ) 2% Dayong Wang
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BGS]]I Hadronic D7 decays: Amplitude analyses

D¥ Amplitude analyses

D} — KT K7™ partial wave analyses
D} — K™ Kgn¥ partial wave analyses
D7 — 277w~ partial wave analyses

D} — 2 77w n partial wave analyses
B =%g 7r0'r]’ partial wave analyses.
D} — 7+ 2 70 partial wave analyses.

D] — K"m"m™ partial wave analyses
D} — K"~ 7Y partial wave analyses
Dy —2 Kq 7 partial wave analyses
Dy — K‘f} K 2 7™ partial wave analyses
D} — K~ K"t 7% partial wave analyses

DT — K- K2 7w partial wave analyses
Amplitude analysis of D} — Kgntn®
Amplitude analysis of D} — n*a%

Phys. Rev. D 104 (2021) 012016

Phys. Rev. Lett. 129 (2022) 182001

Phys. Rev. D 106 (2022) 112006
Phys. Rev. D 104 (2021) L071101
JHEP 04 (2022) 058

JHEP 01 (2022) 052

JHEP 08 (2022) 196

JHEP 09 (2022) 242

Phys. Rev. D 105 (2022) L051103
Phys. Rev. D 103 (2021) 092006
Phys. Rev. D 104 (2021) 032011
JHEP 07 (2022) 051

JHEP 06 (2021) 181

ag(1817)* In D - KK *n®

XN KK (892)
> KK’ (892)*
[ B (a) 5™
=100} —-K*K (1410)°
=

('\] |

> 50

= |

Q

>

3

S
PRL.129, 182001 (2022)

14 published results already in PDG
Many others are ongoing

Df s ntntn~ n®

0 40

Df-»ntntn n
0

T
Df -t n®nln
Df > KKttt ™

There are also many 3- and 4-body

Phys. Rev. Lett. 123 (2019) 112001 | Amplitude analyses for D* and D°
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BGSIE Ds* — TUTU'TUM® | aniv-2406.17452
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=
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% 80

E 60

< 4 B(DY — mt 7 n 7% hon—n) = (2.04 £ 0.08stat. & 0.05syst. )%
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(=]

deviates from the world average value by more than 4o

oS M(n'*n';co) (Gei/'/ch)
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BGS]]I Studies on A{ leptonic decays

Determination of form factors

PRL 129 231803 (2022)
300 -
— 1'14 > — total fit
N (]
2 / S A Y,
% % 4 = 200F Ag— An*n®
g 1 12---""‘"“.‘ ------------------ Q - == other bkgs
wLE :ARKA 2
= o, : o 100}
1.1 / / / / -
i /
-0.2 0.1 02 -0.2 —0.1 0 0.1 0.2
mlSS (GCV) mlSS (GeV)

B(Af - Aetv,) = (3.56 +0.11 + 0.07)%

of A7 - Aetv,

Observation of A7 -» pK~e*v

PRD106,112010(2022)
20} ¢ data 101~ N A A(1520)ey, —+ data
S 8.2 |5 3.86 = i,

> I A Ky, § """ A° P -NR,enVB
© 15+ o > A= pKr
© A i, 2 <e other bkgs
= - A Kt =
§ 10| ---other bkgs g
> o
Bosk # + * a

02 01 00 01 02 14 15 16 17 18

U, (GeV) M- (GeV/c?)

 Second leptonic decay of A{ is observed!
First direct comparisons on differential DRs and FFs with LQCD * Good channel to study A excited states, A(1405), A(1520)
- rw— Antn~ety, — — pKdn~etv, o
% [ ] signal MC % 3 ._ [Jsignat MC
E " I ; non-A; bkg E E non-A; bkg
S K 2 Al bkg
E £ af {4 PLB843,137993(2023)
2 2t
%2 o1 02
mlss(Gev)
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BESII

Observation of AL - nrr™

Studies on A, hadronic decays

Many CS modes are explored.

PRL128 (2022) 142001 - - - 1 Physical Boundary
ata e B s A Sttt ittt
120 :—~ llj- ’J ﬁ *Q e AlOn T B e ‘l‘ A
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U 100 5 f "h e K Kome.-(wgz), CCQM BF and decay asym metry

5 [z &1 : = Xu(1992), Pole _ -

§ 80 _—g 6 l m '1 ==+ background 0.5 — A Zencaykowski(1994), Pole LC > XIO K

= - il Tl . - v Ivanov(1998), CCQM

S 60F it . I SR |

% B 0 0.9 ‘l! ((_.eV/C )l . . 5"] __ H o v A ¥ ‘-l(j

LE 40 — 0 B ' *

20 - i
C B Sharma(1999), CA
0 _05--  Geng(2019),SUG)
L A Zou(2020), CA
- Zhong(2022), SU3)"
7.2 s Zhong(2022), SUGB)’ PRL132(2024) 031801
—_— i 1 L 1 I L 1 1 I L 1 1 I 1 1 1 I
) 2 4 6 8
PV — Branching Fraction(x107)
©) o
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> = = i
E s E 150
= : a2 JHEP09 (2023) 125 RBF (This work)  RBF (Belle) BF (This work)
g E 5 SPKYK- 838+093+0.41 7.6+0.7+0.9 0.377+0.042 £+ 0.018 + 0.021
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nnnnn
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BESII

Exotic Decays and New Physics
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Search for raref/forbidden phenomena

BESTI

O N W
T

‘L1.1

J (a) Phys. Rev. Lett 131, 082101 (2023)

1.2 i3

The 1st search of Lambda oscillation

* More ideas (with theorists)

* More channels

1.1

150 D - g, 6 — ete > 1
Rl —
> | +data <
= 10-_ --- background ¥2/d.0.f: 9.5/20 S 05
n Y[ : : B
e signal =
= 4
2 5[ 4} * L
[b) -
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-‘*"* **I” *”..I- ...... e 1
—~ [ D = p*o,pt 5 7t 6 5 efe”
‘g 15}
2 | 2404.05973, PRL (2024) 109
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Events / 2 MeV
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40
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» More exploitation of existing data

a1 1.12 1.13 1.14

The 15t search for semi-muonic decay
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D7ACTIT

Search for z-—p+invisibletc.c BSM particle searches

0.5x107

r—r |+t ot 1.t &t 1 1 1 T [ T T 1T :l

—— Observed UL

Signal

----- Signal shape

~ 200 -
B E E L=
% . > va a = O I Expected U
= N ) N Expected UL 20
2 150 [17] A1232)'A(1232) d ] £
= Others from Inc. MC -5
% 100
-
43

Pull
-LILONJ}O
T3
-
-

Search fora ALP in

—

BF UL @ 95

o
3]

Expected UL

!2.7 billion 1 (2S) events '

i

0.5 1 1.5 2 25 3
0 01 02 03 04 05 06 07 08 09 1 m, (GeV/c?)
Eexlr'd (Gev)
102 T T T T T
: 10°F RN E
ok BESIII | I f :
f 3 T | -
102 ’ 4 O 1073 = ]
- F ad | L\,@ I~ =
o | - 1 S 2 10E E
-3 € e “ - .
0E s v el | E BESIII (J/y) o r .
S — oete ] B A— BESIII (y(2S) data) .
CoT _gﬁf‘” 10-4 — — Observed limits (J/yy data)
T e " bt Beam dump | 10 billion / /1) events | s E2cces megs it
— -~ CMS (95% CLL.) ! T SR — R Expected limit (95%)
J/\V_’},l+|,l—X0,1 AT IR 1073 1072 107t 10° 10! 1 0.5 1 1.5 2 2.5
. 0 10 ) 10° ma, (GEV/CZ) | m, (GeV/CZ)
M(X ) (MeV/c
( 1)( ) Dayong Wang 35




BESTH The upgrade: BEPCII-U

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
v With this critical energy increase and lumi upgrade, the operation is ‘
BEPCII-U:f& Yuan Zhang

secured for another 5-10 years
v BESIII Detector: inner tracker upgrade (CGEM), but No big change of

performance foreseen

S 0,.

=

33 L
X107 Upgrade BEPCII
o (BEPCII-U)
\ Vo
Ya 8x 10%
15 BEPCII
26x10%F
v
2
€ .
{ I ; 4% 10% /
—/4' | T j o ss '§ 1/’
'{\g 'U“O-—W"-‘ St 2x 102+ o
= e Lt S i) -5 ) 7
o - . X

A — 20 3.0 4.0 5.0 5.6
Ecm (GeV)
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BESII

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 (7¢) or upgraded (7Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

Planned future data set

Energy Physics motivations Current data | Expected final data | Tc | Ty
V1.8-2.0 GeV R values N/A 0.1 b=t 60/50 days
Nucleon cross-sectiornt, (fine scan)
2.0-3.1GeV R values an Complete scan 250/180 days
Cross-sections (20 energy poin dditional points)
J J /v peak Light hadron & Glueball 3.2 fb~1 Ny N/A
J/v decays (10 billion) (10 billion)  finished in 2024

1 (3686) peak | Light hadron & Glueball 0.67 fb~! 4.5 fb=! AR
v Charmonium decays (0.45 billion) (3.0 billion)

Y(3770) peak DY/D= decays 2.9 fb~! 20.0 fb—! 610/360 days

me scan
(105 energy points)

No requirement

4.180 GeV

D, decay
XY Z/Open charm

3.2 fb~!

6 fb~!

140/50 days

4.0 - 4.6 GeV

XY Z/Open charm
Higher charmonia
cross-sections

16.0 fb~!
at different /s

30 th~!
at different /s

770/310 days

4.6 - 4.9 GeV

Charmed baryon/XY Z

cross-sections

0.56 fb~1
at 4.6 GeV

15 =1
at different /s

1490/600 days

4.74 GeV

Y FA- cross-section

N/A

1.0 fb~!

100/40 days

491 GeV

Y2, cross-section

N/A

1.0 b1

120/50 days

495 GeV

=, decays

N/A

1.0 b1

130/50 days

| el el o | 1

Chisese Physics C  Vel. 44, No. 4 (2020)

Future Physics Programme of BESIII*

Abstract: There has recently been a dramatic renewal of intesest in hadrom spectroscopy and charm peysics. This renaissance
has been driven in part by the discovery of a plethors of charmosises-like XYZ states st BESII] and 8 factories, and the obser-
vation of s intriguing prowa-sntiproton threshold enhascement nd the pessibly reluted A{1835) meson stuse at BESIL, as
well a5 e threshokd measurements of charm mesons ad charm baryoas. We present & detailed survey of the important sop-
% in tau-charm physics and badron physics that can be further explered at BESIII durisg the remainiag operstion peried of
BEPCIL This survey will help in the optimization of the data-taking plan over the coming years, and peovides physics motiva-
tion fie the possible pgrade of BEPCI to higher luminosity.
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hysics opportunities with BEPCII-U
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Few data and potential physics for XYZ
and charmed baryons

Cover all the ground-state charmed
baryons:

¢ production

o decays
¢ CPYV search

Other possibilities to further explore

7.0

Detailed studies of known Z, ) states and
search for more exotic states in higher Ecm

¢ ldentify vector charmonium(-like) states from 4.0 to
5.6 GeV

¢ More Zcand Zcs for PWA
o Search for Zc radiative transition to X(3872)

¢ Search for penta-quark states
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BGS]]I Summary

BESIIl is operating with good performance
= collect large data samples of >52/fb in the energy range 1.84~4.95 GeV

BESIII has performed wide range of physics studies
¢ Light hadron spectroscopy and decays
¢ Charmonia transitions and XYZ
¢ Rvalue and QCD studies
¢ Charmed meson and charmed baryon
¢ Rare decays and new physics search

BESIII still has great potential
e Near term: with unique datasets and analysis techniques.
e Midterm: Operation for another 5-10 years foreseen
e BEPCII-U: 3x upgrade on luminosity, with energy to 5.6GeV

STCF is the natural further next step. Bright future is ahead!
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