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» A brief introduction to BESIII
»Heavy quarkonium spectroscopy
»D meson and A, baryon decay
»New physics search

»Summary
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BEPCII

Beijing Electron Positron Collider (BEPCII)
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» First collision in 2008 & physics run in 2009.
> /s =2.0—-4.946 GeV (tau-charm factory).

» Design Luminosity Lp=1x1033 cm2s1@ 3.773 GeV
(2016 achieved; 2022-2023 achieved 1.1xLp).

» Continuous injection (top-up mode).




BEijing Spectrometer (BESIII)

BESIII

A 41 detector
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Data — On resonance & Scan

10 B J/y events:

_ 2.7 By(2S) events: charmonium
light hadron, hyperon

20 fb-1y(3770): D mesons
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R-value, baryon pair

High luminosity scan: XYZ, Ds, A....
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https://doi.org/10.1016/j.scib.2023.08.025

Heavy Charmonium(-like) Spectroscopy



BESIII high luminosity scan

Start from 2013, 0.5 fb-1/10 MeV step scan from 4 — 4.9 GeV
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Y (4260) fine structure
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» There are fine structures in the famous “Y(4260) bump”
» Mass=(4222.0+3.1+1.4) MeV, Width=(44.1+4.3+2.0) MeV

» Most precise and significantly lower than 4.26 GeV 10



e+e-2>KK-J/y

PRL 131, 211902 (2023)

- & BESII (2022) ¢ This work — Fit result
--Y(4230) - Y(4500) -Y(4710)
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CPC 46, 111002 (2022) s (GeV)
Parameters Solution I Solution II

M/MeV 42253+23+21.5

Y(4230) Tiot/MeV 72.9+6.1+30.8
T..B/eV 0.42+0.04 £0.15 0.29+0.02+0.10
M/MeV 4484.7+13.3+24.1

Y(4500) Tot/MeV 111.1£30.1£15.2
T..B/eV 1.35+0.14 +£0.07 0.41+0.08+0.13

M=(4708*+17_;:+21) MeV, I'=(126%27_,3+30) MeV; significance>5c

» One of the heaviest vector charmonium-like state
» Vector Hybrid, 55 charmonium, 55-4D/6S-5D mixing

Events / 10 MeV/c?

(s=4.63~4.92 GeV
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» No obvious Zcs structure (only small hint at
some Ecm)

o B|Z.,(3985)" > K*J/y]
B~ B[Z.,(3985)" = (D'D:* + D*D/)]

<0.03 @ 90% CL
11


https://dx.doi.org/10.1088/1674-1137/ac945c

o¥es3(K K 2J/y) (pb)

o%ess(K°K2J/y) (pb)

e+e-2>KsKsJ/y

T T T T =

— & Data — Fit result a) -
- Y(4230) -=== Y(4500) -
Y(4710) i
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m— Fit result
-=== Y(4500)

o= (K K oJ/y) (pb)

o (K K Jly) (pb)

& Data
Y(4230)
Y(4710)

= Fit result
==== Y(4500)
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& Data
Y(4230)
Y(4710)

— Fit result
= === Y(4500)

21.2 b1

PRD 107, 092005 (2023)

Parameter Solution I Solution 1T Solution IIT Solution IV
Map30 MeV/c?) 42269 + 6.6 +22.0
71.7 £16.2 £32.8
0.20 +£0.04 £ 0.07

C4230 (MeV)

(TeeB)anzo €V)

M,sp0 MeV/c?) (fixed)
I'4500 MeV) (fixed)

0.13 £0.02 £0.05

0.08 £0.09 £0.04

0.14 £ 0.03 £ 0.06 0.18 £0.05 £ 0.07

4484.7 + 13.3 + 24.1 |[Ref. [31]]
111.1 4 30.1 + 15.2 JRef. [31]]

0.17 £0.14 £ 0.05 0.31+£0.26 £0.11

0.68 +0.24 +0.18
498 £0.31£0.74

(TeeB)aso0 €V)

$asoo (rad) 1.02 £ 0.57 £ 0.56 174+ 1.11 £ 0.46 4264 0.76 + 0.91
Fy710 MeV) 18324 114.0 +96.1

(TeeB)s710 €V) 0.124+0.09 £0.11 0.68 + 0.26 + 0.21 0.18 £ 0.20 £ 0.10 1.04 £ 0.60 £ 0.35
Par1o (rad) 0.92+0.99 +0.84 5.37 4 0.46 +0.95 5.38 4+ 1.02 +0.80 3.554+0.27 + 1.03

4.6 4.8
Vs (GeV)

o%° = |BW, + BW,e'?2 + BW;e'%3|?,

M=4704.0+£52.3+69.5 MeV/c2
['=183.2+114.0+£96.1 MeV

Y(4710) statistical significance of 4.20
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e+e-->D.*D.” cross section

"D (pb)

e'e— Ds
Born
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600;_ PRL 131, 151903 (2023) » A semi-inclusive method: D;*2>yDs2>vKKn BGS
5002— 3 3 b ao i 5
400;— + ﬂ’ E ;aj - €' - BW;(Ecm) + B B3 (Ecm)
300F- 2 =
200; ? + > y(4160) or Y(4260) [strong coupling to Ds*Ds*7?]
100 + ?H#ﬁbn. % ., Consistent with y(4415)->first observation
: I%IH..I....'..,._...[ llllll > Necessarily to improve fit quality (>6.1c)

\ DsDs & DsDs* Is ongoing

(M; (MeV/c?) T'1 (MeV)YM2 (MeV/c*) T's (MeV)YMs (MeV/c*) I's (MeV) significance of BW3
Fitting result 1| 4186.5£9.0  55+£17 | 4414.5+3.2 122.6£7.0| 4793.3£7.5 27.1£7.0 6.240
Fitting result 2| 4193.8%£7.5 61.249.0 | 4412.843.2 120.3+7.0| 4789.849.0  41+£39 6.170
Fltting result 3 4195.3£7.5 61.849.0 X_4411.0£3.2 120.0£7.0) 4786%*10 60E35 6.110
Bowp TR T B Bwh o
R e B ¢ d 4 Mo
w0g /[ ycone @ /Y XA 0g /|y connee - A NI
4.3 44 4.5 4.6 4.7 4.8 49 43 4.4 4.5 4.6 4.7 4.8 4.9
Eqy (GeV) Ey (GeV)
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Y(4660)> 1t my,(3823)

11.3 fb-1, PRL 129, 102003 (2022)

» BESIII measure the E., dependent e+e-2>ntny,(3823)

g .
— g o cross section
= | — Two-BW fit
I>- ~
r | --= One-BW fi . C g
2 4l neBi | > Resonance structure with >5¢ significance
§ I
& ol » One single BW resonance
3 I M=4417.5+26.2+3.5 MeV
Boglodaed®t [ THC ['=245+48+13
© Y42 4.4 4.6
Ecm (GeV) » Two coherent Y(4360)+Y(4660)
Parameters Solution I Solution II
- —t— Two-BW hypothesis M][R:] 4406.9 £ 17.2 £ 4.5
600+ —#— One-BW hypothesis Liot[R1] 128.1 £37.2+£2.3
E q}r m— Data It BBy 0.36 £0.104+0.03  0.30 +0.09 + 0.03
- + M][R:] 4647.9 + 8.6 + 0.8
400 i + - Tyot[R2] 33.1418.6 £4.1
- S t = —2In Z 2 T BR2B, 0.2440.07+0.02 0.06%0.03 +0.01
é 267.1 £ 16.24+3.2 —324.8£43.0£5.7
— *  f,(980)y(2S) molecule
['[¢(4660) > 7~ 5(3823)] 20% *  Y(4260) radial excitation

T[4 (4660) 7T 7~ (29)] + Baryonium -
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et+e->D*D*n-

PRL 130, 121901 (2023)
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O.dressed(\/g) = 6|6, (I)(\/E)+ZBWk(\/E)ei¢k ,

m1=4209.6+4.7+5.9 MeV/c2 , 1=81.6+17.8+9.0 MeV; Y (4230), coupling similar to D°D™n~ [ ['ee>40 eV ]
m2=4469.1+26.2+3.6 MeV/c? , [2=246.3+36.7+9.4 MeV; >Y(4500), coupling much larger than KKJ/y
m3=4675.3+£29.5+3.5 MeV/c? , [3=218.3+72.9+9.3 MeV. >Y(4660), first open-charm decay 15



e+e-2>mX(3872) production

16 ¢ 30 : :
T PRL130, 151904 (2023) - > Poter]tlal connection to Y(4710)?
N, 141 4 Dota o5 [ » What's about e+e->vyX(3872)?
< C - 27T ’
> {2 — Fi = »> What's about et+e->wy1/0X(3872)?
% 10 - ---- Background |7 :% 20~ ,'I \\\ / » What's about e+e-9¢X(3872)
- . X - 1 \
o - [ sideband f 3 - ! \
© 8 “ N
~— C * B ' |
o °f ST SRR ]
- L m B \\ II
g 4r ‘ o - . ;
LIJ 2 I l 5 :_ + \\\\_—,//
o ==& : H'EE' """" . OZ_I_LI;III
3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.94 465 4.7 475 A4 485 49 495 5
M(rmd/y) (GeV/c?) /s (GeV)
> 4-7 fb-l data bEtween 4-66 - 4-95 GeV Vs (GeV) Lin(pb™1) Ngg e(1+6) (%) oB(pb) O’EP(Pb) Significance
4.661 529.63 0.33713¢ 28.3 05721 +0.1+02 5.6 e
4.682 1669.31 8.00133¢ 24.6 4671240415 11.5 340
> o2ttt & X(3872)97T.+TE_J/\|I, one of the 4w could 460 53645 000109 270 007€+£00+£00_ _ _ _33
b .. : . . . (4740 164.27 1.67+177 21.8 109156 £1.0+3.5 40.6 | 1.00
e missing to improve reconstruction efficiency | 750 36721 5001238 224 142974 1 14445 382 | 310
g781° T T T 7 51278 © T _1.60575}7337 TT T T3e T T T T 1751:17;81 02+05 65 0.70
. . 4.843 527.29 4,67j12‘g§ 26.7 7.8j§‘;§ +07+25 21.1 2.66
» New production mode: N(signal)=24.6+5.3 events, 4 208.11 100335 226 50105 £04£ 1.6 217 070
4.951 160.37 0.0055 204 0.0+88 +0.0 £ 0.0 14.7 e

significance 7.8c
g 16



Couple channel analysis of X(3872) line shape

arXiv:2309.01502
16 : : : 240
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12— —— Total = E —— Total E Ei
% 1of % 50E ~180F i
s 10 = L, 160F i
< o Sl: 2 140" §
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3.86 3.94 3.96 3.98 3. 3. . 40F :

TR Lt 0 MJ;%H; H1NWE. HH%H;*% }u bty O e | ——

BRARE SERRASTSARS i H A 3.866 3.868 3.87 3.872 3.874 3.876 3.878 3.88
3.86 3.88 3.9 _ 3.92 3.94 3.96 3.98 3.75 3.8 3.85: 3.9 3.95 4 E (GeV)
M (D°D%n®) (GeV/c?) M(wtn=J/) (GeV/c?)
Hanhart, Kalashnikova, Nefediev, PRD 81, 094028 (2010)
Parameters g o (MeV) Mx (MeV)
Fit results 0.16 = 0.10 2.67+ 1.77 3871.63 = 0.13
_ . ['(X(3872)—>nTn™J/v) +0.01

dBr(D°Dr° Br(D*® — DO kot (E - —

: dE - 52 |D7(TE))|>;gX — I'(X (3872) —»DYD*0) 0.05 = 0'01—0.02

dBr(ntn=J/¢p) Trta—gy
dE =B |D(E;|2¢’ Z = 018
D(E) = E —Ex + 59((ket(E) + ikog(E))
+ (kg (B) + ikg(E)] 4+ 5To.  To=(1+a+B8) iy

Weinberg’s compositeness: Z = 1 (elementary state); Z = 0 (composite state)| | /




D & A, decay



(semi)Leptonic decay

|deal bridge to access the strong and weak effects between quarks

m; 2 dl’ _ G%‘ h 2177 121= |3
) = X a0 P Vel
A\ (VidVusVis (@) CKM matrix elements: fundamental Standard
s' =V V.V, |s Model (SM) parameters describing the mixing of
b' V. V.V, b quark fields due to weak interaction

19



Leptonic decay of D(J;) - l+v,
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Status of fp+ and fp+
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Studies of ¢ — sl*v, semileptonic decays

PRD92(2015)072012 PRD96(2017)012002 PRD92(2015)112008
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AT/ef (ns'GeV7cd)

Studies of ¢ — dl"v, semileptonic decays

PRL122(2019)061801
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Status of f2°X(0) and F2°™(0)

IIIIIIIIIIIIIIIIIIIIIIIIII1II|
ETM PRD96,054514 0.765:0.031 —_—
2010~>2021
HPQCD PRD104,034505 0.7380+0.0044 [ | 2.490.6%
Belle PRL97,061804, D° 5K 'T'y 0.695:0.007+0.022 siiiem
BaBar PRD76,052005, D’ 5Ke'v  0.727+0.007+0.009 -
CLEO PRD80,032005, D—Ke*v 0.739:0.007+0.005 .
BESII PRD92,112008, D' »Kle'v  0.748:0.007+0.012 -
BESIIl PRD96,012002, D'——*ng’\' 0.7246+0.0041:0.0115 ===
BESIIl PRL122,011804, D" 5K u*v  0.7327+0.0039:0.0030 =
BESIIl PRD92,072012, D°5K'e*y  0.7368+0.0026+0.0036 B 0.7%
BESIIl Expected (20fb™"), D°>K'e'v 0.7368:0.0009:0.0036 =
|IIIIIII|IIIIII|IIIl|IIII|IlIIl
0.2 0.3 0.4 0.5 0.6 0.7 0.8
D-K
f, (0)

Experimental precision of f27K(0) is
comparable to the latest LQCD precision

lllllllllllllllIIIIIIIIIIIIIIIIIIII
ETM PRD96,054514 0.612:0.035 ——
>4%
HPQCD PRD84,114505 0.666:0.02+0.021 ——
Belle PRL97,061804, D°—nT'v 0.624+0.02+0.003 ——
BaBar PRD76,052005, D’ =re*v  0.61:0.02:0.005 ——
CLEO PRDB80,032005, D—ne'v 0.666+0.019+-0.005 ——
BESII PRD96,012002, D' =r%*v  0.6216+0.0115+0.0035 -
BESIII PRD92,072012, D’=ne*v  0.6372+0.0080+0.0044 - 1.6%
BESII  Expected (20fb™"), D’ sn'e*v 0.6372:0.0031:0.0044 n
IllllllllllllllllllIIIlllllllIlIllI
D-n
. (0)

Experimental precision of f2~7(0) is still

dominated by statistical uncertainties
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Status of |V_| and |V 4|

IIIIIIIIIIIIIIIIIIIIIIIlII IIIIIIIIIlIIII | L |
SM fit PDG2020 0.97320:0.00011 -
DELPHI PLB439,209, W* ¢3S 0.94:0.32:0.13  m——f—
PDG  PDG2020, D-KI'y 0.939:0.038 o ,
CLEQO PRD80,112004,D -1 v 1.001:0.052:0.020 -
CLEO PRD79,052001,D -t v 1.080+0.068+0.016 -
BaBar PRD82,091103,D -7, v  0.949:0.035:0.055  =m= PDG  PDG2020, D" x Oy 0.214+0.00310.009 ==l
Belle JHEP1309,139,D -1, - Vv1.017+0.019:0.028 -
BESIII PRD94,072004,D_>pv, T v 0.936:0.063:0.025  =m=
CLEQO PRD79,052001, D —pv 1.000:0.040:0.016 - .
BaBar PRD82,091103, D] »pv 1.032:0.033:0.029 - CLEO  PRD78,052003, D" »uv+rv 0.218+0.009+0.003 —-r
Belle JHEP1309,139, D —pv 0.969+0.026+0.019 o
BESII PRL122,121801, D —n'ev 0.917:0.094:0.021 ===
BESIII PRL122,121801, D —nev 1.031:0.012:0.080 - BESII PRD89,051104, D' 5uv  0.2150+0.0055+0.0020 ==
BESIII PRL122,011804, D" Ky 0.967+0.004+0.007 e
BESII PRL122,071802, D —pv 0.985:0.014:0.014 &
BESIII PRD104,052009, D —pv 0.973:0.012:0.015 o
BESIII PRD1 04,052009’ D;_)tm.\r 0.972+0.023+0.016 2 BESIII Expected (20fb.1), D'—)},l\«' 0.2150+0.0021+0.0017 [ ]
BESIII PRD104,032001, D} >t v 0.980+0.023:0.019 E
BESII PRL127,171801,D -1, v 0.978+0.009:0,012 o
lllllllllllllllllll[lllllll llllllllllllllllllllll
-1.5 -1 -0.5 0 0o 1 0.05 0.1 0.15 0.2
|Vcs| |Vcd|
f2~K(0)@HpPacD?*

precision: 2.4%—2>0.6% 25



Hadronic D decays — strong phase

(p.m)

*/n SM, CKM matrix is unitary: four free parameter, one of
them is the complex phase, the only one source of CPV
in quark sector in SM !

*Precisely test the CKM matrix unitary & hunt for New
(0,0) (- (0,1) Physics !

Or— _A
td tb / D K Q
thvtb 4.8 B_
2= QA= arg(— ) (85 -1-4_3)0
ViaVip h‘ WK /
V.,V 3.dne | rpe’ P As(p)
¢3 =y = arg(— —).(66.273) (theoretically clean)
\ cd”ch HFLAV *Need information of the D decays, e.g. strong-phase difference.
*CLEO-c and BESIII provides model-independent external inputs.

« LHCb expect 1.5° by end of Run 3 (~ 22 fb™1), <1° by end of Run 4 (~ 50

fb~1), ~ 0.4° in Phase Il upgrade (~ 300 fb™!).[arXiv:1709.10308, CERN-
LHCC-2017-003]

« Belle Il expect 1.5° with 50 ab~! [2020 snowmass].
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Hadronic D decays — strong phase

D - K?,m*m~  PRL124(2020)241802

ete” - YP(3770) - D°D° quantum correlated
pair production at 3.773 GeV

1t

Constraint sensitivity on y measurement ~
0.7°-1.2

D- K ntntm and K ™ n®
0 + -
D - Kg, K"K PRD102(2020)052008 JHEP05(2021)164
S Csama T ] S Smsteal [T o 50 o
— Total 1 :__ Total _: 300;— \\ 300;— BESIII
! 1 3 F[]Ax?=2.30
0.5 : 0.5 . 250¢ 250 [ 2°=6.18
- - ] Q_ 200F & ZOQE-AX =11.83
o 0 ] o Of ] ¢ & F
E % {500 %S 150 CLEO-c
-0.5 0.5 * ] 100 100F — AX2=2.30
- | I ] . | E— Ax*=6.18
-1 — CLEO-c ] -1 — CLEO-c sof 50F — Ay2=11.83
* BaBar Model [ * BaBar Model ] F/ F o
_1-5\‘..‘\. I PRSI RS EATSrE RS | _1_5—\ I SR BRI BTSSR S | ol 0—|||H(||||||||||||||||||1||||||||\||||||||\|||||||| 0‘||||||r|||||||||||||||||||||||||||]|||\||||\|||\|
15 1 05 0 05 1 1.5 15 -1 05 0 05 1 1.5 0 0.1 0203 0.4 05 06 0.7 0.8 09 1 0 0102 03 04 05 0.6 0.7 0.8 09 1
c. F

l RK37: RKTICTIEO
Constraint SenSitiVity ony measurement ~ 1.3° - 2.3° Constraint sensitivity ony measurement ~ 6° 27



Hadronic D decays — strong phase

D® - z*zx~m*x~ PRD 106, 092004 (2022)
PRD 107, 032009 (2023) F47 = 0.735 £ 0.015 =+ 0.005

0 0 -0
D’ - Kz*n~x PRD108, 032003 (2023)

b 3 . ] ¥ s KZnon® % Kinnn®
Kg:ig- i j i ) f " ° 0 + - + - 10 gOr0z0
i o D" - K"K n"=x F. =0.730 £ 0.037 + 0.021 T

K'K
- 0
I E 3 1 «f {1 o 40l KO
< Wb 1 wof E I 4 50 . a0l
g 60F 4 2oF 4 20 E gg b 5 20|
- :z: : 10f ! 4 of E ?g E . ’ } 10+
—— 0 ——— 0 B - Sl o T AR § 6 H + o " . e G_KIO -
E 3 P - N K LK N’
7 K § Kin 1 of Kormn] Kem('m)7 2 e ) 4’ 3 o e e Mo
‘é of 1 3 £ i ok ] [T L l\ s all 4t
; 30f E :: : 4F E sF = 12 I, g sk ot A
2 af E 3f i b g w0 ‘ 10l KK of Kgnon® g i
s ‘F 1 2 1 E’ 25 | 5 5 @ ' | |
0 0 L - 0 @ 15 | N 3 | »KS(D T
T T T T 140 ' T T T 184 185 186 187 188 189 184 185 186 187 1.88 1.89 € - H * * H * 4 1 ) I 20| 40+
E 2 5] \
<F LELE I 3 TR ] Moo (0601 Heo (G419 i SEW' I+MH+H H}Aﬁﬁ%}aﬂ ) # Ml MULI\Q l l : A H |
% 200) 100 0 4 + ﬂ* 0 | | i 0 2 P - 10 20
= 1% j B B K o Kin ? Ken(w'mm) LT o
2 100f 1 °F k F+ - 0235 + 0010 + 0002 2 1 5 25 1.84 1.86 1.88 1.84 1.86 1.88
2 “ ; =3 ) | 2 My (GeV/c?)
50 1 Z 10 * 3 15
2 \
Pas 185 186 167 188 189 186 185 186 187 188 189 :;’ ;‘ g 2 1 “ L 25-le1®
Mg (GeV/c?) Mg (GeV/c?) 2| R’ 1 05 2 2oL T
0 . _L_ = 1= SENDEENI B S A N b~ S 0 L — - r 151 }
6 12 [ KO i }
v ot i = T T |
] s i S Uittt " 11
= 8 ‘ ¢ _ 0 o T
“ ” = 2 - 3 3 | - - -
GLW?” extended strategy require CP even fraction-F, ; : : | g { ! M2, (GeVIe?)
B Ry ] N |
Por e TE e 1?? s Pes iss 185 186 1\87 — e e ;.é;rﬁ.sé JO I nt a m p | |tu d e a n a |ySIS

Mg (GeV/c?) Mg (GeV/c?) Mg (GeV/c?)

Npr = 2NppB(S)B(T)e(S|T)
x[L = (2F, —1)(2FT - 1]

D° - rta n%7x°
F. = (68.9%1.5500t. £2.45yst. ) %

arXiv: 2312.02524 28



Events / (0.010 GeV/c?)

D decays — light mesons

D;" — 71""71'_3"‘1/6 arXiv:2303.12927

N
S

(o))
(=]
T T

N
(=
LI —

L B L EE e S B p—

10, 0.8

—e— Data
— Total fit

dI/dq? (ns'/GeV?¥c)
[\*) iy N o0

fj @)
o o
1 m? cl\ 1

0.5 1 0. ?0 0.5
g2 (GeV¥c*) 42 (GeV¥ct)

=2

M, (GeV/c?)

70(0)|Vees| = 0.504 + 0.017s4at & 0.035sys
BF(D} - £,(980)e*v,) = 4.22 X 10 3cos?*¢

sinqb% (vt + dd) + cos¢ss
¢ — (19.7 4+ ]_2,8)0 ->ss is dominant

Further study of a0(980), fO(500)--- is ongoing

Events/(18 MeV/c?)

DTt — ng+77 arXiv:2309.05760

60/ ~ ©
- NG ¥
i >100
40} = %
20: % *r f in
I 2 | Y Pyt
f g R A
0 . slimimiy I L L L | L ' L tedeiaial 0 ‘‘‘‘‘ ! | I [ L L P WLE LA RPN
1 1.2 1.4 1.6 0.8 1
M K (GeV/e?) M., (GeV/c?)
Amplitude Phase ¢, (rad) FF (%) Significance
DT — K2ao(980)" 0.0(fixed) 105.00 +£0.94 £ 1.04 > 100

Dt — K} (1430)°7t 2.58 +0.06 & 0.09 10.83 & 1.50 4 0.89 > 100

B(DT — K9rn) = (1.2740.04g4a5. £0.035yst.) %

Critical information on the role of ap(980) In
charmed meson decays and the nature of ag(980).
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Events / (1.5 MeV/c?)

i Vs = 4.6819 GeV
2000 - N%,=8850+ 108
: €5, =(49.2 £ 0.1)%
1500 F
1000 F
500

e+e-2>A7 A pair production

PRL 131, 191901 (2023)

0 L n
2.26 2.34

M. (GeVic?)

Single Tag for the golden channel
High efficiency & low background

Double Tag for the BF of pK™n*

o (pb)

400

200

ete’ > AJA;
4-BESIII 2023
<-BESIII 2018
Belle

---- Threshold

T T T I T T T I T T T

%}i’ eyl

4.
Vs (GeV)

1.5

0.5

A plateau from threshold to 4.66 GeV

(agree with previous measurement)
No evidence for Y(4630)> AL Ag

A local structure near 4.75 GeV

ete’ > ANA;
Combined fit
-+ Monopole decrease
--'Damped oscillation

4-BESII 2023
<>-BESII 2018
----- Threshold

.....
.
.....

e S
‘ '~
~a,
S

.........

-,

.4.9I —

(1 —xR?)/(1 + kR?)
R =|Gg/Gy| x =4m?c*/s

1

|Ge/Gul(s) = T+ w/r

[1+ rie % sin(r;w)]
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Events / 10 MeV/c?

A} decays

N A} - Ae*v, dynamics
Observation A; —nz* 3.70 evidence At - pa°

: + PRL129(2022)231803
120 - aseilanh 310 B +- Data &
100 :_N% = s ALOA T % I (a) B Isr:glr::ive hadronic > Ay -4'5 fb-1 e > E 150 S 200774
- 'E-IO E S W background =5 — total fit = 100} ; 150F
% :_% : t N : -= AR, background E === Ac—> An'v, S.é 50 "L ‘:% l(5)((; .
- : S5k | - aur N Ta : 0.5 1 05 0 05
:_ 0 09 1 1.1 12 13 ; i \ # l g -== other bkgs q: (GeVZ/L“) COSQP
r ) M. (G‘eV/cz).- ) E \ é
- ) | o 100} g
C > ——t = N 150F a 150k
Wb | BN saasa R TEE s iy = e B T
B \—/ = 0 =] 3 a
- g WL 2.2 2.25 23 235 24 50 2 sof
. My (GeV/ie) BT B W Ol 2 T E I
M, (GeV/c?) 3 (GeV) cosf, % (radians)
PRL128(2022)142001 arXiv: 2311.06883 '
B(Af = Aetv,) = (3.56 £ 0.11, £ 0.07,)%
Branching fraction
Af > nnt 50+9 (6.6 £ 1.250 + 0.4y )x107* s = DATA: A A€,
e e LQCD: Aj— Ae'y,
At - AT 376 £ 22 (1.31 £ 0.084pa¢ + 0.054y5,)x 1072 1
5 0.15
A > 30m% 343422 (122 4 0.08ar £ 0.075y) X 1072 4
o 0.1
BF(Af - pn®) = (1.561372+0.20)x10- sl
B[A! — nr*] .
= 4,222 %02 04 06 08 1 12 31
¥ -19 : . : ) :
B[Af — pn®] 4 (GeVic)




A} decays

Al — BE°KT N=378+21 arXiv: 2309.02774

LS
<
T

Physical Boundary

—— Data@4.60GeV
— Fit

| BKG

B Mis-reconstructed

X

04 (BESIII) & BF(PDG)
Korner(1992), CCQM
Xu(1992), Pole
Zencaykowski(l994), Pole
Ivanov(1998), CCQM

W
S

4> ne

mo o v :ia ¥ ‘::1‘5

Sharma(1999), CA
Geng(2019), SU(3)
Zou(2020), CA
Zhong(2022), SUB3)"
Zhong(2022), SU3)’
[ T |

2 4 6 8
Branching Fraction(x10'3)

Events/(2.0MeV/c?)
s S

|
=
N
L

|
d—n

Events /0.1

2.26 T T R X
M, (GeV/c?)

Events/ 0.4

pure W-exchange diagram

A /1—a? sinA—
=0 g+ =0+ 40

=0+

0, — 05 = arctan

N\
o
y Y
VAVA
r%!
VA
(1
o

A+ d 20 +'7 4

T OO T i i s s S
-1 -0.5 0 0.5 1

! * ozgxs= 0.01 + 0.16(stat.) + 0.03(syst.) Polar angle Azimuth angle

MU e C:s} + Phase shift: (5p — &s) = [~1.55 + 0.25(stat.) + 0.05(syst.)]
] rad or [1.59 + 0.25(stat.) + 0.05(syst.)] rad.
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New Physics Search



TTT T T T T T 1171
“Bksil”

KLOE 2013

KLOE 2015

Improve by ~ (2 — 3)

BESIII

10?2 107 R
m,. [GeV/c]

10 PLB 774 (2017) 252-257

1073

10~

107°

NA64

BESIII

BaBar

(14.9/fo> 4 GeV)

Y

e+

-
o
w

1072 107"

1
m, (GeV)  p| B839(202

0
3)137785 b

* Visible dark photon ( 2.93/fb
@ 3.773 GeV)
e 17/fbis coming

* Invisible dark photon

e 17/tb @ 3.773 GeV coming

>

ALP search at BESIII [PLB
838 (2023) 137698]

il
10_2_ E
‘T> ]
Q A3
0107 E
"’}_ c 23
S BABAR =
o C <
BESIII ]
107 = Beam dump \72
Ll Ll Ll 1....1:
1073 1072 10~ 1 10

m, (GeV/c2)

o 2.7By(2S)>nnl)/y with J/y 2>vya
* With J/y decay directly (10 B)

| BUW o ye) . m2 . 3270em
T BUN ety oy, g,
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BNV & LFV & Z’

PRL 131, 121801 (2023) 1.3B

s T -A t arXiv:2311.01076
RN J/w — pK~A 9B) J/¢Y — pTp~ Xo
Sosf ks
g “vanilla” L, — L, model “invisible” L, — L, model “scalar” U(1) model
OF 1g 1 1
104; E E :
108 ! ok BESIII I BESIII
102k i/ :
10; . F1o'17 . l ] ‘_W? .
E . . . | O [ —— ot v'ﬂ""” o o e
109 11 111 142 143 114 BT e
Mo (GeV) Eo T oe : ’ — Bellel ol
T L] g —— — — Belle 104 —_— e
P(A) = [B(J/y > pK A +c.c)/B(J/y > pK"A+cc.)] <44 x107° " oo e NAgs : @), 20
P(A ) = Sin2(5mA]\t)e_t/TA e T T e T T T
M(X) (MeVic?) M(X) (MeVic?) M(X) (MeV/c?)
omyz < 3.8 x 10718 GeV
* Extra U(1) group — X0 & X1 only couple to muon
SCPMA 66, 221011 (2023) & tau
PRD 103, 112007 (2021)
B(J/P - eu) < 4.5x107° @ 90%C. L. * Muon from J/y decay is 22 times larger than
B(J /P - et) < 7.5x1078 @ 90%C. L. QED production

* Invisible model — gp is large, invisible decay
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BEPCII-U upgrade

BEPCII-U vs. BEPCII """ 0@ P gegy white paper

ol , 5 Chinese Physics C Vol. 44, No. 4 (2020) 040001
\
~ BES m I,'/ \\\ E Energy Physics motivations Current data Expected final data
;‘” 8 10% I ,'/ o ©® \‘Q : 1.8-2.0GeV R values Nucleon cross-sections N/A 0.1fb" (fine scan)
E _ ’," Y ° ‘\\‘ : 20-3.1GeV R values Cross-sections Fine scan (20 energy points) ~ Complete scan (additional points)
%’ 6x10% 1 ,,/' o Q\" | ‘_ 110 peik Light hadron & Glueball JJ decays 321" (10 billion) 321" (10 billion)
é : ,/ (Y . r.‘ “\, i : Y(3686) peak  Light hadron & Glueball Charmonium decays 0.67 b (043 billon) 451" (3.0 billion)
5 4x10%T /" \V‘ 1m0 peak D"/D* decays 298" 200"
s : /// ?’ -® : \‘.0 : 3.8-46GeV R values ¥y7/Open charm Fine scan (105 energy points) No requirement
2% 10% I //6’/ o, . o & : ] 4180 GeV Dy decay Xy7z/Open charm 3% 6t
| ,o'."lb o ¢ | | : | 40-46Gey  XYZ/Open charm Higher charmonia cross-sections 16,0 " at different 5 30 ' at different 5
1.0 L5 2.0 2.5 46-49 GeV Charmed baryon/XYZ cross-sections 056fb" at4.6 GeV 154" at different 5
Beam energy (GeV) 474 GeV 7 A cross-section N/A Lo
» Luminosity increased by a factor of 3 @ 2.35 GeV 6 5,5, crosssecton NIA L0t
4,95 GeV =, decays N/A L0fh"

» Beam energy up to 2.8 GeV

» Start running in 2025... 36



Summary

» BESIII is still an active and productive experiment after 15 years running.
» New Charmonium(-like)/light hadron discoveries year-by-year.

» Precise measurement of Ds properties; 20/fb y(3770) data will greatly
Improve D measurement precision.

» Study of A, decays make a big contribution (dominant PDG list).
» New Physics search is also popular.

» BEPCII-U upgrade will be done in 2024 & Machine commissioning in Jan.
2025
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BESIII — A Hyperon/light meson factory

Events (Million)
=

10 f

J/ v samples

6..

10000

Mark III DM2

BES

BESII BESIII

> Br(Jly>y’) ~ 55103, 1’ yield ~50 Million

> Br(Jly=>yn) ~ 1*10-3, n yield ~10 Million

> Br(Jlw>AA) ~ 1.9¥10-3; A yield ~20 Million

> Br(Jly=>I5-/2050) ~ 1.2*10-3; A yield ~12 Million

> Br(Jhy>E-E+/2020) ~ 1*10-3; A yield ~10 Million

Polarization / NP Search (CP violation, EDM) / Decay dynamics
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