Recent results and future prospects
on the BESIII experiment

. . =N
Xiao-Rui Lyu (EHREE)
University of Chinese Academy of Sciences (UCAS)
(On behalf of the BESIII collaboration)

Xiao-Rui LYU 2021EEBESIIFIIEH TS 1



BESII

Outline

e Introduction

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

Disclaimer: selective overview, not comprehensive;
More results on new physics can be covered in different 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):
Lpeak= 1.0 x1033/cm?(4/5/2016)
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BESIL BESIII data sample

2009: 106M w(2S5) s
225M Jly P P /

2010: 975 pb-! at y(3770) % ¥(25) | Zoa0)  thuu 45?

2011: 2.9 fb-1(total) at y(3770) il T | [ SR e e

Wy

482 pb-t at 4.01 GeV s B ® Makll (TG P

® PLUTO | (5.10°

2012: 0.45B (total) y(25) : o g;\sgm “ | "Ny |
1.3B (total) J/y : |+ BES oA S _
2013: 1092 pb-! at 4.23 GeV ME J‘,}} ?g 3‘;1?;% 1T —|os et
826 pb_l at 4.26 GeV 2 ::""'")“\— R o e can 1. 3 fb 1 (130 pomts) J -
540 pb-! at 4.36 GeV — 3 35 : 5 5 5 [GeV]
10 X 50 pb-! scan 3.81 — 4.42 GeV 2020-2021
2014: 1029 pb-! at 4.42 GeV
110 pb-1 at 447 GeV
110 pb-! at 4.53 GeV
‘51271’*’; f‘t 4;1525(}(3%\’ . Physics Publication in total: 381
pb-lat 4.6 Ge

0.8 fb-1 R-scan 3.85 — 4.59 GeV "

2015: R-scan2 — 3 GeV +2.175 GeV 5 . " =
2016: ~3fb-! at 4.18 GeV (for Dy) ‘ 4 E

2017: 7 x 500 pb-1 scan 4.19 — 4.27 GeV . = = S— 24

2018: more J/y (and tuning new RF cavity) 11

2019: 10B (total) J/y i E 0l I Il II II

=
8 x 500 pb scan 4'13’ 4'16’ 4'29 s 4'44 GeV 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

2020 : 3.8 fb! scan 4.61-4.7 GeV ® Submitted ® Published
2021 : 2 fb! scan 4.74-4.95 GeV;
2.55B 1(2S)
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BESII

Physics at tau-charm Energy Region
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* Hadron form factors

* Y(2175) resonance

* Mutltiquark states
with s quark, Zs

* MLLA/LPHD and QCD
sum rule predictions

Xiao-Rui LYU

* Light hadron spectroscopy
* Gluonic and exotic states

* Process of LFV and CPV

* Rare and forbidden decays
* Physics with T lepton

2021FEBESIIFTIEIHTS
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BESII

Unique data sets near thresholds

e symmetric collision: ‘cjlm;" e BESII 2015 « BESII 2012
y ' 310 e BESII 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)
100 . _ Fre el
— = NN AAXY =2 () = Dy D, AN
3.773 GeV, 2.93 fb~1, DD 102 o o« o PID I i
— L J >
4.008 GeV, 0.48 fb™1, D¢D 10- eom®? - % i : .
_ - ° « B s °
4.18-4.23 GeV, 6.32tb™1, D.Df 1. "7 eiae e .
_ — . |
4.6_4.7 GeV, 4.4 fb 1, ACAC 10 15 . :
2 25 3 35 4 45

X 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;
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BESII BESIII advantage: unique data near to the
thresholds

e X7 — pru
Known initial 4-momentum Single tag N Excellent resolution
Known beam energy: pair productions ot et o Beam-constraint A, mass
Decay with neutron & m’ "§ 1500;
=t A @ L
Decay with invisibles: neutrinos >t 5 pr® = -
Missing mass or missing energy %
use machine-learning algorithms? § 500_
under study by - L
rmlondn .
- 935 2.26 2.27 2.28 2.29 2.3
2 M, (GeV/c?)
2 a0 Neutrino reconstruction
J - S & AT — Aety,
80, < ‘p =~
g | oV T P = 20F
8 gob ay X - =
5 F = 4 S . =
£ 40; \ / gor
2 ; | (A-> —— {77 §
20 | ? _ & 1 . 1
L AL RN / = -0.2 -0.1 0 0.1 0.2
02 01 _ 0 01 02 em_@ ) Uniss

M2

miss

[GeVZ/cH

Y | (GeV)

o
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BESIT

Charm hadron decays

K’ K*
7 3 Tag
/77;* Signal side
+ B
€ et Y(3770) e ™ et
+ K
Tag sideK_>® ¥
s Dt
r'd

2.93/fb at ¥(3770) X I}‘(Ds* \

f.(a?)

Semi Leptonic
Take V,, from fits to CKM Similar to leptonic decay but now | Models of hadromc decay
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
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BGS]]I Precision measurement of CKM elements
-- Test EW theory

CKM matrix elements are fundamental SM parameters that
describe the mixing of quark fields due to weak interaction.

(d'\ Vud b \ /d\ _s CKM matrix
S :‘ T/chcst S/

C

BESIII + B factories +

. -
O K.V Vi NDO ) LQCD
Three generations of quark? Unitary matrix?

/ BESIII + B factories +
Expected precision < 2% at BESIII LHCb + LQCD

* Precision measurement of CKM matrix elements
* A precise test of SM model
* New physics beyond SM?
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SOl D, Leptonic decays

Purely Leptonic:

* Extract decay constant /), incorporates the strong interaction effects (wave
function at the origin)

* To validate Lattice QCD calculation of f, ;) and provide constrain of CKM-

unitarity
X 3 G2 f2 m% 2
F(D(s) — 4 I/e) oy | Vcd(s) | memD(+) 1-— m2 2-)
BESIL PrRD89(2014)051104 BESII pRuI22(20190071802
—e— Data __ —=— data
10° - (SR DT > H+ Vu - [[] BKGI: real ST D; and D;—p*v, but wrong y(n’)
f = Eh%:;v;m 409 + 21 Ng 3005_ [] BKGII: wrong ST D; or wrong D7 —p*v,
[22] BN non-DD s -
" 10° s i & 3 + +
g o - Dg - pv,
ot C o 200
S = - BESII1@4.178 1135.0 + 33.1
5 10 3 ~ .
€ 3 :
3 B = E
= 2100,
: S
10! R — e = et s eyt
02 0 0.2 0.4 06 .02  -0.1 0 0.1 0.2

M7, [GeV?/c'] M2, (GeVc?)
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B'ESI[[ D* - 1+ (> wtv,)v, : first evig@g@o(éyg)soz

2.93 fb~1@E,,, = 3.773GeV

* 6 tagging modes

e Signal: D* = t* vt extracted from MM2,
D* = u* vupeaks at MM?2=0

D* = t*(— nt* Vi)v: peaks near MM?2=0,
as Mb ~ M«

* Fit two MM? distributions

m simultaneously,

-03 -02 -0d 0 01 02 03 -03 02 -01 0 0.1 02 03

u-like nt-like

n o
S ]
I
L
-
[ ] [ ]

o
L B0 R B R

Number of events/0.02 (GeV/c?)?
3

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

2]
TTTTT

o

M, (GeVIc): M (GeVICY: MC based Shape @® Gaussian
Split data into two: * Fix D—u v component to the world
* u-like: Egpc <300 MeV (mixture of D* — average

T (— n* Vr)vcand D" = p* wy)
e 7-like: Egpc >300 MeV (mostly D* — t#(—
T Vi)ve).

B(D* = 77v,.) = (1.20+£0.24 £ 0.12) x 1073

L(D* — 77u,)
(Dt — pty,)

R./p= = 3.21+ 0.64+0.43

Consistent with SM prediction , R =2.65+0.01, within ~0.90

Xiao-Rui LYU 2021FEBESIIFIIETS 11



3SI pxtraction of [Veal and f )+

Take €D 3s input : Take |V 4| CKMfitter 35 jnput :
-_— +
|Vca|=(0.2210+0.0058+0.0047) (1*v mode) f5,=(203.245.3+1.8) MeV (p*v mode)
III|IIII|IIII|IIII|IIII|IIII|I III|IIIIIII|III|III|III|III|III|I
FNAL/MILC PRD98,074512 212.7:0.6 ]
SMfit PDG18 0.22438+0.00044 . y
RBC/UKQCD JHEP1712,008 208.712.8, =
PDG PDG18, D"y 0.214+0.003:0.009 =t EM  PRD91.054507 207.4:38 -
FNALMILC PRDS90,074509 212610477 ]
PRD78,052003, D*>uv, T_v
CLEO HV TV 0.218£0.00910.003 === HPQCD  PRDS6,054510 2083:3.4 .
BESII PRL 123, 211802 o 0.23740.024+0.012 | — FNALMILC PRD85,114506 218.9+11.3 ———
CLEO PRD78,052003, uv, © v 206.848.742.5 — e
BESIII PRD89,051104, D*uv 0.2210+0.0058+0.0047 == BESIII PRL 123, 211802, 7v  224.5:22.8+113 -
" BESIII PRD89,051104, pv 203.215.311.8 =
BESIIl Expected (20fb"), D*»uv  0.2210+0.0024:0.0017 =
BESII Expected (20fb), uv  203.242.0+1.5 B

0 005 01 015 02 025 80 100 120 140 160 180 200 220 240

V| f, (MeV)

Most precise measurement

Xiao-Rui LYU 2021EEBESHIFIEFTS

19



BESI[[ D;_ — l+Vl

DY » ptv +tt(ntv)v D - tt(ptv)v D} - tt(etvv)v
6.3 fb"'@4.18-4.23GeV 6.3 fb'@4.18-4.23GeV 6.3 fb"'@4.18-4.23GeV
arXiv: 2102.11734 arXiv:2105.07178 arXiv: 2106.02218
ULy G S S S SN VRS, < ! g = 40 ] < ! 28
. %loﬂ» 4178 GeVA 3 % 1189 GeV/ E 20 I 4199 GeV] 200-’ KK _moo . KK x KK
% S S g ¥ & |} 400
# 2 100 KKn'n | 150F KiK' {400}* 196122
—é « < < i 1219Gev] < % f I 100 300
s Z Z B S sof tlls ] " 200 | ¥
3 3 3 ST : 1007 =
P A IR
. e e ' e Cevtrey I::. 2 fm ‘ﬁ'k_ wa,:::-: ’Al'«fm
Miiss® Tag side inv. mass M;,,(Dy) B[DF - ttv] i T |, e | 0Faesi L asEa
s 7P 200} ¢
B[DS — utv] = (535 + 0.13 + 0.16)x1073 | = (529 £0.25+0.20)% o e A\ﬁ%
B[D} — t+v] = (5.22 % 0.25 + 0.17)% fpglVes| = 244.8 £ 5.8 & 4.8 MeV PR e
f +|V.s| = 243.1 + 3.0 + 3.7 MeV
D;l CS| —_ —_ [l’l] B[D;. N T+v]
fp#|Ves| = 243.0 + 5.8 + 4.0 MeV[] = (5.27 + 0.10 + 0.12)%
Acpluv] = (=1.2£2.7)% fpi|Ves| = 244.4 £ 2.3 £ 2.9 MeV
ACP[TU] = (29 i 49)%
BESIII results
Mode B(DF — mv;) With the values of Gg, mp,, m;, and 7p, [PDG 2020],
7 S5 atn0p,  (5.29 £0.25 + 0.20)% for | Ves|tilo 4% = (244.1 £ 2.1 £ 2.3) MeV st+|vc5|;i7Vi = (246.2 + 3.6 + 3.5) MeV

s rto, (5214+0.25+0.17)% The averaged fp+ | Ves|pesin = (244.7 + 1.8 +2.1) MeV
T+t = etver, (5.27+0.10+0.12)%
Average (5.26 - 0.09 + 0.09)%

Xiao-Rui LYU 2021FEBESIIFIIETS 1
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Extraction of |V | and f DY

T 1 T T 1 1 1 T I 1 1 I T T T T T I T T T T ] T T T T I T T T T I
MFi P'IJEPZOZO 2020)083C01 0.97320+0.00011 o N
I?I{?(LA\l’tltgr EPJCSI(Z(;ZI 22)6 0 :6;*-0 01000 . ETM(2+1+1) PRD91(2015)054507 247.244.1 bod
) L2908, FMILC(2+1+1)  PRD98(2018)074512 249.9+0.4 .
FLAG19(2+1+1) arXiv:1902.08191 [hep-lat] 249.9+0.5 .
CLEO PRD79(2009)052002, t,v 0.981:+0.044:0.021 e
CLEO PRD80(2009)112004, t,v 1.001+0.05210.019 o HFLAV1S EPJC81(2021)226 254.5+3.2 ]
CLEO PRD79(2009)052001, t.v 1.079+0.068+0.016 ot CLEO PRD79(2009)052002, t.v 251.8+11.245.3 —e—1p
BaBar PRDS$2(2010)091103, <, v 0.953+0.03310.047  HeH CLEO PRD80(2009)112004, 7,v 257.0+13.35.0 ——
Belle JHEP09(2013)139, 7., v 1.017+0.019+0.028 o I(S:LIII;O :’gg;ggg‘l‘z:g;i‘l’gl }V\’ iﬂ'ﬁ;’gfﬁ'ﬂ —
E & aBar 618.6+12.0  H—e—H
BESIII 0.482 fb : E g 33(2333)%;%:’ 0 0.95610.069+0.020 Belle JHEP09(2013)139, v 261.1+4.8+7.2 e
CLEO (2009) » WV 1.000£0.040+0.016 ke BESIII 0.482 fb! PRD9%4(2016)072004, pv 245.5+17.8+5.1 F—e—1
BaBar PRDS$2(2010)091103, pv 1.032:+0.033:0.029 F CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 et
Belle JHEP09(2013)139, pv 0.969+0.026:0.019 o BaBar PRDS$2(2010)091103, pv 264.9+8.447.6 H—e—H
BESIII 3.19 fb!  PRL122(2019)071802, pv 0.985+0.014+0.014 ] Belle JHEP09(2013)139, pv 248.816.614.8 i
..................................................................................................................................................................... BESIII 3.19 fb!  PRL122(2019)071802, pv 253.0+3.743.6 el
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], pv  0.973+0.012+0.015 . e i e MR Tk
BESIII 6.32 fb"!  arXiv:2102.11734 [hep-ex], T,v  0.972+0.023+0.016 ol gggg{ 233 g_l ::::3:33::;:: {:tg::} 5\» : ;:g.gfz.gﬁ.; m
BESIII 6.32 fb-: arXiv:2105.07178 [hep-ex], 7,v 0.980+0.02310.019 L BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], r;\' 251:6;5:9;4.9 e
BESIII 6.32 fb" arx“’=210(’l-02218 [hep-e)l(], TV 0.978£0.009+0.012 " BESIII 6.32 fb!  arXiv:2106.02218 [hep-ex], TV 251.1+2.4+3.0 ol
BESIII uv 3.19fb" + 1v 6.32 fb° 0.979+0.007+0.008 ® Combined BESIII uv3.19fb" + v 6.32 b 251.4+1.842.2 ™  Combined
1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I L 1 1 1 1 1 1 1 1 1 1 L
-1 0 1 0 100 200 300
Vel fo. [MeV]

* Input fj+ =249.91+ 0.5 MeV * Input |V, | =0.97320 + 0.00011
from LQCD calculations from CKM global fit

Most precise measurement
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BESII Direct measurement of Vc¢s and Ved

Xiao-Rui LYU
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T T T T T T T T T T T I T T T T T T T T T T T T T B ES I I I . b t [ ] L] d
. Pest precision an
SMfit PDG18 0.22438+0.00044 [} . d .
PDG  PDG18, D™ Oty 0.214:0.003£0.009 == y
CLEO PRD78,052003, D"Suv, © v 0.218£0.009£0.003 =i
+ 1 -00 | E PSP [ | l LI l T F | W T T 1T l T T 17T ] 1T TT
BESIIl PRL 123,211802 D> 0.237+0.024+0.012 s
BESIII PRD89,051104, D+ﬂu\’ 0.2210+0.0058+0.0047 === L i
- 0.98 — Indirect —
BESIIl Expected (20fb), D'>pv  0.2210:0.0021:0.0017 = L B physics |
L Py Q‘b |
1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
0 005 01 015 02 025 il N _
V| e _
(3] E .
T T T ] T T T T T T T T I T T >
CKMFitter PTEP2020(2020)083C01 0.97320+0.00011 o el - i
HFLAV1S8 EPJC81(2021)226 0.969+0.010 . 0.94 |
CLEO PRD79(2009)052002, ,v 0.981:0.04410.021 b4 N T
CLEO PRDS0(2009)112004, T,y 1.001£0.052:0.019  +ed B Nucleon & Kaon i
CLEO PRD79(2009)052001, v 1.079+0.068+0.016 i L
BaBar PRDS$2(2010)091103, t,,v 0.953+0.033£0.047  HeH )
Belle JHEP09(2013)139, 7, .V 1.017+0.019+0.028 o 0.92 — —
BESIII 0.482 fb" PRD94(2016)072004, pv 0.956+0.069+0.020 [ L d
CLEO PRD79(2009)052001, pv 1.0000.040+0.016 b | A
BaBar PRD$2(2010)091103, pv 1.032+0.0330.029 Fed
Belle JHEP09(2013)139, pv 0.969+0.026:0.019 1o — excluded area has CL>0.95 -
BESIII 3.19 rb-l PRL122(2019)071802, pv 0.985+0.014+0.014 ] 0.90 (-’ l ISR I IS l | - o e S | 1111 | .|
..................................................................................................................................................................... 0.19 0.20 0.21 0.22 0.23 0.24 0'25 0-26
BESIII 6.32 fb‘l arXiv:2102.11734 [hep-ex], pv 0.973+0.01240.015 » v
BESIII 6.32 fb™!  arXiv:2102.11734 [hep-ex], T,v  0.97240.023+0.016 P | dl
BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], TV 0.980+0.023+0.019 ™ C
BESIII 6.32 fb-l arXiv:2106.02218 [hep-ex], T,V 0.978+0.009+0.012 "]
BESIII uv 319" + 632" 0.979+0.007+0.008 * Combined
1 1 1 1 1 1 L 1 1 1 1 I 1 1

185



SOOI D, Semi-Leptonic decays: e-mode

Semi-leptonic: form factor (FF)

* Measure |V,| x FF

* Charm physics:
* CKM-unitarity = | V|, extract FF, test LQCD
* Input LQCD FF to test CKM-unitarity

BCSIT PRD92(2015)072012 BES]]I ERD96(2017)012002 BESIT prL122(2019)121801

(a) A DO K~ et >2o- LU R L
4000 . Q i T
. 70727.0427843 E el a00] 1100
> 2000 o |
i e | K
= : =10 2200} 50
0 | P C
o 0 c 5| =
> ol © 2 S
o>> 300 |- E
3 200 - 20+ 150
100 |
T TR 01 02 02 0 02 04 02 0 02 04

MM? (GeV¥c?)

D} — pWety,

Events / (5.0 MeV)

02 "6 02 04
(GeV)

m|ss
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BESII

D, Semi-Leptonic decays: u-mode

BESII prL121(2018)171803

:’\J o D'— Uty giztnaal D*— Jtolf'\’,, ]
> - e SBEGE i
SR U P BKGII

E 400 ... BKGII

S

2 I

P [

< 200

a L

S ‘

= 0 ox 4 (Yek
0.0 02 04 0 0 02 04
Mﬁms (GeV¥ch m.ss (GeV3/ch

BEST x10? PRL122(2019)011804 BESII EPJC76(2016)369

T T T T T ] 0 T =

> ' ] 4000l p* > Kutv
©® , D°->Kputy, :
R ) . 3000~
0 2000}~
9.9 o
~ :::1000_
@ § o
c 1 g (b)
g g
L . e o 2 300

01 0 (Gev?1 L

mlss 6L h
. T T T R 0.3
U (GeYV)
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Form factors f2~"

T I T T T T I T T T T I T T T T T I T T T T I T T T T I 1 T T 1 I T
ETM PRD96,054514 0.765+0.031 ETM PRD96,054514 0.612+0.035
HPQCD PRD82,114506 0.747+0.011£0.015
HPQCD  PRD84,114505 0.666:0.02+0.021
Belle  PRL97,061804, D’—KT'v 0.695:0.007+0.022
Belle PRLO7,061804, D’>xl'v  0.624+0.020:0.030
BaBar  PRD76,052005, D°’>Ke'v  0.727+0.007+0.009
CLEO PRD80,032005, D—Ke*v 0.739+0.007+0.005 BaBar PRD76,052005, D"—»me*v 0.610+0.020+0.005 ——
BESIl  PRD92,112008, D'>K’'v  0.748:0.007+0.012 CLEO PRD80,032005, D>me’v 0.666+0.019+0.005
BESI  PRD96,012002, D'-Kee'v  0.7246:0.0041:0.0115 BESIl  PRD96,012002, D'>nle’v  0.6216+0.0115+0.0035 —o
BESII  PRL122,011804, D°>Kpu*v  0.7327+0.0039+0.0030 :
BESIII PRD92,072012, D’>we'y  0.6372+0.0080+0.0044
BESIl  PRD92,072012, D°>Ke'v  0.7368+0.0026+0.0036
BESIII Expected (20fb™), D°me*v  0.6372+0.0031:0.0040
BESII  Expected (20fb™), D°->K'e*v 0.7368:0.0009:0.0033
, l ; i . . I g ; 3 . I ; : ; : 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
0.4 0.5 0.6 0.8 0.3 0.4 0.5 0.6
! i : : 7
K f5(0
f+ (0) +( )
Precisions better than those of LQCD results
. . v AN /_\
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B Hadronic decays of charm mesons

» Strong phase measurement with quantum correlated
1 (3770) —» D°D? is crucial in the model-independent determinations

of Yy and charm mixing/direct CPV.
— v is the least well known CKM constraint
— vy status:  Pre-LHCb: » = (73%)°

Direct measurement y= (73.5 *42 5 ,)°,

indirect measurement y= (65.8 *1:0_, ,)°

»> Probe non-perturbative QCD
— Help to understand hadron spectroscopy L
— Study SU(3) flavor symmetry P
— Study short and long distance effects

u P uu u . ¢ s_d : /
u u
c d L d w L d
w d d
; w D:
D; c s u d
D! () d u *S

s s n d A K up

s s s u u s s u u

Long-distance effect

Short-distance

Xiao-Rui LYU 2021EEBESIIFIIEHTES 10



BESIT

BESIIl data @3770 MeV (2.93 fb'! =» 20 fb!)

v(3770)>D°DO quantum correlation=»strong phase parameters between D° and DO decays
q gp P y

=>inputs to LHCb measurement of y
Belle Il (arXiv:1808.10567): 1.59 with 50 ab-!
LHCb (arXiv:1808.08865v2): < 1°, 50 fb-1, phase-1 upgrade (2030),
< 0.4°, 300 fb1, phase-2 upgrade (> 2035)

T 4l T SNV A
ol = T T T T T AN Aﬂk& Amg % E
i 3 i B m,,Am‘&Ams ; %g;.‘_ E Y JAm, K i
i : - —
“ER B & fB.,  womas 3 aetite 3
% g E“ (&xd A1CL> 095) —: _:'
= ” ° E l\‘ o _é ~ o _f
02 i _E a —f
: I E Vubl 3
04 : v \ o
/B, SR b ]

0044 02 Y] o 0.2 0.4 T 08 1.0 0'2 0'4 - ols — ola '1‘0

[ S+(0) P
2019 >year of 2030 (BESIII 20 fb-1 data as inputs)

BESIII White Paper, Chinese Phys. C 44 (2020) 040001

Xiao-Rui LYU 2021FEBESIIFIIETS 20



BESII

2.93 fb~'@E,,, = 3.773GeV
ete” - Y(3770) > DD

Strong phase measurements

=D - Kg/Ln+1t‘

Constraint ony

PRL 124 (2020)241802
( ) measurement ~ 0.9°
3k T T | 3F T T | F
CP-even vs. K§n'm i CP-odd vs. K{m'm 1k
2 2 [
(\‘2 (:?/ [ 0-
: 1 ' ; 1 N 05-_
! (770K, ! ! | f
1 2 3 1 2 3 E
My, (GeV?/c) My, (GeV?/c)
0 — =t ot -t 0
uD — K¢, K*K~ PRD102(2020)052008 Do Kn'n'n andK ' m
s .5 JHEP 2021 (5) (2021) 164
[ — Statistical ‘(e) [ = Statistical ‘ ‘ 0 350 350
— Total 4 Total ] : :
4 300 N 300; BE2S|||
0.5 0.5 3 a F 1Ay =2.30
, 3{5 250¢ 250; EAXz=6.18
& of 1 w» o B i < 200 £ 2o0- M AX=11.83
; L
05 0.5 150F: S 150E OLEG=
00 ey, Bt e 100F — Ax?=2.30
-1} — CLEO-c -1 _ CLEO-c - g ey F o AY%=6.18
* BaBar Model 1 * BaBar Model s S0F — Ax?=11.83
-1'-51.5 -1 05 0 05 1 15 -1':51.5 -1 05 0 05 1 15 0:...”";‘”.\m.\.‘.‘|‘...|..,.|....\.m|‘”.lm. bl bbb b Lo
c c: 0 0.1 02 03 04 0506 07 08 09 1 0 0102 03 04 0506 07 08 09 1

RKSn

Constraint on y measurement ~ 1.3°

RKTUIO

Constraint on y measurement ~ 6°
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y
BES]H PRL116.052001(2016) The A+ decays d

b3 iSKg K*n P pK'rn®
2000F 3 ! C
1000+ | -

: A b AN Hadronic decay

P - Ann® | Zant

E 400 Al - pK~n* + 11 CF modes PRL 116, 052001 (2016)

§ i : ﬂ_‘ -4} — e, A —pK'K', pn'n PRL 117, 232002 (2016)

= 300F _ F <0 .

5 b Zn A} —nKsn* PRL 118, 12001 (2017)
s i J\‘_ At —pn, pr° PRD 95, 111102(R) (2017)
3 Kl ' prat AF— E o PLB 772, 388 (2017)
200f %. .

100} f& \ o Af - BOMKH PLB783, 200 (2018)
226 228 23 226 228 23 226 228 23
M, (GeVie) AY > Apmt PRD99, 032010 (2019)
A} - 3ty 3ty CPC43, 083002 (2019)
A} — BP decay asymmetries PRD100, 072004 (2019)
=— PRL115.221805(2015)

S ) Af - pKen arXiv: 2012.11106

Ci’)v 10F m Semi-leptonic decay

o i " L

= | ” + A >Aetv, PRL 115, 221805(2015)

4k a8

= “ l Af Aty PLB 767, 42 (2017)

g i .

L1071 |1 Inclusive decay
a LI
L : L Ar—AX PRL121, 062003 (2018)
-0.2 -0.1 0 0.1 0.2
Unmiss (GeV) Af—etX PRL 121 251801(2018)
AFSKIX EPJC 80, 935 (2020)
Production
A A7 cross section PRL 120,132001(2018)
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Impacts on A decay data

D} BRANCHING RATIOS

A number of older, now obsolete results have been omitted. They may be

found in earlier editions.

Inclusive modes

[ (e semileptonic) /Tioral

ri/r

This is the purely ¥ semileptonic branching fraction: the e+ fraction from ~f decays

has been subtracted off. The sum of our (non

VALUE (units 10-2) EVTS

6.52:+0.39+0.15 536 = 29 L ASNER

Lusing the DY and DO lifetimes, ASNER 10 fi
semileptonic widths is 0.828 + 0.051 =+ 0.025.

(= anything) /Total

Events with two 77's count twice, etc. Bufgm™"

included.

VALUE (units 10~2) DOCUMENT 1D

119.341.240.7 DOBES
I (x~ anything) /Ttoral
Events with two 7 's count twice, etc. Bul

included.

VALUE (units 10~2) DOCUMENT D

actions — M e g

Mev
nd DO

r/r

7 fiare not

43.2+0.9+0.3

I (x© anything) /Feotal

Events with two 70’s count twice, etc. But =]

DOBBS

VALUE (units 10-2)
1234438453

I (K~ anything) /Ttotal

VALUE (units 10~2)

DOBBS

DOCUMENT ID.

DOCUMENT ID

9

18.740.540.2
I (K+anything) /Motal

VALUE (units 10~2)

28.94+0.6+0.3

(K% anything) /Teotal

DOBBS

DOCUMENT ID
DOBBS

(CLEOc

dominants the

D, Branching
Fraction

measurements.

(Sys. Err.
Dominates CF
modes. Many
SCS&DCS
modes
observed.)

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

At REFERENCES

We have omitted some papers that have been superseded by later exper-
iments. The omitted papers may be found in our 1992 edition (Physical
Review D45, 1 June, PartIl) or in earlier editions.

J

e~ at 4170 MeV

/T

VALUE (units 10-2) DOCUMENT ID. TECN _ COMMENT

19.0+£1.0+£04 DOBBS 9 CLEO effe™ at 4170 MeV

I (n anything) /Tyoral ra/T
This ratio includes n particles from 1) decays.

VALUE (units 10—2) EVTS DOCUMENT 1@ TECN DMMENT

29.9:42.241.7 DOBBS 09 CLEO (e~ at 4170 Mev

® » » We do not use the following data for averagelfits, limits, etcfle o

235+3.1+2.0 674 + 91 HUANG 068 CLEO fe DOBBS 09

I (w anything) /Tiotar
VALUE {units 10-2)
6.1+1.4+0.3

(7’ anything) /Total

DOCUMENT ID
DOBBS

VALUE (units 10-2) EVTS DOCUMENT D
10.3+1.4 OUR AVERAGE Error includes scale fact)
8.8£1.8+05 68 ABLIKIM

11.7+£1.7+0.7 DOBBS
e o o We do not use the following data for averagey
8.7+19+08 68 HUANG

I (f(980) anything, fo — @ 7 ~) /Tioral

/T

of 1.1.

5z BES3 44
9 CLEO e
fits, limits, etc.
68 CLEO 54

| 7Ecv cdbment
9 CLEO effe— at 4170 Mev

F10/T
| 1ecv cmiEnT

pb—1, 4009 MeV
e at 4170 MeV
e o o

DOBBS 09

M/l

IMENT.

VALUE (units 10~2) cLs DOCUMENT ID
<13 90 DOBBS

I (¢ anything) /Ttotal

VALUE (units 10~2) EVTS DOCUMENT |
15.7+£0.8x0.6 DOBBS

e e  We do not use the following data for average
16.1+1.2+1.1 398 + 27 HUANG
(KT K~ anything)/otal
VALUE (units LD’E )
15.8+0.6+0.3

DOCUMENT ID.
DOBBS

e at 4170 Mev

M2/T

vENT

[T e™ at 4170 MeV

e o o

e DOBBS 09

F13/T

CLEO e

e at 4170 MeV

AALJ 19AG PR D100 032001 R. Aaij et al. (LHCb Collab.)
ABLIKIM 19AX PR D100 072004 M. Ablikim et al. (BESII Collab.ﬁ'
ABLIKIM 19X  CP (43 083002 M. Ablikim et al. (BESIII Collab. e
ABLIKIM 19Y PR D99 032010 M. Ablikim et al. (BESIII Collab.
AALJ 18N PR D97 091101 R. Aaij et al. (LHCb Collab.)
AALJ 18R  JHEP 1803 182 R. Aaij et al. (LHCb Collab.)
AAlJ 18V JHEP 1803 043 R. Aaij et al. (LHCb Collab.
ABLIKIM 18AF PRL 121 251801 M. Ablikim et al. (BESIII Collab.
ABLIKIM 18E  PRL 121 062003 M. Ablikim et al. (BESIII Collab. )*
ABLIKIM 18Y  PL B783 200 M. Ablikim et al. (BESIII Collab. e
BERGER 18 PR D98 112006 M. Berger et al. (BELLE Collab.
ABLIKIM 17D PL B767 42 M. Ablikim et al. (BESIII Collab.
ABLIKIM 17H  PRL 118 112001 M. Ablikim et al. (BESIII Collab.
ABLIKIM 17Q PR D95 111102 M. Ablikim et al. (BESIII Collab. e
ABLIKIM 17Y PL B772 388 M. Ablikim et al. (BESIII Collab. e
PAL 17 PR D96 051102 B. Pal et al. (BELLE Collab.)
ABLIKIM 16  PRL 116 052001 M. Ablikim et al. (BESIII Collab. pk
ABLIKIM 16U  PRL 117 232002 M. Ablikim et al. (BESIII Collab. )*
YANG 16  PRL 117 011801 S.B. Yang et al. (BELLE Collab.)
ABLIKIM 15Y  PRL 115 221805 M. Ablikim et al. (BESIII Collab. )*
ZUPANC 14 PRL 113 042002 A. Zupanc et al. (BELLE Collab.)
LEES 11G PR D84 072006 J.P. Lees et al. (BABAR Collab.)
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BESII

Hadron Landscape

Al

AR . .
Two-body 8000 = o0, Hadron-physics challenges:
Thresholds BB EcE: ] ]
T T « Understanding of established
Molecules qqqq s o
- 5 states: precision spectroscopy
Gluonic dag,u:ug,ssg ccg .
Exclatioh ' ; « Nature of exotic states:
ity search and spectroscopy of
| unexpected states
a Hialitiie~ons : Charmonium
Eﬂqesons Tolsie Jhy, %, w(25)
p,f,a,h,K i STALISES
LEAR! BE |III§ |
| | : | | §_'I |
1 2 3 4 5 6
Mass [GeV/c?] [ e S A et s ¢ ¢ =
'g i .él-. o ]
& 1
B
At BESIII, two golden measures to study - ‘ .
. (1 S s
hadron spectroscopy, esp., to search for exotics E L L 4
* Light hadrons: charmonium radiative decays (act | ;
. | . | - - ] PR 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 Overpopulated charmonium spectrum

(2S+1)

L
J 1S 3S 3P 3P 3P 1P 3D 3D 3D 1D ??
ot 5000 0 1 2 1 0 1 3 2 1 2 ?
L
>
o) -
= g BEPCII energy
7 T T e e e —
% 4500 —-ﬂlﬁs) = Z°(4430
= "Y(4350) = X(4350
4250(xa160) Y4260 [ | z;.
. : ! { = | ' av(@ia0
e (4160) gan
4000(—_ \(a020)—— Y(3915) 1 87*(a029
X(3940 Py = [~ ] #Z*(3900)
3750_( o Xed g((aan) B — —
—m Open charm threshold y(3770)
@SV _,__
3500 % _7(.1_ h,
Xc()
3250— = Established
3000}=a_ JV = New States
n(1S)
2750— [ ] Theory
2500 | | | | L | L | 1 | 1 | 1 [ | | | I | I | |

F TR AT g B 1 & o ge

arXiv:1511.01589, arXiv:1812.10947

Y(4660)
ACAC
DD*@S) T X(4500) . —_—
D*D““::”'”‘:':::””““::::”:“'”::”:'”:'”:”:;':;:”::” ,,,,
! Y(4390)
X(4330) ___y(4360)
5] 0 Tk
! X(4274) Z,(4250)
Y(4220) 2(4200)
=—X{4158)
b b F
i z,‘4oso
D*D* seessseezsrszzzzzzziziiiziiiiiiissssssssnnnsns e (4020
D.D, X
o xgg?g} Z.(3900
DD* :::ioios s X(3872):::c3::0x:::3: T (3900)

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

Xiao-Rui LYU

2021FEBESIIFTIEIHTS
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SO More X(3872) decay information

» Transition of X(3872) — yJ/, yP(2S)

« Observation of X(3872) 2n%y.1

& " 0 p e
5 R xmwnhch y2J/1p

°§ of (@) 415 <E_ <4.30 GeV '°? Y W(ZS) :— i :Y '!/\I{’
g 8;_ § 5 ’;'._1 ,‘.“.‘ q;;‘o - LA T8 »_-’_ ’ !
: N ot G ool
21 ’ 3"8 M(yy’) (Ge\:;;gc?) ! ’
Y [ ssoce <armamer, < BF(X(3872)~yY(25))
(b) 4.00 ECM 4.15,4.30 Ecm 4.60 GeV _ 0
s | | R BF(xG872)-11/Y) 0.59 at 90% C.L. , agrees
< BESIII, PRL122, 202001 (2019) with Belle(<2.1), while challenges Babar(3.4+1.1)
£ 2h and LHCb results (2.46+ 0.70)
1_ 10; - D — 4D° § 5.70 iy
_ 1 2
P75 580 ks 580 565 400 N I % % b
M(x%_ ) [GeV/c] % 5 :
= ’ [era kP SRR I e T
* Observation of X(3872) — wJ/y = R
BESIII, PRL 122, 232002 (2019) 5'°| -
T saf ¢ = o
: S 6.90
* Observation of X(3872) >D°D*° ° ¢l i iy
BESIII, PRL 124, 242001 (2020) O%e™"39 3.95 :
M(D°D) (GeV/c?)

W 39 a4 A
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Events / (0.020 GeV/c?)

o(e'e —=n'mJhp) (pb)

et H YISR

The Y states

Y states: charmonium-like states with JP¢=1--;

Ecm My QObserved in direct e+e- annihilation or initial
E . .
o Hadrons state radiation (ISR).
arXiv:1211.6271 and CHARM 2012
o .?+€T(y1§1?). —>7t+ Jr '.” '/" .a.t Bj“lIBaIr _ ete~(yisr) —> wrY(2S) at BaBar and Belle
nf | R Yo Yaese | YO iver ] *  While not seen yet in B decays
3 PRD 86,051102(R) (2012) S 6k * BaBar
F ] 3 1aE 112 events (520 ") 3
sof w2oh) 2 £ DBelle 4 B0 & KE0rta=J /4

= o

P I

F

——

S

> —

N

s

y—%

=

=)

[ ——
AR AT

38 4 42 44 46 48 5 52 54

mThm* T\ GeVied)
Improved knowledges from BESIII
100
[ 4-XYZ
80O —Fit
sof - -Fitll
i
20|
ot 38 2 22 24 26
Is (GeV)

BESIII, PRL118, 092001 (2017)

Xiao-Rui LYU

42 AL A AR 5 52 SAY
m(y(2S)x T )(GeV/ch)

100 |~ _._BESIII (This work)
-+ BESIII (2017)
S 801 = BaBar .
e + Belle ‘]
7 60 84@
S oF ! | <1.7x107°
L 20 u }1}[‘—{ %—% L) 46.‘ yry Y(4230)
¥ o?—— '_’;"“T """ e R SRR S— :1'; ..43 44 TE 16
20t BESIII, PRD 104, 052012 (2021) by (GEVIC)
4 a1 Taz a3 44 45 48 47
Vs (GeV)
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sl

PRL118, 092001 (2017)—

100 r
— - <4 XYZ
8 sof :
= -t —Fit
2 gF --Fitl
g
!_-: s
t 4oF
: :
+ L
2 20}
c b

. 4.2
Is (GeV)
250~ o BESIIL: R-scan data sample o(ete-—mmh,)

= BESIII: XYZ data sample

—Fit curve: Total
Fit curve: Y(4220)

- Fit curve: Y(4390)

%)
S

T[TT T IT T [ TI T [ TT T T[T T [ TTTo T

[y
w
>

50

Dressed Cross section (pb)
et
S

>

o
P
.
e
S

r (GeV)

—4- This work

—4- BESIII 201542016

42 43 44 45 46
s (GeV)

Xiao-Rui LYU

Y (4260) -) Y (4220) and new Y’s

PRD 102, 031101(R) (2020) PRD 104, 052012 (2021)
; —_ 100_ — Fit result
5 oF Solution III FEa
z ©F new! e
g 40F
}i 20 =
—_ g Of
3 gy
— ‘o -40
2 T 60
o | =
= 4F
xg: ____________ T YO 3 SN S ST T
2F .
1000 T L T T -4
PRL122, 102002 (2019) l' : ] & 41 A 43 r4.4 45 46 47 48
800 1 s (GeV)
_ fFete” »ntDD* ]
8,600 =
9 =
o 400 =
F 1 ..*-.1....1.'...1....1...7.|': 0
g al 32 e (GeV) ' 5 16 Evidence for
CM
Y(4220)> 1t nd
PRD 1 2
220 p— e (a) o PRD 1 03, 032006
200 & juen, + g Z] ne“; A Omax PD]  47.5£13.1
180 | <4 xo%" i [ 60 | ’ m [MeV/c?] 42363 + 8.9
160 |-+ = 50 | I [MeV] 70.0 + 32.1
E | 40 Yo 4+ =0
s 140: _.:_f S 30t e'e INNN R
2 120F =
= : 20}
— 100 + 210
80194 t e
60 :_ r —@— Data (n.n'n n%
- p -10F O Data UL, (nen*n %)
40 ks Fit
c + —20 [ - Y(4260), PDG
20 P et PRL 118, 092001 (2017) .
4200 4250 4300 4350 4400 4.2 4.4 4.6
Mass (MeV/c2) /s [GeV]
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BESII new
e

te” > yx. at /s=3.8-4.6 GeV

. - arXiv:2107.03604
« No signals forete™ - yx .o
 Observations of e e™ - yx 12
10
r I —+Data
S v —*~ Data 40 — fit result
?‘,— 8? upper limit (90% C.L.) ) 30: o rS%SSUAt ) I (3686)
~ g | S B
O 6_ “~ o= S~ ;
F R L S0 —y(8160)
' 4 ; > : > L
o 4 P10} ? (I
E?’ ol > b + I ] S R
b g 0 y—3—+1 O 0
i o 5 |
O 4 41 42 43 44 45‘46 _10:rl““l.u.l,“ﬂ Pl SIS AT A | I N RS RS WS RN W S SR R |
's GeV 3839 4 414243444546 3839 4 414243444546
Is (GeV) 's (GeV)
. Y Xxc1 . Well describe with conventional charmonium states
. Y X2 : Along with conventional ones, an additional Y state 1s 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)

Xiao-Rui LYU 2021FEBESIIFTIEIHTS 20



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 T s - ]
: w T Tz E ol

Everts/{ 25 MeV/c?)

i -
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?

_ G
If exists, there should be SU(3) @
counter-part Zcs state with strangeness

Xiao-Rui LYU 2021FEBESIIFIIETS 20



ol Observation of the Z .(3985)F

PRL126, 102001 (2021)

We analyze 3.7fb"! data accumulated at 4.628, 4.641,

. DO
4.661, 4.681 and 4.698GeV in 2020. 7 o
L3 [J — n y
 Partial reconstruction of K* and Dj i AN ”
 Signature in the recoil mass spectrum of KT Dy t0 b s af
identify the process of ete™ - K*(D;D*° + D~ D?)
K+
. | (s=4.681Gev| L. | (s = 4.681 GeV . e 0
%2000 2 £ + Data E ® ++’+ + Data e"e” > K D; b
= 1500 ', —SignalMC| 500 .+ ¢+ —Signalmc
“51()00, : f “‘"n"t’oo’o‘ Yo "o,
R L 2200 N
& 500 5
> > D*O
L 0 w 0 AR ST /
1.9 1.95 2 2.05 1.9 1.95 2. 2,05
M(K*K') (GeV/c?) M(KK) (GeVic?)
Nl
220 . : : > bs
LA Zo DD s = 4,681 GeV T J—
----- Z,,—D*,D°
E;gg — K'D;p* 1 i l?iitn?esult
S R —ys K*
100
z 8 + 5 +p—n*0
S o Dottt td e*e” > K'DsD
20 § _ s
T les 2 205 2
RM(K*D)+M(D)-m(D)) (GeV/c?)
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BESIT new!
Observation of the Z_(3985)~

PRL126, 102001 (2021)
* Data driven background description: wrong Sign (WS) combination of Dy and K~

* Conventional charmed mesons can not describe the enhancement below 4.0 GeV/c? at

4.681 GeV
40— 275 T ] 275p - ———
N D 1 o : Vs =4.681 GeV - Vs =4.681 GeV]
Saof (524681 GeV ;Dalt;, 1gon; Right-sign % 27F Wiong-sien =
M / ] %2.655‘ jkj.‘;':s':d:\.”\-'t.'. . _E %2.()5:— . o8 o 3
220_— &) ; "%_5..;'?---'--_-.-":'; s 1 O : T L ]
2| e WL b, 1 So2eF la.
g‘og‘ H Tl Cossk ; i 4 Sassp O
B S S 2sf 4 3 2sf TE e g
-10 e A N Y - Sy N T R R S LR RN T:
RM(K*) (GeV/c?) RM(K*) (GeV/c?) RM(K*) (GeV/c?)
: « Assume the structure as a D; D*°/D~D°
L35 Vs =4.681 GeV ure s s Y-
gso 3 (a) resonance, denoting it as the Z.;(3985)~.
o_gg g } L ]l \l * A fit of JP=1% S-wave Breit-Wigner with
0 3 .
B15F L I Ml mass dependent width returns:
10 TJrH HH____+ m = 3985.2%21 + 1.7 MeV/c?
L 5 — M " vt alvera,, ‘pg‘“.“:-'*- \ I-' ] 13.8t§% i 4.9 MeV
o ey ‘- . . :
i 4 405 41 415 * Global significance: >5.3 o

RM(K*) (GeV/c?)
First candidate of the hidden-charm tetraquark with strangeness
Xiao-Rui LYU 20214EBESIIFIEFHTE 29



BESIT

1643 /pb data

ﬁ4.681 GeV

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+ 4.9 46+10+26 24.843.3+11.0 « J/iy K* resonances:
5
oBOT. B (pb) 44793+ 14 135421448  835+66+220  c(3900) analogue: ]

~10 MeV above D,.D*/D.D thresholds
similar to Z(3900) & 7,(10,610)

(bD*)  (BB¥)

§ﬂ

@
=3

SU(3) partner of Zc(3900)?

Events /0.01 GeV/c?
2
3

40 i
©35F Vs =4.681GeV 5
2 " o
o
320 | ILL LL} hﬂ“ {

215 )\ Hit || o 5 1
S10F | \ fy 30
> = EOE' ”
WSk 3% %
AR
. 4 405 41 415 G 2|
RM(K") (GeV/c?)
M(D'D*) (GeV/c)
Z.(3985)
K-zt  R°zZ%,  K°ZS Kz
1/4 1/4 1/4 1/4

neutral/charged = 1
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The Zcs (3985)" and Zc(3885)"

[ e e
3.85 3.90 3.95 4.00 4.05 4.10 4.15

525/pb data @4.26 GeV from Marek Karliner in Nov. 2020

two general comments about

Z.(3900)* = (c¢ud); d — s: (cEus) ~ DsD*
no natural molecular binding,

so if discovered, would indicate
Tq or a novel mechanism

Zcs: 3985.2MeV

9.2MeV  10MeV

D;~D° 3977.0MeV
D;D*° 3975.2MeV

37 38 39

Mog7 i) (GeVic)

40
v
———————————— -

(a)

diquark-antidiquark? D*D, + cc molecule?

M(D'D™) (GeV/c?)
Z.(3900) ‘
glut;'nvs + 5"‘".:"’
TzF 0 I % o
C
1/3 1/3 1/3 =2 %

neutral/charged = 1/2
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* Various interpretations are possible for the structure % gg L 4_6;%:\2,6’ 102‘2;;?21)
— Tetraquark state 330F
=25
— Molecule gfg
— D}, (2573)"D;~ threshold kinematic effects Eijw
(Re-scattering , Reflection, Triangle singularity) g 4 e 4_15-
— Mixture of molecular and tetraquark = 3arXivi2103.01803 7 o (GeV/c)
- .. 52505 LHCb E
<200F 4 pata 9 fb™ &
Z.,(3985) from e*e~ annihilations and Ssp cipmemny
65(4000) from B decays 2 100E— zucaion) §
their masses are close, but widths are SOF E
different B o
 If they are same, why width so different? N n-{owe) mass region
« |f they are not same, is there the o ;,l,h,,.l‘_,‘:i:.,: w (A |
corresponding wide Zc(3900)7? ; e l

« Looking for more channels will be useful

lidates

° = J/YKtnT

PRL 122 (2019) 152002

1 b 1
3500 4000 4500
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Light hadrons
(containing u/d/s quarks)

Y 4
c:g c:g
Y C C
G H

o0
= -

Xiao-Rui LYU 2021FEBESIIFIIETS 25



Events / (20 MeV/c?)

J/9>vKsKsn o Tia 3
O 7L —+ Data E
S 70; — MC projection ]
[T = Il Background
0 had --X(1835 ]
o 50F —  X(1560) 1
=) —-Phase space ]
©40¢ .
~ f E
0 30F E
'E F
520 :

0;..6 1.8 2.0 22 72.>4 ,26 28
M,..._ (GeV/c?)
X
-
=
w
3
=
-'gé).
Lﬁ 3 -.I.-.: ..
0.2
Mpﬁ—zmp(GeV/c')
e r———
J/y>wnm BES]

700
600
500

W

400 ~

300 oy X(1870)
200

100 F48 (1405)

0 14 16 18 20 2.
f,(1285)  y . (Gevie)

X(pp)/X(182??) from J/y radiative decays

- . ® PALI06,072002
B Jap—yK %K n & 0~ | v PRL108,112003
- Ip—y'n'T : 4 PRL115,091803
200~ : : 0+ | + PRD87,032008
- - m PRD88,091502
B - JPC?| A PRL107,182001
150 <
= [T
: £
100 l g
50— ;
B J l/.’-wv".’pF E
0'.1...1...1...1...:1...1...|...1...
1800 1820 1840 1860 1880 1900 1920 1940 1?60
M (MeV/c?)
PRL117, 042002 PRD97,051101(R)(2018)
2 It e —
CJ/-yn'nn
2500 frrrrprrrryTT R R
L I 2
B i 0]
= 1500 - ©
o | 2
= S
Qmoo» S’
& | &
D of i
0‘.3 1.4 1516 1.7 18 19 2 21 22

Mnn'n] (GeV/c?)

Are they the same state? It is crucial to understand their connections.
2021 FEBESIIFIIEHYS
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= 500
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S 400f
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S 300f
= s
9 200f
m r . : ]
E- [} ]
100F M J/9>yn'mrm |
o 14 1.6 1.8 20 22 24 26 22.8
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0p T TAWwe ]
i —iimm X(1810)
& 200p¢ f_0(2020)
= r s £ 2(1950)
[0) F —— n(2225)
S 150 — - - Phase-space
g Fo] L ey o Background
S 1oof
= ; 225M
(0] L
> C
s 50
0 2 2.5 3
M(K*K %) (GeV/c?)
N’o"so:\_\\\\\\\\\\\\\\\\\\\\\\\\\_
> F J/y—y3(mm)
2250;
o | ]
;2005 —
0 = 7
2 150} =
s :
w100f- —
s0f- =
0: e i RO St Rt AN RTANANE, ]
16 17 18 19 2 2.1
M(3(r*n)) (GeVIcz)
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BENI ! 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—y KKy, n'=a'nn, n—=yy (a) _ 500 Jhp—=yK'K ', w—yp’, pl—snn’ (b)4
NQ o —— Data - Chebychev NQ [ —— Data ~ - Chebychev ] ﬂ:*!t n(GeV/ C )
> 1 — Fit result - PHSP o > 400f — Fit result === PHSP -
8 523 Signal X(2370) + Total g t 3 55 Signal X(2370) " 1O/ Pk § e R R
) Jhp=K* K 0+ c.c. S 300 - ypp— KK n+cc. [ yat] + - I j
e L ' sideband e [ - - v sideband t s 10 _J/wgymm M _T 1267 ‘
2 f 20 = o PRD103, 012009(2021)
g sof gmT o S > P Fit result .
w W TOF 8 [ g X(2370) ]
[ Cunirpastiies B T O s [ ---n'sideband ]
> 21 22 2. 4 25 26 27 2 R 5 2] g Chebychev -
Moy (GeV/cz) 3 B My (GEVIC?) & - . K
30 - : - . 90 - - — ﬁ - [
L J/\p—vngKg n'. N’z vy (c) . 80 MJ/w—vszng]'. =y p°, PPt (d)3 -— .
% 25— paa — - Chebychev € 70f —Data — - Chebychev 3 QC) 3 I
% 20k — Fit result ?::Pbkg E %, 60 _ = Fit result ?:usarbkg 3 LI>J -+
o “rem # Signal X(2370) o | k2 Signal X(2370) s
QS 15[ - - n'sideband o 50F . v’ sideband B 3 Bomcn. s b = thacabladrt
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
Q 2 20 2
> > E
w 8 . w 10 L IR PYRPPITIL Ymn (GeV/C )
0 Aoar e 0 L T T e oueed Il _
2 ; 2 21 2. 5 26 2 . I}
Mo, (GOVIC) M., (GoVIc) e Observation of X(2370) - KKn
s"sl 'S

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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B Studies on the (2170)/Y(2175)

* A strangeonium(-like) state: Y-particle with strange quark

22

- 22050, ¢,2000) [,(2000)
a ° 2.0 — n(1950) j‘j' ..".._‘..... (195 ..2..".....
» Theorists explain ¢(2170) as R nasse, oy T U3 TR g asne,asse om0
v S§g hybrid 1.8 2'P, I':::(; f,(1710) i'n, 1'p, 1D,
C s I"P‘,
3 3 < 16 [ S, ,(1525)
v 2 Dl or 3 Sl SS E "“,Zs' h,(1415) (14200 1'p,
v tetraquark ned S t,
v" Molecular state AA Bhir= SS
- s , O
/ ¢f0(980) resonance WIth FSI 0 E_ ml‘::':)‘ l-‘s' ‘ Observed: PDG2019
v Three bOdy System ¢KK 08 :— ------- Predicted: PR D68, 054014
0.6 —
E 1'2,, ‘
04 = yre g - . 0 i 2 2 2" 3
é_(m PRD74, 091103 (2006) - PRDS80, 031101 ('2'0?%)'5' o “["PRL 100, iTéds‘ @008)
g | o) I | ‘g 15 -
E % = L | 1 3 \
= D s | \
W g
~ LT O I L S AT
' 1 © B o mon ot > °F /? T i\#
" ol e
LT M| e ] © Lt
1.8 2 22 24 2.6 2:8 3 E (Gev) . . 1.96 2.06 2.16 2.26 2,36 2.46
Ec.m. (GeV) oM M(6 f,(980)) (GeV/c?)
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BESIT More results on the ¢(2170)/Y(2175)

PRD100, 032009 (2019) _PRD99, 032001(2019)  poto~ 5 KK
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=) 2005 —— Best it 5 BABAR 0.07 ng , +~ This work =
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8 F s 0.02 Wi )
© £ 3 r &l e 0.01 # \ ;q, —0.02F | PRL124, 112001 (2020)
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s e
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:a - &k e ;’;‘;‘”2""’ rr i = 150 —¥— PDG 2020 [49] S BES Jly — n¢!,(980) 5]
& 2000+ —— BABAR 1 — x*x*x° [43] g r PRD102. 012008 (2020) ~—Z&— BESlll e*e” — wn[12) —J— BABAR e*e — y¢n(3)
- T 100 - ) ~%— BESlll e*e” — ¢n'[11) —3— Belle e'e’ — ¢ [6]
§§ PRD104, 032007 (2021 ) ‘o r =00 2 BESlll 6'6' — K'K 2°2°[10) | —=+— BABAR e'¢ — yK'K x*x" [4]
® 1000 ‘v 50 § —E— BESIll o0’ - K'K'[8) —F— BABAR o'’ — yK'K'n%20 [4]
b ¢(1 680) & ¢(21 70 © F - %‘ ~&— BESI Uiy — ngx*x [7) —#— BABAR e'e — y$1,(980) [4]
boLg 0F B
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2 2.2 24 2.6 2.8 3 e I
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. S| | _+— I
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3
= § 80 I | +
= [
2 E 0 Il 1 1 1 | I 1 1 | 1 L 1
t S 60 2.1 2.2
- 3 40
C € My 2170, [GEV/C?]
@ 20
m—
1 T \ 0
2 21 2.2 2.3 2. 4 2.5
14 16 18 2 22 24 26 28 3 . .
(5(GeV) M(on') (GeV/c?) ¢(2170)/Y(2175) is still a mystery
PLB 813, 136059 (2021)
. . kv S AN
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BGSI[[ new!

ete™ - wn”

PLB 813, 136059 (2021)

30¢ F % % Thiswork + SND(2000)
F 25F . i SND(2016) — Total fit
—_ 25 m 2 “‘ «=+ Y(2040) Y
.g I s p(1450) - - p(1700)
< 20F [ .‘A 1.5+ - -lnteﬂerence
& g )
B 15f / E
3 f Rl e [ ey
T 10F R~ -
-m I s
L S = (9 P e S el T
) Pt e A e e s A a s s s e
T _f
-5F o
E 1 I <l L 1
1 1.5 2 2.5 3

* a structure Y (2040) with stat.

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

* close to the isovector state

p(2000) or p(2150)

Xiao-Rui LYU

The 1sovector states

ete” - n'ntn”
PRD 103, 072007 (2021)

1 1 I 1 I 1

300} i (a) = BESIII ]
- --+- BABAR 1
C — Total fit
[ --- Resonance
200+ ‘ r
-=-= Interference

—
o
o

o
T TN

o(e*e” = 1’ n'x) (pb)

-100 ;I : ]

| | | L
2 22 24 26 28 3 32 34
s (GeV)

* a structure around 2.1 GeV:
stat. significance >6.30
M = 2111+ 43 + 25 MeV/c?
=135+ 34 + 30 MeV
» consistent with the
Y(2040)inete” - wn®
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BESII

Form factors of baryons

< Time-Like region Annihilation
LCANTIPLTES :
XN N(p:

5 FE /)/
& N\
E P (Q2 {9\% ‘J;:ad
0 &
y - : Q

- Q
SOV S

Access via:

t-channel: (p> — p1)> = Q] pp — e e™n’ | s-channel: (ki + k2)* = ¢°
" 2
Space-Like region 0 4Mj, q2

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 nucleon

—

b)

e ainem e
d A\ 2 C " " 4 - " . A » BESHII{unTagged) S170
Spp($) _“ p |Gp(5)]%(1 + cos“0) + R \Gg(s)|*sin“@ = ,5:% +
dQ 4s s éz F | #}‘ﬁl || | |
BESIII tagged ISR: PLB 817, 136328 (2021) & iy # *| i
BESIII 2020 energy scan: PRL124, 042001 (2020) oo ' +
BESIII untagged ISR: PRD99, 092002 (2019) R : :
BESIII 2015 energy scan: PRD91, 112004(2015) © 03;_¢+ + il
St by
e BESIIl (LAISR)  + :E:::: (zgxzx?lsn) o‘4§; ® , sesmaisr) gﬁiillfé’iﬂsn, (_%'“ o.2é~ ‘*
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1 | e S oz o oa e
‘o *‘& CLEO 0.15F| % BES ' b o
< | i : o iepisadle 0.1F L ADONE73 % ooll ™
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TRDITTRTIRK e 7 0 WO e S s R MR L P 1 + i
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|Gegt| = \/ T {s[GeV]
« BESIII provides best precisions: cross section threshold oosf- * - sEsmun  seshan
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 Oscillating structures observed in the EFF after o o i | HT ;;g 'ﬁtﬂi
subtracted the modified dipole parameterization oozt 1] {#ﬁ &
[PRL114, 232301 (2015)] ot
e confirming the observation at BaBar D i

p [GeV/c]
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BESIT Threshold production of e"e™ — nn

arXiv: 2103.12486
* Very challenging measurement due to pure neutron final states Accepted by Nature Physics

« BESIII takes three approaches and provide validations among each other

20007 e BESII: preliminary | ‘E § BESIinnthiswork 08 : $  BESII nf this work 7 : ®  BESIII: preliminary
i 3 PR 1 s 20 3 ok |  roosmims 1 osf | .
o | J CRBER o e i N  sesumpemnay | 951 ;} . wo@
& 1200f | g . BESII pp (Seminary F : ERE Y . 32 <
e ] %8 = xBTS | g o e 4% ol | g 1617 e V7
2 B - ! - l ] = E 1= : _+_ | ] 03} ." * l E
6001 "“[ ‘ i of b > i_{ A | , ﬁ MES ?+ i E o2f : ‘&’i* I ]
:sz ‘Iﬁ*‘%*o 3 1i | T T - |7 0.05| [ 4 b ."qu oo 1
01.;3 : 2 “:2. > :4 T R : O'Z' : . : ; °1ra'i‘ R T R T TR = % | 2 22 24 Zfe. 25 ..?.
s (GeV) ’ > 0V“v's - lv::a (Gec\);; 1 " ‘ A \s (Gevj » /s (GeV)
. . . 1000 . . 3 e BESII: preliminary
* XS measured in a wide range with 900 | et S (| | Fewd s ames
. o0 sese gy F i
unprecedented precision (~10%): _ ook 6 | ol
. o eoofi & 1 =
confirming threshold enhancement s 00 + ‘ 3% | ; i
1 < © ; r : g F f } } E
* EFF ratio R., and Gy; determined for the e | L 1% by s H 4
_ 3% U [ 5 B S e )
first time 100 J\ooﬁ “,.. BESII data* ok # 1
XS ratio between proton and neutron: do e eeaes i‘;jg;v;”“*“s T s T
not support the FENICE conjecture, but are e v RS —
. . . . . 03fF i = = Fitwith G3* ] k v aasar; pPY ) 2313 -
within the theoretical predictions < R B e
. . . - 3 ¥2/ndf = 64.7/16 ] 004 ~ = Simultaneous Fit: Neutron{
* Oscillation of EFF observed in neutron data: o2 \j = - s, ¢ ol F B 3
. T oasf | 1-“n;11_'e:90f115 1o [ " P L
simultaneous fit of proton and neutron data ;; \*g\ 1 o l {}"-j/ A
. TR LY W4 2 1 ' t
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BESII Hyperon production cross sections

PRD97, 032013 (2018)

PLB 814, 136110 (2021) +—
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consistent with the prediction of [ Phys.Lett.B 799 (2019) 135041 ]
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Threshold enhancement is observed for A pairs, while not for X pairs

——
10 @ o E
E 5300} * 1 3
g ‘.*0 e f H
Sicf R 5 [E
] s " T 10
§ o AR threshold
w 10F E
g :
s} —— —
1F E
J [ 1 i 1
T T T T T P— T
(b) ttosf 3
i L | |
1 :* %’0.4 3
L C 0.2 =+
o i }
Q - ’Q i 1000 1.005
— - M_-\x/M mmmmm d
S 10'F .%’_._ =
e
10.2 P U PR | R gl
1.0 1.2 1.4 1.6
MAK/Mthreshold
Xiao-Rui LYU

2021FEBESIIFTIEIHTS

a4


http://arxiv.org/abs/2110.04510

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— Gb G/u.A(D—(Db (D/w,l/—::’zj

* First complete EFF measurement of the A at 2.396 GeV

PRL123,122003 (2019)

‘ = 0.96 + 0.14(stat.) + 0.02(sys.)

AT T o
anf + ‘ Ad = 37° + 12°(stat.) + 6°(sys.)

Confirm the complex form of EMFFs !

| | A
-1 -0.5 0 0.5 1
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S5 Hyperons produced at i) peaks

ete” > ]/ > AN > pprtm™ ete” >y » I8~ - ppnOn®
Nature Physics 15, 631 (2019) . PRL125, 052004(2020)
U.wqf (a) prprt o 0.05
S o0.002f &
o E @ 1Y = R L Ty ypEey
?f 0: % -0.05 :E;;ie Space +
%—0.002:— H 01 = ]/1'0
_0.004'_ 7 t t t t t
L I o 1/)(3682
. . coso, . = 0.05
AD =424 +0.6"(sta) £ 0.5 (sys.) R T e
-BESII - BESIII = s
SPEC F '
C [ -0.15
r OSPK E -1 —6.8 —6.6 —6.4 —6.2 (l) 0..2 0:4 0:6 0..8 1
HBC E BES coso,.
- OSPK E
CNTR . DM2 Parameter Measured value
o 0T B TR TR TRE as, —~0.508 £ 0.006 + 0.004
(a) a_ for A — pr~ (b) a4 for A= prt A(DJ/W —0270 :I: 0012 :i: 0009
« Very precise determination of hyperon oy 0.682 = 0.03 = 0.011
decay asymmetry: = CPV search AD, (()).379%1(()).(());?;)'(()) 5‘39
. i . . Qp —V. . .
Correct a long-history underestimation of & 0.990 + 0.037 £+ 0.011

A decay asymmetry
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BESII

CPV in £ 2 An decay

BESIII: arXiv:2105.11155

ete” — Jp — 22T

Parameter This work Previous result

Oy 0.586+0.012+0.010 0.58+0.04+0.08
AD 1.2134+0.046+0.016 rad. -

oz —0.376 +0.007 +0.003 —0.401+0.010 -
o= 0.01140.01940.009 rad. —0.037+0.014rad. 2
Oz 0.371+0.007 +0.002 -

o= —0.021+0.0194+0.007 rad. ~

o 0.757+0.011+0.008 0.750 4+ 0.009 4 0.004 3
Oy —0.763 +0.011+0.007 —0.758 +0.0104+0.007 3
£ —& (1243.440.8) x 1072 rad. -

S, — & (—4.443.6+1.8) x 102 rad. (8.743.3) x 102 rad.2
AZp 6.0+ 13.4£5.6)x 10 -

AdZp (—4.8+13.7£2.9) x 1073 rad. -

Aty (—3.7+11.7+£9.0) x 1073 (-6+£12+7)x 1073 3
<6z > 0.016+0.014+0.007 rad.

HyperCP: ¢ErHyperCP =-0.042 +0.011 + 0. 011
BESIII: <¢bz> =0.016+0.014+0.007

Xiao-Rui LYU

2021FEBESIIFTIEIHTS

Based on 1.3 B ] /Y events
(13% of total ] /3 events)
9-dimentional fit:

A
- ' Pa
n 2 o w
c ;:‘0 él;:‘o'? 2
Pza g T e @
E‘\/' .
® 0 A
Tl'_/ .

~73200 event candidates
Negligible background

First measurement of baryon weak
phase difference

We obtain the same precision for
¢ as HyperCP with three orders

of magnitude smaller data sample!

HyperCP: PRL 93(2004) 011802

A7



BE,SI[[ A, decay asymmetries
single lag method PRD100, 072004 (2019)
« 4(6)-fold angular analysis of the cascade decays of

Ac = pKs, Arnt, 2tV and %7t based on 567/pb data

o ; sm (&2
A; bo pr | =7 " § 60 | § 30|
/ R 0 T [T
A 40 i 20 !
o / 20| 10
CM frame A, rest frame . A ; .
f / B B
/
/ ////’ /_e.\_
=
/ i
/ 3
=
A rest frame A rest frame E
AT — pK2 AnT 2+;ru S0t 1 -0I.5 0 0i5 91
—1.0[16],  0.51 [11]]—0.70 [16], —0.67 [11]] 0.71 [16], 0.92 [11]] 0.70 [16], 0.92 [11] COSYy
—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 [18]|—0.96 [17], —0.95 [18]| 0.83 [17], 0.43 [18]| 0.83 [17], 0.43[1g]
Qe —0.66 —0.90 —0.99 [19], —0.86 0.39 —0.76 0.39 [19], —0.76 [30 1 ——
or —0.99{ % 0. 91{ { ~0.99 H —0.94% % 0. 31{ ]] —047{ } ~0.31 [[]] —0.47 H sin A¢p=-0.28 £ 0.13 £ 0.03
PDG [7] —0.91£0.15 —0.45 £0.32
This work| 0.18+0.43+0.14 —0.80 £ 0.11 £ 0.02 —0.57 +0.10 £ 0.07 —0.73 +0.17 £ 0.07
« Best precisions on the hadronic weak decay asymmetries
« The transverse polarization is firstly studied and found to be
non-zero with 2.1o
Xiao-Rui LYU 2021EEBESIIFTIIEHTS A8
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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.

to be complete
in 2022-23

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)
J J /1 peak Light hadron & Glueball 324" 32 4h" N/A
J/1 decays (10 billion) (10 billion)
1(3686) peak | Light hadron & Glueball 0.67 fh~! £54h~ 150/90 days
v Charmonium decays (0.45 billion) (3.0 billion)
¥ (3770) peak D°/D¥ decays 2.9 fb~1 200 -1 <] 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 39 4h " 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 fb~! 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 E5 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV Y FA- cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y2, cross-section N/A 1.0 fb~! 120/50 days
4.95 GeV =, decays N/A 1.0 fb~! 130/50 days

Xiao-Rui LYU
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Al 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 _m

Lum [10%2cm-2s71]

> Add another cavity per beam to improve the RF power 8 [om] 15 135
» Change optics slightly, increase number of bunches Bunch Current [mA] 7.1 75
L . . . . Bunch Num 56 120
» Challenges: high beam intensities, backgrounds and aging effect in SR Power W] o 355
the detector G o 0.029 0.033
> Small risk: can continue running with better performance than BEPC|] ~ tmtence lnmrad) 147 222
Coupling [%] 0.53 0.35
» Timescale: 2.5 years construction + 0.5 year installation Bucket Height 00069 0011
> Installation: July — December 2024 and the upgraded machine ready %o ™ L2 kil
. o, [cm] 1.69 1.22
in Jan. 2025 RF Voltage [MV] 16 3.3

33 L
___________ S Upgrade BEPCII

S _gjg'g’u R (BEPCII-U)
’ =z .

T 8x10%

» BEPCII
26x10%t

4% 10%}

Peak luminosity (cr

- 0 00 B &85 800 - i 0770 ,
e S e ]

2.0 3.0 4‘O 5.0 5.6
Ecm (GeV)
Xiao-Rui LYU 20214EBESIIFTYIBETiTS 52



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

Xiao-Rui LYU 2021FEBESIIFIIETS B2



BESIT

10 billon J/3 events on tape!

from Stephen Olsen
you never have enough J/y events

1996: 8 MJ/y’s 2002: 58 M J/y'’s 2011:225 MJ/y’s  2016:1.3BJ/y’s  2019:10 BJ/y’s

Jv>vpp e ‘ y ' ‘ T Jv >y’
sE /\V szj) = ) N W (W) > vop x PRL 108,112003 ] 250 = ‘V Y| ,’1]
‘( ' N Jydypp ] e =

" M 500 y=2Ypp : o

10 o '““W;WWWW ] ] (%jﬁ ‘*‘&l ] ???
il 1 F N RN irsarsariare 300fF % e
Nt e T o T S 1, ey M(pp) 200 f 3

M(pp) Gev) 120 Iy gy 102 --.H_:,‘_,_‘; e .

0.0 0.1 0.2 0.3
MPF—Zm',(GeV/c')

PRL 76, 3502

1S 18 17 18 19 2 21 22
M[n'=n] (GeVic?)

PRL 117,042002 sta )% tuned

80

40

Jy>ynrnm’

0 500 [ (b)
1.4 20 26
M(x'mn’) (GeVic?) 400 |-
PRL 95,262001 300
200 |
100 |-
0 e
14 1.6 1.8 20 22 24 26 28
M(mren’ )(GeV/ic?)
PRL 106,072002
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BESII

AL ML LA LA ':

4000 | CD ISR effective luminosity

- Belle IT @ 10.58 GeV |
2 3000 f
e 5
8 2000}
E
3 1000}
202>

Ecm (GeV)

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

Xiao-Rui LYU

Integrated Luminosity (pb™)

/ / /
F 7 ' I l
P J/ BESII
I . i SIS [-nnnenn s —

; ----- ..-};?M'.--t‘.h--...; ----------- k --------- - SR —f
1025_ ................... !-‘......... ...... : .............................. _.:-
5 g E

Y mr--S—

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/jiangyi1s/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, . — —
A Belle inete™ » ™ Zc -
CLEO - ‘9
[— S \
Z (4020y*° | x*h, (D*D*)* BESIII 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
Xiao-Rui LYU 2021EEBESIIFTIIE TS BA
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BESII

Summary

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

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

* Many new results have been published regarding to
spectroscopies

D NI NN

v
v

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, ...

Rare decays and new physics search

* 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

Xiao-Rui LYU
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BESIT

Thank you!

I |
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