Hadronic Decays of Charm Mesons at BESIII
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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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6 |— in2017-2019 A Mark-1 in 2021 Nov 24, 2021 - — -
B Mark-1 LOW Feb 24, 2024 Data taking: i

B Aarx-1 + 2020: 4.6-4.7GeV |

5 | W Mark-II 2021: 4.7-4.95GeV [
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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: y(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 | 2



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

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. mnput
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BF of D hadronic decays

BESI

R JHEP05(2024)335, : :
&% BF Measurement of D:ql_ hadronic decays 733m-1@4.178 — 4.226Gev 17 Amplitude analyses published
) Mode B (%) Acp (%) _

42965 events in B RO RO L 0TS S 0000 0,20 2050 £0.21 Di —» K*K~™n™  Phys. Rev. D 104 (2021) 012016
signal region Dp KT 2400042007 04850264028 DS > KgK™n®  Phys. Rev. Lett. 129 (2022) 182001

] Df — KOK+70 1.47 £ 0.024£0.02  —0.8541.97+0.46 DS+ s> atantn™ Phys. Rev. D 106 (2022) 112006

T - LN 073 £001+001 ~ 1I4E158£04 Df > ntntr~n  Phys. Rev. D 104 (2021) L071101
).

my, (GeV/e?)

: —0.66+0.91+0.33

0.,/
BRI S L IO 2,004 2.87 4 0.70 Dy —»m*n’y JHEP 04 (2022) 058
D — KOK—mtat 15620024002  —0.24+1.0541.07 D} - ntnOn” JHEP 01 (2022) 052
DY - ntata— 1.09 £0.01 £0.01  —0.8841.17+0.38 DS+ > Ktntmn~ JHEP 08 (2022) 196
DY —77n 1.69 & 0.02 £ 0.02 —0.44 +£0.894+0.19 Ds+ N K+7T+T[_T[0 JHEP 09 (2022) 242

DY — 7t
Df - atatan
DF — 7ty

D — nta%

Df — K¢rtx0

9.10 £0.09 +£0.15
3.08 £ 0.06 £ 0.05
3.954+0.04 £ 0.07
6.174+0.12+0.14
0.514+0.02 £0.01

).
1.05+1.454+0.62
242 428540.78

—0.594+0.76 £0.20

—1.60+2.574+0.64

—2.17+4.654+1.10

— KOKOr*  Phys. Rev. D 105 (2022) L051103
- KOK~m*n* Phys. Rev. D 103 (2021) 092006

~ K*K-n*n® Phys. Rev. D 104 (2021) 032011

Df - K*K-n*n*r~ JHEP 07 (2022) 051
D - KOm+m® JHEP 06 (2021) 181

14728 events in
combined sideband

Df - Ktata— 0.620 = 0.009 = 0.006  1.81 +2.0140.45

Agree with PDG with much improved precision D} - mtndn Phys. Rev. Lett. 123 (2019) 112001

& Observation of D} - wn n—>: = Dy —» mtntn~n®  Phys. Rev. Lett. 134 (2025) 011904
PRD 107, 052010 (2023), 7.33fb-'@4.178 — 4.226GeV 2 . D »m ntn mn® Phys. Rev. Lett. 134 (2025) 201902
B(D+ s gty — ’0 S4+012+000% LI | D > KOKPT Phys. Rev. Lett. 135 (2025) 161902

(D — wn'ny) = (0. - .04) % T e D} - ntnnOy to be submitted soon
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https://link.springer.com/article/10.1007/JHEP05(2024)335
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052010
https://link.springer.com/article/10.1007/JHEP05(2024)335

Amplitude analysis of D » n n n™n

B(D} — ntnt

— 77t 7 hon—y) =

B(DY — nnt) =

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?)
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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 ™

OT[O

BESI

7.33fb™! @ 4.178 — 4.226GeV , PRL 134, 201902 (2025) 1888 candidates with >79% purlty

&% Observation of D - wp(770)*

C U u
oY W+ 3 P
T+
Df i < C > > s
U D+ O
_ N
y d 8 < < 5
Pure W-annihilation Pure W-external emission
& Polarization puzzle
Amplitude BE (%) Amplitude BF (%)
D — p(1450)*7°, p(1450) — wxt 0.39 4+ 0.04 1502 n 0.0
" —— —— —= Dy [S] = wp 0.30 £ 0.07 0.2
D8] = ay(1260)%%, a;(1260)°[S] — p*a~ 0.23 +0.02 10! B | o
Df[P] = a,(1260)°p", a;(1260)°[S] = pTa~ 0.50 +0.04 002 D [P] — ap 0.25+0.04 -0.04
Df = a,(1260)°p* . a,(1260)° = p* 7~ 050+ 0.04 2002 |DJ[D] = wp™  0.52 £0.07 oo
DF[S] = a,(1260)%*, a,(1260)°[S] — p=r* 016 £0.02 991 DF — wp™ 0.99 £ 0.08 F90°
Di[P] - a,(1260)°", a;(1260)°[S] — p~z* 0.17 £0.01 39! N 019
DY = a,(1260)°p", a,(1260)° — p~x* 0.33 £0.02 1902 Dy (S| = ¢p 3.32+£0.29 -0.17
+ ~ +0.05
D{[S] = a;(1260)p%, ay(1260)*[S] = p*a° 0.41 £ 0.05 T Dy [P| = ¢p 0.63 + 0.12 7500
D [P] = ay(1260)*4°, a,(1260)*[S| — p*z° 031 £0.04 5B Dy — ¢p™ 3.98 4+ (0.33 102!
—0.02 -0.19

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 £ 0.05 003

D — b (1235)%z%, b(1235)°[S] = wn®

+0.05
0.72 = 0.06 1095

b
av?
~

S>P>D

Naive prediction: PRL 128,011803

transverse dominates than longitudinal in charm decays
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— Fit result

(%]
(=1
T T

— Background

| M__ . (GeV/e?) M_ . (GeVied)
B(4(1020) — 77~ 7)
= 0.222 £+ 0.019:¢a¢ &= 0.0164y5
B(¢(1020) - K+K ) 0 0-019%ta £ 0.0100yst
N
Taking from D} —» k*K=*n’  Deviates from PDG
BESIIL, PRD 104, 032011 (2021) value (0.313+0.010)
by >30


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.201902
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Observe W-annihilation decay D& — a,(980)*p(770)°
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Amplitude analysis of D - nn ¥ n ™

BESI

PRD 104, LO71101 (2021) | 6.32fb™*@Ecy = 4.178 — 4.226GeV
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0.5 1

T ¥ I Data (a T ] T T
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0.5

M(n*n*) (GeV/c?) M(n*n) (GeV/ c?)

1
M(‘n:”n) (GeV/c )

15

i Data (d)
—D; >t ]
-Background

h 1

1 15 05

1

(e)

1

t

15

(f) |

M) (GeVie?) M) (GeVie2) M) (GeV/c?)

1306 candidates with >85% purity

e First measurement:
B+ =(3.12+ 0.13 + 0.09)%

DS —>771r ntn~

» Dominant process:

BD;"—>a1(1260)+n,a1(1260)+—>p01r+
= (1.73 £ 0.14 + 0.08)%

= W-annihilation contribution:

BD;'—>aO (980)*p°,a,(980)t->nnt
= (0.21 + 0.08 + 0.05)%

Significantly larger than the BFs of most other
measured pure W-annihilation decays


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L071101

Amplitude analysis of D —» KJK)m*

% Measurement of ¢p » KK, PRL135, 161902 (2025)

B

7.33fb~1 @ 4.178 — 4.226GeV

b k0 g0+ = (1.86 £ 0.06uar £ 0.0035ys1) %
Amplitude Phase (rad) BF (%)
D} — ¢t 0.0 (fixed) 1.31 £0.05 £ 0.03

Df - KYK*(892)"
Df — K§K*(892)*

1.10 £ 0.20 £ 0.20
—-1.93 £0.20+£0.25

0.36 £ 0.03 £0.02
0.27 £0.02 £ 0.02

B(¢(1020) — KSK7})
B(¢(1020)<AK+K—)

Taking from PDG
B(DY - ¢pat,¢p - KTK™)

@ First observation of K¢

B(DF—-KZK*(892)")—B(Df—K? K*(892)") _
B(DS —KQK~*(892)T)+B(Dy — K9 K*(892)+)

= (0.593 + 0.023,, + 0.014, + 0.016,,)

Deviates from PDG value
(0.7401+0.031) by >30

— K asymmetry

(—14.5 & 514y & 1.8,,,)%

Model

DAT(F4)

DAT(F1)

DI — K'K*™ —O0.

164 4+ 0.032 —0.159 £ 0.028

/

Predictions by H.-Y. Cheng et al., PRD109, 073008 (2024)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.073008
https://journals.aps.org/prl/abstract/10.1103/6py9-h8qv

Amplitude analysis of Dy - KK w™

— 3.19fb"'@E, = 4.178 GeV
% D;_ N K+K Tl'+ PRD 104, 012016 (2021) @E ¢ ! e\
Gold normalization channel, 4399 candidates with 99.6% purity. % ;
Model-independent PWA to determine the KK S-wave line shape: 3 it :
15000 ISl ? | 2005— + IP* 0: I\._M s
Niﬁ 8(980) m§ 150 d)(lOZO) | m (K Ki)(GeVZ/C‘l)-z m?2 (K*K') (GeV¥/et) »
e £,(980)and/ora,(980)° 2 . : : .
AN 3 wf : 4399 candidates with 99.6% purity
L%) 5000‘ *ﬂ Ugj C,'\ 400:_ :r\ g -_
S o
L e Y e N S
Measured BFs and quoted from PDG: =g =
Process BF (%) PDG 2024 ST S
m? (K 7+ ) (GeV%/ ¢t m? (K* ) (GeVZ/cY)
DY — K*(892)’K™, K*(892)" —» K™ 2.64 £ 0.064, £ 0.07,y, 2.58 4 0.06 :
D = $(1020)7%, $(1020) = K*K~  2.21 % 005, = 0070y, 2,91 +0.06 BFs of Intermediate processes:
+ + + K- _
DI — §(980)7r : S(98(_)) — KK 1.05 £ 0.04, == 0.064y 1.11 4+ 0.19 B(D} — K*(892)0K+) = (3.94 £ 0.12)%
DY — K;(1430)°K*, K;(1430)° —» K= 0.16 £ 0.03, £ 0.034,s 0.18 = 0.03 N N
D! = fo(1710)2", £o(1710) = K*K~ 010 = 0024 £ 0.03,,. 007 +003  BDs = $(1020)z") = (4.60+ 0.17)%
Dy — fo(1370)7", fo(1370) > K"K~ 0.07 £ 0.024, 0.0l 0.07 0.03 Consistent with latest calculations:
D{ — K"K z" total BF 5.47 £ 0.084, £ 0.134 5.37 4+ 0.10

Hai-Yang Cheng et a/, Phys. Rev. D 109, 114027 (2024)
9


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

Amplitude analysis of D - KK 0 KOKIm™ BESII

6.32fb~ 1 between 4.178 — 4.226GeV
e DY —» KOK+m®  PRL129, 182001 (2022)

Observation of ay(1817)" a X o2
m(aop) = (1.817 = 0.008 £ 0.020) GeV/c? S 100k KK (592)"
D(ap) = (0.097 +0.022 + 0.015) GeV/c? = KR
B(DY — ao(1817)T 7%, ao(1817)T — KZK™) = < 503
(3.44 £0.52 4+ 0.32) x 10~* g
S BEADE —» KOKIm I, Z

S EFETN e R E= S ’M

¢ DY - KYK2m™  PRD 105, 1051103 (2022)

kg (GeV/e?)

oN
T T ?

—— Data
(@) — Total fit

------ K'K (892)*

------ S(1710)m*

B(Df — 5(980)77) < 1.8 x 107* _ f,(980)%0a,(980)
@ 90% CL BT

ents / (20 MeV/c?)
S
I

B(Df — S(1710)7™) = (0.31 +0.03 £ 0.01)%

E
S
P
j?

HERAEX1T &% PR M 0,0 (GeVic)

DY - K*K—nw*, PRD 104, 012016 (2021) 10


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016

Amplitude analysis of D —» ¥ %7 BCSII

-1 _
¢ DY > wrw®n  PRL123, 112001 (2019) 3.19fb 1 @E,, = 4.178 GeV
Observe W-annihilation decay° 1239 candidates with 97.7% purity

S
S

50

M3, (GeV2/e?)

Events/20 MeV/c?

B(DY = ay(980)+ 0701 4,(980)+0) — 7+0)p)

Significantly larger than other W-annihilation decays by one order f

807| T T
s

‘1 40k

Events/20 MeV/c?
§ = @)
S
T T 1 T | T T T T 1
|
Events/20 MeV/c?

7 s 4 &
0 N / l\"w-_..' = LT —‘_-‘-\ b

M_+ o > 1.0 GeV/c? to exclude D} — pn

s BF measurement: "

B(D} - n*n®n) = (9.50 £ 028 £ 0.41)% 2. ao(980)" W ‘ ]
¢ Dominant process: o i
B(D} = p*n) = (7.44 + 0.48 + 0.44)% /- )

1 5
M, (GeV/c?)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.112001

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

% Observation of D - ay(980)m

(1.24 + 0.04 + 0.03)%'

B(D* » ntnn) =

(218 + 0.12 + 0.03)%

7.9 b 1@E,,, = 3.773GeV,
PRD 110, L111102 (2024)

Amplitude

Phase (in unit rad)

BF (x1077)

1D 2 ag(980) T
DY — a2(1320) "7~
DY — a»(1700) 7~

DO — (7T+777)S—wave77

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

0.08=0.17 = 0.23
—0.924+0.29 =£0.14

0.19 £0.02 £0.01

0.07 + 0.02 4 0.01;
0.55 & 0.05 & 0.07 :

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

D* = p™y
DY 2w v
DT = ao(980) ¥

—4.03+£0.19+=0.13
—0.64 = 0.22 +0.19

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

0.924+0.20£0.14
0.63 = 0.41 = 0.30

0.20 &= 0.07 £ 0.05
0.34 £0.11 £0.11

0.09 = 0.05 £ 0.02
0.15 4+ 0.06 £ 0.02

B(D° — ao(980) "™ )/B(D” — ao(980) 7 ") = 75728 .
B(D' — ao(980)"7°)/B(D' — a0(980)°71) = 2.6 £ 0.61ar. + 0.35yst.

:l: ]— -7syist.

— Disagrees with theoretical predictions by orders of magnitude

M) (GeVch) Events/(25 MeV/c?) M) (GeV )

Events/(25 MeV/c?)

100

50,

—

2
M) (GeVY/eh)

—

Events/(25 Me

PN _
- a(980) T+ ]
- 2(980)'T ]

i : 1.5 ‘
M(m) (GeV/c?)

™)

- 1678 candidates with 74% purity ]

e L . -

80,

60f

1 1.5
M) (GeV/ch)

T
M) (GeV¥Het)

- 1226 candidate

| 1.5
M) (GeV/c?)

Events/(25 Me

Events/(25 M

s with 66% purity

Events/(25 Me

0 ,."‘"""0[_5" - ll_._... o
M(m) (GeV/c?)
L — 71 T T T T T 3
0 pm .
y[A n 30(980)+IL0 ]
- 29(980) " 1
50 1

1 1.5
M(m) (GeV/c?)

o)

.
=

(=]
=]

=]

.-\-.-‘""“‘m"'".’ L bisapes nnan
0.5 1
M) (GeV/c?)
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Amplitude analysis of DT » 1 +7777 arXiv: 2505.12086 BES]]I

20.3fb~! @3.773GeV

& First observation of an Ko(1430)" ! 1624 candidates with 85% purity
altered ay(980) line-shape o s
: : T e 0
due to triangle loop rescattering % . =
=t =,
ap(980)* £ s |
Fitl: Py (9g0) three-channel coupled Flatte formulae, = 08 SPETT E 20_
the fitted pole position is inconsistent with previous measurement. AN P S RN SOOI rvveres= sl
06 08 1 12 14 1.6 1.1 1.2 13 14 15 16 17
. M () (GeV7/ch) M) (GeV/c?)
To consider the rescattering process D* — K;(1430)°K* — a,(980)™n e
B —— Data
we perform Fit2 and Fit3 = 150k = Fix parameters ]
o § : ZIE;I;/FH?)
Flt2: (1 + |C|100p)Pa0(980) é 100- Background
Fit3: (1 + [C|Ajo0p)Pa,(980) With ¢ fixed to zero. i f
= sof
|C| = 0.113 &£ 0.0154¢a¢. £ 0.0485yst. !
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™ — 7tnm)

— —3
B(D+ — a0(980)*) B(ao(980)* — 7 1) } = (3.67 £0.124a1. £ 0.064ys:.) x 10

13


https://arxiv.org/abs/2505.12086

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

2.93fb~! @3.773GeV

% Observation of W-annihilation-free decay D™

- K%ay(980)*

| - Data
0T _ otal st (a)
- K 3a,(980)*

K ,(1430)°
qof THABO

[*))
=
T T T
—_—

N
(=)
T T T T T
—

Events/(18 MeV/c?)

=]
(=]
—T T

20 B ; r""-‘:.' f

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

[a—
e
=
I
—r T

1113 candidates with 98% purity

n
—————

M i*n (GeV/c?)

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)%

Provide sensitive constraints in the extraction of

contributions from internal W-emission diagrams —»

o081 12 r 12 14 16 o8 1
M K (GeV/e?) M Ko (GeV/c?) M. (GeVic?)

B(D* — K$ay(980)*,a((980)* = 771) = (1.3340.054, £0.04,,,)% !

rao(980) "
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.131903

Amplitude analysis of Dt - K ntn~n” BESII

D" - K n*n n® Golden tag mode

Amplitude Phase (rad) FFs (%)

0.0(fixed) 66.5 = 1.1 + 3.0
1.45 £ 0.04 £ 008 1.9+02+02:
684+ 1.1 + 26 :

Dt — K, (1270)9[S]x,
_ -0.09 + 0.03 £ 0. 8+ 03%0.:
K,(1270)° s K p(770)" 0.09 +£0.03 £0.03 3.8+03+0.3

Dt — K (1400)°[S]n* 040 £0.02+0.04 75+02403

Dt — K;(1400)°[D]x* 242+ 0.04 £0.04 05+0.140.1

Dt — K;(1400)7+

~ S — 3+£02+£0.

K1(1400)° — K*(892)7 r3E0 03

Dt — K(1460)°7+, , , _

R(1460)° - K*(892) 0.41 £0.04 £0.07 51+02403

Dt — K*(1680)07,

~ . 1.13 £ 0.04 = 0. 8+ 04 +0.

R+(1680)° — K*(892) 3+£0.04+009 38+04+£08

DY = (K~ 7)) s wavep(7T70)T 290 £ 0.02 £ 0.04 183 +£ 0.7 £ 0.7

D+ — K(1460)7+, .

R(1460)° K [r* 70t -1.29 £ 0.08 £ 0.06 8.6+ 0.8+ 0.5
+ % 0+

D™ = K(1460)"n, 231 4+ 0.07 £ 0.06 3.4+ 05 +0.3

K(1460)° — [K—n]t=1n

B(D" — K n'rtrY) = (6.35 & 0.045tas, & 0.07yst.) %

Events /(10 MeV/c?)

7.9fb~1 @3.773GeV, JHEP05(2025)195

1500F

1000r
1000r

o

=

=
7
=3
=

Events / (10 MeV/c?)
Events / (10 MeV/c?)

=
=

| _ S e A [ NS r—t g
08 1 12 L4 04 0.6 08 1 1.2 1 1.5
M(K'm) (GeV/c?) M(m'n") (GeV/ie?) M(Krn") (GeV/e?)

} Data

Total fit

——— K (892)°p(770)"
K, prTor

) ——— K,(1400)'(K (892)m)m*
0.8 T 0 - 15 Il Bockground
M(K") (GeV/c?) MKt (GeV/e?)

Events /(10 MeV/c?)

D - K3m T =RZERIES A FIX

D S K axtata

BESIIT PRD9S, 072010 (2017); LHCb EPJC 78, 443 (2018)

D' 5KIxax°

W memoETIZPER

D 5 K atz%°

BESIII PRD99, 092008 (2019)

D°—>K32r T

W memoETIZPER

0_0_0_0,

Decay channel and Collaboration B(DT — K*(892)°p(770)%) (x1072)

D' > Kin*xa

BESIII PRD100, 072008(2019)

Dt — K=nT7 77" current analysis 6.52 + 0.11 4+ 0.26

DY s> K xtr°

BESIII JHEPOS (2025) 195

Dt — K- rratx", MARK-IIT [4] 724+ 18+ 2.1

D" S>Kinrnrw

0_+_0_0

BESIII JHEP 09 (2023) 077

Dt — KOr 707 BESIII [21] 5.82 + 0.49 + 0.29
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https://doi.org/10.1007/JHEP05(2025)195

Amplitude analysis of D? » ntn~ntn~,nTn

D > ntn ntn,ntnn

0.0

y[4

Branching fraction (%)

Component
ata ntn ata~nOn0

D% —a,(1260) T~ 0.566 + 0.024 4+ 0.008 + 0.110 | 0.546 + 0.027 + 0.011 + 0.069
D% —a,(1260) 7" 0.071 £ 0.010 £ 0.001 £ 0.017 | 0.068 £ 0.011 £ 0.001 £ 0.021
D0—>a1(1260)0ﬂ'0 - 0.313 £+ 0.031 £+ 0.007 £ 0.082
D% —q,(1640)* 1 0.012 £+ 0.003 &+ 0.000 = 0.006 | 0.010 £+ 0.003 4 0.000 £+ 0.007
D° — hy(1170)%7° - 0.012 4+ 0.006 + 0.000 + 0.010
D0—>7T(1300)+7r 0.222 £ 0.018 £+ 0.003 = 0.031 | 0.148 £ 0.014 £+ 0.003 + 0.025
D% —7(1300) 7 0.162 £ 0.016 £ 0.002 = 0.028 | 0.108 £ 0.011 £ 0.002 £ 0.021
D% — 7w(1300)°x - 0.221 4+ 0.027 4+ 0.005 + 0.033
D% — 7, (1670)°7° - 0.010 £ 0.002 4+ 0.000 + 0.004
s DY S p(T70) (7703 0.193"£0.013 "+ 0.003 % 0.022 -
E DO s p(TT0)°p(T70)9[S] | 0.012 + 0.004 + 0.000 = 0.003°
:D0—>p( 770)°0(TT0)°[P] | 0.067 £ 0.007 + 0.001 =+ 0.006 D>P>S

D0 2 pTTOPATT0CI0L | .09, %, 0,015 4 0,002, & 0,017 :

D% — p(770)°p(1450)° 0.017 £ 0.006 £+ 0.000 £+ 0.008 -

D° =5 p(770)°p(1450)°[P] | 0.007 = 0.003 £ 0.000 % 0.003 -

D = p(770)°p(1450)°[D] | 0.010 £ 0.006 £ 0.000 + 0.008 -
-D°—>p(70)+p(770)‘ ........................ ECEEEERITIEEORR ¥ §as8sensepepaaneiassusagenneensaey
E DO — p(770)* p(770) " [S] ; 0.124 + 0.019 + 0.003 + 0.033
51)0-—>p(770)+ (770) [P - 0.186 + 0.013 + 0.004 + 0.019
D0 p(TIO TTO IR L SRR | 0.342 £ 0029, % 0,007, & 0.024
D° — p(770)* p(1450)~[D] ] 0.016 + 0.008 £ 0.000 + 0.016

Branching fractions PDG

D s atr—atn™

D° — 7t 7~ 797 (non-n)

(0.688 + 0.010 + 0.010)%
(0.951 + 0.025 + 0.021)%

(0.756 + 0.020)%
(1.005 £+ 0.090)%

O

0

BESI

CPC 48, 083001 (2024) [ 2.93 fb™"' @3.773GeV
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_ E) —~+data 0 - -
g 600| ‘ stk é — Fit l) > ’z ’I 1[ 1[
S sl i . s [ &% @ - a,(1260)r
L A O L TR s Y. A I m(1300)r
S 2007 s 5 PR
W e e 2 (m rt)s(n: n:)S
ol : : 0 0
0 e ——_— p(770f’p(770)
R | e = - . )
72-1 =05 0. 05 1 ,2_3 2 -1 0 12 others
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S 200 ° g (o] (o]
_ ¥4 +” § — ~ 100 r
S ; bt S S M.H
S ‘ -, = S i :
E P e - % M‘, R
w Ol ¥ITr e e w w o Foee e
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< < kN -
5 5 3 ot D >t n'n
g ool 4if] i 5 5 :
s e = =
= n SR = =
z g et = ; 2
= gg:» e | = QE.M Wu-n,w-uu_{ =~ EWW__,A
04 0.6 0.8 Kl 12 14 16 0.4 06 0.8 Kl i6 0.4 X3 08 1 14 16
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M(rtrc®) (Gevfr:z) coser”™ cosan”®
Fo—ato— + o0 C‘( )
i ™ ™ ™ i ™ T
F7 FT non-7

(' P-even fractions

(752 i 1~1stat. i 1-5syst.)%

(68.9 + 1.5, + 2.4..,)%
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https://arxiv.org/abs/2312.02524

Amplitude analysis of D® - Kdn%n BCSII

—_—K .
20.3fb~! @ 3.773GeV, arXiv:2512.23389 6070 candidates with 94.6: 0.5% purit
% D° - nK (892)° f = —
Impacts predictions from the topological diagram approach, <l g m[lh
= > 150p |
affecting CP violation and DCS branching fraction estimates. 3 Z e 1 ’
s ERndnT hi
. N . . . N 9\% chl E 5(,-_1@[ et l ﬁ *: ﬁﬂ}%f
} . f |

}M 0' .:.'- : atee “ >

i ! ‘ L Lo \ 0 “‘"'""‘S’é‘ — 1””"‘ T"E“""‘!

w+ ’ 0.5 2l ol M., (GeVie)
M2, (GeV/ch) oz (GoVI)

S
}R 0 — Data r
- r n - [
U -« < d q < l:“. 600 H_J"hl Total fit & 2001 +]L + + H'J[
EV q>) : I !— — Background % E r%l. 1I.I }_i?_ﬁ.%_fqlﬁ '{'Jr
: 2 ool o o = o ,iE'JH Bt
1S s PE ,affects predictions for S F ok P S I | h h
. . : [ t : — (Km) : 100 L i
The BF determines the magnitude of the : o £ P 20 4 !
: —_— S —> | DCS decays and CP violation 2 200 g b g i )
magnitude of E penguin diagram : SR T t
PE calculations. TR e, o ty
Pt = L r‘;hl‘__—_- =R == -—l:-
L4 0 0.8 1 12 1.4 v e 14 i
M, (GeV/c?) M Ko (GeV/ieh)

(9.88 4 0.37stat. & 0.425y5¢.) X 1077

@y 0 gao O,ao 0 a9n) =
% D° - K{a,(980)° C%} 088 05T, 04 10
)

. . Prr am Amplitude BF (1077)
- Consistent with prediction (PRD 110, 090452 dn DV K Tas (0807 aa 080" 5 7% 088 1037 L0
. 0 . > > @ DY = K%a2(1320)°, a2(1320)° — 7%  0.08 £0.11 £ 0.11
assuming a (980) tetraquark state. S D° — K*(892)%, K*(892)° — K%7° 1.224+0.09+0.11
. . . DY — K*(1410)°n, K*(1410)° — K27° 0.56 £ 0.14 £+ 0.16
- Helps determine the 7-like diagram ) - . Do (Kéﬁo)s)fmn (410)" = Kgm 0.64L 010 £ 0.10

. . ° 0 [ * 0_0 = 0 0

contribution under the tetraquark scenario. Dy = K7 (1680) ', K7(1680) "= Kem 0.19 £ 0.07:£0.05

D — K3(1980)°x°, K3(1980)° — K3gn 0.45+0.15 +0.1617



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

Amplitude analysis of D® —» KJm%r°

20.3fb~1 @ 3.773GeV, arxiv:2510.25111

% Dominant contribution DY — K*(892)°x"

BESI

19117 candidates with >93% purity

T T T T I L
c > > S - c > > s . . @) R [ o |
-, d ] K d ] K 5{; 4000 x*/ndf = 1.2 #+ (%1500 x2/ndf = 1.3
S S
Do DO W+ < 8 8 1000+
S S
=] (=]
u < < Z} 0 U < < j} ° % _ % 500}
- -
W-internal emission W-exchange e S
0.5 1 1.5 2
Amplitude B(D" > K979 (%) M (Ksn)) (GeV?ch) MA(K279) (GeVZ/ch)
TDA 3.61i0‘18 é{; 800_ T T T | LI T | T T LI | T I(cl:)l ] | D
1 = 2 =1. ata
FAT [mix] 3.25 T indf=12 |
é) 600 Fit result
pole 29+1.0 S
CLEO [from D° - K~n*7"]  2.74+0.23(stat.)+£0.41(syst.) S 40f - Backgrond
> — 0
CLEO [from D° — K9n'z"]  4.16+0.37(stat.)£0.33(syst.) £ 0l _ K (892)°n°
This work 2.46 + 0.06(stat.) + 0.04(syst.) 0 \ L
0 S i 0 70,0
0 0.5 1 15 2 KT T)s ave

&% Precise BF measurement of D°
B(D° - K{n'n®) = (1.026 £ 0.008,¢, + 0.009ysc )%

MY 7Y (GeVZ/cAj

- KJdnn°

consistent with PDG value (0.91 + 0.11)%
with precision improved by a factor of 10
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Events / (26 MeV/c?)

Amplitude analysis of D™ - w¥n
& First observation of D - p(770)r°

OT[O

20.3fb™! @ 3.773GeV,

BESI

13498 candidates with >87% purity

arxiv:2512.12397
dl . W A ‘ u} 770)*
W ,J'< p(TTO) ( lHL[L[.’+ ril 70 [c > ;ﬁ v L—L(: > ( } & »- (J—/\N;\’Hv? - w ] ( () J p( )
s " d %, 4| ot : [ Py W
c > 'JJJ > d D+ < QQ</ ) E /ﬁ J D+t <
D - D \
D+ =0 u ‘w é \‘k—~ d l d
: | i Jl p(TT0)* [ w0 % ‘ 70 1 d] !
| d < d d -« d d - d d d
W -external emission W -internal emission QCD penguin QCD penguin exchange W -annihilation
4. 1000}
- 2 B(D* - p(770)*1°) = (3.08 £ 0.105¢5, & 0.05ys:. )%
C% S: 600
Ny 2 &% CP asymmetry
200 S Decay mode DT (%) D= (%) Arr (%)
—_ o “**1““;](?‘;) D) = p(770)+ )70 64.3£23+£0.9 | 63.2£2.1+£0.6 | 09+1.8£06
M2, ,(GeVie') - D) = p(1450) ()70 49+0.8+0.8 | 56+0.8+0.8 | —7.2+6.8+6.8
R p(770)'n° s D) 5 f,(1270)7H () 43404402 | 47404402 | —5.0+£57+2.7
ook p(1450) '7° o D) 5 (71970 g wavem ) | 11.6£0.940.5 | 11.44£09405 | 0.8+1.8+1.1
w0l % 400r 0
@ Acp = (_1-4 + 1.0gtqc £ 0-6syst.) Y0
2000 . 200t
T a8 05508 No evidence for CP violation 1s observed!
e (GeV/e? 19




Doubly Cabibbo-suppressed Decays BESII

R JHEP06(2025)220, 20.3tb™1 @ 3.773GeV

B(DCS)/B(CF) ~ (0.5 — 2.0) tan* 6,

o Signal decay B work (x1074) | BRRS (x107%) | BEbis work /Bep (%) | x tan? b
1 (a) T (a) = = Signal > (b) T (b) == Signal 7]
Fow et D’ — Ktn~ 130 £0.09£0.04 | 1.50 & 0.07 0.328 +0.027 | 1.14+0.09
D' 5 Kt rnxt 2.38+£0.19 £0.12 2.65 £ 0.06 0.289 £ 0.028 1.00 £0.10
DY - Ktg— 70 3.06 £0.21 £0.10 3.06 £ 0.16 0.212 £0.021 0.74 +0.07
- DY — Ktn n%7Y 1.40 4+ 0.27 £ 0.09 < 3.6 0.158 £+ 0.036 0.55 £0.12
§ D" — K+7rfr] 1.04 £ 0.16 = 0.08 — 0.555 £0.092 1.93 £ 0.32
s D’ — Ktnm7%) <07 - < 1.78 < 6.19
E Dt - Ktatn— 4.50+£0.12 +0.35 4.91 £ 0.09 0.480 £0.019 1.67 4+ 0.07
DT — Ktatr™n 1.56 +0.22 £ 0.04 — — —
Dt - K+ (7r+7r77]) 0.67 &= 0.18 = 0.02 — 50414 17.3 4+ 4.8
Dt - KTKTK~ 0.51 = 0.05 £ 0.01 | 0.614 £0.011 — —
st + 1 4 +
Jr /T ] *Il HHI |l ]ll | } F DT — K+ 0.59 + 0.23 + 0.02 - - -
2005 0003 e T 4).L05 D608 005 0 0.03
U,,. (GeV) U, Gev) U, (GeV) U,,. (GeV)
PRD 109, 032011 (2024 ) , 7.33fb~1 @ 4.178 — 4.226GeV
07T T T ] T T T
X + o+ DDsD; ] : + e | DDsD; E N +0-28 - - ~ _4
-~ b Di—= K'K Worencham ] ~ 0 | D= K'K'nr Eopmhm i BD:" %K—'—K—Fﬁ'_ — ( l '24—026 (Stat) :l: ().()6(5}/5{[)) X l()
o q 1= — q3 -]
S F 1z 7 ] —4
g = i + Wother 1 BDS\ —>K|K‘ﬂ_n(] < 17 X 10
~ = - k
Z 2 DCS decay Bihiswork /3EPG (x1073) X tan* 6
JinsSPAE S [ —— D; — K'K'n~ 231703 0.80%)s
1.90 1.95 2.00 1.90 1.95 2.00 _ '
DI - Kt'Ktg 7Y < 3.09 < 1.07
M., (GeV/c?) M, (GeVic?) §

sig sig
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.032011
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.032011

Strong-phase inputs for y measurement BCSII

% CKM angle y can be determined directly / x

in B* - DK* (golden mode) decay l(ﬁs 2 )oK
— Phase-space integrated decay rate: DK‘/
(B - DK*)oc (1)) +7, + 21,7, R/ cos(8, Fy—05))
Magnitude ratio between Strong-phase difference

D® > f and D° > f amplitudes | Coherence factor || petween D® — f and D° — f amplitudes

. . 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 "


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
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052006
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.121801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L031102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112007
https://linkinghub.elsevier.com/retrieve/pii/S0370269324001722
https://www.sciencedirect.com/science/article/pii/S0370269323000321?via%3Dihub
https://doi.org/10.1007/s11433-022-1995-0
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.67.071301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
https://doi.org/10.1016/0370-2693(91)90034-N
https://doi.org/10.1016/0370-2693(91)91756-L

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
PRL 135, 171901 (2025)

& First observation of quantum correlations in ete™ = 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

Production mechanism C
ete” — DD 1
Cy = —1|e¢te- - DD - DD~y +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 =z —1
=== Quantum-correlated prediction Y DD[C=+1] B 7'DD[C = +]]
i DD[C=-]] ¢ DD[C=-1] § /7DD [C = 1]
| [— Fu _LI_L --¥ —{{- I"II
I !
i KT e 10 - ﬁﬂ KT I . ﬁ;
,rgﬁo A T }’\’%“0 V- K t K%ﬁo V- }\g‘ E B }\g /ﬁo V- K B STV }\i
-1 -1 +1 -1 +1 - 29



7.13 fb~! @4.13 — 4.23 GeV
Measurement of Oy oo o, BESII

& Ok is the strong-phase difference between D® - K~mwtand D° —» K~ n* decays
730 — 4
p iR, - A= K m) ro 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 1) 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 (1x;C0SOk and Tx,SiN0kr) 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)] ,,


https://link.springer.com/article/10.1140/epjc/s10052-022-10872-2
https://cds.cern.ch/record/2905625

Strong-phase measurement of D — Kg/ [T

&% Measurement of D — K;’/ Lﬂ+ﬂ_strong phase parameters:
c;[s;] = amplitude-weighted cos[sin]46, in phase-space i
— 15 an key input for direct measurement of CKM angle vy

Model-predicted ¢ (s;) — ¢;(s;)

between Kdntn~ and K)ntm™

% Impact on the y measurement

— Uncertainty: 0.9° with constraints

: o . : with optimal binnin
— Uncertainty: 1.5 without constraints } P &

Statistical uncertainty of current y measurement: 5.1°[LHCb, JHEP02(2021)169]" “4

$ Expected y precision gy 1y [pTEP 2019, 12301 (2019)];

1.5° with 50 ab™?
LHCb [LHCb-PUB-2016-025 (2016)]:
< 1° with 50fb™!, phase-1 upgrade ( 2030),
< 0.4° with 300 fb~?1, phase-2 upgrade (>2035)

Uncertainties due to strong-phases

o
in D - K2h*h™ decays with 20fb~1data — 0.5
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https://doi.org/10.1007/JHEP02(2021)169
https://arxiv.org/abs/2506.07907
https://iopscience.iop.org/article/10.1088/1674-1137/44/4/040001
https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://inspirehep.net/files/b9a05c7be58c07c0e7ce348d4d96db02

Summary and Prospects BCSII

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

&% 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 ony (<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
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