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* BESIII detector and data ',
* Measurements with Quantum Correlated D°D° .
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* Branching Fraction Measurements D}
* Amplitude Analyses 2

e Summary and Prospect
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https://academic.oup.com/nsr/article/8/11/nwab181/6381732

BESIII detector and Data Sample
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CKM Angle y Measurement

* CKM unitary angle ¥ is important for the study of CPV and new physics
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* Input from D meson decay is crucial for y measurement

* GLW: D —(quasi-)CP < F, pLB 265 (1991) 172-176 I'(B* - DK*) « 1+ 15 + 2(2F, — 1)cos(6 £ 7)
* ADS:D — CF/DCS < Rp, 1p, 55 PRD 63 (2001) 036005 I'(B° - DK) « 15 + 2% + 2Rprpr® cos(85K + 5 + y)
s CF/DCS: Knn® Knnmw Rpe~i% = [ A5 (0 A5 (x)dx and 5 = Ag/As

AsAs
: 0 p+p— . exp (-
* BPGGSZ: D — Kg;h™h™ < ¢;, s; ariv:2006.12404 N (B = K™Dy =t )
= hp [Kiz +15Ks; + 2rp,/K;K_; X [c;cos(8p —¥) * s;5in(8p — )’)]J‘
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https://doi.org/10.1016/0370-2693(91)90034-N
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.63.036005
https://arxiv.org/abs/2006.12404

Measurements with Quantum-correlated D°DP°

e Quantum correlated DD recorded by sample at BESIIl at {)(3770) resonance

‘ _)i 0\[HOY — [DHOY| DO
- ¥ (3770)) ﬁ(ID )ID") = |D™)|D™))

* Double tag yields

2
N(S|IT) x AZA%[(r5)" + (r2)? —2RsRyrprhcos(6ph — 65)]

* Typical tag modes

Flavor Ktn ,Ktn rn®, K*n n nt,Kte v,
CP even KK, ntn~, Kdn’n® K%, ntn— O
CP odd Kgm®, Ksn, K5 w, Ksn', Kpmom®
Mixed CP K mtm™
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Strong Phase Difference Parameter of KgLnJrn‘

* The ¢; and s; are determined with DT yields in difference phase space interval
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* Prediction based on model
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* Associated uncertainty on the y measurement: ~1°

* Significant improvement on D? — D° mixing parameters
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.241802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.112012

Spand Rpof K nt, K n*n’and K nin n*

* Global hadronic parameters JHEP 05 (2021) 164, EPJC 82, 1009 (2022)
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 Hadronic parameters measurement in four bins forthe K n n ™
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Higher sensitivity and breaking degeneracies Uncertainty on ¥ measurement: ~6°

Physics Letters B, 802 (2020)
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https://link.springer.com/article/10.1007/JHEP05(2021)164
https://www.sciencedirect.com/science/article/pii/S0370269319309104?via%3Dihub

CP Even Fraction F_ of the Quasi-CP States

>D - atn it PRD 106, 092004 (2022) : e
Tag mode Fim : - : Ii:
CP eigenstates  0.721 = 0.019 + 0.007 . o -
D — 7T+7T_7TO 0.753 £ 0.028 £ 0.010 oibos 0007 - 00015 0002 00025 E ‘Sno.o‘oz 0004 0006 ' 0008
D — K% mtn~  0.754 £ 0.031 £ 0.009 N+ = N_,l;: N- = NES’:
N N2
Combination 0.735 £ 0.015 £ 0.005 + F. = N¥
TNt 4N

Improved by a factor of 1.8, compared with CLEO-c result

>D — KYK -t~ PRD107.032009

_ o 05¢
Klo —— © 045 3 Data
0porpbr - > £ — Fit
KS“D(“' “0") ¢ R — FI+=1prediction
KST](POY) e 0O o355 F, = 0 prediction
K. —_— ©
Ko 3 3 03 . FKKnm = (0730 4+ 0.037 + 0.021
= 0250
Fia o ol i F .
E o02- * First measurement
rr —e— —4-|DT/ST yield ratio S 0.15:
Kon0n? —— 0.15 l : * Consistent with model prediction
Knd  —e— | e F, fit projection e | 1 + f
KK L e ‘ : oL S ‘
0 1 2 3 45 6 7 8 9 1 2 3 4 5 6 7 8
NPT B 0t b
NE = Nﬁ [1073] Ksm*m bin
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032009

Branching Fraction Measurements

> Motivations

Input for the measurement of bottom hadron

Calibration for non-perturbative QCD

SU(3) breaking, e.g. KSQ — K asymmetry

»Double tag mothed for the absolute branching fraction measurement

NDT

oB:

NST gsig

« Quantum correlation effect need to be corrected for D°D?



Branching Fraction: Kaonic

»DO* — KNt ero 106, 032002 (2022) >D0 - KZ?XPRD 105, 092010 (2022)
Decay mode B(1073)
DY — K%70r0r0 7.64 + 0.30 = 0.29 Decay Bexp(%) R (D°)
D —» K-ntn%n%7%  9.54£0.30 £0.31 DY = K% 0.414+0.021£0.010 —0.001 = 0.047
D% — Kgrtm—nn®  12.66 4+ 0.45 +0.43 D° — K%  0.433+0.01240.010 | 0.080 = 0.022
Dt — K3ntno70 29.04 + 0.62 4+ 0.87 D’ —» Kw 1.16440.022+0.028 —0.024 £ 0.031
DVt — K3rTatr—n® 1528 £0.57 £ 0.60 D% — K9n' 0.809 4 0.020 & 0.016 | 0.080 =+ 0.023

Dt — K3rtn%7070  5.54+0.44 +£0.32

Dt - K ntatp070 4.95+0.26 = 0.19 0 0
* Asymmetry between B(D - K¢ X) and

B(D° - K2X)

> D% = K1rw prD 105, 032009 (2022)

B(D°->K2X)-B(D°-KPX)

[ ] 0 —_
R(D%X) B(DO-K2X)+B(DO->KX)
Measured predicted * Indications K — K2 asymmetry(R) for K’n and
Kn'

B(DY - K—ntw) (%) 3.392 £0.044 & 0.085 Improved by a factor 7
B(DO — K%0w) (%)  0.848 £ 0.046 % 0.031
B(Dt — K2ntw) (%) 0.707 +0.041 & 0.029

* Based on statistical isospin model Nucl.phys.B 122 (1977)

B(D°—K%7%)
B(D?K:Z”i‘”) 0.23 4 0.01 £ 0.01 0.4 it
BD oK w) 0.21 + 0.01 + 0.01 0.9 * Large deviation from measured value

B(DO—=K-ntw)

e Potential final-state interaction
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.032002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092010
https://linkinghub.elsevier.com/retrieve/pii/0550321377904291

Branching Fraction: Pionic

>DO+ decay with multiple piOﬂS(CS) PRD 106, 092005 (2022)

 First absolute measurement of 20 decay modes

+B_

* Acp = are measured

Bt+B~

Decay

Bsig (X 10_4)

DY — xtr— 70
DY — gtr—2x°
DY — ntn—2p
DY — 470

DY — 370

DY — 27 t27 =70
DY — 2nt27—
DY — 7tr= 370

DY = 27t 27— 270

Dt — 7 t3xY

Dt — 3rt2n~

Dt — 2xtn—27°
Dt = 2ntn™ — 70y
Dt — wt4rn°

Dt — nt37%

Dt — 3nt2n— 0

DT — 2t 3470

1343+ 13+ 16
100.2 +£19 £ 24
85+13£04
7.6 09 £07
23.6£22+17
34615+ 15
6.0£10=£06
153 +£17£13
477+31+£21
32.7+£ 07+ 05
46.1 £12+09
116.5£21 £ 21
41.7+£22+13
18.2+11£10
107.4 £ 40 £ 30
38.8+32+12
19.5£36 £23
28.9 +£40 + 22
23.4+£22+15
342+£31+16

« B*: branching fractionof D - fand D — f

* No significant CP violation is observed

Decay Bt(x107%) B~ (x107%) Aqp(%)
rta—m0 1348 +1.8 133.3+18 +0.6+09+04
atr=27%  976+£26  102.7+£27 —-25+194+0.7
2t 33.1+1.0 323+1.0 +1.24+224+0.6
nt 270 48.3+1.8 432+1.7 456+2.7+0.5
ontn—7%  116.7+3.0 116.0+3.0 +0.3+1.8+0.8
ortr— 279 102.7+56 111.6+58 —42+38+1.3

Wei Xu ,HEP
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092005

Branching Fraction: VV

> DY > ¢w prL128, 011803 (2022)

+ B = (6.48 + 0.96 + 0.40) x 1074

 First observation with significance of 6.2 o

Prediction Mode
6.6 x 10~% Factorization model [PRD 81.114020(2010)]
3.5x107° SU(3) symmetry with nonet symmetry [PRD 43, 843 (1991)]

(1.41 £ 0.09) x 103 Factorization-assisted topological-amplitude method [CPC 42, 063101 (2018)]
0.028 + 0.004 Heavy quark effective Lagrangian and chiral perturbation theory [PRD 56.7207 (1997)]

* Polarization measurements

o1 dat  _3(1. _ 02 }
[dcos Ok 2{2 (1= fi)sin Ha)/K t

* Transverse polarized

* f1. <0.24 @ 95% CL 2ooo§

* Contradicts to the naive factorization and Lorentz ~soof
invariant-based symmetry models Srooof
- PRD 81, 114020 (2010), JHEP 03(2014)042 o

* Consistent with explanation of FSI of

* arXiv:2303.00535v2 Cosal) lcose, |
2023/4/23 .
Wei Xu ,HEP
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.011803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.114020
https://link.springer.com/article/10.1007/JHEP03(2014)042
https://arxiv.org/abs/2303.00535v2

Branching Fraction: Doubly Cabibbo-suppressed(DCS) Decay

»>D% - K*n—n® (TL’O) PRD 105, 112001 (2022)
188 “ (@] 188 . . )1
* Previous results are from the D® — D° mixing or coherent Pt b ——-
{‘S [ f:'.lt.‘;' . 8
factor measurement 5186___-.:":_:_::.___% 8o "
= )
« B(K*n %) = [3.13%5:82(stat ) £ 0.15( syst )] x 107*
. + = 0.0 —4 1.84f "1 T st 1
B(K"n™n°n”) < 3.6 x107* @ 90% CL. T
U,,. (GeV) U, (GeV)

 [1.84%112(stat)] x 107*

>Dt - Ktr%70 and K97 suepos2022)107

Decay mode Bsig (x 10_4) Significance

Dt — K+7%7% 21404+0.1 8.80
Dt — Ktz  21405+0.1 5.50
Dt — K**q0 3.477340.1 3.20

Dt — K**n 44778402 2.70

lgnoring interference between the K* and K *r°

(a):K*n~r%70), (b):K T~ n°r°(1.90)

Decays Measured(tan o)  Predicted(tan? 6¢)
B(DT K710
BOTSR 2T 0.77 +0.14 2/3
B(Df K n%n) 2 64 -+ 0.68 1
B(D+—K ntn) ' :

* 0.: Cabibbo mixing angle

. B(Dt->K*nn)

B(Dt-KO%ttn)
isospins symmetry by 2.40Nucl.Phys.B 122 (1977) 144-169

inconsistent with prediction based on

First observation

2023/4/23
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112001
https://link.springer.com/article/10.1007/JHEP09(2022)107
https://www.sciencedirect.com/science/article/pii/0550321377904291?via%3Dihub

Inclusive Decays of D

Decay Mode B (inclusive) Bsym (exclusive) Difference
D® - K9X [arXiv:2302.14488] (32.78 £0.13+ 0.27)%  (31.68£0.32)%  (1.10 +0.41)%
D+ — K9%X[arXiv:2302.14488] (20.54 +0.12 +0.18)%  (18.16 £0.72)%  (2.38 £ 0.75)%
DY — rtrtr~ X [PRD107,032002(2023)]  (17.60 £0.11+0.22)%  (16.05+0.47) %  (1.55 +0.53)%
Dt — nmtrtr~ X[PRD107,032002(2023)]  (15.25 £0.09 + 0.18)%  (14.74+0.53)%  (0.51 £ 0.53)%
D — rrata— X [arXivi2212.13072] (32.814+0.35+0.82) % (24.7+1.5)%  (8.11+1.79)%
e Results from Inclusive measurements are larger o5
S
* Indications of unobserved decay modes < 04 T+ n
S C +T+
. S 03 —
e Df s mntntn~X = | "
% 0.2F
*  The partial B as a function of M(z*tn~7%) are measured to . 1f—|— ——
help study background B® - D*DF (- n*rntm~X) for | ]
B® 5 D*r* (> ) 08206 08 1.0 12 14 16 1.8 20

Wei Xu ,HEP
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Excited Charmed Meson Decays

»>D*0 5 DO%%te o 104, 112012 (2021)

* Observed for the first time with significance of 13.20

B(D*0->DOte™) _
B(D*9->DO0y) o

(11.08 + 0.76 + 0.49) x 1073

* Deviated from VMD model prediction of 6.7 X 1073 by 4.8¢

« B(D*® - D%*e™) =(3.914+0.27+0.17 + 0.10) x 1073

»Dit - DFy and Dit — DI m0%ro 107, 032011 (2023)

e+
(V) e
T T
D“C D°
ef-
Y (V)
. C c
D° D
u u

TABLE IV. Comparisons of the partial widths (I') and BFs (in brackets). The decay widths are in units of keV. The first two rows are
from this work and the Particle Data Group, while the others are from various theoretical predictions. The superscript “ denotes the value
corresponding to g =0.52, f#=2.6 GeV~!, and m,. = 1.6 GeV, " denotes the values for a linear model; © denotes the value for
k9 = 0.55; and ¢ denotes the values for (a) model.

I [B]D; —D''y (8] Di—D/

Bp:~p:x /By —pty

. 1(93.57 £ 038 £ 0.22)%)

(5,76 £ 0.38 T 0.16)%)]

IThis work
[17]

032 0. 1))

DI T 0.7)%]

(6.16 = 0.43 i—().lSi%I

(7.9 £0.8)% Covariant model

Eur. Phys. J. C 76, 19 (2016)

8 x 107°/B(D*" - DTy)

—

CLEO PRDS86,072005 0.062:0.004:+0.006 —t——t

BaBar PRD72,091101 0.063+0.004+0.006 —t—t .
The most precise

PDG 0.062+0.007 | S | m e a s u r-e m e nt

This work 0.0621+0.004+0.002 H———-H

CM [14] 3.53 [(92.7 £ 0.7)%] 0.277+9:028 [(7 3 4 (.7)%)]
2PT 2] 4.5

¥PT [3]

¥PT [4] 0.32 +0.30

xPT [5] . 0.0081 0050
LFQM [6]° 0.18 4 0.01

RQM (7] 0.32110009

QCDSR [8] 0.25 + 0.08

QCDSR [9] 0.59 +0.15

NJLM [10] 0.09

LQCD [11] 0.066 + 0.026

NRQM [12] 0.21
NRQM [13}¢ 0.40

Wei Xu ,IHEP
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0.06
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112012
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032011
https://link.springer.com/article/10.1140/epjc/s10052-016-3883-5
https://link.springer.com/article/10.1140/epjc/s10052-016-3883-5

A, Decays

»AY > AK™ pro 106, 1111101 (2022)

Theoretical model

B(AF — AK+) x 1073

. B(AZ-AKY)
B(Af->An™)
 Significant difference from pure factorization

= (4.78 + 0.34 + 0.20)% SU(3) flavor symmetry [§
Constituent quark model [14]

approximation of (7.34 + 0.14)% arxiv:2208.00557v1 Current algebra [15]

e B(A —» AK*) = (0.621 + 0.044 + 0.026 + 0.034) x 10-3  Diquark picture [16]

* Consistent with prediction of Ref. [17]

SU(3) flavor symmetry [17]

1.4

1.2

1.06
0.18-0.39
0.46 £0.09

>AJg - XOK* and Z+K59 PRD_106, 052003 (2022)

[8]. PRD 55, 7067 (1997)
[14]. PRD 49,3417 (1994)
[15]. PRD 97,074028 (2018).
[16]. CTP 40,563 (2003).
[17]. PLB 776,265 (2018).

. B(Af-20kt)
Baioront) 0.0361 + 0.0073(stat.) + 0.0005(syst.)
B(AF-Z*KQ)
. B(A;f—>):+n+7sr+) = 0.0106 + 0.0031(stat.) £ 0.0004(syst.)
B(AF-=O0k*
. m = 0.9840.35(stat.)+0.04(syst.) +0.08(ref.)
B(AF — XOKT) (107%) B(AF — E+Kg) (10%)
QCD corrections 2(8) 2(4)
MIT bag model 72+£18 72+18
Diagrammatic analysis 5.0+ 1.6 9.6 24
SU(3)r flavor symmetry 54+0.7 54+0.7
_____ i3 Sealc Lo — (| — =
This work 4.7+ 0940t £ 0.15yse. £0.3rcr. 4.8+ Ldgpqs. 0.25y5 £ 0.3,
2023/4/23

Wei Xu ,IHEP
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.L111101
https://arxiv.org/abs/2208.00557v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052003

A, Decay

F ¢ data
> AT — nm™(SCS) pru 128, 142001 (2022) ol ! | @
PR % 100 };10 AT
B(Af — nat) x 1074 IZ((//\\}:TWO)) Reference E % ;g /
4 2 PRD 55, 7067 (1997) S ef —— | ——
9 2 PRD 93, 056008 (2016) S b +
m E e
113429 2 PRD 97, 073006 (2018) N
8or9 4.5 or 8.0 PRD 49, 3417 (1994) N i
2.66 3.5 PRD 97, 074028 (2018) "o N L1 12 13
M,.. (GeV/c?)
6.142.0 4.7 PLB 790, 225 (2019)
7.74+£20 9.6 JHEP 02 (2020) 165 topological-diagram approach
6.6+1.2+0.4 > 17.2@90% C.L. this work
+ +..0 +o—+ A— —
»A; > nn n’,nn ™ (CS) and »N; = 11+ X anxiv:221009561
AL > nK ™ (CF) chin. phys. ca7, 023001 (2023) « 71 identification
_ * Most energetic shower in the EMC
Decay Mode B(%) Slg'((j) * A data driven method for the better simulation of n
4 L 0 Nucl.Instrum.Meth.A 1033 (2022) 166672
AT - nm'r (0.64 + 0.09 + 0.02) 7.9 _
- 37 — 0

AF s nrta—at (045+£0.07+0.03) 7.8 * B(A; >+ X)= (335107 +1.2)%

A - nK-matnt  (1.90 £+ 0.08 £ 0.09) >10

* BAf»>n+X)= (335+0.7+1.2)%

* lIgnoring CPV
+ +o— ot
. B(Ac—mn n )

BAT oKt = 0.24 £ 0.04 * Boriisive = 25%
* Consistent with |V.4|/|V.s| = (0.224 + 0.005) * 1/4 decay channels are not observed

2023/4/23 17
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.142001
https://iopscience.iop.org/article/10.1088/1674-1137/ac9d29
https://arxiv.org/abs/2210.09561
https://www.sciencedirect.com/science/article/pii/S0168900222002194?via%3Dihub

Amplitude Analysis

* Light meson or baryon spectroscopy

* Polarization of vector meson

e D->VV

* Optimization of binning scheme for the measurement of strong phase difference

and CKM angle y

18



Amplitude Analysis D;_ — KSQKSQTL'-I_ PRD 105, L051103 (2022)

* A structure around 1.7 GeV, S(1710), in M(K{KQ) SUrl) _ A(7IOPDG  diference

Mass (GeV/c?) 1.72340.011+0.002 1.704 % 0.012 1.20
Width (GeV)  0.140£0.014 +0.004 0.123+0.018  0.70

&, 60r Lol
§ i —— Data } §1005
é-) - (a — Total fit é') G
i - KUK (892)" \ = | H
S S(1710)m+ | < so- J
8 200 2z |
g i R R g [ + [ S N
o R > LE ) A\f‘fw*‘*'ﬂp, 7“ ) 71{* LE 07“ ‘ L ‘“T\ — +‘;r¢‘4+f,
I B v — 1 12 1.4 1.6 1.8 0.8 1 1.2 1.4
M. (GeVPiet) M oo (GeVie?) M. . (GeV/e?)
* The S(980) is observed in the (DJ —
Decay mode Branching fraction (10_3) S(980)™,S5(980) - KTK™) decay with
N 0 10+ significance > 200 PRD 104, 012016 (2021)
DY — KgKgm 6.8 £ 0-4star = 0-Lsyst * Constructive interference between a,(980)°
D} — KOK*(892)* 3.0 + 0.3500¢ £ 0155 and £,(980)° for K*K~
* Destructive interference between a,(980)°
DF — S(980)7 ", S(980) — K2 K < 0.18 @ 90% C.L. 0
s = S(980)m™, 5(980) = KK % and £,(980)° for KIK?
DF — S(1710)n+ (3.1 £ 0350t & 0.15y5¢) X 1073

* One order of magnitude larger than expectation based on the isospin symmetry
« Constructive interference between f,(1710) and a,(1710)°
- A simultaneous amplitude analysis of D} - K*K~n* and DF —» K2K2nt is desirable
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016

Amplitude Analysis DS-I_ — KS(-)K+7TO PRL 129, 182001 (2022)

* First observation of a,-like state, S(1817)7%, in MKgK.-

+ Mass: (1.817 + 0.008stat + 0.020syst) GeV/c?
* Width: (0.097 £ 0.022.4 + 0.015,,s, ) GeV/c?

» Isospin-one partner of f,(1710)(—> K{KJ) ?

» EPJC82, 225 (2022)

« B(DF - a0(1817)*n%) = (3.444+0.52+0.32) x 1073

e ~100 MeV difference in mass

« B(DF - K)K*n%) = (1.46 + 0.06stat +

0.05syst)%.
‘g K*I_(*(892)0 *
> L KK (892)
21000 (@) st
=100 —- K*K (1410)°
S e a,(980)' 1"
= 50 — a,(1710)'n’
%’ i
> F
[ (i e h

—
N
=)

p—
=

N

Events / (20 MeV/c?)
e}

1

1‘.2 1;4 1.6
M KK (GeV/c?)

\o\\\

B [®)) 0
\O‘\ T \?\ T \o‘\ T

Events / (20 MeV/c?)
S
2

M. ,(GeVic?)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001
https://link.springer.com/article/10.1140/epjc/s10052-022-10178-3

Amplitude Analysis :AJg — AT 0 Jher1202022)033

Theoretical caleulation This work PDG
(107 x B(AT = Ap(770)7) | 4.81+0.58 [13[ 4.0 [14, 15] 106 +052 ] | <6
10° x B(A} = B(1385)77%) | 28404 [16] 22+04[17] | 5.86+0.80
10* x B(A} — 2(1385)°7%) | 28404 [16] 22£04[17] | 6.47+0.96
(o) + —0.2740.04 [13]  —0.32 [14, 15] | —0.763 £ 0.070
Oty(1385) 70 —0.91145 [17] —0.917 4+ 0.089
Q138507+ —0.915315 [17] —0.79+£0.11

First observation

[15] H.Y. Cheng and B. Tseng, Erratum: Nonleptonic weak decays of charmed baryons, Phys. Rev.

D 55 (1997) 1697.

[13] C.QQ. Geng, C.-W. Lin and T.-H. Tsai, Charmed Baryon Weak Decays with Vector Mesons,
Phys. Rev. D) 101 (2020) 053002 [arXiv:2001.05079] [nSPIRE].

[14] H.-Y. Cheng and B. Tseng, Nonleptonic weak decays of charmed baryons, Phys. Rev. D 46
(1992) 1042 [Erratum ibid. 55 (1997) 1697] [nSPIRE].

[16] Y.K. Hsiao, (). Yi, S.-T. Cai and H.J. Zhao, Two-body charmed baryon decays involving

decuplet baryon in the quark-diogram scheme, Eur. Phys. J. € 80 (2020) 1067

[arXiv:2006.15291] [nSPIRE].

[17] C-Q. Geng, C-W. Liu, T.-H. Tsai and Y. Yu, Charmed baryon weak decays with decuplet
baryon and SU(3) flavor symmetry, Phys. Rev. D 99 (2019) 114022 |arXiv:1904.11271]

[INSPIRE).
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https://link.springer.com/article/10.1007/JHEP12(2022)033

Other Results

> D+0

« PWAof D® - KPm*r~: arXiv :2212.09048

« PWAof D* - K*K97° ;PRD 104, 012006 (2021):

> D,

* Observation of the decay D — wm*n:PRD 107, 052010 (2023)

* PWAofDf - K*tntn mC.JHEP09(2022)242

* PWAofD} —» K*mn*m~:JHEP08(2022)196

« PWAofD} - K*K mtmtm~ :JHEP07(2022)051

« PWAof D*$ - % :arXiv:2202.04232

s PWAof D - ntnn® :JHEP01(2022)052

« PWAofD} - n*n m*:PRD 106, 112006 (2022)

 PWAof D} » ntntm™n :PRD 104, 1071101 (2021)

« PWAof DJ - Kdn*n® :JHEP06(2021)181

* PWAof Df - KK n*n® :PRD 104, 032011 (2021)

« PWAof Df - K2K~ntm*_PRD 103, 092006 (2021)

« PWAof DS - KTK~n*_:PRD 104, 012016 (2021)

> A}

» Measurement of branching fractions A} — ZtK*K~,%%¢,and ZtK*tm~ (n°): arXiv:2304.09405

« Branching fraction of A} — pn’' :PRD 106, 072002 (2022)
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https://arxiv.org/abs/2304.09405
https://arxiv.org/abs/2212.09048
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052010
https://link.springer.com/article/10.1007/JHEP09(2022)242
https://link.springer.com/article/10.1007/JHEP08(2022)196
https://doi.org/10.1007/JHEP07(2022)051
https://arxiv.org/abs/2202.04232
https://link.springer.com/article/10.1007/JHEP01(2022)052
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.L071101
https://link.springer.com/article/10.1007/JHEP06(2021)181
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://arxiv.org/abs/2304.09405
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.072002

Summary and Prospect

* Many results related to the hadronic charmed decays are reported

« Measurements with quantum correlated D°D? based on 2.93 fb~1

* Most sensitive results of strong phase difference of D — KSO,LnJrn_ for the y measurement are reported

* Branching fraction measurements

* Transverse polarization of D — ¢w is observed
* Some of channels are still unobserved

* Amplitude analyses

e Structures S(1710) —» KK and S(1817)% — KIK* are observed
« DY > KIKJnt and D& —» KOK*r®

* Prospect

* More data will be available
« 8 fb~! data at 3.773 GeV has been released and 20 fb~1 data will be available in 2024

* More progresses with more precise results will be reported
2023/4/23 23
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¢c;and s; of K&, KYK~

[PRD 102, 052008 (2020)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.052008
https://link.springer.com/article/10.1007/JHEP02(2021)169
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Favoured , _ u _ Suppressed 7
b - [ | KT If\ <~ (|K*
_ . H ] T 4! \ u
B~| | " ¢ ) b ,__S;‘ ¢ a5 d
NS 5 4 q " - P
UK - e

P D(Ktn | K)+T([K 7] K™T)
DK — - —
Common 7o, oo 37 N((K—at|K-)+ T ([Ktn— ] K+)
B—ﬂb : *--‘?3: E —=- S Nl = -7‘% + fr‘% + 2rprp cos(dy + 0p) cos O3

([K“T] ) -T(K 7T KT
PA=m ] K7) + DK K7)

= 2rgrpsin(dp + 0p)sinos / Rpg

0 f_|_ _
where 7, = AWD” = K777)1 4 0613 + 0.0010
A(DY — K+7—)

Wei Xu ,HEP

ADS rate and asymmetry (relative to the common decay):

and 7 was defined on p. 5 ®
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Isospin for two body decay

(KOn*|HMH D )Y = Ay
(K=" |HEHD®) = 3435 + 341,

KOO |HEMD®) = 33v/2(A 3, — A1p2) S

Nuclear Physics B122 (1977) 144-169

The charm-changing weak current is assumed to induce the quark transition *

cescosf, —dsinb,, (1)
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Signal yields of D? —» KX

Events / 10 MeV?/ ¢4

0.2 04 06 3T 0a 0
MM? {Ge\"zf' ) MM? {Ge\*’z!’{r‘]
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D; —» ntn ™ X: binning

202

203

204

205

206

207

208

20

2

6 Double tag
6.1 Selection of three charged pions from the signal side

For one event, in the presence of the selected ST D candidates as described in the previous section, we
look at the rest of the event for one 7~ and two 7 (or c.c.) for the inclusive decay of D} — a*n*n™X.
The tracking and PID requirements on the selection pions are the same as those in §5.1. Also, charge
pion candidates with momenta below 100 MeV/c are rejected to suppress soft pion backgrounds from
D** = D"z*. In case that more than one 7~ is reconstructed at the signal side, we select the one with the
largest |p|. When more than two " is present at the signal side, we select the pion pairs with the largest

and second largest |p| values.

M(TtTTTT) bins

* We measure partial branching fraction
of D, — X in 11 bins of M(Ttmtm)

14000

12000

10000

8000

6000

4000

2000

TI[III][IIITIIIITI[IIIIII'\]WIT

o
-

PR 1|.| | PR L
0.6 6 1.8 2
M(r*n*r’) [GeV]

https://indico.ihep.ac.cn/event/10988/contributions/6719/attachments/3032/3462/ds2pipipiX_20200922.pdf
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Single tag mode

Events(/0.25 MeV/c?) (x10°)

ST yields and efficiencies in data

Fitting: Signal shape ® Gaussian(sig) + ARGUS function(bkg)

— 2 D
MBC - JEbeam - |Pm.'(rm'|2

where m=1,2; n=1,2,3

[CPC4O 113001 EPIL?O 369 PRL 121,171803]
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Summary

* Charm (semi-)leptonic decays provide precision calibration of LQCD;
precision measurements of CKM matrix elements

* Charm hadronic decays are key labs to understand non-perturbative
QCD; provide important inputs to model-independent determination
of y and charm mixing/CPV

* BESIII will collect 20 fb™! data (17+3) at y(3773) in next two years time.

—>a new era of precision charm physics

Thank youl!
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Coherence Factor Analysis of B (K- m-)pK-

» Treat K3m like two-body decay with B €
single effective strong phase 0p.

F(B_ — (K+3’FT)D K_) X -r% + (*rggﬂ)z + 2R k34 rBr‘g” - coq((‘)g + ()R s 1)

AD" » Ktn—wta™)
A(Eﬂ 5 K+fr—1r+1r—) Rsw iz the coherence factor introducs
by Atwood & Soni, PRDES (2003)
033003
Also interesting in relation to charm
mixing, see
dﬂp + Bondar, Poluektov, Vorobiev: PRD
82 (2010) 034033,
* Malde & Wilkingon PLE7O1 (2011)
353-356,

A(B~ -+ D'K™)
A(B- — DK-)

r

"
A(p1...pn)

—1d 1 F | 70N *
C Re0 =~ [l U 1 D°)
Q

— oy[2| 8" | qn, — 7| Doy (2| __a9me (2015) no.8. 084032,
An = /' JolHID)P| 5555 |4, Ba = /H-’rl’lHlD N ey + Hamew & JR: JHEP 1503 (2015)
0 169, PLB 728 (2014) 296
e HCh: PRL116 (2016) no.24,
. 241301

« Coherence factor R < 1; « Evans & al PLB 757 (2018) 500
CLEO-c input theory: Atwood, Soni: Phys.Rev. DE& (2003) 033003
CLEQ-c data: Phys.Rev. D80 (2009) 031105, PLB 731 (2014) 197, Phys.Lett. B757 (2016) 520-527

Jonas Rademacksr (University of Bristal) Quantum correlated measuremeants at CLEO BESII-LHCD Workshop, IHER, Jan 2018 12
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* Malde, Thomas & Wilkingon PEDE1
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DY » K*K*rnt

2023/4/23

The BFs measured in this analysis and quoted from PDG [7].

Process

Df — K'(892)°K+, K'(892)° — K=+
Dy — ¢(1020)x ", $(1020) - KK~
Di — S(980)x*, S(980) — KTK~

BF (%)

BESIII (this analysis)

PDG

2.64 :l: 0.0ﬁstat :l: D'UTSyS
2.21 £ 0.055tat = 0.075ys
1.05 :l: 0.045t3t :l: D.Uﬁsys

D — Kp(1430)° K+, K((1430)° — Ko+ 0.16 £ 0.03s¢aq & 0.034y,

Di = fo(1710)x*, fo(1710) — K+ K~
Di = fo(1370)x+, fo(1370) — K+ K-
Dy - KYK «* total BF

0.10 :l: 0.0gstat :l: D.{]Ssys
0.07 £ 0.025¢at £ 0.01ys
5.47 £ 0.085tat + 0.135ys

2.58 +£0.08
2.24+0.08
1.14+0.31
0.18 £0.04
0.07 +£0.03
0.07 £ 0.05
5.39+0.15

Wei Xu ,IHEP
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Decay channels required in [LHCb-PUB-2016-025]

Decay mode Quantity Status
(2.93 fb~1)
ntamd F. On going
Kdn+m—n° F,orc,s; On going
K*K-m° F. On going
K-nt ) Finished
(Update)

Decay mode Quantity Status
(2.93 fb=1)

Kdn*m~ Ci) S Finished
KIK*K- C;) S Finished

K ntntmn™ R,§ Finished

K*K—n*tm~ F, orc;,s; On going

ntn—mntn~ F_orc,s; On going
K- ntn0 R, 6 Finished
KIK*m™ R,§

2023/4/23

The precision will be improved with a factor ~2
compared with CLEOc’s measurement
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