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-R value
-Fragmentation functions

-Nucleon/Hadron form factors

-Y(2175) resonance
- EM/strong interference

-LH spectroscopy

-Gluonic and exotic
-Hyperon decays

-Rare and forbidden decays
-Physics with 1 lepton

-XYZ particles
-Physics with D mesons
-f5 and f,

-Dy-Dy mixing

-Charm baryons




Beulng Electron Positron Collider I

‘ ‘\%‘. = - : &’.,; : (s // > \,' — - 1x10 Upgrade VS BEPC”/,"\\

ped

ak luminosity (cm”

PA ¢ BEPCII upgrade aims at:
R Increase luminosity by a factor of 3

JE_=184-4.95GeV

: A Energy spread: AE =~ 5 x 1074

'\‘peak luminosity: ~1.1x 1033 cm=2s1 & Increase beam energy to 2.8GeV

2020 Jun. 2021 Apr. 2022 Jul. 2024
White Paper of BESIII Feasibility Study Report Design Finished Shutdown for Installation

BEPCII keep running

Internal Review of Accelerator Project Approved Fabiication Finichad Commissioning

May. 2020 Jul. 2021 Jun. 2024 Jan. 2025



Beljing Spectrometer (BESIII)

Electromag. Calorimeter
CsI(TI): L=28 cm

Barrel 0,=2.5%

Endcap 0;=5.0%

Muon Counter (RPC)
Barrel: 9 layers
Endcap: 8 layers
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Main Drift Chamber
Small cell, 43 layer
Oxy=130 um
dE/dx~6%
o,/p=0.5% at 1 GeV

Time Of Flight
Plastic scintillator
or(barrel): 80 ps

or(endcap): 110 ps (upgrade
to 65 ps with MRPC)

Ageing problems of inner MDC
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A Wishlist of BESIII since 2019

Table 7.1: List of data samples collected by BESIII/BEPCII up to 2019, and the propose«
samples for the remainder of the physics program. The most right column shows th
number of required data taking days in current (7¢) or upgraded (Ty;) machine. Th
machine upgrades include top-up implementation and beam current increase.

BESIII White Paper

See G.S.Huang’s talk

Energy Physics motivations Current data Expected final data Te | Ty
1.8-2.0 GeV R values N/A 0.1 b~ 60/50 days
Nucleon cross-sections (fine scan)
2.0 - 3.1 GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J/v peak | Light hadron & Glueball 3.2 fh~! 3.2 fh™ N/A
J/v decays (10 billion) (10 billion)
1)(3686) peak | Light hadron & Glueball 0.67 fb~t 4.5 fh=t 150/90 days
Charmonium decays (0.45 billion) (3.0 billion)
¥ (3770) peak D%/D* decays 2.9 fb—! 20.0 b=t 610/360 days
3.8 - 4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay 3.2 b1 6 fb~+ 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 fb* 30 fh! 770/310 days
cross-sections at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY 7 0.56 fb=+ 15 fh=1 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV EFA, cross-section N/A 1.0 fb~! 100/40 days
4.91 GeV Y. X, cross-section N/A 1.0 fb~! 120/50 days
4.95 GeV =, decays N/A 1.0 fb=1 130/50 days




BESIII Data Samples

1072 . ‘ . . .
&
« >40 pb-! data collected
10 7
« Large Charmonium(-like) events P A .
« 1x 10 j/ events 1
9 11 1.84~1.97 GeV: 13 points ~25 pb~!
© 27x10 1’0 events 10" 2.23~3.67 GeV: 14 points ~110 pb~1
. 20f1at3773Gev (DD pain) | IEE———rr
I 1 ‘ I ‘ 1 ] ‘
* Unique scan data: ;o - i ‘ |
« Baryon pair threshold /% ¥ (25) .| 423+4261.0
6 || Jmp108 | | p@Es:27x10° | | _ = b~
(4040): 05 ™! |
* 7 lepton threshold : v e
i - W(3770): 20 fb-1 [Parro 0.5 fb~! R =
 Chicl threshold R | ||¢ Sl
q |
* A, pair threshold : 4@ o Je0hes
3 | | | Wi . _
* R scan o, J 4 L | + I | J ' R scan data above open-charm threshold
e XYZ scan S ittt il 3.80~4.59 GeV: 118 points, ~950 pb~?

3 3.5 4 4.5 5

Threshold/pair production, quantum entanglement, clean env. etc.



BESIII Physics Highlights

* Inclusive production and fragmentation functions
* Probe EM structure of baryons
« Hyperon physics from J /Y and ¥ (3686) decays

« EM and strong interference between vector meson

i . Submitted: 690, Published: 653
¢ I—Ight had ron & SearCheS Of eXOtICS PRL&Nature (physics, communication): 127 published
- 0
e Charmonium and XY Z spectroscopy 100
90
 Charm physics: D%% D} A} .
. 0
o
30
Overview of BES Il @ #i+ /L h s RERZFE K 25 o Il II 1 IIII I II
http://cicpi.ustc.edu.cn/indico/contributionDisplay.py?contribld=275&se o i 1 T -
ssionld=8&confld=3658 R O R NI L RPN RS R

[ Submitted [l Published
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http://cicpi.ustc.edu.cn/indico/contributionDisplay.py?contribId=275&sessionId=8&confId=3658

7]

(o}

Fragmentation Functions (FFs)

SR +,— =
r fm ete: J*an(e e —>QQ)®FF
0.5 —1/2000 1/200 1/20 1/2 * No PDFs necessary
' i ' ' ' conﬁn'ement * (Calculations know at NNLO
- / » Flavor structure not directly accessible
0.4 :
o o0
| O . S >--‘~»° 7
——§ 39;@:?_% . _ I T 2
sk % b FOA SIDIS: o= %, PDF ®a(eq — e'q)QFF :
L 7 has 0 * Depend on unpolarized PDFs %
02 - * Flavor structure directly accessible 2
. e, * FFs and PDFs ]
o poadi
0.1 |- ; i '
- < frocdom pp: 0= X PDFQPDF®0(q1q1 — q195)®FF
‘[’) o 0101 0'.1 11 * Depend on unpolarized PDFs
- . 1/Q GeV-' * Leading access to gluon FF oS tackor T %ea, 7 oy ]
* Parton momenta not directly known O [ oot SRR Lol
0 010203040506070809 1
Z = En/(Vs/2)

Fragmentation functions (FFs) encode the long-distance dynamics of quark/gluons hadronization
in a hard-scattering process, where e* e~ collider provide the cleanest input for FFs fitting

To accurately extract Parton Distribution Functions, precise FFs are required
There lacks FFs data at low energy region from e*e™ collider




Unpolarized FFs at BESIII

.. ) i A2
« Semi-inclusive hadron production: Epah";i;“(s p) = Z[ X Diyr(z 1) x Ekd“%“‘(s k. )+0[ QCD]
d k

1 do(ete” > h + X)
O (ete™ — hadrons) d Py,

v * Experimental observable >, ¢2Dy/(=) at leading order

. Dﬁ,‘(z): FFs of a quark into a hadron, with hadron carries z = 2E}, /+/s of parton’s momentum

K;+X n+X

/S = 3.0500 GeV 03k s=2omacev | /5 = 3.0500 Gev 041 15 =2.0000 GeV [~ \5=2.6444 GeV [ 15=3.5000 GeV

E ’ R Lo NNLO L L - +

A\ Beewwe  PAN b TN [ - [ 0%

o2 Lt - [ * L +

: +, + PRLE VAR S R L ¢ ++

: 0.1+ +++ “~ < N t +-¢' [ i, - * .,.. .,.

E Rt =P PO 9 54 | | 8 p e, - v | --..,;.."_0-0- 4 . e n_‘

; S ' — 04 {5=2.2000 GeV [ {5=2.9000 GeV [~ {5=3.6710 GeV
8f Vs = 3.4000 GeV % 03k VS =2.4000 Gev | g + L

F . S| = L
6, O) o |Q~ '+‘ sy i ++

0.2 ++ S ) S L - > - %
4F o on o * *

N4 N4 < B ’

C 0 | —+ —| = - b 4 + wing *
2F < |I© 0.1 ~+ o -+ o P TLECEPN - / ", %0,

: = ~+ foremnnnn,,,, - ld L e ML P,

H’ & L | = R - 03 oo
ab 04 {5=2.3960 GeV [~ {5=3.0500 GeV - :
- Vs = 2.8000 GeV F r
o 0.3 4+ s e i .’.++ [ ..-.-. - BESTI data
a Ei/ 0.2F + 02 « 3 . '.'_. #w = AESSS prediction
- F *
2r 0.1F /~+ N [ e, -0-_.__._ I i . '.'_. BESI fit
I 2 T e T T e o 2~ [ ¥ AN T T st AT
1.0 ] 0.5 ) . te L S 0.5 1.0 0.5 1.0
0.5 1.0 0.5
P, (GeV/c) P, (GeVic) p. (GeVie)
S

To well describe data, NNLO accuracy, hadron mass correction, higher twist contributions etc. are
needed




Unpolarized FFs at BESIII

« @/~ + X consistent with m° + X

- K*/~ + X systematically higher than K + X by a factor of ~ 1.4.

« Global data fit at NNLO under Nonperturbative Physics Collaboration

* Results support the validity of isospin symmetry in parton fragmentation processes.
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Electromagnetic Form Factors of Baryons

« EMFFs are fundamental properties of the baryon
» Connected to charge, magnetization distribution

» Crucial testing ground for models of the nucleon internal structure

Space-like
e B — e B

[

Low-g=2
B, — Boete

-Qz2=g2 <=0

100~

50

L e L
[ NON-Zero Cross section

— neutral

— charged - 47.[“2 Cﬁ

08

Unphysical region

r,(p’,p) =v.,Fi1(q*) + e

Sachs FFs: Gg(q?) = F1(q?) + tx,F2(q?)
Gu(q*) = F1(q*) + k,F2(q%)

io,,q"
wd g ( qZ)
P

ppr — ete °

9% =0 g? = (mg;—Mmgz)? g? = (mMg;+mMgz)?

By — Bay

Features in time-like region:

1
Gul* + 2_‘[‘ Ge|?]

b sin20 Im[GgGy]/VT
y — 2cin2
|G| :m 0 + |Gy 1% (1 + cos?6)




EMFFs of A and nucleon

« Astepinete” - A A, followed by a plateau. Threshold effects observed in various baryons
« Similar oscillation in A7 |G¢/G,,| distribution as proton observed

. - . - . . |
« Non-zero Gg of neutron indicates inner charge distribution ' Updated from j
—_ |
| = - - pp BESIII |
| E B - pp BABAR
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i <-BESII 2018 ---Monopole decrease a0 ° <-BESIII 2018 | . ‘% ‘% ‘% +1 e 5050 pESIII I
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= L i : — DR Mainz Model [40] ] I 1.5F T 4
o m 0.4 N - Production threshold 7] | *—‘7 +T . i
jpz (D i | 1_0E.--.._ - _._______._+._ TT++<%} 71T|T__ |
- | C .
~ : 05F } 4
I~ o o e = i | Bl ]
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EMFF phase of hyperons

« The processete™ - X (= pr®) X (- pr?) is P, =— sin 20 Im|[Gg Gy ]/
) .. L Y |Gg|?sin26 /1 + |Gy 12 (1 + cos?0)
formalized by joint angular distribution:
- () ’ - (b) 5 2.3960 GeV
w(§,49,ay,a_,a,) = 1+ aycos*d, 1 | 4 , i | 2.6454 GeV
C - . W L & — ¢ 29000 GeV
-y [sin®Gs (1, Mg x = iy g, y) + (c05%61 + ary )y g lf“oz—%; :L:— 1 Hr_ T 'fo;—f_r 1 :J:'—~—I_] A-——L—
+a_ay fl = ay? cos(4®) sinfyc0s8, (ny .Mz 7 + Ny 7M7) 1' 1'
- 05 0 05 1 05 0 05 i
+ /1 = ay? sin(4®) sinb,cosf, (a_nyy + @,y ) cosd cos9
; (a) \[ (b)
B L 100 }
* |Ge/Gy| and Ad line-shape is compared with YY = | + s [ t
. . =, [ \ o~ | _
model (PRD 103, 014028 (2021)), different tendency in o R ®  BESIl soluton |
| o i } O BESII solution II
AD } -100(~ | L BESIII 2021
I } . - }Jr I Y potential model
. . . . . . ] Y
« The still increasing relative phase indicates the 2.4 26 28 3 24 26 28 3

asymptotic threshold has not yet been reached

More details on baryon EMFFs see J. F. Hu’s talk




Hyperon Physics at BESII |

10 billion J /¥ events collected

 Large BRsin J/y decays =» tens millions hyperons pairs
Transversely polarization due to non-zero phase of two helicity amplitudes

Anisotropic baryon decay distribution

parity: Ay, =A, parity: Ay, o, =A, 4, y f(l)\i; 7 — 1\;0 (1+ apPy cos 0)
BB mode B(x 1073) ay AP P}/ cos 6™ slope =, P,
/1 — AR 189+ 009 0475+ 0003 075240008  25%/0.64 .
J - 55" 1.07 £0.04  —0508+0.007 —0.27 + 0.02 16% / 0.82 o
J /1 — 5050 1174003  —045+002  0.09 + 0.02 5% / 0.80
J /i — EOEO 1.17 + 0.04 0.66 + 0.06 1.16 + 0.02 27% 1 0.61
J/p—E"Et 097 +0.08 0.59 + 0.02 1.21 + 0.05 30% / 0.62 cosd




Hyperon Physics: non-leptonic decays

e Observables:

22

e‘G
I = nF (IS1% + |P|?)

2Re (S*P) ; 2Im (S*P) 1S|2 = | P
Ay = ————, = , =
Vs e YT spe e Y T st P

By = ll—alz,sin([)y VY=,/1_“12/COS¢Y

« Ajointangular analysisof J/y - Y~ Y?

3 3 - 7
) — E ,E A A ]
W(&: w) = Z C,u,v Z a#.u/ QUUIGM/OU',U/O % & _
ks v=0 u/ v’ =0 A A
: : : —Tt . 1t 1t _ L
Spin density matrix (J/Y - Y Y™ ): ForE —5 + 0~ decay: ForE -- + 1~ decay:
1 +ay cos’ 0 Bysinfeosd 0 1 0 0 @ : 00
0 sinZ 6 0 v, sinfcos acosgsing ycos¢cosd—fsing —Bcosgcosd —ysing cosdsinf b, = acosgsind 0 0 —cosgsing
- = Ay = w =
G =2X —B sinflcos 0 awsinzﬂ 0 H asingsinf fcosd+ycosfsing ycosd—pcosfsing singsinf asinfsing 0 0 —sinfsing

0 ~y4 $inf cos f 0 ~(ay +cos” 6) acosf ysinf Bsiné cos acosd 0 0  —cosh




Hyperon Physics: non-leptonic decays

x107° . . , | ; ; . .
1 _ 110 =070
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Hyperon Physics: non-leptonic decays

Ir e e — Deacay Bx10° «,
: — i — e L py | 1.046) —0.76(8)
~ 03F + o P = py ] 0.996(28) —0.652(56)
< P A M A—ny | 0.832(66) —0.16(11)
SO0 3 eeow =0 5 x0 | 333(10) —0.69(6)
Fosk s QFTEFoD =0 5 Ay | 1.17(7)  —0.70(7)
! £ A | E° = Ay | 1.347(85) —0.741(65)
— = =X v]013(2) -
BF ("= Ay) (x107%)

*A recent review on radiative weak decay: CPL 42, 032401 (2025)
g ﬂi
| ! . ) . |
% I?N 0.2 -_ .................................................................... _- ) POIarlzatlon Of hyperon dlsentangled :
| S 1+ Most precise decay parameters obtained - |
: O - A _a+w B+ !
CF b ... 1+ MoreCPV observable constructed Aoz P75
BT I PP S B A A, = —0.0025 4+ 0.0046 + 0.0011 (10billion J /) |
B - SRGL | ] |
{ gl'i o . : Pane | = Ay = —0.004 4+ 0.037 £ 0.010 (1.3 billion J /) :
BV . S - Az = 0.006 + 0.013 + 0.006 (1.3 billion J /1) {
| : = A i —_—

i Adz = —0.005 + 0.014 + 0.003 (1.3 billion J /) i
: -1.0 0.5 0.0 0.5 1.0 P .9 . N . oL |
j Decay Asymmetry Parameter A~ =(=1.1£21)° €{-45%+2.1°} (90% C.L.) |



Hyperon Physics: Semi-leptonic decay and rare decay

+ +
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Hyperon-nucleon Interaction

+
© 15- En->Ep % 1000 - Atp-2t +X
S i n i = 19'312'4statil'8syst) mb
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More details on hyperon physics see Tao Luo’s talk



Strong and EM Interference in Vector Meson Decay

- With the unique scan data in the vicinity of charmonium, the > ” St:mngﬂs"’ <
relative phase between different interactions can be obtained.
— SU(3) predicts phase between Az, and Agy is @34 gy ~90° i
— Phase between Agy and Acont: @y cone. = 0 fromete™ = J/ip - utpu~ >WM©WW<
— Phase between A3g and AEM iS ¢3g,EM"’9OO from ete™ _)]/w N (c) Non-resonant Continuum — A
2(rtn)m® >JWW\<

— More channelson170~,0°07,1~1~, 170~ , BB need to be checked
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Strong and EM Interference in Vector Meson Decay
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10° = x*/ndf=5.66/6

i
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— Total fit
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-3 Data
— Total fit
---- Y(3686) peak
---- Continuum

(b)

w(3686) = ppn

L I
4 4
X0 Ie . = (O -
-4 —4
3.67 3.68 3.69 3.7 371 3.67 3.68 3.69 3.7 3.71
s (GeV) Is (GeV)

y(3686) — ppr’ BT, (0.1 eV) ¢ (°) AE (MeV) B, (x107°)
Constructive solution 3.124+0.26 65.0+6.7 1.27 £0.09 1339+ 112423
Destructive solution 4.28 +£0.32 —68.9 +5.7 1.27 £ 0.09 183.7+13.7+3.2
w(3686) — ppn BT, (0.1 eV) ¢ () AE (MeV) B (x107%)
Constructive solution 1.44 £0.15 58.9 £ 14.1 1.39 £0.14 61.5+65+1.1
Destructive solution 1.98 +0.16 —63.8 = 12.1 1.39 £0.14 844+69+14

The deviations from PDG results are attributed mainly to the

absence of interference effects in the previous measurements.
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First observation of the charmless
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Hadron Spectroscopy
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Glueballs and Hybrids

e Boimesitty oo w e « Experimental evidence for three isovector states
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Glueballs and Hybrids at BESI|I |

A glueball-like X(2370) Exotic states:
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New Light Hadrons

— X(2000)r°
o ag(930) total ]
o ag(980) EM — ¢ ag(gao) mixing

Events / (20 MeV/c?)

¢K3686)—>¢nn

Events / 20 MeV/c?

50

40

30

20

10

—+— Data

T
=4

— - X(2300)—¢n
— - d(2170)—0m
— ®(2170)—d1’

— X(2300)—0¢1’
h,(1900)—¢n’

wn
no

M,, (GeV/c?)

300 F — :
% % 800 (c) ~+ BESIIl Data — Total Fit
% % i B nh(1900)m
= 200} = 600 — 6(1680)r°
& S X
~ < 400
ﬂ ﬂ : ‘ — - hon-$ process
c 100} = [
S S 200
L I L [
ol —— — 0
15 2 2.5 3 1 1.5
M,, (GeV/c?) Mzo (GeV/c?)
J/ - y3(mtnT)
- 3000 -:_ﬁ?:a (b)
_ 20000 & 2500 X(1840)+X(1580)
N&’ B cézooﬂ :_§}1880) X(184'0)
3 [ 3o} PP g
= - £ ! =--non-resonant
=) - D 1000f
= 10000
g _-1-X(1880)
& i =
0 .“ |&Im. ':' PRl L | i.*}. N . | I . | B | P
ZY = ¥ SO -
| TN L M MO LN 1
2. Wy g T LI YO
1?6 1:7 1.8 1.9 é

M(6r) (GeV/c?)

e (2109
Q(2012)
—_— Q_

T
.

Data in signal region
Total fit
Simultaneous background fit

. .
9

\

(@)

Q(2019)

.
!\J IIIIIIIII‘II\I‘I\

1.6

1.7
RM§-+M§—-

rhl
1.8

I
L wel Loy |
1.

m - (GeV/c?)

2 21




Events / (3MeV /c?)
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New vectors: Y(4500), Y(4710) and Y(4790) etc.
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Search for Z_, states

 Two fit strategies, where Fitl yields a state similar as reported
at LHCb, Z_(4220)
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Charm Physics

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

» Leptonic and semi-leptonic decays of charmed hadrons (DO/i,D;, AY) provide ideal testbeds to explore
weak and strong interactions

V;d(S) I
(AT (V. V., V., ) d) .P W <
' CIOT v,

S' | =||VeaVedVep S
b \MuVeVe AP r= Gy, Prtmg - miyme,

Y(3773) - DD 3.773 20.3 D°~16.9, D~ ~11.0
ete” - DID;F 4.128-4.226 7.33 D;~0.8

ete™ > D;*D;™ 4.237-4.669 10.64 D;~0.12
ete™ - AfA; 4.6-4.95 6.5 A.~0.15

Low backgrounds and high efficiency; missing technique; Quantum correlations and CP-tagging are unigue




Charm Physics: (Semi-)Leptonic Decay

|V s| & |V 4| better test on CKM matrix unitarity

| | | | | | | | | |
Lumfiter PDG | | o.22486:000067 @ |} CKMFitter PDG 0.97349+0.00016 .
HELAV21 PRD107.052008  0.220840.0040 | HFLAV21 PRD107,052008 0.9701:0.0081 ;
GLEO PRDE0,032005: %", 0.236%0.0066:0.0025 | CLEO PRD80,032005, Ke'v,  0.9648:0.0090+0.078 ——t
D s rety » e BESIII PRD92,112008, K'e'v,  0.977+0.008+0.016 o
€ |BESII PRD92,072012,'e’v,  0.227810.0034+0.0023 & -0/ 0 _
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Dt — T]E+ Uy JESIN PRD97,092009,ne’v,  0.2264+0.0338+0.0318 H——H BESIII PRL122,011804, Ku'v,  0.9572+0.0050+0.0057 s
|BESII PRL124,231801,1u'v,  0.242+0.041:0.034 L BESIII arXiv:2408.09087,KI'v,  0.9623:0.0015:+0.0043 t o =0.47%
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BESII PRD89,051104,u"v,  0.2165+0.0055:0.0020 = BESHI PROIDG092002 1eve  0.913:0.014:0.057 ™
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BESII JHEP01,89,t'v, 0.216+0.012+0.006 bed BESHI PRD108,092002, 'e’v,  0.941:0.044+0.081 el
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Charm Physics: (Semi-)Leptonic Decay

Lepton Flavor Universality tests:

Ecm (GeV)  Mode DY decay B (%) fpi | Ves| (MeV)
4.237-4.699 D:=D:F v, TJVT, T?}I_UT,T;_VT 5.60 £0.16 +£0.20 252.74+3.6+£454+0.6
4.178-4.226 DrD:F T;Fu.r 5.30 £0.25 £ 0.20 245.84+5.8+£4.6+0.5
4.178-4.226 DFD:F U, 5.27+0.10£0.13 245.14+23+3.0+£0.5
4.128-4.226 DrD:F T, 544 +0.17+0.13 249.0+£3.9+£3.0£0.5
4.128-4.226 DED:F T Ur 5.37+£0.17£0.15 24744+39+£35+0.5
Average 5.38 + 0.09 247 7+2.14+0.5
4.237-4.699 D:=D:F vy 0.547 + 0.026 4+ 0.016 246.54+59+3.64+0.5
4.128-4.226 DED:F oy 0.5294 + 0.0108 = 0.0085 242.5+2.54+1.9+0.5
Average 0.539 + 0.009 24464+ 2.04+0.5

Combined results:

. F(D;‘_—}T_l_ﬂ'-,—) - ] ] o
Rp, = T(DF —ptv.) 9.98 £ (.24 Consistent with SM prediction: 9.75




Charm Physics: (Semi-)Leptonic Decay

Decay constant f,+ and transition form factors f,(0):

T T | T T T T | T T T T T | T T T | T | T | T T T | T T T T T | T T | T T T T | T
L‘LAGZI(2+1+1)EPJC82(2022J869 212.1£0.7 . LCSR  IJMPA21(2006)6125 0.661:0.067
FMILC(2+1+1) PRD98(2018)074512 212.7+0.6 . LFQM JPG39(2012)025005 0.79£0.01 - RQM  PRDI101(2020)013004 0.538+0.027 -
M JPG39(2012)025005 0.762

FMILC(2+1+1) PRD90(2014)074509 212.640.4 . Q @012 ’

CCQM FP14(2019)64401 0.78£0.12 —_—
ETM(2+1+1) PRD91(2015)054507 207.4+3.8 ol RQM  PRD101(2020)013004 0.716 . LCSR JHEPISIIE0TIS8  0.20240.113
ETM(2+1+1) LATTICE2013(2014)314  202.0+8 ——i LQCD PRD96(2017)054514 0.765:0.031 —

LQCD PRD104(2021)034505 0.73800.0044 3 LCSR PRD88(2013)034023  0.458+0.105 -
FMILC(2+1+1) LATTICE2013(2014)405  212.340.3£1.0 .

LQCD PRDI107(2023)014510 0.7441+0.0040 .
FMILC(2+1+1) LAT2012(2012)159 209.213.0£3.6  weH LQCD PRD107(2023)094516 0.7452+0.0031 . CCQM PRD98(2018)114031  0.76+0.11 _—
HFLAV21 PRD107(2023)052008 205.1+4.4 e Belle  PRLY97(2006)061804,D—>Ke'v,  0.695+0.007+0.022 ——

BaBar PRD76(2007)052005,D'—=Ke'v, 0.727+0.007+0.009 - —
CLEOuv  PRD78(2008)052003 207.2+8.742.5 et _ CCQM Front Phys. (14)64401 0.36+0.05

CLEO PRD80(2009)032005,D—Ke*v,  0.739+0.007+0.005 -
BESIIIuv 2.9fb' PRD89(2014)051104 204.2+5.3+1.7 BESIII PRDY2(2015)112008,D'—~K]e*v, 0.748+0.007+0.012 -

i LCHO EPJC84(2024)15 0.294+0.021 o
* v + + —-

BESIII,W Z.be'l,PRLl23(2019)211802 224.74+22.5+11.3H————H BESIII PRDQG(ZUIT}UIZUUZ*D —Ke Ve 0.7246+0.0041t00115~ | | ¥

BESIII PRL122(2019)011804,D">K'1'v, 0.7327+0.00380.0030 <
BESIII, 9fb?! +11+ . iv: =

v 7.9fb" PRL123(2019)211802 2041145  #—e—t BESII PRD2(2015)072012.0' >K'e'v, 0.7368:0.0026:0.0036 + BESIII arXiv:2410.08603 0.263+0.025+0.006 = 5=9.82%
BESIILuv 20.3fbarXiv:2010.07626 211.5+2.3+t1.4 ® 5=1.29§ BESIII 8 fb,arXiv:2408.09087, D—KI'v, 0.7366+0.0011+0.0013 ¢ 5=0.23
| | | | | | | | | | | | I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
f . (MeV | K | | | e |
%
o (MeV) -4(0) . "(0)

The most precise result f2~X(0) is consistent with LQCD calculation with 2.5¢



Charm Physics: Hadronic Decay

Amplitude analysis: Observation of D* — a,(980)"K? D° - a,(980)m, D° — K*(892)K?,
D - f,(980)p*, A, - ay(980)4 etc.
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Charm Physics: Hadronic Decay

ete™ > DD + m(n®) + n(y)
C(Dol_)o) — (_1)n+1
o

e (Quantum coherent effects:
o I'(SIT) x ASAF[(rp)*+(15)*-2RsRr7p 1 cos (8 — 6p)]
e Tags in analysis:

e Flavour tags, CP eigenstates, self-conjugated tags

« Strong phase differences of neutral D decays — contribution on the y measurement

CP-even fraction in D° » ¥t~ 1°

- '_7 R u.:_
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Charm Physics: Hadronic Decay

AF - EOK™

I Physical Boundary
1— : 2 e
¥ — I
T ¥ o (BESHI) & BF(PDG)
[ e Korner(1992), CCQM
0.5-= Xu(1992), Pole
L I Zencaykowski(l‘)%), Pole
. - v Ivanov(1998), CCQM
i |- T T el
T =
— " P o A ¥ lo
i Sharma(1999), CA
0 5’_ Geng(2019), SU(3)
eI Zou(2020), CA
- Zhong(2022), SU(3)"
- Zhong(2022), SUG3)"
1L [ W Nt TR (S S
b 2 4 6 8
Branching Fraction(xlO's)
A, > n+ X
R P — P— R -
g 4 Data ]
500 & A, - NX =
Z : = A!A, background 1
= 400 - &9 g4 background
o C _ ]
= - - A, — nX (Alt. E
= 300F e D TXAIL) 3
2] C ]
S 200F B
= C .
100 - e
0 PRI . RIS ]
0 0.5 1 1.5 2

zox+ = 0.01+ 0.16 + 0.03
Agog+ = 3.84 + 0.90 + 0.17 rad
Bzog+ = —0.64 + 0.69 + 0.13
Yzog+ = —0.77 + 0.58 + 0.11

B(A; > m+X)=(33.5%+1.4)%

About 20% of At decays with a
neutron are still unobserved
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» Deep learning is developed to
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« BESIII has a rich and fruitful program in hadron spectroscopy and hadron
structure, hyperon physics and charm physics etc..

 The installation of BEPCII upgrade and BESIII inner tracker were finished.

« With luminosity tripled and beam energy ~ BEPCII-U Operation tentative plan
increased to 2.8 GeV’ BESI II iS expected Jul. 2024 — Dec. 2024 Summfr%hu-tdown forlnsta.llatlon
. ] ] Jan. 2025 — Jul. 2025 Commissioning & Data taking @1.843GeV y (3686)
to provide more results in the upcoming Aug. 2025 — Sep. 2025 Summer shutdown

O pe rati O n S ] Oct. 2025 — Jul. 2026 Data taking around beam energy 2.35GeV (project test)

Aug. 2026 — Sep. 2026 Summer shutdown & LINAC final upgrade

Oct. 2026 — Sep. 2028 Data taking within beam energy 2.1-2.5GeV

Sep. 2028 — Jul. 2030 Data taking within beam energy 2.5-2.8GeV




Thanks!
!
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