Hadronic Decays of Charm hadrons at BESIII
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Datasets (totally ~50 fb™! from 1.84 — 4.95 GeV) BE€SII

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

Tau mass scan

203 ~ :~733M  pairs produced @3.773 GeV
~57.4M T 7 pairs produced @3.773 GeV

10B: light hadron, hyperon 2.7/B:charmonium 64 ~ :~1.0M *  pairs produced @4.5995-4.9509 GeV
7 B |\ | |\$\| \ | \ | | ! ]
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/3.8-4.96 GeV:~225 ~—, XYz, * —, T T ..
733 T :~6.5M T T 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 | 2




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"; f 5::;‘:0'303'”

— Information of - s s sealar

— Light hadron spectroscopy A: axial-vector

T tensor
Topological Diagrammatic for / ~ decays: H.-Y. Cheng, et al PRD 85,034036
A
M .' W
—= = )

Color-allowed tree ' Color-suppressed tree C W exchange £ W annthilation A4
Calculation is not rehable, need exp. input



BF of DF hadronic decays

@ BF Measurement of ™ hadronic decays

signal region

42965 events in

2.0.

my, (GeV/c?)

o 2 505
myy (GeV/c?)

14728 events in
combined sideband

% Observation of ™ -
PRD 107, 052010 (2023), 7.33fb~1@4.128 — 4.226GeV

(054+0.12+£0.04)% oo

ErE":MfEUE

B(Dy — wn'n) =

533 L EHD:

7.33fb~1@4.128 — 4.226GeV

BESI

17 Amplitude analyses published

JHEP05(2024)335,
Mode B (%) Acp (%)
DF S KOKT 150200120009 0.2040.5040.21 -
_‘Dj — KTK—7" 5.49 £ 0.04 £ 0.07 0.48+0.2640.24 -
Dy — KQK*n0 14740024002 0854107046 .
DY = KQKn+ 0.73 & 0.01 £ 0.01 1.144+1.58+0.44
IDF > K+ K-m+m0  55040.054+0.11 § —0.660.91+0.33 h
DY ORYR ST CHEUSEU01T 2004237 £0.70 -
Df - KK —ntat 1.56 +£0.024+0.02 —0.244+1.05+1.07 TS
Df > ntato— 1.094+0.01 £0.01  —0.88+1.174+0.38 +
D} — oty 1.69 £0.024+£0.02  —0.444+0.89+0.19 +
Dy — nta0p 9.10 +0.09 +£0.15 1.05 < 1.45-- .62 N -
D} = ntotrn 3.08 £ 0.06 £ 0.05 2.42+2.85+0.78 -
D —s wtyy 3.95+£0.04£0.07 —0.59=40.76%0.20 *t
Df — nta%% 6.17+0.12+0.14 —1.60+2.57+0.64 +
Df — Kertrd 0.51+0.02+001 —2I74 465110 +
Df - Ktnta™ 0.620 = 0.009 +£0.006  1.81 +2.0140.45 N ”
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Amplitude analysis of DY - ntntn~n° BESII
7.33fb™1 @ 4.128 — 4.226GeV, PRL 134, 011904 (2025)

@ Observation of * - 7(980) (770)"

(Mainly involves W-external-emission diagram)
B(D = w0t 7 n lnen—sn) = (204 £ 0.08sm:. 2= 0.065:. )%
B(DF — nrt) = (1.5640.09stat. £0.04syst.) %

1552 candidates with >75% purity
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Events / (15 MeV/c?)

B(4(1020) — 77~ ") : G 150——
B($(1020) - KTK—) : o
........................................................................................................... 2 100
o [
Taking from * - * — * = i
BESIIL PRD 104, 012016 (2021) Deviates from PDG 50;
= T
o i .. T ]
Component Phase (rad) BF (107*) Value (0.3 1 3i0.0 1 O) a0 0 5 .,
Fo(1370)p" 0.0(fixed) 5.08 £ 0.80 & 0.43
L (080)pT 3091013 £ 0.07 2.57 + 0.44 + 0.20: by >4
f2(1270)p™ 1,11+ 010+ 010 1.94 £ 0.36 = 0.12 N —
(ptp%)s 1.10 £ 0.18 £ 0.10  0.71 £ 0.25 & 0.12 = = sk
(p(1450)* p%) 5 043 +£0.18£0.17 0.94 & 0.27 £ 0.16 S 27
(p* p(1450)°) p 458 £0.16+£0.09 1.754+027+0.08 | J-annihilation decay 0 o 190
#((pr) = 7t 707wt 2.90 £0.154+0.18 5.084+0.324+0.10 = (192 + 0.30) X 103 = < 100
§'J('(',;;)";';;ﬂ;'—';;t’j;ﬁ'""'"""""e:'z'é';;'é'éi"J:'b'b'g""'1"4'i'£'b"1'%'}'b"d'6', DG, ; P
R e s g 5 s T
+ oo W 005

ad((pr)s = 7T~ w0
7(1300)°((pm)p — ata 7%zt

4.82+0.15+0.12
2.22+0.14 £ 0.08

1.29 £ 0.39 £0.24
2.39 £0.48 £0.45

0.5

T 15
M(n*mtn) (GeV/c?)

1
M) (GeVied) .




Amplitude analysis of DY - n*n*n™n
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7.33fb™! @ 4.128 — 4.226GeV, PRL 134, 201902 (2025)

BESI

1888 candidates with >79% purity

. —+ T T
& Observation of - (770)7 ++
c Z} w W}JI/<J pt 20:— #
D} U < ¢ > > s s 05 e z
& 0 (GeV/cz)
s d 5 = < g é) 100 +
Pure -annthilation  Pure -external emission < h
= 0
1 . . 1 ~ B
& Polarization puzzle £ e e e
o " (GeVie?) M., (GeVicd) e (Gevied)
Amplitude BF (%) Amplitude BF (%) = I I
D} = p(1450)t2°, p(1450)+ - wat 0.39 £ 0.04 +003 . ,
Fespfiet 0”( - 0 [DF[S] = @pt 0.30£0.07 002 I s
D}[S] = a,(1260)%*, a,(1260)°[S] — p*z~ 0.23 £0.02 09! o I
Df[P] = a,(1260)%%, a;(1260)°[S] = pTz~ 0.50 £ 0.04 002 Dy |P] = wp 0.25+0.04 Zj0, D>S>P
Df — a,(1260)%", a,(1260)° — p* 7z~ 050 £ 004 109 [DF[D] - wp* 0524 0.07 0% ; e, i <= Hanlground
DY [S] — a, (1260)%%, a,(1260)°[S] - p~z+ 0.16 £0.02 2% D — wp* 0.99+ G.08 1= M., .o (GeV/ic) M o (GeVie?)
D}[P] - a,(1260)%*, a,(1260)°(S] — p~z* 0.17 £ 0.01 00! - 102 + — 0
+ + — 7
Di — a,(1260)°%, a,(1260)° — p~z+ H35--062 102 DI (S] = dp 3.32+£0.29 Iy S>P>D %(qb( 100200)) . KfKW ) = 0.222 + 0.019¢5t + 0.0165yst
+1p] +0.05 -
DY [S] = a;(1260)p°, ay (1260)*[S] — p*a 041 £ 0.05 1005 D |P| = ¢p 0.63 +0.12 T50¢ (( AN )
D [P] - (;1(1260)r 2°, a;(1260)*[S] -;)[) 2% 031+0.04 002 DT — p” 3.98 +0.33 _gfé Taking from *+_. *+ — * Deviates from PDG
+ 1 + .0 + +_0 +0.07
D} = a;(1260)*p°, a,(1260)* — ptx 0.73 £ 0.07 007 . .. BESIIL PRD 104, 032011 (2021) value (0.31310.010)
Df — by(1235)" 2%, b,(1235)7[S] = wx® 053005 0%  Naive prediction: PRL 128,011803 by >3
D} — by(1235)0+, b, (1235)9]S] » wn® 072+ 006 00  transverse dominates than longitudinal in charm decays y

—0.05




Amplitude analysis of DY —» nu n ™™ BESII

_1 — _
$ * + + — PRD104,L071101 (2021) 632ib@  =4.178 — 4.226CeV

—

1306 candidates with >85% purity

Observe W-annihilation decay * - 980)*" (770)° _
g 0(980)" (770) e FIrst measurement:

2,(980) B, = (3.12 £ 0.13 + 0.09)%

D -snmatntn~

o(770)° » Dominant process:

BD;"—>a1(1260)+n,a1(1260)+—>p0n:+
= (1.73 £ 0.14 + 0.08)%

" § Data (a)' ] s
— Dot
B Background ]

% 40 . Lo
> 20 o W-annihilation contribution:
P}
= 05 1 0.5 1 1 15
v M(rtnt) (GeV/c?) M(n+n) (GeV/cZ) M(n+n) (GeV/c ) BD;"—>aO(980)+p0,a0 (980)T—nr™
—~ Ty e, I
~100f e ©) D] = (0.21 £+ 0.08 + 0.05)%
3 : -Background I‘
: 1
S 50 ' 1 Significantly larger than the BFs of most other
= 0 g measured pure W-annihilation decays
1 1.5 0.5 1 1 1.5

M(mtm) (GeV/eh) M(rtntn) (GeV/e) M(rrrm) (GeV/c?)



Amplitude analysis of D — KSK}nt BCSII

7.33tb™ @ 4.128 — 4.226GeV 2310 candidates with >78% purity

@ Measurement of - 0 O PRLI35 161902 (2025) _
i 2007 :r:
Bpt k0 x0nt = (1.86 = 0.065cac £ 0.035yst) % £ $
S 3
Amplitude Phase (rad) BF (%) " &
D! — ¢at 0.0 (fixed) 1.31 4 0.05 +0.03 = il
Df - K9K*(892)* 1.10+£0.204£020  0.36 % 0.03 £ 0.02 4 e e Ie e s ST
DF — KUK*(892)% —193 40204025 027 +0.02+0.02 VML GV
B (¢( 1020) - K g, K E) ;E 12/Ny=30.0/26 :§ ....... ot XN =TR0/41
B(6(1020) = K- K-) = (0.593 £ 0.023, + 0.014Syst -+ 0.01645,?) §1505- | % 100 ki o2y
~ . S 100F S KUK (892)
Taking from PDG Deviates from PDG value S N + % o L 01680y
B(D} — ¢t — KTK") (0.740%0.031) by >3 ‘é‘j M, E y Lt
0 0 BT 06 108 L1 B s
: . M2, , (GeV¥c? M2, , (GeV¥/c*
@ First observation of - — * asymmetry (S i (G
%300 % 300 :
B(DF—K9K*(892)T)—B(DF - K9 K*(892)%) _ > il I e
B(Dj—>K§K*(892)+)+B(Dj—>K§K*(892)+)_<_14'5 == 5'181‘6& + l'gsyst)% = < 200}
Model DAT(F4) DAT(F1") < S ook
/,Dj — K°K*F —0.164 £ 0.032 —0.159 + 0.028 g AY. £
e K 0.5 I 1.5 5
Predictions by H.-Y. Cheng et al., PRD109, 073008 (2024) M2, GVl




Amplitude analysis of Df - K¥K~n™

$

-+

+ + PRD 104, 012016 (2021)

—

.

Gold normalization channel, 4399 candidates with 99.6% purity.

Model-independent PWA to determine the

x10

15000 IS 2 | 2005_ + P
. S(980): (1020)
=
- 0(980)and/or I
: ! o§,980)O 2 1of
& 5000 5 [
@ 354 a  f
sof +
[ E—— * [ *
—L l ----------- uhf—l—wmﬂ
1 1.05 1.1 1.15 ¢ 1 1.05 1.1 1.15
m(K'K') (GeV/c?) m(K'K) (GeV/c?)

Measured BFs and quoted from PDG:

S-wave line shape:

Process BF (%) PDG 2024
D — K*(892)°K™, K*(892)" - K™zt 2.64 £ 0.064, = 0.07y 2.58 4 0.06
D — ¢(1020)z", $(1020) - K"K~ 2.21 £0.0545 +0.0755 2.21 +0.06
D — S(980)z*, S(980) — KTK~ 1.05 £ 004, £ 0.0645 1.11+0.19
Dy — Kj5(1430)°K*, K;5(1430)° = K~2* 0.16 £ 0.03,, £ 0.03,, 0.18 + 0.03
Dj — fo(1710)z", fo(1710) = KK~ 0.10 & 0.024, £ 0.03., 0.07 + 0.03
Dy — fo(1370)x", fo(1370) = KK~ 0.07 & 0.0245 = 0.0l 0.07 £ 0.03
D - K"K zn" total BF 5.47 £ 0.08, £+ 0.134ys 5.37 4 0.10

Events/(27.0 MeV?/c%)

Events/(20.0 MeV?/¢%)

1000 |-

500

1 2
m? (K K*) (GeV?/c%)

400F
300F
200f

100F

0-

05 1 1.5
m? (K" m*) (GeV%ct)

3

2

m2 (K 1) (GeV¥c?)

Events/(20.0 MeV?/¢4)

I
=

m2 (K* K ') (GeV¥ch )

4399 candidates with 99.6% purity

m? (K* ) (GeV?/c%)

BFs of Intermediate processes:
B(Df — K*(892)°K*) = (3.94 £ 0.12)%
B(D} — $(1020)z") = (4.60+ 0.17)%

Consistent with latest calculations:

Hai-Yang Cheng et al.,

Phys. Rev. D 109, 114027 (2024)




Amplitude analysis of DY —» K2K*n®, K2Komt BESII

6.32fb~1 between 4.178 — 4.226GeV

& o + PRL 129, 182001 (2022)
Observation of ( )" N KT (892
m(ag) = (1.817 4 0.008 = 0.020) GeV/c? Emo— KSK (892"
I'(ag) = (0.09740.022 4 0.015) GeV/c? = ::K(’gfggj’:f)
B(DT — a0(1817)+7r0,a0(1817)+_f KIKT) = ol —-aZ(1817)+n0
(3.44 +0.52 +0.32) x 10 § :
O [ el
LES L 00 YRy R T AT
2 —1 /= — = 1 12 14 1.6 1.8
LREEHN A= ES e
® o ¥ PRD 105, L051103 (2022) 60F

—— Data
(@) — Total fit

------ KK (892)*

------ S(1710)*

B(DF — 5(980)rt) <1.8x107* _ fo(980)#ao(980)
@ 90% CL HiET5

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

1NEg . fo(1710)F0a(1710) it
tl:ﬁﬁﬁﬁ,* NEZR YIRS M 00 (GeV/c)

T, T T TPRDI104,012016 (2021) 10

ents / (20 MeV/c?)
S
I

E/
a‘[”?m
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Amplitude analysis of D - ntnn BESII

® - 7 PRL 123, 112001 (2019) . Te =
Observe W-annihilation decay: 1239 candidates with 97.7% purity

. 3* - Cj'_ilUO —
: 13|
2 2f = 0
9: i gSO =]
aR : % [
= 1f = |

2 0

B(D} — ay(980)T @291 4,(980)T® — 7+

e
)
N—
S
oo
S
I
|
oo
o

= (1.46 £ 0.15,,, + 0.23,,.)%

Significantly larger than other W-annihilation decays by one order

sys)

Events/20 MeV/c?
Events/20 MeV/c?

s BF measurement:

B( *- *9)=(950+0.28+041)% ‘1%2; 0(980)* '1%
¢ Dominant process: ol | J 13w
B( + N + ) — (744 + 048 + 044)% = oi Vi N & Ry

M, (GeV/c?)



Amplitude analysis of D° - ntn™n, DT - ntn'n

& Observation of D - (

(1.24 £ 0.04 +

O\/
o
w
2
X

("~ *9)=
(218 +0.12 + 0.03)%

) 7.9f07'@ ., = 3.773GeV,

PRD 110, L111102 (2024)

Amplitude

Phase (in unit rad)

BF (x1077?)

DY — a»(1700) 7~

DUI — (7T+7Ti)3—waven

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

0.08=0.17x0.23
—(0.924+0.29 + 0.14

0.19 =0.02 £ 0.01

0.07 £ 0.02 + 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 = pTy
DT — (7t 7%y

—4.03 =0.19 £ 0.13
—0.64 £ 0.22 £ 0.19

0.924+0.20+£0.14
0.63 == 0.41 = 0.30

B(D° — ao(980)*7) /B(D° — ao(980) "7 +) = 7523, :
B(D" — ao(980)"7°)/B(D" — a0(980)°7") = 2.6 £ 0.65tar. & 0.3cyst. |

0.20 & 0.07 £ 0.05
0.34 £0.11 £ 0.11

0.95+0.12+0.05
0.37+£0.10 £ 0.04 :

0.09 = 0.05 £ 0.02
(.15 & 0.06 20.02

+ 1.75yst,

- Disagrees with theoretical predictions by orders of magnitude

M) (GeV¥ch) Events/(25 MeV/c?) M) (GeV¥ )

Events/(25 MeV/c?)

+ = PN ]
. ! = a,(980) T+ ]
= - 2,(980)' T ]
= 0
g + -
£
g
& ;
I 2 iy 1 15
M) (GeV/ch) M) (GeVic?)
w- 1678 candidates with 74% purity ]
s g
: 5
(} == """—"‘irﬁ‘_w ~ J,_._:\-- ) T £ .
1 1.5 0.5 1
M) (GeV/c?) M(T'T) (GeV/c?)

3 L e
+ pM .
=
E
i

60f

1 ...\--_-—--'dn ,15
M) (GeVich)

s0f

- 1226 candidates with 66% purity

ouj ]

e
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[
=]
|

Events/(25 M¢
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s I
M) (GeV/ed)

1 15
M@ (GeV/c?)
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Amplitude analysis of D™ - ™n

@ First observation of an K,(1430)**

arXiv: 2505.12086

altered (980) line-shape £ 7
due to triangle loop rescattering 3o
ap(980)" £ s
Fitl: (980 three-channel coupled Flatte formulae, = 0.; {
the fitted pole position is inconsistent with previous measurement. — °°- NSl i

To consider the rescattering process * - 5(1430)° * - ,(980)*
we perform Fit2 and Fit3

Fit2: (1 + | |O loop)  (980)
Fit3: (1+] | Ioop) 0(980) with

|C| = 0.113 & 0.015445. = 0.0484yst.
Fit2 and Fit3 give good descriptions of the altered ;(980)
line-shape. B(Dt — xtmm)
&% BF B(D+ —a0(980)"n) B(ap(980)" — 71 n)

fixed to zero.

Events / 10 (MeV/c?)

06 08 1 12

AT
M () (GeV?ict)

Events / 10 (MeV/c?)

BESI

20.3fb~! @3.773GeV
1624 candidates with 85% purity

e D e oy B T e O
LA 2 M ol LS 16 LA

M) (GeV/c?)

._
th
e}

L

100k

N
=]
|
—
“.
»
-

O resrrey i IR RN R

=== Fix parameters
=== Fit]

= [it2/Fit3

=== Background

o
-
-
-,

i N

I.1 1 !2 1.3
M(mm) (GeV/c?)

} = (3.67 £0.124¢at. £0.064yst.) x 1072




Amplitude analysis of D — KgT['I'T] PRL 132, 131903 (2024) BCSII

2.93fb™1 @3.773GeV

% Observation of W-annihilation-free decay * - ( )7
o Dhata - : 1113 candidates with 98% purit
R +<a> ol | o . 0(980)* candicates wi purity
L b K%,(980) I L [
7 [ K (1430) 2 0 4o 2 100[ [
2 PR SR Td |
S S | + +' S | g 10
S 5 0l 5 0 1 Ty 2 |
oy 50 A Pyl S |
e : | et E
N T R s 1 12
M Kl (GeV/c?) M Ko (GeVlce?) M. (GeVic?) [
B(D* — K%ay(980)*,ao(980)* —» ztn) = (1.3340.05,, £0.04,)% |
B(DT - K(1430)°7F, K§(1430)° — K97) = (0.14 £0.02, £ 0.02,) %.
B(DT — Kntn) = (1.27 £ 0.044, + 0.03,)% ) . . S
W KO
Provide sensitive constraints in the extraction of . Eﬁ< d
contributions from internal W-emission diagrams =—p» | " Lao(o80)*
d < - d

14



Amplitude analysis of D¥ -

+
SN

-+

Amplitude Phase (rad)

0.0(fixed)
1.45 = 0.04 = 0.08

66.5 £ 11T +30
1.9+ 02+02 :
684+ 11+26:

D = K, (1270)°[S]x T,

= -0.09 £ 0.03 £ 0. 8+03+0.3

K,(1270)0 — K- p(770)* 0.09 £ 0.03 £0.03 38+03=+0

Dt — K1 (1400)°[S]7* 0.40 £ 0.02 £0.04 75+02403

Dt — K;(1400)°[D]r* 242+ 0.04 £0.04 05+01401

Dt — K,(1400)%7t,

= /o — 73402403

K1(1400)° — K*(892)7 fishisk B 2

Dt — K(1460)°7, , z .

K(1460)0 = K*(892)x 0.41 +0.04 £ 0.07 51+0.2+0.3

Dt — K*(1680)°7, '

R*(1680)° — K*(802) 1.13 +£0.04 £ 0.09 3.8+ 04 +0.8

Dt — (K~ 7)) s_wavep(T70)" 290 £ 0.02 £+ 0.04 183+ 0.7 £ 0.7

Dt — K(1460)°x+,

K(1460)° > K~ [t n0)F=1r -1.29 + 0.08 £ 0.06 8.6 + 0.8 £ 0.5
+ ¢ 0.+

D" K160 2314+ 007 £0.06 34405 +0.3

R(1460)° — [K~n]-=1n

B(Dt — K—ntaTn)

(6.35 % 0.04g¢at. + 0.075ys1.)%

Golden tag mode

Events / (10 MeV/c?)

0

BESI

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

8.6 0.8 1 1.2 14 0.4 0.6 0.8 1 1.2
M(K'w) (GeVic?)

15007

1000-
1000F

s00r 5000

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

M) (GeVic?)

MK (GeV/e?)

0.8 1 12 14
M(K") (GeV/c?)

} Data

Total fit

——— K (892)’p(770)"

—== (), PO
——— K,(1400)'(K (892)m)m+

Bl Background

Events / (10 MeV/c?)

M(Kmr) (GeVie?)

—

AL o 35 oF o

D' 5>Kirr A

PALIEES o o & &

0 0_0_0_0
D Ko mm:

Decay channel and Collaboration B(DT = K*(892)°p(770)T) (x1072)

D" 5S> Kz nta

Dt - K—ntnt7Y, current analysis 6.52 +0.11 4 0.26

Dt S K rata®

DY — K—ntata?, MARK-III [4] 724+ 1.8+ 21

D' s Kixt 2 n’

=T iRE S IR
BESIII PRD95, 072010 (2017); LHCb EPJC 78, 443 (2018)
£ memoEZMER

BESIII PRD99, 092008 (2019)

W memoEHZMER

BESIII PRD100, 072008(2019)

BESIIT JHEPO5 (2025) 195

BESIII JHEP 09 (2023) 077

Dt = K%r 7%, BESIII [21] 5.82 + 0.49 + 0.29
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Amplitude analysis of D® - nta ntn, ntn n®n® BESII

) L, r -+t -+ = CPC 48, 083001 (2024) | 293 b1 @3.773GeV

|
S —— Branching fraction (%) ”%::; ;f = % ot i
wta at Ol 9 = g B AR Y
D° — ay(1260) "7~ 0.566 + 0.024 + 0.008 + 0.110 | 0.546 + 0.027 £ 0.011 = 0.069 Eied % S Foi
D° — a, (1260)~ 7+ 0.071 #+ 0.010 + 0.001 £ 0.017 | 0.068 & 0.011 % 0.001 % 0.021 g H 5 5
D° 5 a,(1260)°7° - 0.313 + 0.031 + 0.007 + 0.082 N e N & %
D° - a,(1640) 7~ 0.012 £ 0.003 £ 0.000 £ 0.006 | 0.010 £ 0.003 % 0.000 £ 0.007 " i) (i) Bl EENIE) MGem ) (GERIE
D° — hy (1170)°7° - 0.012 £ 0.006 £ 0.000 % 0.010 S s 3 el R
D0—>7r(1300)+7r 0.222 + 0.018 + 0.003 + 0.031 | 0.148 + 0.014 + 0.003 + 0.025 N it I - . p—_—
D° - (1300) "7 0.162 £ 0.016 + 0.002 + 0.028 | 0.108 + 0.011 + 0.002 + 0.021 T S wo Ny s (13008
D° = 7(1300)°7° 3 0.221 + 0.027 £ 0.005 £ 0.033 " o & I i
RN kT TR SRR S = W me o m 4 CSepmgiew e
DV S (IO p(770) 0-103 £ 0.013 £ 0:003" £ 0.0221 ’
2 DO — p(770)°p(770)°[S] | 0.012 £ 0.004 £ 0.000 £ 0.003* z 2 )
5D°—>p(770)0 (770)°[P] | 0.067 £ 0.007 £ 0.001 + 0.006: D>S> P é: é é
LD p(TTO) PO ID) .. L 039, £ 0,015, £ 0,002, 0,017 z
D° — p(770)°p(1450)° 0.017 £ 0.006 £ 0.000 £ 0.008 = = 8 . = e -
D° = p(770)°p(1450)°[P] | 0.007 + 0.003 £ 0.000 + 0.003 - %f - % F %E -
D — p(770)°p(1450)°[D] | 0.010 + 0.006 + 0.000 + 0.008 - g 5" MLJFMI'W‘% §
N Al e S R T T é ) : L :
: D" p(770)*p(770)~[5] - 0.124 & 0.019 & 0.003 + 0.033 } D> S> P“ S e, - e,
£ D — p(770)* p(770)~[P] ; 0.186 + 0.013 % 0.004 + 0.019 } T o ol . _ |
e (0 R ) 2 O SR 0.342, £,0.029 % 0,007, £, 0,024 ; 5 = iszg—fW“'Wm s b
D° — p(770)* p(1450)~ [D] 8 0.016 =+ 0.008 + 0.000 + 0.016 s "L L s I i
t e, e e e
Branching fractions PDG —— s
D’ S atnatne (0.688 + 0.010 £ 0.010)% (0.756 = 0.020)% (' P-even fractions Y 3 (non-n)
D° - rta-7%7%(non-n) | (0.951 £ 0.025 + 0.021)%  (1.005 £ 0.090)% (75.2 £ 1.1ga. & 1.5gys. )% (68.9 £ 1.5qa. + 2.45ys.)%
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Amplitude analysis of D° - Kon®r®

% Dominant contribution

C - - S
B [_(*0
d

-internal emission

20.3fb™1 @ 3.773GeV, arxiv:2510.25111

(892)0 ©

—

DO

U < <

-exchange

Amplitude BDY - K72 (%)
TDA 3.61+0.18
FAT [mix] 3.25

pole 29+1.0

CLEO [from D° —» K—n*nY]
CLEO [from D° — Kgﬂoﬂo]
This work

2.74+0.23(stat.)£0.41(syst.)
4.16+0.37(stat.)£0.33(syst.)
2.46 + 0.06(stat.) + 0.04(syst.)

& Precise BF measurement of © -

(°-

0

0 0 0)y= 1026 % 0.0084, + 0.009ys %

0

Events / (0.020 GeV*/c%)

Events / (0.020 GeV?/c%)

0

400

3001

2001

100

T
8001
600+

400t

(a)
x2/ndf = 1.2 #f

M*(K$rY) (GeV¥/c*)

0 0.5

xndf = 1.2

A

T T | LI | LI | LI
© 1

Mz(:'r”:rg) (GeV2/c4)

consistent with PDG value (0.91 +

BESI

19117 candidates with >93% purity

Events / (0.020 GeV*/c?)

1500F

1000

500

T I LI T T l T T
(b) |
x2ndf = 1.3

0.5
M*(K3rY) (GeV*/c?)

) S s g = O L
1 L5 2

| Data

Fit result
Background
— X (8922
T K

0 0 0
KS(;’T 7 )S»wave

0.11)%

with precision improved by a factor of 10
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Events / (26 MeV/c?)

Amplitude analysis of D¥ —» tm

& First observation of * - (770)* ©

OTL'O

20.3ftb™1 @ 3.773GeV,

BESI

13498 candidates with >87% purity

arxiv:2512.12397
(ﬂ _ -~ W M‘ﬁjw € “ +
J’< ‘ ) ( ] H7 II:*' dl (e ¢ > ({ﬂ ; > u } ¢ > = H} > u ] ] 0(770)
Wt s . 7 ] S} e g r p(770)° W+
c > f‘j > d D+ ‘fee\// . é ﬁ ) b <
% Dt A f,‘ ik g \k p p
Dt e u [t o [
(T70)™ = £ 7l = ] m’
| d - d d -« dJ A |d < i J*«—¢;<7J[ d d
-internal emission QCD penguin QCD penguin exchange -annihilation
f’;looo— 0
> —+ + —_
C% > 60
¢ £
& Z %  asymmetry
2001 Decay mode DY (%) D~ (%) Arr(%)
R i o D) o p(770)H )70 64.3+£2.34+0.9 | 63.2+£214+06 | 09+1.8+06
M2, (GeV/eh) ~ D) = p(1450) ()70 49+08+08 | 56+08+08 | —7.2+6.8+6.8
s00] o(770) 7 = | DT(=) & £,(1270) 7+ (-) 434+04+0.2 | 47404402 | =5.0+£5.7+2.7
wof p(1450)'n" z D) = (71%70) g_aver ™) | 11.6£0.9£0.5 | 11.4+£0.94+0.5 | 0.8+1.8+1.1
wf Y = 14+ + 0
d - £ CP — 14 = 1-Ostat. - O-65yst. Yo
200l j} | ’Lt! 200r V:-E,:"
‘ Mﬁ;ﬁ’"ﬁr—ﬁ sk e T e b * * b
O e oE ] o Ay No evidence for  violation 1s observed!
M . (GeV/c) M (v 18



Doubly Cabibbo-suppressed Decays

R

Events/(7 MeV/c?)

40

Events / (0.01 GeV)

B(DCS)/B(CF) ~ (0.5 — 2.0) tan* 6,

1@

 150F

1 1001

4 Sop

201

(b)

B T

...............

1 15F

1 10p

,ﬂiunH'

0 0.08

-0.05 0 0.05 -0.0:
...... (GeV) Uyiss (GeV)
T T T —]
+ +yr+ ED D‘
D E K K .opencharm

M., (GeV/c?)

sig

-0.05

Events/(14 MeV/c?)

b2
=

065

[y
=
LI

-0.05 0
(GeV) lelelele (GeV)
I I 1
+ +yr+ DD;D:
D = K K T .opencharm
| — Dqﬁ -
.other )

P
195

M, (GeV/c?)

sig

JHEP06(2025)220, 20.3fb~! @ 3.773GeV

BESI

Signal decay Bg?‘: WELE. (10— BE?S fad0—=) Bg?‘; work /Bp (%) | x tan*f¢
DY Ktn™ 1.30 £0.09 4 0.04 | 1.50 +0.07 0.328 4 0.027  |1.1440.09
D Ktnnnt 2.38+£0.19+£0.12 | 2.65=+0.06 0.289 4+ 0.028  |[1.00+0.10
D® » Ktg—ad 3.06 £0.21 £0.10 | 3.06 £ 0.16 0.212+£0.021 |0.74£0.07
D% — Kta—nPx0 1.40 +0.27 +0.09 < 3.6 0.158 £0.036 | 0.55 £0.12
D Ktn g 1.04 £ 0.16 % 0.08 - 0.555 4+ 0.092  [1.93+0.32
D% = K*ta—n% < 0.7 - < 1.78 < 6.19
Dt - Ktnta~ 4.50+£0.12+0.35 | 4.91 4 0.09 0.480 +0.019 | 1.67+0.07
DT - Ktatnn 1.56 £ 0.22 £+ 0.04 — — —

DY = K (77 771) yop_yy | 0-67£0.18 +0.02 - 50+1.4 173448
gt s KtEtE- 0.51 +0.05 £ 0.01 | 0.614 £ 0.011 - -

DT — Ktny 0.59 4 0.23 4 0.02 — — —

PRD 109, 032011 (2024 ), 7.33fb~! @ 4.178 — 4.226GeV

B it = (1.2417928 (stat) £ 0.06(syst)) x 10~4

DK Ktx 0.26 y

BD\-.‘ —->K| K‘JT_JTU < 17 X 10_4
DCS decay Biis work /BPDG (5 1073)  x tan® O
D - K'K'n~ AN e 0.807018
Df - K*Ktnn° < 3.09 £ 1.07
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Charmed baryon decay BCSII

% T may reveal more information of strong- and weak-interactions in charm
region complementaryto / 7

— Most charmed baryons eventually decay to

Topooloaical Diaarams for T decavs:

r—————|
B
> q,:

Q oY

q
ﬁc I H.-Y. Cheng et al, Chinese

[ > > I Journal of Physics, 78(2022)
. . S 324-362
q q [ q I
T c C’
W-emission internal W-emission ' inner W-emission | Non-factorization amplitude

: X ) , X i | — Calculation 1s not reliabale,
I q § ( C % ( q : . [ need exp. mput
I - > > 7 > > ( I

- >
»

q q q
l Ey E, F; |
| [ |

W-exchange ;, >and ;

>
> >
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Observation a,(980)* in A} — Aty BCSII

6.1fb~! @ 4.600 — 4.843GeV PRL 134, 021901(2025)

@ Observationof ™ -~  ;(980)"

1312 &£ 45 signal events with 80% purity

= 200 I N r + — sWeighted data - [

> A + — Total fit 2, ‘l’
§ § (1835) — Aa,(980)" § 100

O i > _ ANR.(TT'M) L

< 100 = i — 31385 =

A - N i A(1670)m* N

% : g/ 100 . g/ 50 r

o - o N 0] 0

> > >

- = OF 84 i

07 08 09 1 L1 13 14 15 16 17

M., (GeV/ c?) M, . (GeV/c?) 1]51 An (GeV/ c?)
("> *Y)y=(. =+ . + )% Process FF (%) S o
Aao(980)T 54.0+84+26 13.10 —0.917015 +0.08
(7~ 0(980)", o(980)" -~ )= »(1385)"n 30.442.64+0.7 22.50 —0.61 £ 0.15 £ 0.04
. = . = - )% A(1670)r" 14.1+£28+1.2 11.70c 0.21 £0.27 £0.33
( + 0(980)+) — (123 + 021)% ANR0+ 15.4 + 5.3 6.70

Larger than theoretical calculation by 1-2 orders.
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Strong-phase inputs for y measurement BCSII

% CKM angle y can be determined directly / x

in * - * (golden mode) decay l<5B 2 (V)oK
— Phase-space integrated decay rate: DK /
[(B" — DK )oc (1)) +r; +2r,r) R/ cos(0, Ty —0))
Magnitude ratio between Strong-phase difference
0, and © . amplitudes | Coherencefactor | petween 9. and © . amplitudes

May limit precision to vy

& Extract y using different D decays:

— Self-conjugate decays (e.g. ° * 7): "GGSZ"-> , (amplitude-weighted cos sin in phase-space )
[PRD 68 (2003) 054018; PRD 67 (2003) 071301]

— CF and DCS decays (e.g. =, #z°, =mzr): "ADS" > |
[PRL 78 (1997) 3257; PRD 63 (2001) 036005]

— (Quasi-)CP eigenstates (e.g. * 7): "GLW" - CP fraction ;...
[PLB 265 (1991) 172; PLB 253 (1991) 483]

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


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

7.13fb™! @4.13 — 4.23 GeV
PRL 135, 171901 (2025)

BESI

Quantum Correlated D°D" pairs

. . . Production mechanism C
% Studies of quantum correlations 1n —
b o _ ete” = DD - |
— — Cy, = —1| ete- - DD — DD~ +1
— Quantum correlated C-odd  ° ™ © pairs used at Cro = +1|e"e” > DD DD’ -1
(3770) for D-decay strong phase measurements ete” »D'D" = DDyy -1
. . . L . ete” = D*D* - DD 1’y +1
@ First observation of quantum correlations in N ete - D*D* — DD %20 _1
and C-even constrained pairs ‘ ‘ ‘ l ‘
=== Quantum-correlated prediction Y DD[C=+]] § DD [C=+]]
C’ |D5> _ /{Cexp ]Dl_)> _ (1 _ R)Cexp |Dl_)> H i DD[C=-] $ DD[C=-]] § vy/x%°DD [C =—]]
Production mechanism K %22- --}- - -["}- - “'+‘ _}"I_ . .E_ -}AT
DD 1.015 & 0.066 <8 T } I T
D*D — ~DD 1.044 £+ 0.044 11
D*D — 7DD 1.028 4 0.024 Bk _IL
D*D* —yr°DD  |1.027 £0.017 . - Fu -I-I—L - 3 _{_JI_L
D*D* — ~vv/7°7°DD [0.963 + 0.060 { f I
:l : COherent - - 0 \'I%'» ﬂ'm’ 0 sl grE 00 VS Kgﬁo 0 N5 Kgﬁo 0 vs- Kk}{/ X DF\';- Kﬁﬁ
=051 KiT K§m K T Fr k=T
0.5: incoherent CPcigenvalue -1 N + N 1 ©



7.13fb™! @4.13 — 4.23 GeV
Measurement of 6y, oo 1 ooy, BEOIIL

% Ok, is the strong-phase difference between © - ~ *and © - * ~ decays
. ADY - K nt . . :
Tﬁﬁe_“sg T = ( ) 1s the magnitude of the ratio

ADY - K nt)”’
— 18 an key input for measurements of the charm mixing parameters and CKM angle vy

& Usc the quantum correlated pairs to measure Ok

— CP tags ( + -, + -, + = 0’ 0 0) Source Observable Value
( 6Kn) D — CP T CcoS O —0.070 £ 0.008 £ 0.0015
D — Kdntn~ TH . COS Ot —0.044 £ 0.014 4+ 0.0018
+ J—
— 0 tags ( Ok and Okr) D — K%ntn~  r2_sind2,  —0.022+0.017 = 0.0031
@ Extract Ok

02 = (192 8+£ 2_"% Z) agree with global average 0fn = (190.2 £ 2.8)°

[LHCb, CERN-LHCb-CONF-2024-004]

@ BESIII combination (combined fit with BESIII measurement usma 2.93 f? o Bzg%]rga%\
+6.9+3.4\0 0R 187.6 9 -y
6K (189 2 —7.4—3. 8) [BESIIL, EPJC 82,1009(2022)]



Strong-phase measurement of DY — K g y (T BESII

0 0 + — 7.93 b~ @3.773 GeV, JHEP 06(2025)086
& Measurementof - - 7, strong phase parameters: -

= amplitude-weighted cos sin 1n phase-space ! / +\ § /( %}j |

& oF |, P » O |

1 I I osb \ # # g5 X 3 # /
— 15 an key input for direct measurement of CKM angle vy 1 \++/ | \ﬂ_j;/

Model-predicted ( )— () i"_'1”'_'65”'_6‘"‘o‘e’,"'%" i SR
% Impact on the y measurement between © * —and © * - ¢ ¢ €qual binnihg”® & °

Uncertainty: 0.9° with constraints , , o i A
I . y o . , :l- with optimal binning e N o / % \K
— Uncertainty: 1.5 without constraints T \ el | N
° @ of |, bl @ oo . i
Statistical uncertainty of current measurement: 5.1 [LHCb, JHEPO2Q021)169] | ¥ /A f
iy ) \+ ) \\__ _+;/
% Expected y precision (gejje 11 [PTEP 2019, 123C01 (2019)]; I P e
. with50ab™? | . dptiina mmng i
LHCb [LHCb-PUB-2016-025 (2016)]: P \\
< with 50 fb™1, phase-1 upgrade ( 2030), °5 / \} 05 ,/r A\
< . with 300 fb™', phase-2 upgrade (>2035) | “ % | f e 'i% ! it
— —0.5§— \\ =:-.+// —0.5; \\ i/
Uncertainties due to strong-phases 0.5° S T s e
. O + — . _1 H . -1 -05 gi 0.5 4 -1 -05 CO'i 0.5 1
n - decays with 20fb™"data BESIII white paper modified-optimal binning .




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 ( 7(980), 7(980), (500)...);
and provide crucial inputs to model-independent determination of y and charm mixing/CPV

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

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

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