Recent Highlights in Charm Physics at BESIII
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BEPCII @ IHEP BESII

Beijing Electron Positron Collider 11

o e s | Eoy = 1.84 — 4.95 GeV
S5 L TS | 2009-2024, BESIII Physics run
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Design Luminosity:
Lp =1x%x1033cm™2s '@E.,= 3.773 GeV
Peak luminosity:

2016 achieved 1.0 X Lp,

2023 achieved 1.1 X L,

“ g | Jul. 1, 2024 — Aug. 31, 2028:
» BEPCII upgrade - BEPCII-U

January 2025, restart

% Luminosity X 3 @QE.,= 4.7 GeV
Lp =1x%x1033cm 25 1@E = 3.773-4.7 GeV
&% Beam energy up to 2.8 GeV (2028)




BESIII @ BEPCII BCSII

RPC: 9 Electro Magnetic RPC 2 8 Muon COUJ’I'[CI‘S MUC
% Optimized for | 'avers Catorimeter 2.l g, o =14- 1?7 cm )
flavor physics | .. — _
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Electro Magnetic Calorimeter (EMC) Main Drift Chamber (MDC)
AE/E = 2.5% @1.0 GeV AP/P = 0.5% @1.0 GeV
0pz = 0.6cm @ 1.0 GeV oxy = 130 um, 045 ,0x = 6 — 7%

July 1 - December 31, 2024: Replace the inner MDC with
3 layers of cylindrical triple-GEM detectors


http://english.ihep.cas.cn/bes/co/bi/202109/W020220307310135469479.png

Datasets (totally ~50 fb™! from 1.84 — 4.95 GeV)

10B: light hadron, hyperon

2.7B: charmonium

BESI

6.4 fb~1: ~1.0M A} A, pairs produced @4.5995-4.9509 GeV
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2 = S S A SR T_ — + Rscan abgVe open-charm threshold ]
| (——3.85-4.59/GeV 104 pts ~0.8 fb~! ——> o

R scan below open-charm threshold
1.84-1.97 GeV 13 pts ~25 pb~1
2.00-3.08 GeV 21 pts ~550 pb~1
2.23-3.67 GeV 14 pts ~110 pb~1

20.3 fb—1:

Tau mass scan

~73.3M D°D? pairs produced @3.773 GeV
~57.4M D" D~ pairs produced @3.773 GeV

4 / 4.5 ] 5

Y .
/ 3.8-4.96 GeV: ~22.5fb~1, XYZ, DD, A A; ...

7.33 fb~1: ~6.5M D} D; pairs produced @4.128-4.226 GeV

Data taking plan
Mar 2025 - Jul 2025: ¢ (3686); Oct 2025-Jul 2026: 4.7 GeV;
Oct 2026 - Aug 2028: 4.2-5.0 GeV; Sep 2028-Jul 2030 :5.0-5.6 GeV | 4



https://pdg.lbl.gov/2022/web/viewer.html?file=../reviews/rpp2022-rev-cross-section-plots.pdf

Charm physics publication BESII

Published: 202 (PRL&Nature Commun. 39)
(by 2025-06-26) +5 (accepted)

35 In 2025,

30 18 (published)+5(accepted)+14 (submitted)
- Submitted - Published (5 in PRL/Nature Commun.)
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In this talk, a selection of latest results in charm physics from BESIII is presented.




CKM Matrix BESII

% CKM matrix elements are fundamental parameters of the Standard Model (SM):

— - _ _ )2 2
Vi ] Vis'_ Vit }

/ » 3X3 unitary complex matrix

( + O\

4 parameters: 3 mixing angles and 1 phase
Charm decays + LQCD B decays + LQCD o4 parameters: 3 g angies P

Expected precision < 1% at BESIII o Unitarity: 2. VijVii, = djx and Zj Vi Vf} = 0k

% Any deviation of Vqkgp from unitarity indicates new physics
- Measurements of CKM matrix elements [from PDG2024] Precision: (0.6-1.8)%

[Vaual®+|Vas|*+|Vyp|?=0.9984 £0.0009=1(SM) V4| = 0221 i/
= +
\Veal?+|Ves|>+|Vep|? 1.001 £0.007 ) =1(SM) Ves| =0.975 £N0.006
P

V.p| =0.0410 + 0.0012
recision: 0.7%

% D /D¢ (Semi-)leptonic decays provide direct measurements of |V..| and |V,4|


https://pdg.lbl.gov/2024/reviews/contents_sports.html

Charm leptonic decays D(J;) - [Ty, BESII

f+= e, uT Decay constant fD(S)(LQCD)
c
V o
iq _— Decay rate CKM matrix element
D >\
E“(Dg) - eﬂ/gj = - )
aw ot " i

% Charm leptonic decays involve weak and strong interactions
Weak interaction: annihilation of the quark-antiquark pair via W* = [V 45|

Strong interaction: glue exchanges between charm quark and light quark%fD(s)

% Exp. decay rate + |V q(s) |CKMmfitter fD(s) SM expected relative decay widths:
Calibrate LQCD @charm et v, ‘ H+Vu1 TV,
Extrapolate to Beauty D*2.35x107°>: 1 :2.67

+ -5, :
% Exp. decay rate +|f, , of LQCD Ds 2.35x1072: 1 :9.75
—> Test lepton flavor universality (LFU)
— CKM matrix elements |V ;)|

High precision: 0.2% - 0.33%
FLAG, PRD 107, 052008 (2023) 7


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

Veq| from D™ — u*v, and D™ —» t¥vviatt > v, BCSIII
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https://link.springer.com/content/pdf/10.1007/JHEP01%282025%29089.pdf
https://arxiv.org/abs/2410.07626

V5| from DS — pu*v, and DS — 17, BCSII

7.33 b~ 1@ 4.128-4.226 GeV
PRD 108, 112001 (2023)

10.64 fb~1@ 4.237-4.699 GeV, PRD 110, 052002 (2024)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052002

Ves| and fp+ from D5 — u*v, and D5 = t7v;
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112001

Charm semi-leptonic decays D(J;) - (K)ITv, BCESII

Yeq - I+ Form factor (LQCD)
c R Partial decay rate
g L/ CKM matrlx element
D+/O
(s) T q dF
P— all g ”,r]ﬂ P
A P dq 2471'3
+(q7) -,
X 1forK—, m~, () X——forn)

% The weak and strong interactions can be separated:

Weak interaction: CKM matrix elements |V, (s)|

Form factors f*(0) describe strong interaction can be calculated in LQCD

% Exp. partial decay rate > q* dependence of f; ™ q2),
- extract /7 (0) with | Vea(s)|“Miter as input - calibrate QCD

@ Exp. partial decay rate +|LQCD calculation of £ (0)

\ Low precision: >1.5%

- CKM matrix elements |Vcd(s)| FLAG, PRD 107, 052008 (2023)

11


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

V.sl, £5(0) from D° - K~ lTv;and DT —» Ky,

Branching fractions:
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Simultaneous fit to the partial decay rates
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BESI

7.93 tb~1@ 3.773 GeV, PRD 110, 112006 (2024)

V| = 0.9623 £ 00015 + 0.0017y + 0.00401 g

Test LFU : Precision:

(0}
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= 40
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Precision : ~0.23% 12


https://arxiv.org/abs/2408.09087
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|Vcs‘ from DS+ R n(/)l+vl 7.33 fb~1@ 4.128-4.226 GeV BGS]]I
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— Improve the BFs:
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. > Improve the BFs:
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.091802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092003
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- i ‘ - RQM |[9]
L_g; 0.6 2 LCHO [10] B
0.4 @e\? | -
B - Ig A"
- =) )
0.2 N \ - /// 1
I .
0 2 6

L |
4
)

B(D'—n'T'v) (x10°
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.111801

J00)in DF -» ey,

d°T(D — fo(980)etve)

dsdq?

_ G%‘|VCS|2 AS/Q
19274m?3 |
D

% Observation of f;(980)

7.33 b 1@ 4.128-4.226 GeV BGS]]I

PRL132,141901(2024)

(mbe.5,0°) < (@)

P(s)

/

Simple pole parameterization
(0)

J{O( 2) _

- 1—q2/M?

pole

B(DT — fo(980)e T ve, fo(980) — 7+ m—) = (1.72 £ 0.13 + 0.19) x 10~ °

B(DI — fo(500)e v, fo(500) = w4+ 7m—) < 3.3 x 10~* @ 90% C.L.

% Form factor

£0)| V5| = 0.504 £ 0.017,, +0.035

f0(0) = 0.518 £0.018,,, + 0.036

Flatté model
P(S): 5 .glpﬁﬂ >
/ |m0 i l(glpﬂ:.fr + ng)KK)l

B L B I e B B
T‘g i ' —e— Data
% — Total fit
Q
= 40
= B
9’ B
£ 20
)
> n
(S8

06

Syst.

Syst.

dI'/dq? (ns'/GeV?/c?)

0 0.5
¢ (GeVZ/ch)

0 0.5
7 (GeV¥cH)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.141901

Amplitude analysis of D?Y) — K=t g0ty BESII

Dt - K n*nletv, D° - K m*tm~etv, 20.3 fb~1@ 3.773 GeV, arXiv:2503.02196
N = 1270 +56 +Data 200y _ 731435 Tl &% Measurement of BFs
150k — Signal i — Sl(gnal

— Background |150f- — Kn'n'n

 Backeround Bpt k- ntn0etsy, = (1.2740.05+0.04) x 107°

Events / (5 MeV)
=
[—)

wn
=]
TT T T T T [ T T T T [ TT

Events / (0.04)

Events / (9 (MeV/ ¢?))

100} Bpo_sk—ntn—ety. = (0.324£0.0240.02) x 107°
s0f B(K,(1270)—>K*x)
_ S sy = (203 £2.1 £8.7)%
-0.1 -0.05 0 0.05 0.1 0 15-0.1 -0.05 0 0.05 0.1 . .
Upiss (GeV) &% Form factors and fit fractions
ol £ o | Variable Value
b o Pk 74 (<10 2) —11.2£1.0£09
2 uf - ry (x1072) —434+1.0+24
f e W ey S e W.MM f _ (%) 79.3 £2.0 £ 25.7
coseL ' o coseK ' ;12 (GeVl/c“') ' M, 0 (GeV/C') ' f 892 (%) 109 :i: 12 Z|: 30
s ik —+ Da f (% ) 71.8 2.3 + 23.9
% % |:|Backgr‘ound
2 2 S50k -- ;T:?lzgl(t))%KPS-wave f 892 (%) 19'5 :]: 1°9 :IZ 5'2
e, |2 | e |5 Lot M, T K S K o mK1(1270) (MeV/c?)  127T1+£3+£7
b e R e e Ik, (1270) (MeV) 168 + 10 £+ 20

M, (GeVic?) Moo (GeV/c?) My w0 (GeV/e?)
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https://arxiv.org/abs/2503.02196

V4| from AT — ne™v,

&% Observation of a rare beta decay AT —» ne™v,

Nat Commun 16, 681 (2025) BES]]I

4.5 b 1@E,,, = 4.60 — 4.699GeV

with machine learning of Graph Neural Network

Machine learning - discriminate energy deposition patterns of neutrons
A1in

Events / (0.02)

Pull

140 ——

120

100

& N 0
=] (=) (=]

[\,
(=

from those of

)
134‘ i 13 I:I A} — netv,

AY > Aety,
A .

Data

I other A} decays ]

RIS
riyery

l1llrLer 11284 T}llrl{ll 1421
L Sl 4 regTiT *; ‘X 1Ty [

44

bhow o
. —

t

1.2
PP IEY Yy

0

01 02 03 04 05 06 07 08 09
GNN output for n/A classification

1

Events / (0.02)

Pull

b ow o

140 —

120

100

o0
(@]

[o)
(=)

S
(=]

(3]
(=]

the EMC of BESIII detector

T T T T T R o B B T
{ Data b

I N=131+12 B X ->nev.
] [ A - Rev, ]
L - Other A_ decays ]
: ! TR ITITIT:
| L f
bt sdadodead b rar b 4ok B g
:Iflr*l I‘*IQX*AQ TI¥ITe ' I'Y ; TYTYS ;1 ¢ *I*E
£ i .
0 01 02 03 04 05 06 07 08 09 1

GNN output for 7i/A classification

> B(A] —> ne*v,)= (0.357 +0.034,,, 0.014sy5t_>%
Using (A} — ne*v,)=|V.4?(0.405+0.016 + 0.020) ps~!

[PRD97,034511(2018)]

> Vgl =0.208 £0.011,,, +0.007, ocp +0.001,

First determination from charmed baryon decays

023

BN, — netv,)(%)

et
l/e
wt
C > > d
AT {u wh n
C
d d
U LR B T T 1 T
NRQM Phys. Rev. D 40 (1989) 2955 .
RQM Phys. Rev. D 56 (1997) 348 °
HQET Phys. Rev. C 72 (2005) 035201 °
CQM Phys. Rev. D 90 (2014) 114033 .
RQM Eur. Phys. J. C 76 (2016) 628 °
SU®3) Phys. Rev. D 93 (2016) 056008 —e—i
QCDSR  J. Phys. G 44 (2017) 075006 1
SU®3) JHEP 11 (2017) 147 —e—i
LFQM Chin. Phys. C 42 (2018) 093101 °
SU@3) Phys. Lett. B 792 (2019) 214 —e—
MBM Phys. Rev. D. 101 (2020) 094017 °
LFCQM  Phys. Rev. D 103 (2021) 054018 TS 1
SU3) Phys. Lett. B 823 (2021) 136765 ——
HBM Phys. Rev. D 107 (2023) 033008 —e—i
QCDSR  Phys. Rev. D 108 (2023) 074017 ——
LQCD Phys. Rev. D 97 (2018) 034511 —e—i
BESIII exp. —e—i
PRSI SR T T T N SN TN ST T N SN N SRS T N SN H [ TN S ST NN TN TN T T NS S TR TN SN N
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
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https://arxiv.org/abs/2410.13368
https://www.nature.com/articles/s41467-024-55042-y
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.034501

Charmed mesons hadronic decays BCSII

% Measurements of the BFs

— Are important component of heavy-flavor physics program.

— Probe and calibrate non-perturbative QCD

— Understand SU(3) flavor symmetry and its breaking effect

— Test theoretical calculations of BFs and improve theoretical predictions of CP violation

% Amplitude analysis of multi-body decays 1";: psetudo-scalar
. vector
- Information of D —» VP, PP,SP,SV,VV,AP,AV,TP ... |s: scalar
—> Light hadron spectroscopy A: axial-vector
T tensor

Topological Diagrammatic for D /DS decays: H.-Y. Cheng, et a/. PRD 85, 034036

Color-allowed tree T Color-suppressed tree C W-exchange £ W—anmhllatlon A

Calculation 1s not rehable, need exp. input 4



Amplitude analysis of D » n n n™n

B(D} — ntnt

B(DY — nnt) =

— 77t 7 hon—y) =

0

BESI

7.33fb™! @ 4.178 — 4.226GeV , PRL 134, 011904 (2025) 1552 candidates with >75% purity

% Observation of D — £,(980)p(770)*

(Mainly involves W-external-emission diagram)

(2.04 + 0.08stat. £ 0.055yst. )%
(1.560.094tat. +0.040yet. )%

B(¢(1020) — T 7)

= 0.230 £ 0.014sat. £ 0.010sysr, :

Taking from D} - K*K w*

BESIIL, PRD 104, 012016 (2021)

Component

Phase (rad)

BF (1072)

fo(1370)p™

fa(1270)

(p™p")s
(p(1450)* p") s

(p* p(1450)°)

E-.(:;(.(.p.;;)";;.%_.q».ﬂ._. -;T- 5..:F................S..éé.;é.é.é.l. ;E-E]- b.g."..l.zi.;r:.bul.'.?. -j-:-b--dé- [T
!-ELnl -(;;O;T-Jr-)----o -------------------------- 3.%§.£.b. .:fé.:.t. -d -1--2----2--[:-[_- .:E -dnéz .:.E -6--2-6--.

al((pr)s = nrn x)rt

7(1300)°((pm)p — 7t~ a2t

0.0(fixed)

1.11 +£0.10 £ 0.10
1.10 £0.18 £ 0.10
0.43 £0.18 £0.17
4.58 £0.16 £ 0.09
2.90 £0.15£0.18

4.824+0.15+£0.12
2.22 +0.14 £ 0.08

5.08 £0.80 £0.43

1.94 £0.36 £0.12
0.71 £0.25 £0.12
0.944+0.27+£0.16
1.75 £ 0.27 £ 0.08
5.08 £ 0.32 = 0.10

1.29 £0.39£0.24
239 £0.48 £0.45

Deviates from PDG
value (0.31340.010)
- by >4o

W-annihilation decay

BF = (1.92 + 0.30) x 1073

(PDG)

Events / (15 MeV/c?) Events / (15 MeV/c?)

Events / (15 MeV/c?)

100:‘||“|‘|—I|—‘Datlal ‘EH\“““"l‘
80- — Fit T
60" [l Background 1
40F
20;
o |

150——
100F

50¢

0.5 15
M (m*m*) (GeV/cz)
f6(980)

T 17 U X

O 5 15

200-
150
100
50,

Events / (15 MeV/c?)

05 [ 1.5
M) (GeVle?)
19

5 1.5
M(nmin) (GeV/e?)


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.011904

Amplitude analysis of D » n ™ n ™

7.33fb™1 @ 4.178 — 4.226GeV , PRL 134, 201902 (2025)

OT[O

BESI

1888 candidates with >79% purity

: - + + o | |
& First observation of D — wp(770) J N T
c u.} N u . : +
al W J p 200 ﬁ €1
. W+ I ¥ 2
DIy ¢ > > s o5 1 55 1 o5 1
. . | & M_, , (GeV/e? M__,(GeV/c?) M. (GeVie2)
3 N (0] Q T T T'TT
3 d}lﬁ ; L B L [ L L L
e T D O wk +
Pure W-annihilation  Pure W-external emission E ; b 1
N i T
. . ~ B :
& Polarization puzzle 2 e 3 - ST iy
ﬁ 0.4 0.6 0.8 1 1.2 0.5 1 15 0.5 1 1.5
2 M_,_(GeV/e? M__, (GeV/e?) M, (GeVic)
Amplitude BF (%) Amplitude BF (%) (88 — —
+ / v”l)! 450Vt = ort K () +0.03 __
Dy — p(1450) : p(1450) : 0.39 £ 0.04 _2(:[ DH[S] — wp* 030 £ 0.07 1002 aof | Data
DF[S] = a;(1260)%%. a;(1260)°[S] — p*z= 023 +0.02 2000 | ° . | oo i .
DF[P] = ay(1260)%%, a;(1260)°[S] — p*z= 050 + 0.04 +0.02 D [P] — ap 025+ 0.04 Zg, D>S>Pr Fitresut
Df = a,(1260)°p* . a,(1260)° = p* 7~ 050 +0.04 2002 | DY [D] = wp™ 0524 0.07 9% -, e ‘ T — Background
Dy [S] = a;(1260)%%. a,(1260)°[S] — p=z+  0.16 £ 0.02 7)Y Dy — wp™ 0.99 + 0.08 :8_‘83 JMMW% (déV/cz) M_. o0 (GeV/cZ)
Di[P] - a,(1260)°", a;(1260)°[S] — p~z* 0.17 £0.01 39! )
| . . oo | YIS = op 3.324+0.29 +0-19
DY — a;(1260)%", a,(1260)" = p~x 0.33 £+ 0.02 :g_-g,_; s -0.17 + 0
T ih g 0 z0a2 00| O7PPD B(1020) s ata ) o e
D{[S] = a,(1260) 0, ay(1260)*[S] — p*a° 041 £0.05 003 ~0.06 B((1020) = KTK-) : UlYstat Ul0syst
D} [P] = a;(1260)p°, ay(1260)*[S] — p*a® 031 +£0.04 02  DF — ¢pt 3.98 £0.33 102 ¢

D = a,(1260)p°, a,(1260)* — p*a°

+0.07
0.73 £ 0.07 007

DY — b (1235)% 7%, b, (1235)*[S] = wn*

+0.03
0.53 = 0.05 093

D — b (1235)%z%, b(1235)°[S] = wn®

+0.05
0.72 = 0.06 1095

Deviates from PDG value

Nai diction: PRL 128,011803
AIve precieTon ’ (0.31340.010) by >30

transverse dominates than longitudinal in charm decays 20


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201902

Amplitude analysis of D —» KJK)m* BESII

7.33fb™1 @ 4.178 — 4.226GeV, arXiv:2503.11383 2310 candidates with >78% purity

0770 :
& Measurement of ¢ - K¢ K < i
% 200 < :
BD;"—>K‘2,K%7T+ = (186 + 0.064¢4t + 0-0035yst)% g r% L
S | <)
Amplitude Phase (rad) BF (%) 3" &
Dy — ¢mt 0.0(fixed) 1.32 +0.05 £ 0.04 2 : .
Ds+ — KEK* (892)+ 0.68 = 0.17 £0.21 0.4240.03 £ 0.03 R Ea—— T 2 TOsTGas 05 NN
D} — K2K*(892)" —2.40 £ 0.18 £ 0.31 0.31 £ 0.02 = 0.02 My (GeVie) o5 s e
M3, (GeVie?)
B(¢(1020) — KSK7) B - Lo |
— ) . X KK (892) T |
B(@(]_OQO) % K"‘K—) 0.597 :I: 0.023btat :I: 00018bybt :I: 0.0].6PDG EIOOOT ____KEK‘(892)+ EISO
—~ \ Deviates from PDG value <=_ | . s 1000
Taking from PDG Z 500 0(1020) S
(0.740+0.031) by >30 g | z Y
a4 2 =3 S 02 1o 106
. . Mz, ., (GeVc? M2, ., (GeV/c*
& First observation of K& — K;) asymmetry R  (OVTD i (GVIED
B(DF— K% K*(892)t)—B(D+ K% K*(892)+) S s |
B(D;L—>K§K*(892)+)+B(D§“—>K§K*(892)+) =(=13.4 £ 5.0star + 3’4SYSt)% S 200- * - © 200¢
= b =
Model DAT(F4) DAT(F1) < 100 o < 100
DT & K'K*T —0.164 £ 0.032 —0.159 £ 0.028 GRS WY ER '
—— M s 1T s 2 0 B Tos 1 L5 2
Predictions by H.-Y. Cheng et al., PRD109, 073008 (2024) Mpo,. (GeV/eh) M3, (GeV/e)
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https://arxiv.org/abs/2503.11383
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.073008

myy, (GeV/c?)

BF of DS hadronic decays

7.33 fb™! @4.178 — 4.226 GeV, JHEP05(2024)335 BGS ]]I

& Global fit to ST and DT yields and obtain:

42965 events in
signal region

myy (GeV/c?)

14728 events in
combined sideband

17 Amplitude analyses published/submitted

Acp (%)

1.502 4 0.012 £ 0.009:

DI = K2K*7Y

DI — K2K27+

Df - KYK atn™
Df = KYK-mtnt
Df —» atata
Df — 7'y

DI — 7ty

DI —»ntntrn
D — 7ty

DF — ntaly

Dy — Krtz0

Df - Ktrtza™

5.49 £ 0.04 £ 0.07

1.47 4+ 0.02 £ 0.02
0.73 £0.01 £0.01

0.93 £0.02+0.01
1.56 +0.02 £ 0.02
1.09 £ 0.01 £ 0.01
1.69 £ 0.02 £ 0.02
9.10 £0.09 £ 0.15
3.08 £0.06 £ 0.05
3.95+£0.04 £ 0.07
6.17+£0.12+0.14
0.51 +£0.02+0.01

0.620 £ 0.009 £ 0.006

0.29+0.504+0.21
0.483 £0.26 +0.24
—0.85+1.97+0.46
1.14 £ 1.584+0.44

2.00£2.37+0.70
—0.24£1.05£1.07
—0.88 £1.17£0.38
—0.44£0.89+£0.19
1.05 £ 1.454+0.62
242+2854+0.78
—0.59 +0.76 £ 0.20
—1.60 +2.57+0.64
—2.17£4.65£1.10
1.81 £2.014+0.45

Agree with PDG with much improved precision

Multi-body decays based on amplitude models

D} > KYK~m*
D} - KQK*n®

D - mtntn~

Phys. Rev. D 104 (2021) 012016
Phys. Rev. Lett. 129 (2022) 182001
Phys. Rev. D 106 (2022) 112006
Phys. Rev. D 104 (2021) L071101
JHEP 04 (2022) 058

JHEP 01 (2022) 052

JHEP 08 (2022) 196

JHEP 09 (2022) 242

Phys. Rev. D 105 (2022) L051103
Df - KOK~m*nt  Phys. Rev. D 103 (2021) 092006
D » K*K~n*n® Phys. Rev. D 104 (2021) 032011
Df » K*K~n*r*m~ JHEP 07 (2022) 051

D - Kon*n® JHEP 06 (2021) 181

DF - ntn'n

D - nmtntnn
D = mtaOn’
D - n*tnOn”
D » Ktntn~
D - K*ntn—n®

D - KQKdm™

Phys. Rev. Lett. 123 (2019) 112001

Df » ntntn~n®  Phys. Rev. Lett. 134 (2025) 011904
D - ntntn~nn® Phys. Rev. Lett. 134 (2025) 201902

arXiv:2503.11383
to be submitted soon

+ 00 -+
D} - KoK n

D - ntrnnOn
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https://link.springer.com/article/10.1007/JHEP05(2024)335

Amplitude analysis of DT = Ko™y pre 132 131903 2024) BCSII

2.93fb™" @3.773GeV
% Observation of W-annihilation-free decay D™ —» Koa,(980)*

6oL~ Data 1113 candidates with 98% purity
| — Total fit (a)
- - K5ay(980)" }l

K ,(1430)°
gof HAI0

(o))
=
T T | T T

R S

[S—

e

=

I
=
i

Events/(18 MeV/¢?)
o
S
————
N
S
——
——
Mi,n (GeV/e?)

20 B ; r""-‘:.' f

—
T

Events/(18 MeV/c?)
N
=)
|
Y —+—F
s
Events/(18 MeV/c?)

08 1 12 r 12 14 16 08 1 12 1
M., . (GeV/c?) M . (GeVie?) M. (GeVic?)

B(D" — K%ap(980)",a¢(980)" — z7n) = (1.33+£0.05, +0.04,)%

o
o
in

B(D* — K;(1430)%77+, K;5(1430)° = K917) = (0.14 4 0.024, +0.02,,5 ) %
B(D" — Kin'n) = (1.27 £ 0.04¢, + 0.03y)%

c > > S
W KO
Provide sensitive constraints in the extraction of o H< d
[ [ (] [ [ [ u
contributions from internal W-emission diagrams =—» | tan(980)"
d < - d
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131903

Amplitude analysis of D® - n¥n™n, Dt - ntnn

% Observation of D — ay(980)m

B(D° > ntrn) =
(1.24 4+ 0.04 + 0.03)%),

Amplitude

Phase (in unit rad)

BF (x1077)

0

D% = a2(1320) "7~
D® = a3 (1700) "7~
DO — (7T+777)waaven

0.06 £0.16 £0.12
—1.06 +£0.12 £ 0.10
—1.16 £ 0.25 £ 0.23

0.08 =£0.17£0.23
—0.92 £0.29 £0.14

0.19 £ 0.02 = 0.01

0.03 £0.01 £ 0.01
0.07 £ 0.02 £ 0.03
0.05 £ 0.02 £ 0.03

B(D+ —>7T+7TOT]) — I

B(D° — ao(980) 7 )/B(D° = ao(980) 7 ™")

DT = pT

B e
D — ao(1450) T 70

—4.03+0.19£0.13
—0.64 = 0.22 £ 0.19

0.92+0.20+0.14
0.63 =0.41 = 0.30

0.20 £ 0.07 =£0.05
0.34 £0.11 £0.11

0.95 4+ 0.12 + 0.05°
0.37 4+ 0.10 + 0.04:

0.09 £ 0.05 = 0.02
0.15 £ 0.06 = 0.02

7578 Setar. = L.Tayst.

2.6 == 0.65¢at. = 0.35yst.

— Disagrees with theoretical predictions by orders of magnitude

| B(DT = ap(980) 1) /B(DT — ao(980)°x )

% Observation of D} — a((980)m

3.19 b 1@E,,, = 4.176GeV
PRL123, 112001(2019)

B(DY — ao(980)"7°) = B(DY — a0(980)°7 ") = (1.46 + 0.15 £ 0.23)%

Events/(25 MeV/c?)

M) (GeV¥cd)

Events/(25 MeV/c?)

100:— (C)

50

BESI

s

Events/(25 M

i iy
M) (GeV/c?)

1678 candidates with 74% purity

Events/(25 Me\

|' u‘lr-
T Y |

M) (GeV/c?)

: 0.5 1“.' B
M) (GeV/e?)

1 s

T -] | ——

T
M 7

D - ntny

Events/(25 M

I 2
M) (GeVZ/ct)

80:-‘
o &

20}

of

a,(980)" " |

M(r) (GeV/c?)

2,(980)’1* |
i

1 1.5

40

Events/(25 M

20

{1226 candidates with 66% purity

Wt

Ml(fc"n) (GeV/c?)
— Larger than pure W-annihilation decays D} —» wm™, D} —» pm* by one order of magnitude

=05 i
M) (GeVie?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.112001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111102

Amplitude analysis of DT = Kdm*n axivi2s0s. 2086 BESIII

20.3fb~! @3.773GeV

& First observation of an Ko(1430)" ! 1624 candidates with 85% purity
altered ay(980) line-shape o e
: : T ren < 1
due to triangle loop rescattering % . =
=t =0
ap(980)* £ s |
o 1_. kX I o 2 = 20-
Fitl: P, (og0) three-channel coupled Flatte formulae, = os SPEET E ;
the fitted pole position 1s inconsistent with previous measurement. SEIT of

C rm S R N Lo b b b by Pl
06 08 1 12 14 1.6 1.1 1.2 13 14 15 16 17

. M () (GeV7/ch) M) (GeV/e?)
To consider the rescattering process D* — K;(1430)°K* - a,(980)*n e
we perform Fit2 and Fit3 < 150F —FDtpt i
: > Z ks
Flt2: (1 + |C|100p)Pa0(980) é 100- gnif\irround
Fit3: (1 + [C|Ajo0p)Pa,(980) With ¢ fixed to zero. % f
2 sof
|C| = 0.113 &£ 0.0154¢a¢. £ 0.0485yst. 2 |
0

Fit2 and Fit3 give good descriptions of the altered a,(980) line-shape. 07 05~ 051 N
m'n) (GeV/e”

&% BF measurement  B(D+ — ntin)

— —3
B(D+ — a0(980)*) Blag(980)* — 7 1) } = (3.67 £0.124a1. £ 0.064ys:.) x 10
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https://arxiv.org/abs/2505.12086

Charmed baryon decay BESII

% At may reveal more information of strong- and weak-interactions in charm region,
complementary to D/D
> Most charmed baryons eventually decay to A}

Topological Diagrams for A, decays:

r----------‘

[

ﬁ ‘ %’LZC : ! H.-Y. Cheng et al., Chinese Journal of
. . I Physics, 78(2022) 324-362
¢ > | > >
T q | c
> > | - >
q q I q ...................................................................................................................
T C [ C’

Non-factorization amplitude

W-emission 7 internal W-emission C 1 inner W-emission C

--------------------‘

> y ; §=

- C i
; > > :

q g q g q g

Fy E3

W-exchange E ¢, E,, and E3

T

q

— Calculation 1s not reliable,

need exp. input

=

| B B N BN B B N B N |
Y
y
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Observation ay(980)" in AF —» An™n BESII

) N L 61T @Ecy = 4.600 — 4.843GeV, PRL 134, 021901(2025)
% Observation of /1. — /Aa,(980)

1312 + 45 signal events with 80% purity

200 ' —+ Sweighted data

o 2(1835)+ I — Total fit O I

N > e — Aag(980)* = 100

L L L —— ANR(*n) 5 - BR

E 100 g —X(1385)" ;

ol - ol L — A(1670)*

; i ; 100 i %Tf}tal in):ererence % 50 L

£ of £ | N T el | £

S - o - = S 0

314 15 1.7 18 2
M, (GeV/c?) M \, (GeV/c?)
Process FF (%) significance decay asymmetry a
B(AF - Antn) = Aap(980)" 54.0+84+£2.6 1310  —0.917048 +0.08
(1_94 + 0.074,e = 0.11, st)% X(1385)"n  304+£26+£0.7 22506 —0.61=+0.15+0.04
y A(1670)z*

141+£28+12 11.7¢ 0.21 £0.27 £ 0.33
ANRg+ 1544+£5.3 6.70 fe

B(Af - Aay(980)%,a,(980)" » nn) = (1.05 + 0.16g¢ar  0.055y5t + 0.07 ¢ )%
- B(A! - Aay(980)") = (1.23 £ 0.21)% Larger than theoretical calculations by 1-2 orders.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.021901

Strong-phase inputs for y measurement BCSII

% CKM angle y can be determined directly / x

in B - DK* (golden mode) decay l(ﬁs 2 U)ok
— Phase-space integrated decay rate: DK‘/
(B — DK¥)oc (1)) +r. + 21,00 R/ cos(5, Fy—5))
Magnitude ratio between Strong-phase difference

D® > f and D° - f amplitudes || Coherence factor || petween po = fand B° = f

. . May limit precision to y

% Extract y using different D decays:

— Self-conjugate decays (e.g. K{hth™): "GGSZ " - ¢;, s; (amplitude-weighted cos[sin]A48pin phase-space i)
[PRD 68 (2003) 054018; PRD 67 (2003) 071301]

— CF and DCS decays (e.g. Kz, Knn°, Kzrr): "ADS" = &7, Rg
[PRL 78 (1997) 3257; PRD 63 (2001) 036005]

— (Quasi-)CP eigenstates (e.g. h*h™): "GLW" > CP fraction F; ...
[PLB 265 (1991) 172; PLB 253 (1991) 483]

% D strong-phase parameters provide the crucial inputs for y measurement 28


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.112009
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Quantum Correlated D°D? pairs

% Studies of quantum correlations in

ete” ->y* > XDD

— Quantum correlated C-odd D°D° pairs used at
Y (3770) for D-decay strong phase measurements

7.13 fb~1 @4.13 — 4.23 GeV

& First observation of quantum correlations in etet — XDD

and C-even constrained DD pairs

C|DD) = £Cexp |DD) — (1 = £)Cexp |DD)
Production mechanism K :::5
DD 1.015 4 0.066 ek
D*D — DD 1.044 £ 0.044 2
D*D — 7°DD  |1.028 £ 0.024 NE
D*D* - ~7°DD  |1.027 £0.017 -
D*D* — vy /7°7°DD |0.963 & 0.060
k=1: coherent DD —

k=0.5: incoherent

[N]
1

=
1

[e]

CP eigenvalue

BESI

arXiv:2506.07906
Production mechanism C
ete” — DD —1
C, = —1|ete = DD = DD~ +1
Coo = +41|ete = DD = DD 7" —1
ete” = D*D* — DD~y —1
ete” — D*D* — DD 7'('0’)/ +1
ete” — D*D* — DD 7% —1
=== Quantum-correlated prediction Y DD[C=+1] B 7'DD[C = +]]
i DD [C'=—1] ¢ DD [C = —1] [} /77 DD [C = 1]
| [— Fu _LI_L --¥ —{{- I"II
I )
v KT A0 A0 K I i
,rgﬁo T }’\’%“0 < B : K%ﬁo Ve }\g‘ E B }\g PR LS Kk : STV K*
-1 -1 +1 -1 +1 - 99


https://arxiv.org/abs/2506.07906

7.13 fb~! @4.13 — 4.23 GeV
Measurement of Oy e BESIT

&% Sk 1s the strong-phase difference between DY - K~ and D° - K+~ decays
730 — 4
p iR, - A= K m) re. is the magnitude of the ratio
PR ADY = K nt) > Km 5

— 15 an key input for measurements of the charm mixing parameters and CKM angle vy

% Use the quantum correlated pairs to measure Ok

— CP tags (K"‘K_, 7-["'7-[_, 7-["'7-[_7-[0, KSQTL'O) Source Observable Value
(T COSOk) D — CP r2 coséR.  —0.070 +0.008 + 0.0015
0 D — Kdntn~ e Ccos O —0.044 £+ 0.014 4 0.0018
— Rg T tags (g CO0SOk; and Tg;SiNOk) D — Kintrm™ rP sind —0.022 4+ 0.017 + 0.0031
&% Extract Ok
. D _
5I127T — (192 8+£ 2"% Z) agree with global average 0%, = (190.2 & 2.8)°

[LHCb, CERN-LHCb-CONF-2024-004]
&% BESIII combination (combined fit with BESIII measurement using 2.93 fb~14(3770) data)
D +6.94-3.4 0P = (187.615912-0)"
5K (189 2 —7.4—3. 8) [BESIIL, EPJC 82,1009(2022)] 44
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Strong-phase measurement of D° — KSO/ [T

7.93 fb~! @3.773 GeV, JHEP 06(2025)086

1/\

% Measurement of DY — KSQ/ Lﬂ+n_str0ng phase parameters:

c;[s;] = amplitude-weighted cos[sin]46, in phase-space i _“'5

— 15 an key input for direct measurement of CKM angle vy

70.5

% Impact on the y measurement

— Uncertainty: 0.9° with constraints

: o . , } with optimal binning 1
— Uncertainty: 1.5 without constraints

W 0

Statistical uncertainty of current y measurement: 5° [L.HCb, JHEP02(2021)169] )

$ Expected y precision 5 111 [pTEP 2019, 123C01 (2019)]: !

1.5° with 50 ab™?!
LHCb [LHCb-PUB-2016-025 (2016)]: i
<1
< 0.4° with 300 fb~?!

, phase-2 upgrade (>2035)
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Summary and Prospects BCSII

&% BESIII made significant contributions to charmed flavor physics and hadron physics.

@% Charm (semi-)leptonic decays are crucial for calibrating lattice QCD;
determining CKM matrix elements; and testing lepton flavor universality.

for~12%, fp+~0.9%, |Veal~1.2%, |Vis|~0.9%, f{(0)~0.23%

&% Charm hadronic decays are key labs to understand non-perturbative QCD:;
study the properties of light hadron (a,(980), f,(980), f,(500)...);
and provide crucial inputs to model-independent determination of y and charm mixing/CPV

Strong-phase measurement: 0.9 on y (<0.5 with 20fb™1)

&% BESIII’s Future prospects
— More interesting results are coming using 20.3 fb~11(3770) data.

— BEPCII-U will extend the lifetime of BESIII (will continue to run till ~2030).
3X luminosity above 4 GeV & max energy to 5.6 GeV NPITN
L)L
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