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BESII| charm dataset

Beijing Electron Positron Collider II(BEPCII) Beijing Spectrometer(BESIII)
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Why hadronic decays of charmed mesons?

» Topological Diagram Approach Mode

Amplitude

D° > Ktn~ A4s(1.23T 4+ E)

: i [ - M 0 0.0 1
" | \ W DY - Kx E/ldS(C —E)
pg \
() <> M, L My D" — K% Ads [i\/_ (C+ E)cos¢ — Esin c]b]
U D% —» K%' I }

Ads [E(C + E)sing + Ecos ¢

Color-allowed tree (7) Color-suppressed tree (C) Dt — KOzt A€ L BTIA

y " Dt - K*z° %AdS(I.BT —-0.71A)
“‘, \ g M,y My
o n D* — K*y ,1[,3[ L_(1.05T + A) cos ¢ — 0.81A sin gb}
| oL W
\ s \// - D" - K'y e [ (1.05T + A) sin ¢ + 0.81A cos qs]

o Df —» Kkt A4s(1.27T 4+ 1.03C)
W-exchange £ W-annihilation A4

\S)

S-S

> > high efficiency, low background, (usually) high precision, no interference. Good for A, ’
mixing etc..

> -, - ,( - ) Understand the nature of light scalar mesons, ;(980), (980), (700), ,(500)
etc..

> > Clarifying the non-perturbative mechanism. Well defined quark content of V. Better than the PP and

VV, due to the multiple-amplitude composition of PP and the polarization in VV. 2
. pseudo-scalar

> - Polarization in charmed decays. V: vector

> - Study axial-vector mesons, 1(1260), ;(1400)etc.. S: scalar
A: axial-vector




Amplitude analysis of D* — Kr*n

: PRL 132, 131903 (2024
Among - o(980)* . * - o(980)* Ois the 203f1@ =3773GeV ] (
only decay free of weak-annihilation contributions. 1113 candidates with 98.2% purity ~ Hypothesis:
[ two-quark state-
Decay Amplitude i (C) . t I W 5 o
Dt > fort LaVi V(T +C + A+ A) + ViV, C 2 INternal vv-emission
= JokK™ ViVl sa(T + A') + pA] § 100 i ¥ (a)
— ag KV Ve Vua(T'+ C) B ¢ > —> 5\ &
=5 L R 0(980)" P
- ot LBViVua(T+ C + A+ A) = aViV,,C o D* y
- Ot ViVua(T+C) :‘/ i 4 }(l()(gé())+
- ROkt Vi VT + ViV A = - d < - d
D"~ for° 1oV Vuu(—C+ C = E- E') + 5 pV2,V,sC' g 50 +
= foK® VisVialza(C + E) + BE] > i . tetraquark state-rescattering
- agn” ViaVua(T' + E) - s - 0 + 0 +
- ayrt Vi Vua(T + EY) % T 0(1430) - 0(980)
LY VesVua(T'+ E) B L . < external W-emission
—~ oK VeVua(C = E)/V2 (e L
~ &K 1 ViVulT+E) 0.8 1 1.2 "
- on 3VeaVuaP(—=C+ C' = E—E') = aViV,,C Mn'fn (GeV/cz) (d) T > u
W < (j}(l()(‘()éé())+
v Observation of W-annihilation-free decay * - ( )* g 5
e — s\ -
* (T %0(980)*, o(980)" - *)=(133+£005 +004 )% o Rwor e

* Provide sensitive constraints in the extraction of contributions from external and internal W-emission
diagrams of -

« Understand the inconsistency between theory and experiment of the - ;(980)" [1-3].

[1]Phys. Rev. D 105, 033006 (2022).  [2]Phys. Rev. D 67,034024 (2003).  [3] Phys. Rev. D 81, 074031 (2010) 4



Amplitude analysis of D° — n*n™n, D* — n*nn

. 7.9fb-1 =3.773 GeV PRD 110, L111102
v Observationof - () @

Amplitude Phase (in unit rad) BF (x10~°) = B -
== -~ —- =T A N N G V. 0.19£0.02 £ 0,01 = b a8y
| o _, + - ) — | 1DV ag(980) 7t 0.06 £0.16 £ 0.12 0.07 % 0.02 % 0.01: & -
I D% — aq(980) 7 —1.06 £0.12+0.10...0.55 £.0.05 £ 0.07: 29 ]

| scecnnmnieass LG A A AT e s 0 A0S ¢ FLO 10 Jom mip U P35 20 Jm mig V 3 O ¥ O -
I (124 + 0.04 + 003)%| DY — a2(1320)"n~  |—1.16 £0.25+0.23 (.03 & 0.01 & 0.01 @ i :
I DY — a2(1700) "7~ 0.08+0.17+0.23 0.07 +0.02 + 0.03 I 2 = 15
| 2 2 2.4 AV /2
' | D% = (n+7 ) s_waven| —0.92 £ 0.20 £ 0.14 (0,05 + 0.02 + 0.03 — ey PP R— R
: (+5 *0)= | DF S o7y 10310195013 020£007 005 Q- (lofScandidaies with 74% purity | -
' Dt & (2t 2%y —0.644+0.224+0.19 0.34£0.11+£0.11 5 | N |
L (919 1N 19 a4 N N2NO/a1 cirempeeenti DAY O e 0 s A sl SR e e el e -
1 (218 £ 0.12 £ 0.03)% i+ o) nt 0 (fixed) 0950157005 8 s uhily | ] 8
e e e e e e e e e e e — = - Dt —ag(980)0nt | 24440204010 037 40,104 0,04} S [ WALLUT R
Dt — a2(1700) T 7° 092+£0.20+0.14 0.09+0.05+£0.02 = F _pf™ —— ~ul] =
BF ratios: D% — ao(1450) T x° 0.63 £ 0.41 £ 0.30 0.15 & 0.06 = 0.02 | —_———
——————————————————————————————————————————— 1 ? ; ‘ ‘ I I ‘ ' ‘ I I
I + — —_ + _ + ' | &‘; )
| «( - ) e - ¢ )y H=. _ = L e 2
I ' | E s
| (Y~ C )Y MY (*- () H=.=x. = 2 Bl
. . . . . . — = = 0 e L) T Tt
:_ Disagrees with theoretical predictions by orders of magnitude ! W) GV M) (GeV/ed)
g 80 (o 1226 candidates with 66% purity ]
o o o o o > [ ]
In the diquark scenario, the external W-emission dominates the - =« 12
; ; . . . . o 40 d
() decays contrary to expectations of its negligible contribution due % | E
to the very small 4(980) decay constant[1]. New mechanism needed? ' : = g —
M(xn) (GeV/c?) M) (GeV/e?)

[1] Phys. Rev. D 105, 033006(2022). 5



Amplitude analysis of D* — n¥nn

20.3fbl@  =3.773 GeV 1624 candidates with 85% purity arXiv:
v" First observation of an altered ( ) line-shape '

(due to triangle loop rescattering)

| 2 e - P
Fitl:  (o80) three-channel coupled Flatte formula, : =
L. . . . =it =
the fitted pole position is inconsistent with previous measurement. £ s
S — |
. . — s - 2 20
To consider the rescattering process * - ( ) T o = 08 5 |
. 0 06 m i 4 = —
( )" ,we perform Fit2 and Fit3 Ko(1430)% ! O i L T
Mmm) (GeV/c?)
Fitz: A+ 1 100p) o(980)
—— Data
Fit3: (1+] | 100p) o080y With  fixed to zero. (80" & 1s0f ]
> = Fit2/Fit3
|C| = 0.113 =+ 0.0154¢a¢. £ 0.0484yst. s ook B, Backgownd
Fit2 and Fit3 give good descriptions of the altered ( ) line-shape. ~ - ; + P
5 sor i e
v BF measurement o PR
g ——T" ..._.“I 7:. .7.1 u}.-'..‘:i‘”"%

B(DT — nnn)

B(D* — ao(980)*n) Blao(980) —» n+n) T = (367 £0.1200ar. £0.06sys. ) x 107507 08 7091 M| 12

M(mm) (GeV/c?)



Amplitude analysis of D; — ' ™

PRL 134, 011904 (2025)

0

R 7.33fbl@  =4.128- 4 226 GeV 231 0 candldates with >78% purity
Q3T :
= : 1 + + . .
S - 1 1v" Observation of - () ( )" (Mainly involves W-
o & Fit | |
r Background e (el —3
1L9 60j . eXteI’Ilal emISSIOH dlagram) Component Phase (rad) BF (1077)
~ a0 .f?.}§.7.92 ................................. D) ] 2085080043
o i : f0(980)p™ 3.99 £0.13+0.07 2.57 + 0.44 % 0.20:
2 o e e rassase O R PR
1.% o ! . N + 4+ — O\ (p+p%)s 1.10 £0.18 £ 0.10  0.71 + 0.25 £ 0.12
( - ) - (p(1450)* p°) s 0.43+0.18 +0.17 0.94 & 0.27 £ 0.16
(ptp(1450)°) 458 +0.16£0.09 1.75 = 0.27 & 0.08
(2-04 +0.08 + 0-05)% o((pr) = ntr 7%t 2.90 £0.154+0.18 5.08 £ 0.32 & 0.10
< 150, _...(.(./;7}.).;.%.#;;.%.0).7}.# ............. S G T O T O T
_S : lllll (/I);T lllll 0 lllllllllllllllllllllll %l%gl;tll()ll:lIGII:Eldlllélllélll)l;EléléZ:l;ElélilOll.
g [ ((pﬂ)b — atr )t 4.82+£0.15+0.12 1.29 =+ 0.39 & 0.24
0 100p 7(1300)°((pm)p — at7~7%)nt  22240.144£0.08 2.39 £ 0.48 £ 0.45
= v Measurement of
» 50 | |
E r HBC 1972 0.28+0.09 —_— ® ( + - + - + - O) —
[45] r )
1.|>.| 0_ OSPK 1976 0.283+0.015 —— _ 3
5 + O G V 2 5 ND 1991 0.291+0.015 —— (5-08 i 0-32 i 0-10) X 10
(ﬂ: T ) ( € / C ) CMD2 1995 0.328:0.017 — . ( + + _) _
. e - , - _—
g c(](:; 7 | \ | ( 1300) 7 CMD2 1998 0.295+0.019 .
S . 200i 1 SND 2001 0.324:0.017 — (221 + 005 + 007) /0
Q@ [0} L CMD2 2011 0.316+0.011 - . _
> s : Taking from * - * ~ * PRD 104, 012016
0 o 190 PDG fit 0.313-0.010 - i
Z = E BESHI(w'm'nn'n’)  0.222:0025 2 — e I |
~ " 100 | L= 02023040014 0010 |
2 L2 5 BESHI(*n*nn’) 0.230:0.017 — : ( - )
© o F ; — o5 , deviates from PDG value(0.313 +0.010) |
& i 05 R, (v /K *K) = by > 40. I

: 1.5
M(mmrm ) (GeVie?)

1
Mixrrd) (GeVle?)



Amplltu

Events / (10 MeV/c?)

-(a) +

(1 1) 1

7. 33fb @

(Ge\//cz)

=035

M . (GeV/c?) M_. ., (GeV/cz)
AP RSEE ; ] T
oo (D)4 w0 ¥ e (10)]
t
sof- 5 + ‘. .
g ::..I i ; F
0.4 0.6 1.2 0.5 0.5
M, (GeV/c2) m% (GeV/cZ) M. (GeV/e?)
=T T T T A T
Loay b e ooy
- e T { Data
s B — Fit result
i — Background
1 15 E —
M, . . .. (GeVie?) M. o (GeVie?)
Amplitude Phase ¢ (rad) FF (%) BF (%)
D8] - ap* 0.0 (fixed) 6.12+134 02 0.30£0.07 %
D{[P] > wp* D>S>P % 505+£086 1983 025+£0.04 109
D} (D] - wp* 4911009 700 1036+£1.26 %72 0.52+£0.07 5
Df - wp* 19.98 +1.40 992 0.99+0.08 *0
DY [S] = ¢p* 1% 11.624+094 1048 3334 0,29 12
S>P>D .09 -0.39 -0.17
Df[P] > ¢p* al; 2223042 10 053L£0.12 200
D — ¢p* 13.86 £1.03 1047 3.98+£0.33 1021

=0.19

de anaIyS|S of D} - ' n nm

=4, 178 4.226 GeV 1888 candidates with >79% purity

v Observation of the pure W-annihilation decay

OO

PRL 134, 201902 (2025)

! ] U
w
U
Wt

- <

U
=y I p +
S d

+0.05

pure W-annihilation
doninated by D-wave(50%)

+ +\ —
(*-> *)=(099+ 0'08stat—o.07syst)%
e
. . > s pure external W emission
- " doninated by S-wave
« (*- *)=(398+033 +0021 )%,
v' Measurement of
__________ . ___0_____________________I
( —— )—o 222 + 0.019a; =+ 0.0164,6 |
deviates from PDG value(0.313 £+ 0.010) by > 3o. :
________________________________ .



Amplitude analysis of D} — K%K n*

B(¢ — KgK7)/B(¢ - K*K™)

/L

: . : arXiv:2503.11383
< 7.33fb1@  =4.128-4.226 GeV 1552 candidates with >75% purity
§ 1000+ K(S)K*(”Z) ) W N% 150¢ )
ST ks > Amplitude Phase (rad) FF (%) BF (%)
Sl = 01020y s '%% DF — ¢nT 0.0(fixed) 08 L£1.34& 15 132450056 & 0.04
= | S s0- Df —» K} K*(892)™ 0.6840.17+0.21 22.8 +£1.341.5 0.42 4-0.03 4- 0.03
S N o 5 | ‘ B Df - K2K*(892)" —2.404+0.18+0.31 17.4+1.24+0.9 0.31 £+ 0.02 +0.02
R 2 3 B 102 104 106
M2, , (GeV*c*) M2, , (GeV*c?) . 3
~ - v Observation ofthe —  asymmetryinthe -
S ©] 2 (d)
s = +
s ++ Lo 22 : (Interference of CF and DCS decays)
2 I ! < I L
2, F t = b 1 I
= W b S 00 i L 0 @9t - *. 0 (go2)*
5 [, of W0 % |5 [l 8 F N . 3 — —% —=—0.134+005 +0.034
M 05 1 5 2 M 05 2'1 1152 2 - (892)" + - (892)
Mo (GeViie?) Mior. (GeVZic?) Model DAT(F4) DAT(F1")
T T T T T T T T r U *+

- o DF - K°K*F —0.16440.032 —0.159 + 0.028

FISCHBACH [10] 0.68 \

BENAYOUN [11] 0.71 v’ Measurement of Predictions by H. Y. Cheng et al., PRD109, 073008

DUBNICKA [12] 0.64410.017 == e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

| HBC1972015]  o0s9x010 | = ————— | ( 0 o

HBC 1977 [16] 0.71+0.05 — | - —

HBC 1978 [17] 0.82+0.08 _— [ ( - + M) 0.597 = 0.0235tat m= O-0243yst

OLYA 1978 [14] 0.70£0.06 —_— | -

CMD2 1995 [18] 0.68+0.03 —— I deviates from PDG Va|U9(0.740 + 0033) by > 30.

CMD3 2008 [19] 0.638+0.022 e [ .

PDG average [13] 0.740£0.031 — * New effects may be needed in theory?

PDG fit [13] 0.690+0.014 -~ I . S f b h t < 1000/,) bl . d t d

—— gurzisi I um o ranching ratios o? possibly indicating new decays or

Y : recalibrationof - * 72



Amplltude anaIyS|s of D* — KAKom

Events / (40 MeV/c?)

Events / (40 MeV/c?)

200 -

150 |

80:
60:
40:

20|

100

50:

05

Pt
.|...+{|1"|"f'+:..|..
L5 2 23

2
Ming (GeV/c?)
R O SR |
~+ Data
— Total fit
+ Background
— KK (892)"
T 15
M3, . (GeV/c?y

7.93fth1@ =3.773GeV
1177 candidates with >89% purity PRD 110.092006 (2024)
v" Precise measurement of * - ( )F

D->VP

W W+

4 p+

[

KoK s
(K9) | goumny
d

i d d < < d
@ (b) & i

TABLE 1. Theoretical predictions of B(D" — K$K*(892)")
and the previous experimental measurement.

Model B(Dt — K3K*(892)1) (x1073)

Pole [12] 6.2+ 1.2 ( + . 0 (892)+)
FAT (mix) [13] 5.5

TDA (tree) [1] 5.02+1.31 =(872x028 +0.15
TDA (QCD-penguin) [2] 490 +0.21

TDA [14] 7.90 4 0.25 _— PRD104,012000

BESIII measurement [11]  8.69 &= 0.40, & 0.644 £ 0.515E

Consistent with the previous BESIII measrement but with
improved precision

! ¥ + c U i u @ » {/MLS >
W;f/< K(892) b K*(892)* b K*(892)F
5 S S
7+
> . s Dt 4 < D+ Dt

)*x107°

10



Amplitude analysis of D* — K™ m*m*n°

> 2 26709 candldates W|th >98% purity
= 400 E 2000
2 g v +  — o+
S S Measurement of >
4 = 1000
g 5
E 2 D - VV Intermediate process BF (10-%)
0 8 Dt — K*(892)°p(770)*, K*(892)° — K—nt p(770)t = xt70  4.35 £ 0.07 + 0.17
M(K7) (GeVie?) c > > s —— DT — K, (1270)%7 7, K, (1270)° — K~ p(770)T, p(770)T — 7770 0.24 £ 0.02 £ 0.02
_ p— W+ d Dt — K,(1400)°7F, K (1400)° — K*(892)r, K*(892) — K= 0.46 + 0.01 + 0.02
] o = = = =
S 1000 % D* Dt — K(1460)°7F, K(1460)° — K*(892)m, K*(892) — K 0.32 + 0.01 £ 0.02
600 = = =
S § * } "] ooyt | DT — K(1680)*°nT, K(1680)*° — K*(892)w, K*(892) » Km  0.25 + 0.02 + 0.05
£ i . - .
2 " S a0 WY a = = Dt = (K~ 71) 5 wavep(T70), p(770)* — 7t a0 1.16 4+ 0.04 + 0.05
72} -~
£ B sl __r‘ R, Dt — K (1460)°7, K(1460)° — K~ (7 70)y 0.53 £ 0.05 £0.03
o b U
2 2 o et —_— Dt — K(1460)°7F, K (1460)° — (K~ 1)y 0.22 £ 0.03 £ 0.02
. | e e e o S IR
0= T8 1 12 14 w d Dt — (K~ p(770)%) g7t p(770)* — 7t 70 0.11 4+ 0.01 + 0.01
M) (GeV/c?) c > > s Dt — (K*(892)m) amt, K*(892) — K 0.05 £ 0.01 £ 0.01
. 1500f | Bam D+ R*(892)° Dt — (K*(892)01+) 4n°, K*(892)° — K~ 0.05 £ 0.01 0.02
% —— Total fit — “«d Dt — (K=7t)yp(770)F, p(770)t — 7t 70 0.03 + 0.01 £0.01
= 1000 T ’2 _(8+92)°F’(773;:)+ _ D — (K~ (n+n%)y) prt 0.05 + 0.01 £0.01
S T KT PTT0) (dominated by S-wave)
2 500 ——— K,(1400)"(K (892)m)m*
§ Il Background
=

e (*- T F*0)y=(6.06%+0.04+007)%

M(EK1) (GeV/c?)

ecay channel and Collaboration + (* 0 + —2 — . .
Decay channel and Collaboration _ B(D™ = K7(892)°p(770)7) (<1077) | ( " - % *")=(6.52+0.11 + 0.26)%, consistent with the world average
Dt - K—ntntaY, current analysis 6.52 + 0.11 + 0.26
Dt — K-atata® MARK-III [4] 72+ 1.8+ 21
Dt - Kgﬂ+7ro7r0, BESIII [21] 5.82 + 0.49 £+ 0.29 reSUIt 11




Branching fractions of DY hadronic decays

7.33fb1@ =4.178 - 4.226 GeV JHEP 05(2024)335
§728 events) Mode B (%) Acp (%)
| Global fit to ST D+ — KOK+ 1.502 £ 0.012 £0.009  0.20£0.50£0.21
and DT yields Dy —» K+K-—n+ 549+ 0.04+£0.07  0.48£0.26£0.24
Df - KYK+rY 1.474+0.024£0.02 —0.8541.97+0.46
15 decay Df — KOKn+ 0.73 +0.01 +0.01 1.14 +1.58 +0.44
modes Dy —» K+K-m+tn®  550£0.05+£0.11  —0.66+0.91+0.33
D — KOK+mta—  0.93+£0.024£001  2.00£2.37£0.70
208 Df - KQK—ntat 156+002+0.02 —0.244+1.05+1.07
A lidne] DF = atatas 1094001 £0.01  —0.88+1.17+0.38
Numbers of producted ™ ~ pairs: Df sty 1.69+0.0240.02 —0.444+0.89+0.19
Vs (GeV) NDsDs (x105) DF — wtad 01040094015  1.05+1.45+0.62
4.128 and 4.157  6.2940.06+0.01 Df = atatay 3.08+0.06+005  2424285+0.78
4.178 31.79+0.24=0.06 Df — ntyf 3.054+0.04£0.07 —0.59£0.76 £ 0.20
4.189 9.9120.05=0.01 DF — a0y 6.17+0.12+£0.14 —1.60£2.5740.64
e eSS DF — K%ntn0 0.51£0.02+£0.01 —217+4.65%1.10
4.209 9.07£0.0540.01 B
D - K+ntn 0.620 £ 0.009 £ 0.006  1.81+£2.0140.45
4.219 4.3240.04+0.01
4.226 6.8230.0730.02 « Agree with PDG with much improved precision

Provides important input for the relative BF

measurements of BESIIL. * No significant asymmetries are observed.
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Branching fractions of D*/D° hadronic decays

--Doubly Cabibbo-Suppressed (DCS) decays

20.3fbl@  =3.773 GeV

JHEP06(2025)220
» Understanding of the decay dynamics of charm quarks.

:

:

Events / (1.0 MeV/c2)
=

Events / (2.5 MeV/c?)

2

2

Events / (5.0 MeV/c2)

L
1.84

s
1.86

1.88

M (GeVic?)

First observations of 9 -,

+ +
_)

+ — 0 +

The BF of DCS decay is expected to be (0.5 - 2.0) tan*
is the Cabibbo mixing Angle)

Signal decay

Bg}(ljlg work (X 10—4)

Bies (x107)

Events / (0.01 GeV)

[ (c)

1 150
] 100

4 S0

1 40

20

(b)

[ (e)

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

PR

3 1sF

4 10+

__{ﬁwljrj

(7))
T

—0.05 0 0.05
Uy (GeV)

Ui, (GeV)

4 e Lr e DID
—0.05 0 0.05
Uy (GEV)

- ¥ ¥le >
.05 0 0.05

U, (GeV)

DY — Ktn— 1.30 +0.09 £ 0.04 | 1.50 +0.07
DY Ktp—n—rmt 238 +£0.194+0.12 | 2.65+0.06
DY 5 Ktg—nd 3.06 £0.214+0.10 | 3.06 £0.16
DO — K+g— 7070 1.40 4 0.27 £ 0.09 < 3.6

DY — Ktnn 1.04 +0.16 4 0.08 -

DY — Ktn— 7 < 0.7 —

Dt 5 Ktntn~ 4.50 £0.124+0.35 | 4.91 40.09
Dt — Ktrtr 1.56 4 0.22 4 0.04 —

D¥ — K+ (7%770) yon_y | 0-67 £0.18 £ 0.02 —

Dt - KTKTK~ 0.51 £0.054 0.01 | 0.614 £ 0.011

DT — K*nn

0.59 £+ 0.23 = 0.02

times CF.
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Branching fractions of Dt - K*n®, K*n, K™n'

--Doubly Cabibbo-Suppressed (DCS) decays 20.3fbl@ =3.773 GeV arXiv:2506.15533
F D' K [ D' K™ [ D' K™,
150} =+ Data 60 = pata 60F ==  Data
[ — Total fit | — Total fit [ Lottt
[ — - Signal [ —- Signal - Signal Signal decay Dt — K+t Dt 5 Ktn DT - Kty
100F —-BKG = .BKG . -
: sideband e DT 020528182800 4 £17
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results and theoretical predictions



Summary & Outlook

e Charm hadronic decays are key labs to understand non-perturbative QCD

e The copious decay products also provide 1dea platform to investigate the
natures of light mesons, such as 7(980), 7(980), ,(500), .(1260),
e More interesting results are coming using 20.3 fbo™ (3770) data.

e 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

Thanks for your attention!
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