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Cabibbo-favored decay

Singly-charmed baryon

* The lightest charmed hadrons (D°, D*, D, A}) — study weak
interaction

* b-hadrons and excited charmed hadrons decay to the lightest
charmed hadrons

* The perturbative QCD is not applicable in the low energy region —
Test low-energy non-perturbative QCD phenomenological model
and LQCD calculations in charm region.



BESIII Dataset

e 20.28 fb! at Ecm = 3.773 GeV: 2021-2024, Submitted to CPC (arXiv:2406.05827)
ete” - (3770) » DD (totally ~145M DY and ~114M D™ )

e 7.33fb!latEcm =4.128-4.226 GeV
ete” - DID:*.D:F - n0/yDF  (~600k Dy )

* Single Tag (ST): reconstruct only one of the hadron
* Double Tag (DT): reconstruct both of the hadrons
access to absolute BFs; clean samples
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(Charge-conjugate states are implied throughout this talk)
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Amplitude analysis of D} - n*n%y PRL123, 112001 (2019)
- Observation of D} - a,(980)n

Sub-sample with
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Dots with error bar: data; solid: total fit; dotted: D& — p*n; dashed: DS
— a¢(980)m (with a stat. significance of 16.20).




Branching Fraction Results of D} - ntn’n
PRL123, 112001 (2019)

Fit to the invariant mass M+ 0, to

get the yield. 0.2 [ BESH | yield: 2631+ 77

B(Dy - ntn’n) = (9.50 £ 0.2844,. + 0.41,,5, )%

PDG value = (9.2+£1.2)% 0.1 [

BF(sub-mode n )= B(DT — 7t a%)FF(n)

Branching fraction (%)  BeSI

B(]):{' — /_')'{‘,}:) — 7.44 + (::]-E)Qstat. + ()3<\)<u¢ PDG Value = (89i09)%

B(DI — (10(98(ﬁ))+ﬁ0)* = 1.46 £ 0.155¢4¢. £ 0.2344s.

B(DF = a0(980)°7+)* = 1.46 4 0.15stat. & 0.234ys. } First observation !
*here, ao(980) — m,

« B(DF — ag(980)* 0 is larger than other measured pure W-annihilation decays

(D} - pn, D —» wn™ ) by one order.



Amplitude analysisof D} > "t ™

2139 events with purity > 85%

PRD 104, L071101 (2021)
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B(DF - af (980)p°, ag (980)
+ 3 ,
—n'n) ¢ 1 15 0.5 1 1 15
=(0.21+0.08+0.05)% M(n) (GeV/c®) M(mnn) (GeVie?) M(ntnm) (GeV/c?)
Amplitude Phase FF (%)
a1(1260) " (p(770)°7)n 0.0(fixed) 55.443.9+2.0
Larger than other w-annihilation a1(1260)" (fo(500)7 )y 5.040.140.1 814+19+2.1
d a0 (980) " p(770)° 25+0.14+0.1 6.7+254+1.5
ecays. 1(1405)(ao(980) 7" )r* 0.2+£02+0.1 0.7+0.2=+0.1
n(1405)(ao(980) 77 )xt 0.24£0.2+0.1 0.7+0.2=£0.1
+ + 0~ £1(1420)(a0(980) "7 )rT 4.34+£02+04 1.94+0.540.3
How "f‘bOUt Ds” = aq (980)p ) £1(1420)(a0(980) 7~ )r+ 4.3+£024+0.4 1.7+0.5+0.3
Does it have the same branching [a0(980) "7+ sm™ 0.14£02+02 514+1.2+09
fraction? [a0(980) T~ g™ 0.1+02+0.2 34408406
[fo(980)n]sm™ 1.440.24+0.3 6.24+1.7+0.9

[fo(500)n)sm ™

25+02+0312.7+£2.6+2.0




Amplitude analysis of D} - K"K n™

Dalitz plot projections:

The best precision at present

_— 1500F (a) /
L L
E 1000
5 BF (%)
% 500 Process BESIII (this analysis) PDG
L L
a | D} — K*(892)°K+, K*(892)° —» K-+ 2.64 %+ 0.06 & 0.07,, 2.58 +0.08
A el e~ | D - (1020)x+, $(1020) > K*K- 2.21 + 0.054 & 0.07,,, 224 +0.08
i 2 3 DF — S(980)z", S(980) — K*K- 1.05 = 004y & 0.06,y, 1.14 +0.31
m? (K* K') (GeV?/c*) D — K3(1430)°K+, K(1430)° - K—7* 0.16 = 0.03 4 & 0.03,y, 0.18 4 0.04
Di — fo(1710)z*, fo(1710) = K+ K~ 0.10 = 0.024 & 0.03,y, 0.07 £ 0.03
Di — fo(1370)z*, fo(1370) —» K+ K~ 0.07 % 0.024 & 0.01 0.07 £ 0.05
Df — K*K~z" total BF 5.47 4 0.08,, + 013y, 539+0.15

Events/(20.0 MeV3/c*)

05 1 1.5 2

m? (K &+ ) (GeVZ/c*)

Black dots with error bars: data
Blue solid lines: fit results

PRD 104.012016(2021)

Both a,(980) and f,(980) decays to KK~
. Impossible to sepatate them here

Isospin configurations:

a0(980) /=1 > (|[K*K~>-|K°KO>)
f0(980) =0 — (|[KTK™>+|K°KO>)
The comparison of K*K~ and KJKJ
spectrum will reveal more information!
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Amplitude analysis of D} — KgKgn'+ PRD 105, L051103
- Observation of interference between scalar mesons
412 events with purity of (97.3 + 0.8)%.

& 60 & T
§ I —— Data | §100__
CO (@) — Total fit N
40F M = L
o KK (892) \ St
= [ - S(1710)m+ | =~ 50r
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/ M, (GeVie?) \ M., (GeVic)

destructive interference: a,(980) and f,(980) :l\

abnormarl enhancement at f;,(1710)

B(D& - KIKImt) = (0.68 + 0.044. + 0.014y5. )%

Amplitude BF (10™)
D} — KOK*(892)* — KOKOx+ 3.0+ 0.3 +0.1
D} — S(1710)z* — KOK%+ 3.1+ 03 +0.1
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Events / (20 MeV/c?)

Amplitude analysis of D} - K9K*m® PRL 129, 182001

-observation of a new-a, like state
1050 events with purity of (94.7 + 0.7)%

[ (@)  K*K (892) |
K’K’(892)"
—- K*K (1410)

Events / (20 MeV/c?)

L 1o 14 16 iz . .
K,,K+ (GeV/cz) Ko ; (GeV/c2)

DI — a,(1817)*n0 is observed for the first time

oo
S
T T

Amplitude BF (1073)

DF — K*(892)°K+ 4.77 £0.38 +0.32
D — K*(892)*K% 2.03 + 0.26 + 0.20
DF — a,(980)+7° 1.12+0.254+0.27
Df — K*(1410)°K+ 0.88 +0.21 +0.19
Di — ay(1817)+2° 3.44 +0.52 +0.32

B
Ol T TOT

Events / (20 MeV/c?)
()
()

0.6 08 1 12 14

> B(DF — K*(892)°K+
Mo (GeVie?) B((D; — Roé*@;z)ﬂ) (2.35+042 + 0.10)
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Observation of ay(1817) in D, decays

PRD 105, L051103(2022)

+ 070+
Ds » KK

| constructive interference: a,(1817) and f,(1710)

1.8

* The isovector partner of f;(1710)
or X(1812)?
e Same resonance observed in

N, to Trtn by BaBar?

PRD 104, 072002 (2021)

182001
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i
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K"K

« M=1.817 + 0.008 + 0.020 GeV/c?
e I'=0.097 +0.022 + 0.015 GeV/c?
« B(DI - ay(1817)*?)

= (3.44 4+ 0.52 + 0.32) x1073
« Significance > 100
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Amplitude analysis of D™ —» Kom™ 7

PRL 132, 131903 (2024)
Observe W-annihilation-free decay D™ — K9a,(980)"
Provide sensitive constraints in the extraction of contributions

from external and internal W-emission diagrams of D — SP
2.93fb1@E,, = 3.773GeV 1113 candidates with 98% purity
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B(D* — K3ay(980)*,a0(980)" = zty) = (1.3340.05, £0.044)%
B(D*" — K}(1430)°z", K§(1430)° — K%7) = (0.14 £0.02,, £0.02,,5) %
B(D" — Kin'n) = (1.27 £ 0.044, £ 0.0344)%
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Amplitude analysis of D° > wtn™n, D™ - ntn'ny

$Observe D — a,(980)m

79fb " 1@E ., = 3.773GeV
Submitted to PRL (arXiv:2404.09219)

Amplitude Phase (in unit rad) BF (x107?)
DY — p'n 0 (fixed) 0.19 40.02 4= 0.01
D° = ao(980) 7t 0.06 £0.16 £0.12 0.07 & 0.02 = 0.01

D°® — a0(980) 7~

D° — a2(1320) "7~
D° — a2(1700) 7~
D(? — (7T+7T_)S—wave77

—1.06 £0.12 = 0.10
—116 1+ 0256 =023

08 = 17 == 0:23
—0.924+0.29+0.14

0.55 £ 0.05 £ 0.07
0.03 £0.01 £0.01
0.07 £0.02 £ 0.03
0.05 £ 0.02 £0.03

DT 5 0

Dt = (nta%)yy

Dt — a0(980) T 7°

DT — ao(980)°7*

DT — a2(1700)* 7°
Dt — ao(1450) T 7°

—4.03 £ 0.19 £0.13
—0.64 +0.22 £ 0.19
0 (fixed)
2.44+0.201+0.10
0.924+0.201+0.14
0.63 £0.41 £0.30

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
0.15£0.06 = 0.02

B(D° — a¢(980)T77)/B(D° = ao(980) ™)

+2.5
7'5—0.8 stat.

B(Dt = a0(980)17°)/B(DT — ao(980)°x )

— Disagrees with theoretical predictions by orders of magnitude.

2:6 = O-6stat. o O-3syst..‘ o

+ 1. 7gyst.
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Amplitude analysis of D} - wtntn "

Observation Of D ;‘ N fO (9 8 O) P (7 7 O) + Submitted to PRL (arXiv:2406.17452)

1552 candidates with >75% purity

Phase (rad) BF (107%)

Component

< 100— e -1 — _
fo(1370)p™* 0.0(fixed) 5.08 + 0.80 & 0.43 § 5 . 7.33fb™" @E ¢ = 4.128 4.226GeV_
f0(980)p™ 3.99 +0.13+£0.07 2.57 &£ 0.44 = 0.20 o 80 — Fit
f2(1270)p " 1.11+£0.10+£0.10 1.94 £+ 0.36 £0.12 = 60: [l Background
(pTp%)s 1.10£0.18 4 0.10  0.71 4+ 0.25 + 0.12 2 ;
(p(1450)* p°%) s 0.434+0.18£0.17 0.94 4+ 0.27 £0.16 ~  40p
(p*p(1450)°) p 458 4+0.16+0.09 1.75+0.27 +0.08 g 203
o((pr) = ntr~al)mt 2.90 £0.15+0.18 5.08 £ 0.32+0.10 0 E ]
w((pn) = 7Fa 7%t 3.22+£0.21£0.09 1.41 4 0.17 £ 0.06 w o0
at (P’ t)sn® 3.78 £0.16 £ 0.12 2.55 4 0.34 £ 0.20
(Ll((p”T)c — T )t 4.8240.15+0.12 1.2940.39 +0.24
7(1300)°((pm)p = 7r7~7%) 7T 2.2240.14+0.08 2.39 £0.48 £0.45 < 150
5 —
S i
o [
= 100
+ + - ‘ 2
B(DY = nrt) = (1.56i0.09stat 40.04syst. ) % g
o) L
B(()( ’20)—>'T+7T*7T S [
Taking from DY - KTK m* N <
BESIII, PRD 104, 012016 (2021) S §
[0}
> =
o] e}
deviates from PDG value < =
) (]
(0.31340.010) by >4¢ g :
= S >
| L

M )(GeV/c )
(2.04 % 0.085¢at. % 0.05syst. )%

B(Dj— — 7T+7T+7T U |non—7]) —
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Amplitude analyses of D decays

D° - K~mtmtm~ PRD9Y5, 072010 (2017)
D° - K~rtm®m® PRDY9, 092008 (2019)
Dt - Kdm*m*m~ PRDI100, 072008(2019)
Dt - KQn*n®m® JHEP 09, 077 (2023)

D s mtn mtm,

't n®m® CPC 48,083001(2024)
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DF Amplitude analyses

D} — Kt K " partial wave analyses
D — K+ Kgn® partial wave analyses
DT — 277w~ partial wave analyses

. — 27w mpartial wave analyses
1D =y 7ron/ partial wave analyses.
st 240 partial wave analyses.

I — K'n"n~ partial wave analyses
e Ktnta—n0 partial wave analyses
D —2 Kﬂg 7 partial wave analyses

Dy — KOS K2 " partial wave analyses
D} — K- K*ntn0 partial wave analyses
DI — K- K2 n"w~ partial wave analyses
Amplitude analysis of Dy — Kgmtn®
Amplitude analysis of Dy — z* '

Df - ntnt ™ nl.

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
Phys. Rev. D 103 (2021) 092006
Phys. Rev. D 104 (2021) 032011
JHEP 07 (2022) 051

JHEP 06 (2021) 181

Phys. Rev. Lett. 123 (2019) 112001

(arX1v:2406.17452)
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Observation of the DCSD D - Kt Y

M;¢ (GeVic?)

Use hadronic tags. 350 signal events

Events / (1 MeV/c?)

Myt (GeVic?)
o

Events / (2.5 MeV/c?)

= (1.81 + 0.15)¢9
B(D* » K- ntn*n?) (181 £0.15)%

Corresponding to (6.28 + 0.52) tan*0,

M;¢ (GeVic?)
= -

B(D* - K*n*n 10 = (1.13£0.08£0.03)x 1073 31 | =~

B(Dt » Ktntn n®) M S
L&M{m

One order larger than normal PRL 125, 141802 (2020)
- t::::lfi! BE ]]I
H " . ; Signal - \a)
Use semileptonic tags. 112 signal events &~ 20
B(D* > K*m*nn®) = P

(1.03%£0.120.06) x 103 T

. . ] M2, (GeVZ/ch) Mz, (GeVZ/ch)
First try of semileptonic tag at BESIII
PRD 104, 072005 (2021)



D" - K*n®n® and D* - K™y
B(D* - K*n%m%) = (2.1£0.4£0.1)x10~* [T
B(D* - K*nn)=(2.1£0.5£0.1)x 10~*

B(D* - K*n°n?)
B(Dt* > K ntnt)

D*— K*'n’n’ 1 D'— K'nn

= (2.24 + 0.40)x1073

(0.77 £ 0.14) tan*6.
B(D* - K*n%n)
B(D* = KOrntn)

= (8.01 + 1.97)x1073
(2.64 + 0.68) tan*6,

1.84 1.86 1.88  1.84 1.86 1.88
M,¢. (GeV/c?) M,; (GeV/c?)

JHEP 09 (2022) 107
D > Kt m®and D° - K ' m'n®

Can not distinguish D° and D%n DCSD measurements with hadronic tag

~0.56 T
BMD°? » K*n nnY) <3.6x107*
at the 90% C.L.

=(0.2240.44)%
(0.75+0.14)tan*6,

()

- D° 5 Ktm nOn0

B(DO N K+T[_T[0:(3.13+0'60 + 009))(10_4 zo—tTDi:::mDO K+7T+n((;) 10__36 I

B(D°->Ktn~n?)
B(DY—>K—ntm9)

[
=
T T T T T T

Events / 0.01 GeV
Events / 0.02 GeV

B(DO->K T~ nn?)
B(DO->K—ntnOn0)

<0.40%

U i (GeV) U (GeV)
< 1.37xtan*0,

PRD105, 112001 (2022)
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Events / (1.4 MeV/c2) (x10%)

Phys. Rev. D

D;_ — K+ K+Tl'_ (Tl'O) 109, 032011 (2024)

Method: Double Tag --Doubly Cabibbo-suppressed (DCS) decays
Data: 7.33 fb1 4.128 -4.226 GeV “r ' ' a .
[ D! K'K'n 0
T T T 40FT T T 3 60F T T T ] T T tag ,{.“ 30 " " .openc arm ]
D->K'K'w D->K'Knn Dot : 112 7F Oea ]
60 1 30F 1 % - .other b
%\ 40\1(\1\' =
ot 1 e ] B z
20f _ 1 10 200 ] S
= 10}
0+ : : o+ : : o+ . N
101 D—KK'nm 1 6 Dion, 1 2.0 Dson.
5 1 S — 1.0 4 - .DsD;
A“-’ 2t = 0.5k == o DS_) K'K TET[O .opencharm
. J 20 Oaa ]
> | ]
O 1 T o i T T 0.0 " T § | .other
15k D;—)T‘]YP“TC- ] Ds_n]wp- 10} Ds_)nn.n.nnp- 4 < |
20F g +Data g R
10f < 1 — Fit result g 10
== 10} Te=3 1 T ] K =
5k 4 = =D >Kgr
0 1 L ! N X X = = Background
) M ETI KR YT . e s 200
Mtag (GCV/CZ) MSig (GeV/CZ)
DCS decay B Foxhei0+4) CF decay BEZS x<10-%) B yok [ERS 5c10 ) x tan* Oc
Df - K*K*zn~ 1.247028 4 0.06 Df - K*tK- =t 5.37 +£0.10 2.3it0ez D861 012
D} - KtKtna° <17 Df - K¥K n*ta® 5.50 £0.24 < 3.09 < 1107

No significant deviation from native expectation of (0.5-2.0) X tan*8, is found.
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