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ESIII detector and datasets
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« 293 fb tdataete™ - ¥ (3770) at+/s = 3.773 GeV
« 7.33fb"tete™ - DI D} data collected at /s = 4.128~4.226 GeV
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Method

* Single tag (ST): reconstruct one D)
 Higher efficiency

* Relatively high background
* Double tag (DT): reconstruct both Dy,

 Clean background
 Kinematic constraint on missing particles
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 Systematic uncertainties on the tag side mostly canceled
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Leptonic decays

« Measurements of decay constant and CKM matrix element |V_,|.
e DY s ttv,tt - etv,v, PRL127,171801 (2021)
e DF »ttv,, 7 - wtn®v, PRD 104, 032001 (2021)
| D = tv,, 7 - utv, v, arXivi2303.12468
+

N N L New updates!
\ DS »>1t7v, T > 1T,

arXiv:2303.12600

« DT - etv, first experimental search 2.9¢ arXiv:2304.12159

T T T T T T T T T T T
I ' l , | ' ' . ' ! ' ' ' ' ' ' : ETM(2+1+1) 1)1{[)911:01&054.;07 247.2+4.1 Fel

CKMFitter PTEP2022(2022)083C01 0.97349+0.00016 FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 >
HFLAV21 PRD107(2023)052008 0.9701+0.0081 FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5 >
CLEO PRD79(2009)052002, t.v 0.981+0.044+0.021 HFLAV21 PRD107(2023)052008 2522425 ol
CLEO PRD80(2009)112004, tv 1.001+0.052+0.019 e CLEO PRD79(2009)052002, T v 251.8+11.245.3 ——i
CLEO PRD79(2009)052001, v 1.079+0.068+0.016 e CLEO PRD80(2009)112004, TV 257.0+13.3+5.0 —e—
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e % = BRI ARG ey BESIII 3.19 fb L122(2019)071802, pv 253.0+£3.7£3.6 (2]
BESIII 6.32 fb PRD104(2021)052009, pv 0.973+0.01220.015 ™ BESIII 6.32 fb"! PRD104(2021)052009, pv 249.8+3.0£3.9 ol
BESIII 6.32 fb™' PRD104(2021)052009, 7,v 0.972+0.023:0.016 BESIII 6.32 b PRD104(2021)052009, v 249.7+6.0+4.2 ot
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Semileptonic decays

« Measurements of form factors and CKM matrix element |V_.|.
« Semileptonic decays as probes for the inner structures of light mesons.

e D} s taTety, arXiv: 2303.12927 v w(ﬁ
* Df > f°(980)etv, AN,

* Df = K*K ™t arxiv:2307.03024 " o, 13
* D = ¢u*v,, upper limiton D — £°(980)utv,

+ D} >ne*v,and D - n'etv,  arXivi2306.05194

See Shulei Zhang’s talk on Thursday for more on leptonic and semileptonic decays



Hadronic decays

« Measurements of branching fractions
« Test of theoretical calculations, non-perturbative QCD
« SU(3) flavor symmetry and its breaking effect
« CP violation

« Amplitude analysis
« Light meson spectroscopy

 Quantum correlated DD pairs
 Unigue access to the strong phase measurements
 Important input in the measurement of angle y in the CKM unitarity triangle



Amplitude analysis: observation of a,(1817)™

PRD 105, L051103 (2022)

- Amplitude analysis of D} - KOK2r*

Q) 60
E 40 @ :EE‘(EZ} {  An enhancement on K K2 mass spectrum around 1.7 GeV/c?
2203_ ----- sarom | | * BF one order 01; mggnitude larger than the expectation for
g Aty f 0(1:710) —> K I-(S
C12 14 16 18 * Implies the isospin-one partner of f,(1710)?
M KK (GeV/c?)

PRL 129, 162001 (2022) « Amplitude analysis of D — KOK *1°

Y @  kE s _ _ _
> | KK (892)"  Observation of an a,-like state ay(1817)* with a,(1817)" —
=% kK aay KIK*, over 100
% s} * M = (1.817 £ 0.0084,. + 0.0204y5; ) GeV/c?
;5 ; * T'=(0.097 + 0.02245¢ + 0.0154y; ) GeV/c?
T 12 14 16 18  The isospin-one partner of the f,(1710) (but mass ~100MeV higher)
M oy (GeVie?) or X(1812)?
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Events / (20 MeV/c?)

Amplitude analysis: Dt - Ko7 tn%m® om0

» B(D* - K2n*n°n®) = (2.888 + 0.0584¢, £ 0.0695yst )%

« Dominate intermediate processes
* B(D* - K2a;(1260)* (- p*n®)) = (8.66 £ 1.045pat. + 1.39gy5t) x 1073

+ B(D* > K*°p*) = (9.70 + 0.81 55 & 05355 ) X 1073

- _— _—
80 b >0 L 150 data
i - - fit result
A w200 %;' background
lb'[)_ E s Z 10 R K2a1(1260)+[S](—>p*1T0}
S 150 b= T R e S IS K2a,(1260)*(—f,(500)T)
a0} - ot g K (1400)[S[(-K °n0)*
i w100 s (T o, K (1400)’[D](=K ™ n%)r*
! E SHEE o S W R (K”p)IS]
20- a:;\ < é (K ’p")IP]
- = | fe- S (K7, )[S]
ﬂ- T ettt I | e . - e D . 0 1 n4 = n.g -1 2t =L PR K_g(p 7[0)
0.6 ﬂ 5 12 14 06 08 1 2 14 e O -
TTL??I[-.’ (GCV}(.’Z) KD ” (Ger"C ) 11:"'1{[]'_2 ( ev/iC }

1458 events. Purity (96.86 + 0.46)%



Inclusive BF measurements

« B(D* - KX) = (33.11 £ 0.134,¢ * O.36Syst_)%, improved 7.1 times  PRD 107, 112005 (2023)
B(D® - K2X) = (20.75 £ 0.12,, + 0.205y5 )%, improved 7.6 times

Difference with the BF of known exclusive decays containing K2
e (1.10 + 0.41)% for D*, (2.38 + 0.75)% for D°

B(D° - ntrtnX) = (17.60 £ 0.115pae, £ 0.225y5; )%
B(DY - ntntn™X) = (15.25 £ 0.095;, £ 0.18y5 )%

consistent with the BF of known exclusive decays within about 3¢

e Little room for missing D°(D*) -» wtm*n~ X decays
PRD 107, 032002 (2023)

~ 05
5 |
* B(D§ - ntntm™X) = (32.81 + 0.355p5¢ & 0.824y5 )% S oaf ++++
> | +
« Partial BFs as a function of M(r*m ¥ ™) are measured ,§ 03p .
« Larger than the BF of known exclusive decays (24.7 + 1.5)% 3 02 N
arXiv:2212.13072 0.1

0 ||||||||||||||||||||||||||||||||
8206 08 10 12 14 16 18 20
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Events/10.0 MeV/c?

+ +
DS — WTl 1 PRD 107, 052010 (2023)

* B(D§ —» wntn) = (0.54 £ 0.12545¢. + 0.044y5t )%
* First observation with a statistical significance of 7.6o0
e w - ntn Y contribute in D} -ttt X.

« Potential intermediate process D — way(980)* and D — nb,(1235)* can be
searched for with larger statistics.
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BF involving K;”

* First measurements of their BFs.

PRD 105, 092010 (2022)

The interference between Cabibbo-favored (CF) and doubly Cabibbo-suppressed

(DCS) amplitudes can lead to a significant asymmetry between the BFs of D° —
K2X and D° - KPX

0 B(D°->K2X)-B(D°-K]X)
* R(D°,X) = /=5 —— ~2tan
B(D°-K{X)+B(DO-KPX)
Decay Beyy (%) Beat (%) Difference R(D") oy B(D")gar Difference
D" — KY¢ 0.414 £0.021 £0.010 0.33 +£0.03 220 —0.001 £ 0.047 240
D’ — K)n 0.433 £0.012 £ 0.010 0.40 £ 0.07 0.50 0.080 £ 0.022 0.113 -+ 0.001 1.5¢
D’ - K)o 1.164 £0.022 +0.028 0.95 +£0.15 l.46 —0.024 £ 0.031 T ' 440
D' = Ky 0.809 + 0.020 £ 0.016 0.77 £ 0.07 0.50 0.080 £ 0.023 1.66
CP asymmetries  pecay B, (%) B, @ [ AL @ )
Nosignificant  po L g0y 042840029 0405+£0.034 | 27 £54+07
CPV is found D" - K% 044540018 0421+0.017| 2.8+2.9+04
D’ - KY» 120040.030 1.121+£0.031 | 3.4+1.9+0.6
D’ = KV 0.789+0.028 0.826 +0.028 \-2.2 +2.5+ 0.4/

Events / 10 MeV*/c*

20, , 8. is the Cabibbo mixing angle.
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Doubly Cabibbo-Suppressed decays

» B(D° -» Kt n%) = (3.13

+0.60

—0.0564¢at.

|
|
: « B(D° > K*'n %) < 3.6 x 10*at 90% C.L.
|

PRD 105 112001 (2022)

* First observation
* B(D° » K™% = (2.1 + 0.44¢ar. + 0.15y5) X 107*
« B(D® - K*(892)*n%) < 4.5x107*
« B(D° - K*1%) = (2.1 + 0.5t & 0.1y ) X 107
+ B(D° - K*(892)*n) = (4712, ... T 0.25y5) X 107*

JHEP09(2022)107
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Strong phase difference 63"

e Quantum-correlated DD pairs.

- Most precise measurements 55" = (187.615712%)°

o KT _:oKm _ (k*m”|DO)
D eXp( l5D )_ <K+TL’_|50)

85T Strong phase difference between DCS and CF decays
rx™: Ratio of amplitude between DCS and CF decays

« Asymmetry between CP-odd and CP-even eigenstate decays into K~ 7™

. _ B(D_—K~n*)-B(Dy—K~nt) _ —2rfTcossT+y _
Agn = B K TDTBO oK) r(rkTy 0.132 + 0.011 +0.007

30% more precise than previous BESIII measurement [PLB 734 (2014) 227-233].
» Using the predominantly CP-eventag D —» ntm—mY,
mnm® _ B(Dx—»K~nt)-B(Dy-»K~nt) (—2r§”cos$§”+y)Ff””O
KT = B(Dx->K-mt)+B(D4s—K~ ) 1+(r§”)2+(1—Ff””0)(2r{§”cos6g”+y)
mnn’ = 0.130 + 0.012 + 0.008
* D - K¢,m*m™ tags, sensitive to both r5™cos65™ and 1 "sindj "

« Measured BF of D° - K, ", D - K, w, D° - K, n°n°

Eur. Phys. J. C (2022) 82:1009

Normalised yield

Normalised yield
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= N W s o
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CP-even fraction measurements

e DY s atnntn” « D' 5> K*K ntn~ « DY 5> Kdntn n”
« F, =0.735 £ 0.015 £ 0.005 « F, =0.730 £ 0.037 £ 0.021 « ., =0.2354+0.010 4+ 0.002

PRD 106 092004 (2022) PRD 107 032009 (2023) arXiv: 2305.03975
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*—+—: (b) R =1 - 0.45 & Data 1200 . ¢ Data ]
500 —+ Data ° E Fit 0_, - — fit(F =0.2440.022) ]
:g r = 0.4 E—r—m F, =1 prediction 1000 KLTE Tt ------F;=6 -
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g 0] £ S
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0.05F 299:E 4—-—1-— _________ S . o —:
Bin number 0 oL ! 1 ! 1 1 ! 1
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KETC*T( bin Bin pair 15



Summary and prospects

« The BESIII experiment reports many important results on charmed meson decays.
 Observation of a,-like state a,(1817)%
 Improved strong phase measurements
 Provide important knowledge on charmed mesons

« 20 fb~1 4(3770) data will be collected by 2024.

« Updates of the measurements with larger datasets are expected.
« Strong phase measurements
* D decays



Back up
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Dy

Datasets

Sample Year Luminosity (pb~!) E.n (MeV)
4.128 2019 401.5 [19] 4128.48+0.44 [20]
4,157 2019 408.7 [19] 4157.44+0.44 [20]
4.178 2016 3189.0+0.2+31.9 [14] 4178.0 on average [15]
i1g0 | 2017 526.7£0.142.2 [16] 4188.99+0.06+0.41 [16]
' 2012 43.33+0.03+0.29 [18] 4188.59+0.15+0.68 [17]
4.199 2017 526.0+£0.1+2.1 [16] 4199.03+0.05+0.41 [16]
4200 2017 517.120.1+1.8 [16] 4209.25+0.06+0.42 [16]
' 2013 54.95+0.03+0.36 [18] 4207.73+0.14+0.61 [17]
1210 2017 514.640.1+1.8 [16] 4218.84+0.05+0.40 [16]
' 2013 54.60+0.03+0.36 [18] 4217.13+0.14+0.67 [17]
4320.34-2.87x107> X Ny, + 0.05 + 0.60 [17]
4226 | 2012-2013 loﬂg’tg'égfolglﬁ é]lgl 4225.54 +0.05 + 0.65 [17]
’ ' ' 4226.26+0.04+0.65 [17]
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Leptonic decays Dy = 77 v,

BESIII results

5007 ) 00 | Vel (990

PRL 127, 171801 (2021) 6.32 fb~1 4.178~4.226 GeV 7t > ety,v, 527 +0.10+0.13 2444 +23+29+1.0
PRD 104, 032001 (2021) 6.32 fb~1 4.178~4.226 GeV tt > ntn%, 5.30+0.25+0.20 2451 +58+47+1.0
[arXiv:2303.12468 7.33 b~ 1 4.128~4.226 GeV tt - H+Vu17r 5.34 + 0.16 + 0.10 246.2 + 3.7+23+1.0 ]

arXiv:2303.12600 7.33 fb~1 4.128~4.226 GeV T >ty 541 +0.17 +0.13 2476 +39+32+1.0
New updates!
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I [signal
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S N% B
S 400 = I
P g2
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5 M2, (GeV*/cY) %
o ] m}
- ' — ' A - + +., o
06 04 P2 0 02 arXiv:2303.12468 77 — u" v, v,
. : : tot
arXiv:2303.12600 t+ — mtv, Extract the singal using Eeyira y»
using BDT training method total energy of extra showers in et (ot Ly | e
the Calorimeter "-‘-".'-.'- 1“. : '-"":"!" . = = BKGII
Etira 1 (GeV)




* 1 +
DS — € Ve arXiv:2304.12159

* First experimental search

« B(D*y > etv,) = (21753 +0.25 ) x 107° statistical significance 2.9¢
« Upper limit at 90% C.L. 4.0 x 10~°

« D™ decay constant f Dt = (213.67558. .+ 43.95yst) MeV
« Upper limit at 90% C.L. 353.8 MeV

« Indirectly constrains the upper limit on the total width l“t"tf"1 from MeV to keV level.

S
i 7QCD 274 +7 -
‘1? al- ETM 268.8 + 6.6 HH
o~
E - UKQCD 254 +17 ——
- L
S LPTHE 31149 [~
[—] L
g .
2 | LPTHE 272 + 165 ——
E 2 :
@
et B HPQCD 274 +6 HH
" . +61.0
| This work 213.6_45_Smt 439, Fy—t /-
1 I 1 1 1 1 | 1 1 1 1 | 1 1 | L | Il 1 1 1 | | | 1 1 | 1 1 1 1 I

] 04 0 50 100 150 200 250 300 350
M2, (GeV?/c?) £y (MeV)



+ + . —,+
DS — T T € Ve arXiv: 2303.12927

« Study the light scalar meson f£°(980)

* Measured BF of D — °(980) e*v,, f°(980) —» n*m™ is 1.72 £ 0.31¢a¢ £ 0.104y5;, 2.6 time more
accurate than previous analysis.

* First time measurement of form factor, f+f0(0)|VCS| = 0.504 1 0.0175¢, + 0.0355y¢

« Using the relation between the BF and the mixing angle ¢ involved in the gg mixture picture for £°(980)
as sing \/—15 (uﬁ + dcf) + cosgss, we find that the ss compoment is dominant.

L T
60 . 10 0.8
ar - e Data 1 (a) (b)
% — Total fit < 8 0.7F
&} e Signal o —
g 40_ - - - Background :3: oF a% 0.6
s Z 4 o0.5F
% 20 r:"l*_%r 2t 0.4}
LT?I =
GO 0»2 ‘ 1 0'30 I OJjS — 1
I q* (GeV/c*) g (GeVich
M. (GeV/ic?)
Comparison of form f( i This work j CLFD [6] DR [6] [QCDSR ['f] QCDSR [8]] LCSR [9] [LFQM [11} CCQM [12]
) . fP0) 0518 £0.018,4as £+ 0.0365ys |  0.45 0.46 0.50 + 0.13]0.48 + 0.23]0.30 + 0.03|0.24 + 0.05] 0.39 + 0.02
factor with theoreticalsizerence (o) — — — 01 00 13 13 2.8
i ¢ in theory — 32 +4.8)°[(41.3 £ 5.5)° 35° (8T2H)° — 56 + 7)° 31°
calculations 8
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DS — K K l’l V,LL arXiv:2307.03024

A partial wave analysis is performed. The structure of the K* K~ system ol + pua
Is dominated by the vector meson ¢. g [ e
> | ignal pr(-)Cfss
* B(DF - ¢putvy) = (2.25 £ 0.09¢ar, £ 0.074ys ) X 1072, 43 times £ T o lckee ||
better than world average value. g [ oomesse
« B(DS - f°(980)p*v,) - B(f°(980) > K*K™) < 545 x 10™* at . j
90% confidence level, assuming that the only S-wave contribution is 0

from £°(980) .
* Form factor ratio

:

lglfr

Measured FF ratios and comparison with previous measurements.
Experiments TV 9

PDG |42] 1.8040.08 0.844+0.11
This analysis 1.584+0.17+0.02 0.714+0.14+0.02
BABAR |25] 1.807+0.046+0.065 0.816=+0.036+0.030

Events/ (0.001 GeV/e?)
g

E
T

S
T

FOCUS [58]  1.549+0.25040.148  0.713-0.202+0.284 : " L ' '
Theory ry o . 2 s 1
CCQM |5 1.34+0.27 0.9940.20 3 g %m
CQM 6] 1.72 0.73 - = ]
LFQM [7] 1.42 o8 L] rr
LQCD |3] 1.7240.21 0.7440.12 ORI T v

HMyT [8] 1.80 0.52 Projection of data and PWA fit results on kinematic variables. 22




DS - ne*v, and D - n'e*v,

 Measured BF

» B(DF - netv,) = (2.251 + 0.03%¢ar. & 0.051 5y )%
* B(D& - n'etv,) = (0.810 £ 0.038,;. + 0.0245y5 )%

« Improved by a factor of 1.3 and 1.7

* Form factor measurements
¢ £1(0)Ves| = 04553 + 0.007 145, £ 0.0061 gy

. fﬁ,(O)|VC5| = 0.529 + 0.024 ¢+ T 0-0085yst.

« Combined with the BESIII measurements of D¥ — n(De*v,,

the n —n’ mixing angle ¢p = (40.0 & 2.05¢5¢ + 0.65y5t)°
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Amplitude analysis: D - K/KJ)m™
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