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https://academic.oup.com/nsr/article/8/11/nwab181/6381732

BESIII detector and Data Sample
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Le ptonic Decay [Natl.Sci.Rev. 8 (2021) 11]

2
>»T(DF - £%v,) = i | Vo 1?2 fprmimp+ | 1 — mg
q 81 q q q mp+ g
q
. fD(+) determination& |Vcd(s)| from the CKM global fit
S
* Calibration of LQCD
* |Veacs)| determination &< f p¢,, from the LQCD Decay Mode Ty, /Ty, (D*) Ty, /Ty (D)
S
* Test of CKM unitary TV 2.67 9.74
vy, 1 1
eve 2.35 x 107° 2.35 x 107°
» Test of lepton flavor universality
2
2
m% 1—m‘2[+ RD—i— R +
r(pg - ttv;) Mpy Ds

ot =T (0r > utvy) ~ <1 w3 )2 SM predicted 2.67 9.74
“\Uomi Measured  3.214+0.644+0.43 9.9840.52
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https://academic.oup.com/nsr/article/8/11/nwab181/6381732?login=true

Leptonic decay: D — ttv, viaete™ = DIDF

7 Decay B (%) fD.|Ves| (MeV) fp, (MeV) | Ves|

etver,  5.27+0.104+0.12 2444 +£23+29 251.1£24+£3.0 0.978 = 0.009 £ 0.012

/fryljﬂT 5.34 £0.16 = 0.10 246.2 £ 3.7+ 2.5 252.7£3.8+2.6 0.984 4+ 0.015 £ 0.010
T, 541 £0.17+0.13 2476+3.9+£32+£1.0 2543+£40+£3.3+£1.0 0.991+£0.015=£0.013=£0.004

« Tt > etV V,[Phys. Rev. Lett. 127, 171801 (2021)]
* 6.32 fb~! @ +/s between 4.178 and 4.226 GeV

* 77 = u*v, V;[arxiv:2303.12468]
« 7.33 fb~! @ +/s between 4.128 and 4.226 GeV

e Tt - 7V, [arXiv:2303.12600]
« 7.33 fb~1 @ /s between 4.128 and 4.226 GeV
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.171801
https://arxiv.org/abs/2303.12468
https://arxiv.org/abs/2303.12600

Status

] ] ] ] ] ] ] ] ] I ] ] ] I ] ] ] ] ] ] ] I ] ]
I coumwer | rmencn o |
-9 HFLAV21 Xiv:2206.07501 [hep- 0.9701:+0.0081
FLAG212+1+1) arXiv:2111.09849 [hep-lat] 249.9+0.5 — [hep-ex] |
- CLEO PRD79(2009)052002, t.v 0.981+0.044+0.021  +e4
HFLAV21 Xiv:2206.07501 [hep- 252.242.5 ¢
CLEO %;529(2009)0520([)2?"1?] SS18t1L 2453 CLEO PRD80(2009)112004, 7 v 1.001£0.052+0.019 e
CLEO PRDS0(2009)112004, T.v 257.0+13.345.0 - CLEO PRD79(2009)052001, v 1.079+0.068+0.016 ——
CLEO PRD79(2009)052001, ©_v 277.1+17.5+4.0 — BaBar PRD82(2010)091103, t, v 0.953+0.033+0.047  HeH
BaBar PRD82(2010)091103, 7, v 244.658.6£12.0  H—e—ir Belle JHEP09(2013)139, T, , v 1.017+0.019+0.028 ot
Belle JHEP09(2013)139, 7 v 261.1+4.8%7.2 HeH BESIII 0.482 fb™! PRD94(2016)072004, uv 0.9560.069+0.020
BESIII 0.482 fb™! PRD94(2016)072004, nv 245.5+17.845.1 bF—e——m CLEO PRD79(2009)052001, uv 1.000+0.040+0.016 ke
CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 —— BaBar PRD82(2010)091103, uv 1.032+0.033+0.029 kel
BaBar PRD82(2010)091103, puv 264.9+8.4+7.6 H——H Belle JHEP09(2013)139, v 0.969+0.026+0.019 ol
Belle JHEP09(2013)139, pv 248.816.614.8 e BESIII 3.19 fb! PRL122(2019)071802, pv 0.985+0.01420.014 "
BESIII 3.19 fb PRL122(2019)071802, pv 253.0+3.713.6 Hed BESIII 6.32 fb™ PRD104(2021)052009, pv 0.97310.012+0.015 -
BESIII 6.32 fb™! PRD104(2021)052009, pv 249.8+3.0+3.9 BoH | | b bbb R bbbttt
T S BESIII 6.3 1" PRD104(2021)052009, < v 0972000232001 wh
-1 PRD104(2021)052009, v +6.0+
gggig ggg g-l PRD104E2021;032001, Ty ;g?;;gg;:g BESIII 6.32 fb™! PRD104(2021)032001, v 0.980+0.023+0.019 (]
BESIII 6,32 fb” PRLIZZ02D17I801, Ty 2511£2.4%3.0 BESIIL 6.32 fb” PRLIZ7@02D)171801, 7.y 0.978:0.009£0.012 B
BESIII 7.33 fb’! arXiv:2303.12600 [hep-ex], T,v 254.3+4.0+3.3 BESIII 7.33 fb”) arXiv:2303.12600 [hep-ex], 7v  0.991£0.015:0.013 M
BESIII 7.33 fb"! this work T,v 252.743.842.6 BESIII 7.33 tb™ this work v 0.984+0.015+0.010 [
BESIIIT v 252 141.742.0 Combined | | BESHI ™ 0.982:0.007+0.008 o Combined
1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 I 1 1
0 100 200 300 -1 1
f p* (MeV) A\
[arXiv:2303.12468]
2023/7/3 6

Wei Xu ,IHEP



https://arxiv.org/abs/2303.12468

x4 +
D:7 - evv,

 7.33 fb~! of data at /s in [4.128, 4.226] GeV
o *+ + — +1.2 -5
B(D;+ - e*v,) = (2173 2gtat, + 0. 26yst. ) X 10 - L
e Statistical significance: 2.90 E i
* <4.0%x107° @ 90% C.L. S
£ 2r
to +69.6 £
* Total width I;? *+ = (121.97255 + 11.8)eV =T
T e St i\
-0.2 0 0.2 04
2 M2, (GeV/c4)
fx
e Tt =24x1073 x <%> /B(D:t > etv,)eV
D§
e Constrain the U.L. from MeV to KeV level xQCD 274 +7 v
ETM 268.8 + 6.6 (2 21
. fD*+ = (213 6+Zé gstat + 4398yst) MeV UKQCD 254 +17 —a—
LPTHE 3119 ]
* <353.8 MeV @ 90% e et
 With input of || from the PDG Hpach e =e -
This work  213.6%, +43.9, &
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[arXiv:2304.12159] submitted to PRL 0 > 100 lsf!:)? (Meé)” 20 300 30

The first hint of leptonic decays of the excited D
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https://arxiv.org/abs/2304.12159

Semileptonic decay

dF(D—)P»f U{) GZ ¥ 5
o = e Vg I (0PI

« Calibration of LQCD with |f{ (g?)| measurement

. inputof|VCq|2 Og
D+/O

* Test of CKM Unitarity with |ch| measurement > —

« with input of | £ (0)]
e Test of LFU within different g ranges

AT/Aq*(Xutve)

* Ratio of the decay rate: R¢/#(q?) = AT/2q? (Xe¥00)

* Ratio of Forward-backward asymmetry

e/ﬂ( 2) = dqz( forward )——( backward )
q-) = dF

dq?
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Ds" = f0(980)e™v,

[arXiv:2303.12927]

 7.33 fb~1 of data at /s in [4.128, 4.226] GeV

« B(DF — £,(980)e*v,) = (1.72 £ 0.134,4; + 0.104,5,) X 1073

e sS dominated with assumption of regular qq

e [Phys. Rev. D 80, 074030 (2009)]

0(0)[Vis| = 0.504 + 00174, + 0.0354

e With simple pole parametrization

+fo (O) = (0.518 + 0.018¢4¢ £ 0-036sy5t

2023/7/3

0
f_{O( )

This work

0.518 £ 0.0184¢at =+ 0.0364yst

CLFD [6]
DR [6]
QCDSR [7]
QCDSR 8]
LCSR. [9]
LFQM [11]
CCQM [12]

0.46
0.50 £0.13
0.48 £0.23
0.30 £0.03
0.24 £0.05
0.39 £ 0.02

[6] Phys. Rev. D79, 076004 (2009). [7] Phys. Lett. B579, 59-66 (2004).
[8] EPL90, 61001 (2010).

[11] Phys. Rev. D80, 074030 (2009). [12] Phys. Rev. D102, 016013 (2020).

[9] Phys. Rev. D81, 074001 (2010).
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.074030
https://arxiv.org/abs/2303.12927

Ds

— netv, and D - n'etv,

[arXiv:2306.05194]

« 7.33 fb~! of data at v/s in [4.128,

2023/7/3
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https://arxiv.org/abs/2306.05194

AE = AL = e, 1)

« Measurements based on data at /s in [4.6,4.7] GeV with £L = 4.5 fb~!

Measurement AeT v, Apty,

B (3.56 & 0.11500r. £ 0.075yse )% (3.48 £ 0.14400r. & 0.10,5.)%
T —0.021 £ 0.041544¢. == 0.0014y5¢. 0.068 = 0.0555¢4¢. 3= 0.002 4y 54
<AZFB> —0.24 = 0.035¢a¢. 3= 0.01 4454, —0.22 £ 0.045¢4¢. 3= 0.01 4454
(AFp) —0.33 & 0.0341a¢. = 0.01 4,4, —0.37 £ 0.0447q¢. & 0.014y5r,
QAL —0.94 £ 0.075¢4¢. 3= 0.03 5y 5¢.

|Ves| 0.937 £ 0.0145 + 0.024Lcp + 0.007,,

T:T asymmetry parameter, (A’;B): forward-backward asymmetry, @, : asymmetry parameter

e Comparison with theory model

* CQM and CQM(HONR) are disfavored in terms
of B

* T is consistent with O prediction by SM

[Phys. Rev. Lett. 129, 231803 (2022)]

[ArXiv:2306.02624v1]

2023/7/3

B(%) B (App) Ak (aw)
Constituent quark model 2.78 2.69 -0.2 -0.21 -0.87
Relativistic quark model 3.25 3.14 -0.209 -0.242 -0.86
Homogeneous bag model 3.78£25 3.67+0.23 —0.176(5) —0.143(6) -0.826
Lattice QCD 3.80£0.22 3.69+0.22 —0.201(6) —0.169(7) —0.874(10)
SU(3) 3.6+£0.4 3.6£0.4 —0.86(4)
Light-front constituent quark model | 3.36 & 0.87 3.21 +0.85 —0.97(3)
MIT bag model 3.48 3.38 -0.83
Light-front quark model 4.04+£0.75 390+0.73  0.20(5) 0.16(4) —0.87(9)
Constituent quark model (HONR) 4.25 4.25
Non-relativistic quark model 3.84 3.72
Light-cone sum rule 3.0+0.3 3.0+0.3
Measurement 3.56+0.13 348+0.17 —0.94(8) —0.22(4) —0.24(3)

Wei Xu ,IHEP
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.231803
https://arxiv.org/abs/2306.02624v1

AT - AlTvi(l = e, n)

* Differential measurement

5 ey, ¥ Uikt

Test of LFU: no evidence of violation
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Form factor: important for test and calibration of LQC

[ArXiv:2306.02624v1]

Wei Xu ,IHEP
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https://arxiv.org/abs/2306.02624v1

Hadronic Decay

* Branching fraction measurement

* Input for the measurement of bottom hadrons

Calibration for non-perturbative QCD

SU(3) breaking, e.g. K& — K asymmetry

* Amplitude analysis

* Light hadron spectroscopy

e Optimization of binning scheme for the measurement of strong phase difference and CKM

angle y

13



D° - ¢w

«B=(6.484+0.96 +0.40) x 107* [Phys. Rev. Lett. 128, 011803 (2022)]
* First observation with significance of 6.2 o
Prediction Mode
6.6 x 107* 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)]

e Polarization measurements

1 ar 3

o1 ab  _3f{1. .2
chosew/K_Z{Z(l fL)Sm Hw/K-l_ }

* Transverse polarized
« f,<0.24 @ 95%CL
* Contradicts to the naive factorization and Lorentz
invariant-based symmetry models
e [Phys. Rev. D 81, 114020 (2010), JHEP 03(2014)042]
* Consistent with explanation of FSI
* [arXiv:2303.00535v2]

2023/7/3
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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
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.011803

Inclusive Decays of D

Decay Mode B (inclusive) Bsum (exclusive) Difference

D — K9X (32.78 £ 0.13£0.27)%  (31.68+£0.32)%  (1.10 £ 0.41)%
Dt — KOX (20.54 £0.12+£0.18)%  (18.16 £ 0.72)%  (2.38 £0.75)%
D > rfrfr—X  (17.60+£0.11+0.22)%  (16.05+0.47)%  (1.55 £ 0.53)%
Dt - rtrtr= X (15.25+0.09+0.18)%  (14.74+£0.53)%  (0.51 +0.53)%
Df 5> rtrtr=X  (32814+0.35+082) %  (24.7+£1.5)%  (8.11+1.74)%

[arXiv:2302.14488]:accepted by PRD [Phys. Rev. D 107, 032002 (2023)] [arXiv:2212.13072]

e Results from Inclusive measurements are larger

= 0.5:
. . 3 X +
* Indications of unobserved decay modes T 04F + n
N N S 03F —+
* Dy »om T X 8 F —+
% 0.2F
* The partial B as a function of M(r*n~7°) are measured to o e ——
help study background B® - D*DF (- ntn*n~X) for : T

BY - Drt (o ) 084 56 08 10 T2 14 16 18 20
M(mrntn) (GeV/c?)

Wei Xu ,HEP


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032002
https://arxiv.org/abs/2302.14488
https://arxiv.org/abs/2212.13072

Dt - Kdntmon©

« 2.93 fb~! of data at /s =3.773 GeV

* B(K{n*n%n°%) = (2.888 £ 0.058.4;. + 0.0695,5:)%

* B(D* - KQa,(1260)* (- p*™n®)) = (8.66 * 1.0444,. £ 1.395y5,) X 1073

* B(D* - K*%p") = (9.70 £ 0.81 54 + 0.534y5¢) X 1073

Events / (20 MeV/c?)

08 1 12 1
2
My (GeVIc?)

Events / (20 MeV/c?)

150

50

250

200

100

My (GeVIc?)

[arXiv:2305.15879]
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https://arxiv.org/abs/2305.15879

Amplitude Analysis :Di - KSKdmt

* A structure around 1.7 GeV, S(1710), in M KOKO S SlTIOPDG _ diference

Mass (GeV/c?) 1.72340.01140.002 1.704 % 0.012 1.20
Width (GeV)  0.140 +0.014 +0.004 0.123+0.018 0.7

& 60 & T
§ I —— Data } ;100__
S 0 (@) — Total fit S (b)
= o KK (892)" \ = | + *
S 0 S(1710)m | < so- I
2 20F z |
s g ﬁ I ‘*'*'-"*n.+l*1'_.;- -...:-;""-.-'“. .Z" ﬁ G--.‘."."I-. ) :'.'-.;._‘_r__-'r"".-_:'- f_: __“"::‘_.‘"'.;?'T'.-
F I e v 1 1.2 1.4 1.6 1.8 0.8 1 1.2 1.4
M., (GeViieh) M KK (GeV/c?) M Kon (GeV/c?)
* The S(980) is observed in the (D —
Decay mode Branching fraction (10_3) S(980)r™,S5(980) - KTK ™) decay with
N 010+ significance > 200 [Phys. Rev. D 104, 012016 (2021)]
Dy = KgKgm 6.8 & 0.4dstar = 0. Lsyst * Constructive interference between a,(980)°
DF — KYK*(892)* 3.0 + 0.351a¢ + 0.14y5 and f,(980)° for KtK~
* Destructive interference between a,(980)°
D+ — S(980)7 T, S(980) — K%K < 0.18 @ 90% C.L. 0
s = S(980)m, 5(980) ~ KK ‘ and £,(980)° for KIK?
DF — S(1710)x+ (3.1 % 0.3540¢ =+ 0.14y5¢) 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 - KK~ nt and DF —» K2K2nt is desirable

2023/7/3 [Phys. Rev. D 105, 1051103 (2022)] 17
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012016
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.L051103

Amp|ItUde AnaIYSiS DS-I_ — KSQK-I_T[O [Phys. Rev. Lett. 129, 182001 (2022)]

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

+ Mass: (1.817 + 0.008stat + 0.020syst) GeV/c? 2
* Width: (0.097 £ 0.022.4 + 0.015,,,s, ) GeV/c?

» Isospin-one partner of f,(1710)(— KJK?)
* ~100 MeV difference in mass

* [Eur. Phys. J. C 82, 225 (2022)]

* Isospin-one partner of the X(1812) 05

T I T T T T I T T T T I T T T T I T T

« [Phys. Rev. D 105, 114014(2022)]

» B(DS - KJK*1%) = (1.46 £ 0.06544¢ £ 0.055y5,)%.

g K+I_;(892)0 | §150:_ i; 80:
Dok (@ KK ol 2 |
=T —-K*K (1410) = = 60f
= | : =100F =L
S a,(980)'n’ S S,
> 50 — a,(1710)'n’ > >
= [ 5 =l = 20k
2 ¢ T S SO
m e s LYY 3 el ], m [ o ‘ o . . v BE s Al m '+
1 1.2 1.4 1.6 1.8 0.6 0.8 1 1.2 1.4 0.6 .
2 2 2
M KK (GeV/c?) M Km0 (GeV/c?) M., (GeVic?)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10178-3
http://dx.doi.org/10.1140/epjc/s10052-022-10178-3
https://link.springer.com/article/10.1140/epjc/s10052-022-10178-3
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.182001

Amplitude Analysis (AT = AT T Y 1 ien enerey shus. 1202022003

Theoretical caleulation This work PDG
(107 x B(AT = Ap(770)") | 481 +£0.58 [13] 4.0 [14, 15] 106 £052 ] | <6
10° x B(A} — 2(1385)*7%) | 284+04[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
Oy (1385)+ x0 091408 [17] —0.917 £ 0.089
Qy(1385) 07+ —0.91515 [17] —0.79 +£0.11

First observation

[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].

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

D 55 (1997) 1697.

[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] InSPIRE].

[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].
2023/7/3
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|l — Data

[N Background

— Total fit

I — Ap(770)*

F— NR (')A

| — % (1385)*

n°2(1670)*
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F— m+2(1670)°
L — m+x2(1750)°
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https://link.springer.com/article/10.1007/JHEP12(2022)033

Summary and Prospect

* Many results related to the charmed hadron decays are reported

* Hint of leptonic decay of excited D

Observation of transverse polarized Decay D° — ¢w

Observation of a structure S(1710) in Mo,9 of D& — KoK

Observation of a structure S(1817)% in Mo+ of D} - KOK*n®

* Prospect

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

* More progresses with higher precisions will be reported
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Charmed meson production

o (nb)

2023/7/3

0970606-005 0970606-002
. D;:D' D;D D%D; D;lD; , D;.DS- D:D' D;:D; D;,.D;
g F H : { eDD F ! ! d
B i i i i =D oof | : i - -]- {®DgD,
o | Ao osf 1 =D,D,
E Pl o7f- i + { v DgDy’
sE S | E | o
E b I 5°°F E i E
e F ] E P Sosf | s a + s
E g g H o E i H i
s E E i 04F ; i
= i i osf i i i H
2f- i : : E % i :
: i o2f i % §
- ; i @ - ; Gils | * g i g
) ST N A 1PV R N S PSR . P, P SRR S QE...:.I....I.:...I.*.E.I.*.il..i.‘..:..lﬁu..
3.8 3.95 4 4.05 4.1 4.15 4.2 4.25 4.3 3.9 3.95 4 4.05 4.1 4.15 4.2 4.25 4.3
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4.4 - [ngaisy| $(4°S1)
Ne(41So) Va0 e
Y(4260) |.n<(3'P) Xc1(3P+)
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o
<
: %
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4, W(4040) 38 oo D DD, =2 <
H)E L —=— S S
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charm meson pair production threshold
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leptonic decay: D — ,u+vﬂ [Phys. Rev. Lett. 122, 071802 (2019)]

»>3.19 fb~ 1 data @ 4.178 GeVviaete™ - DJ

80F
»B(D& - utv,) = (549 + 01644, + 0.155,,5,) X 1073

° fD;-lVCSl = 246.2 + 3-6stat + 3-553151: MeV

Events / 4 MeV%/c*

I\):éll‘II[lH”IHHIIHI[“II"I”[” 1]

° fD;' = 2529 i 3-7stat i 3-6syst MeV

1
©

<:|| SM predicted |V|

MM? (GeVZ/c?)

* |V.s| = 0985+ 0.014,; * 0-014‘syst

<:< fD; from LQCD calculation

> LFU test

* B(DF - t*v)/B(DF - utv,) = 9.98 + 0.52 consistent with SM predicted value of 9.74

»Search for the CP violation

. B(D;_*I/L*_V”)_B(Ds_—)ﬂ_vﬂ) _ .
B B(D;-_)PL+V/,L)+B(DS_—>M_V”) _ (20 i 3'OStClt i 1-25y5t) Yo

* Acp

* No significant violation
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.071802

+ +
AF = Ae™ v,

. . _ -1 Model prediction
* Data at+/sin [4.6,4.7] GeV with L = 4.5 fb T ——
Light-front approach [10] 1.63
Covariant quark model [11] 2.78
* B(At — Ae+v8) = (3'56 i 0'11$tat i O'O7sySt)% Relativistic quark model [12] 3.25
Non-relativistic quark model [13] 3.84
. The most prec|se measurement Light-cone sum rule [14] 3.0£0.3
Lattice QCD [15] 3.80 + 0.22
SU(3) [16] 3.6 +0.4
* Measurement of differential rate and form factors Light-front constituent quark model [17]  3.36 = 0.87
MIT bag model [17] 3.48
Light-front quark model [18] 4.04 £0.75

* Measured for the first time

3f=='DATA: A;— Ace'v, !
----- DATA: A!> Ae™, — 1 LQED: A Ay o 0.8} <
S
ek LQCD: Al— Ace'v, 2 2 —
& G &N
s 1[5
O 015 guiae 2 ) ) 04 ) .
2 s 0 0.5 1 "0 0.5 1
o 01fF NN 42 (GeV?/c*) q? (GeV?/c#)
< 0.
o) 1
5
0.05 . —
& &
0 1 1 1 1 1 1 o °0+
0 02 04 06 0.8 1 1.2
2(GeV¥ct : . : .
7 ) 0 05 1 0% 05 1
q? (GeV?/c*) g% (GeV?/c¢*)

* |V.s| measurement: 0.936 + 0.0175 + 0.024ocp + O.OO7TAC

* Consistent with |V.4| measuredin D — K¥v, decays

2023/7/3 Wei Xu IHEP [Phys. Rev. Lett. 129, 231803 (2022)] 24



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.231803

Leptonic decay

1 1 1 I 1 T T T I T T T T I T T T T I T T T T I T T T 1 I 1 1 1 I 1 1 ] I ] ] ] I ] ] ]
CKMFitter 0.29520+0.00065 | FNALMILC ~ PRD98,074512 212.7+0.6 °
CLEO . RBC/UKQCD  JHEP1712,008 208.7:2.8" —0—
PRD84(201 1)1 14505 D-ne Ve 0.225+0.006£0.010 —p—

ETM PRD91,054507 207.4+3.8 ——
BABR 0 -4
PRD91(2015)052022 © 7 &Y. 0-206%0.007:0.009 FNALUMILC ~ PRD90,074509 212640472 <
PRDO2(2015)072012 D' TE V. 02185:0.002750.0095  —e— HPGCD  PRDBG054510 2083134 ——
CLEO e FNALMILC  PRD85,114506 218.9+11.3 B —

PRD78,052003, v, T V = 206.8+8.712.5 gt
BESI293f6" oy CLEO
v, 0.2152+0.0056+0.0022 —--
PRD89(2014)051104 ! BESIII PRD89,051104, yiv 203.845.241,8 e
BESIII 20 fo! -
Expected D'5uv,0.21520.0021:0.0022 - BESIII Expected (20fb™), pv ~ 203.8+2.0+1.5 ——
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.05 0.1 0.15 0.2 140 160 180 200
vV, fy- (MeV)

* Most precise result is from BESII|
* Statistics dominated
* Room to improvement of statistical uncertainty

 2.5% = 1.0 % with future 20 fb~! data

[Chin.Phys.C 44 (2020) 4, 040001]  wei xu ,IHEP



https://iopscience.iop.org/article/10.1088/1674-1137/44/4/040001

Leptonic decay

] ] ] I ] I ] ] ] I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1
FNAL/MILC ~ PRD98,074512 249.9+0.4 )
KMFi .97343+0.0001 ]

CKMFitter . 0.97343£0.00015 RBC/UKQCD JHEP1712,008 246.4+1.3""7 o
CLEO/BELL/BABR/BESIII - D’ K1, 0.975+0.007+0.025 - RBC/UKQCD PRD92,034517 254.0+2.0+4.0 o
CLEO eV IV, 0.988+0.044+0.022 —— ETM PRD91,054057 247.2+4.7 =O0=
CLEO TV, 1.009:+0.052+0.021 I FNAL/MILC  PRD90,074509 249.0+0.3""; o

- HPQCD PRD82,114504 248.0+2.5 o

eV, . 956+0.036+0.

BABR T Vz i VH?N 0.956£0.036£0.056  ==tir=—= CLEO PRD79,052002, 7,,,v 252.8+11.215.5 ——
BELL TV I MY TV )V, 1.02540.019£0.029 ——— CLEO PRDS80,112004, 7, v 258.0+13.315.2 e
BESIII@4.009 LV, TV )V, 0.94410.06310.027 — el CLEO PRD79,052001, v 278.3+17.6+4.4 B
CLEO v, 1.007:0.040£0.018 —— BaBar PRD82,091103, 7., v,V 244.6:9.1414.2 =t
BABR wv, 1.040+0.033+0.031 —— Belle JHEP1309,139, 7., v, »V 262.2+4.8+7.4 ——
BELL v - BESIII PRD94,072004, uv, T vV 241,0+16.346.6 e——@m—tm—

" ISR ! CLEO PRD79,052001, v 257.6+10.3+4.3 ——
siig}@‘ﬂ 8 v, 0.974+0.01440.016 - BaBar PRD82,091103, v 265.9+8.417.7 —_——
: Belle JHEP1309,139, uv 249.8+6.6+5.0 ——
BESII@4.178 . -

. @ by, 0.97440.01040.016 < BESIII PRL122,071802, uv 252.9+3.743.6 o—
6 fb Expected BESIII Expected (6fb™), uv 252,9+2.7+3.0 =o=
1 1 1 I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1
fo (MeV
A o, (MeV)

* Most precise result is from BESII|

e Systematic uncertainty is comparable with statistical uncertainty

[Chin.Phys.C 44 (2020) 4, 040001]

Wei Xu ,IHEP
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D - n'n

0

etv, and KdKJetv, [physrevD.105.0031101]

* First measurement of B(DJ — ,(980)e*v,) x B(f,(980) - n°7wY): (7 9+ 14,4 *

0.45ysc) X 1074

e Consistent with 0.5 X B(DJ - f;,(980)e™v,) X B(f,(980) — m*m ™) according to isospin symmetry

Events / (0.02 GeV?/c*)

-} Data

| — Total fit
A Signal :
| —-Background |

Events / (0.04 GeV/c?)

« B(DF - f,(500)e*v,) X B(f,(500) - 7°7%) < 7.3 x 10™* @ 90% C.L.

. B(DS‘" - K

2023/7/3

MM?*(GeV?/c*)

Jdetv,) <3.8x1071@ 90% C.L.

Wei Xu ,IHEP
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092001

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 3T0a 0
MM? {Gt:\*'zf' ) MM? {Gevzi’{r‘)
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02 0.4
MM? {GEVZJ’ c?)
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Intermediates for DT
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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)
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o
-

Pl N L
16 1.8 2
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I
|
I
718 9
AT |
0.6 4

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)

Mpgc = \/Egeam - |Fm.’(mr|2 where m=1,2; n=1,2,3

[CPC40,113001,E

PJC76, 369,PRL 121,171803]

i}"—).K*ut'l
40F

20

(r
80F b k'
60F
40
20¢

0
60k P Ko
40r
20f

84 1.86
Mg (GeV/c

1.88
.2}

80Fp o K
60
40
20

0
10 p— K:ﬂ:'

s K
.15_D—>K5111(
10}

5.

10t

0 D= K'nrn®
20

10

87 186
My (GeVic

1.88
.1}

YET 86 188
Mg (GeV/e?)

2023/7/3

Wei Xu ,HEP
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+ +o— L+ + 0 .—,+
A > An"m eTv, and Ay - pKgm—e™ v,

 Data: 4.5 fb~ Y at+/sin [4.6,4.7] GeV

e B(Af > Artmetv,) <39 x 107%

« B(A} - pKdn~etv,) <33 x107*

Events / (20 MeV)

2023/7/3

=)

B -4~ data
B ‘:’ signal MC
non-A} bkg

=

Al bkg

[\9)

Wei Xu ,IHEP

Events / (20 MeV)

[arXiv:2302.07529]: accepted by PLB

-4 data
|:| signal MC
non-A} bkg
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https://arxiv.org/abs/2302.07529

Branching Fraction: Kaonic

>DO/+ — Knit rro 106, 032002 (2022) >D0 - KI(J)XPRD 105, 092010 (2022)
Decay mode B(1073)
D° — KO7r07070 7.64 + 0.30 = 0.29 Decay Bexp(%) R (D°)
D% — K-atr%%%  9.5440.30 +0.31 D° = K%  0.414+0.021+£0.010 —0.001 = 0.047
D° — Kyntn—n%7®  12.66 +0.45 + 0.43 D% — K%  0.433+0.01240.010 [ 0.080 = 0.022
Dt — KrtnO70 29.04 + 0.62 + 0.87 D’ - Kjw 1.164+0.0224+0.028 —0.024 £ 0.031
Dt — K2ntata—n% 15.28 £0.57 £ 0.60 D% — K9 0.809 4 0.020 & 0.016 | 0.080 £ 0.023

Dt — K3rtn%7070  5.54+0.44 +£0.32

Dt - K—ntata070 4.954+0.26 £0.19 0 0
* Asymmetry between B(D - K X) and

B(D° - K2X)

> DO%* 5 K1rw prD 105, 032009 (2022)

B(D°->KIX)-B(D°-KPX)

[ ] 0 =
R(D", X) B(D2-K2X)+B(DO-KPX)
Measured predicted * Indications K — K& asymmetry(R) for K’y and
KPn'

B(D? — K~mw) (%) 3.392 4+ 0.044 +0.085 Improved by a factor 7
B(D® — K%%) (%)  0.848 % 0.046 = 0.031
B(Dt — K2ntw) (%) 0.707 £0.041 £ 0.029

BD° KO x0w) * Based on statistical isospin model Nucl.Phys.B 122 (1977)
B(DoﬁKi”i‘”) 0.23 £ 0.01 £ 0.01 0.4 aires
BD o Ko w) 0.21 4 0.01 & 0.01 0.9 * Large deviation from measured value

B(DVP—-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: Doubly Cabibbo-suppressed(DCS) Decay

»>D% - K*n—r® (TL’O) PRD 105, 112001 (2022)
s « (@188 . . )]
* Previous results are from the D® — D° mixing or coherent ] b——————-
< | st s e :
factor measurement 5186__;?:;'__5 w T
5 )
« B(K*n~n®) = [3.13%3:82(stat ) + 0.15( syst )] x 1074
. o= 0.0 —4 184+ o T sd .
B(K*nr n°n”) < 3.6 X 107* @ 90% CL. e e I
U,,. (GeV) U, (GeV)

 [1.84%112(stat)] x 107*

>Dt > Ktr%70 and Kt 97 neros2022)107

Decay mode Bsig (x 10_4) Significance

Dt — K+t7%7% 21404+0.1 8.80
Dt — K+tr%  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~m%(70), (b):K T~ n°r°(1.90)

Decays Measured(tan® o) Predicted(tan? 0¢)
B(DT = KT7%7%)
g e 0.77 4 0.14 2/3
BT oK 2.64 + 0.68 1

B(D+—=EK =wtn)

* f.: 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

2023/7/3
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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

Branching Fraction: Pionic

»>DO0t decay with multiple pions(CS) ero 106 092005 (2022)

* First absolute measurement of 20 decay modes

+B_

Bt+B~

e Acp = are measured

Decay

Bug (x1074)

DY — g0
DO — ntg—270
D° — ntn—2p
DY — 470

D® — 37

DY — 2727~ 70
DY — 27t277n
DY — 77370

DY = 275t 27— 270

Dt — 3rt2n~

Dt — 2ntn—27°
Dt = 2ntn™ — 70y
Dt — 7470

Dt — 7t37%

Dt — 3nt2n—n0

DT — 2xt =370

134.3+13+£16
100.2 +£19 +£24
85+13£04
7.6 £09=£07
23.6 22+ 17
34.6£15+15
6.0 £ 10 £ 06
153 £17£13
477+ 31+£21
32.7+£ 0705
46.1 £12+£09
116.5 £21 £ 21
417 £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
34.2+31+16

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

* No significant CP violation is observed

Decay BT(x107%) B~ (x107%) Aqp(%)
atn =m0 134.8+1.8 1333+18 +06+09+04
atn= 27 976+2.6 102.7+27 —254+1.9+0.7
ot~ 33.1+1.0 323+1.0 +1.2+224+0.6
xt 270 48.3+1.8 4324+1.7 45.6+2.7+05
ontn— 7%  116.7+3.0 116.0+3.0 +0.3+1.8+0.8
2ntn—27%  102.7+5.6 111.6+5.8 —42+38+1.3
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.092005

Excited Charmed Meson Decays

%0 0,+,- e’
»D* — D e™ e pro 104, 112012 (2021) v (V) o
* Observed for the first time with significance of 13.2¢0 T L,
D
B(D*0-»D%%*e™) _3 c
509500 (11.08 £ 0.76 + 0.49) x 10 .
* Deviated from VMD model prediction of 6.7 X 1073 by 4.8¢ v (V)
« B(D*® - D%*e™) =(3.914+0.27+0.17 + 0.10) x 1073 . .
D° D
»>Dit - DFy and DIt — DI m0pro 107, 032011 (2023) . v

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_\'r
IThis work
[17]

(Bl p;—p; Bp: iz /B ~piy

(5,76 £ 0.38 T 0.16)%)] (6.16 043 T 0.18)%
0.9 L0.7)%) (0. .8, 00

. 1(93.57 £ 038 £ 0.22)%)
S OEZ L0 %)

Covariant model

:
oM “4[1, 3.33 [92.7 £ 0.7)%] 0277 0ing [(7.3 & 0.7)%] (79£08)% Eur. Phys. J. C 76, 19 (2016)
yPT [2] 4.5

7PT [3] 8 x 107°/B(D*t = D*y)

2PT [4] 0.32 £ 0.30

XPT 5] e 0.0081 00030 ' '

LFQM [6]° 0.18 + 0.01 CLEO PRDS6,072005 00620000000 |,

RQM [7JL ()321j88389 BaB: PRD72,091101 0.063£0.004+0.006 —t——t

QCDSR [8] 0.25 + 0.08 o ’ T The most precise
QCDSR [9] 0.59 +0.15 PG —————— | measurement
NJLM [10] 0.09

LQCD I_l lJ 0066 j: 0_026 This work 0.062+0.004+0.002 H————H

NRQM [12] 0.21

NRQM [13}¢ 0.40
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B(D,*>7’D{)/B(D.*—yD})
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Spin and parity of DE‘S) mesons

«3.19 fb~ 1 of data at 4.178 GeV

* Determined /* = 17 for D(;y Via D;* - Dy, D*® - D°n® andD** - D¥x°
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A, Decay

¢ data

> AF - nm™(SCS) prL 128, 142001 (2022)

B(Af — nat) x 1074 A(H ?\{j:):: Reference E ? S — /
4 2 PRD 55, 7067 (1997) s " I e
9 2 PRD 93, 056008 (2016) g ) + i ot
11.3+2.9 2 PRD 97, 073006 (2018) g!
8or9 4.5 or 8.0 PRD 49, 3417 (1994)
2.66 3.5 PRD 97, 074028 (2018) 09 1 L2 13
6.1+2.0 4.7 PLB 790, 225 (2019) M (GeV/c?)
7.7+2.0 9.6 JHEP 02 (2020) 165 topological-diagram approach
6.6+1.240.4 > 7.2 @90% C.L. this work
+ +.0 + -+ A— —
>N, > nnTn”, nn " (CS) and » N, = 1+ X axiv:221009561
AL > nK~ T (CF) chin. phys. ca7, 023001 (2023) « 7 identification
_ * Most energetic shower in the EMC
Decay Mode B(%) Slg‘ <0) * A data driven method for the better simulation of n
N L0 Nucl.Instrum.Meth.A 1033 (2022) 166672
AT - nr'r (0.64 + 0.09 + 0.02) 7.9

A = nrtr T (0.45+0.07 £0.03) 7.8
A - nK-7txt (190 £0.08 £0.09)  >10

B(A; >n+X)= (335+07+1.2)%

BAf »n+X)= (33.5+0.7+1.2)%
* Ignoring CPV

. Blconmnnt) _ 04 +0.04

sum 0
B(A} -nk-m+n+) exclusive 25%

* Consistent with [V.4|/|Vis| = (0.224 + 0.005) 1/4 decay channels are not observed
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