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Topics of charm mesons @ BESIII BESTH

Pure leptonic decay Semi-leptonic decay
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Decay constant fD(*,;)’ form factor f;': calibrate Lattice QCD.

CKM matrix element |V ;4 |: test the unitarity of the CKM matrix.

Lepton flavor universality (LFU) test.
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Topics of charm mesons @ BESIII BESTH

Amplitude Analysis Branching Fraction Measurements
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Amplitude Analysis of multi-body hadronic charm decays
« Mass and width of light hadrons which are beneficial to understand light hadron spectroscopy.

Branching Fraction Measurements
» Test theoretical calculations of these BFs or decay asymmetry parameters.
» Benefit the understanding of the quark SU(3) flavor symmetry and its breaking effect.
* Explore the effects of D® — D? mixing and CP violation in charm sector.
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Production & Methodology BES]]I

Double Tag
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Determination of spin and parity of D,y mesons - 2305'146313651[[

highlight

3.19 fb~! @4.178 GeV

There is no decisive experimental results of spin and parity have been reported for the
ground 1S states Dy, since their discovery.
The spin and parity of D:*, D*®and D** are firstly determined in the process of

« ete” - DiTDs

« ete” - D*OPO

e ete” > DD~
Partial reconstruction of y and D and recoil side missing D (similar technique for
D*®and D*t)

An application of a helicity amplitude analysis results in a preference of the quantum
number /¥ = 1~ over the hypotheses 2* and 3~ with significance more than 100.
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CHARMED, STRANGE MESONS

(C=8=+1)

Df = cs, Dy =¢ s, similarly for Dt's
*+ Py = ?

D; I(J7)=0(7")

JP is natural, width and decay modes consistent with 1~

CHARMED MESONS
(C==+1)

- — =0 _ - ..
Dt=cd,D°=cu,D =cu, D™ =cd,similarly for D*'s

D* (2007)0 I(JP) - 1/2(1_) , J, P need confirmation

J consistent with 1, value 0 ruled out (NGUYEN 1977 ).

CHARMED MESONS
(C==x1)

- - =0 _ — -
Dt=cd,D°=cu,D =cu, D™ =cd, similarly for D*'s

D* (2010)i I(JP) = 1/2(1_) I, J, P need confirmation.




Pure leptonic decay
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D} - ttv

4 Methodology:
2)EL°L . - Sum of isolated the energy deposit in calorimeter
B(tT »etv,v,) =17.82% B(t* - ~“+V/ﬂ71) = 17.39%, B(tt -» ntnv,) = 25.49%
PRL 127 171801 (2021) PRD 104 052009 (2021) PRD 104 032001 (2021)
& KK {10000 KKr q°0Ff T 2;5 R L150F ] + D 4 £ ' ' PN ' !
: E Rt 600} B 4.178 GeV Pom L 4.189 GeV L 4.199 GeV
1400 Fm fgg z :'fi’%];‘" N% N% 40t ]
. ;100— g e, ] g g
&) 2 60 5 5 5
2 - : : :
g g . 2 € T [ 4226Gev
= 2 = B S
: Dafa. 30 §- §- g./ *
] Tll‘slisl:-gzbackgrmmd(BG) 20 é % g 201 ]
o] = = = s
0 0 L 12 D> 1(—e*v V)V, signal 400.72 41.‘15 4;.1 :('JT‘(;:‘ (‘) ovtl)s o|v1 ov:s o.‘z 1%06""190wﬂ1s;50‘.71960 1980 .200'0 o‘. 0 1 0 i : T
EX . (GeV) ... Signal+an oisd ME,,(GeVIc?)? My(D3) (MeV/c?) 0'OMMz ((()iinl 4 L9 00 U= 1.9
B(D§ > t7v) = (5.27 + 01054 + 0.124,5)% B(Df - t*v) = (5.21+ 0.2544¢ + 0.175,5)% B(Df > t*v) = (5.29 + 0.2544¢ + 0.205y5)%
foilVes| = (244.4 + 2.3 £ 2.9) MeV fpilVes| = (243.2 £ 2.3 + 3.3) MeV fpiVes| = (244.8 £ 5.8 & 4.8) MeV
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-+ g P Ty P
DS —> T V:T — l,l, VMVT update arXiv: 2303.12468 BES]]I

Based on 7.33 fb™! @4.128-4.226 GeV

400

800LDi—> KK [D—> K'Kn’

300k 2001

Compare to the previous measurement: "

400

* From Missing Mass to EL%L.., Methods wof LPT
* 15% more data.

EL%t . Methods

200f
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40
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« Sum of isolated the energy deposit in calorimeter g
ﬁ'b = %
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= [ BKGI
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0 15 2
M, (GeV?/ct) Eqtra 1 (GEV)
B(DY > 1) = (521 + 0.255,0c + 0.1755)% update

—— BOF > 71) = (5342 0-1651ac + 0.10y5)%
forVes] = (243.2 £ 2.3 £ 3.3) MeV

forlVes| = (246.2 + 3.7 £ 2.5) MeV
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D;- S>Ttrvett - Tty arXiv: 2303.12600 BGS]]I

Based on 7.33 fb™! @4.128-4.226 GeV
BDT input

i ———- BDT output on signal channel for measurement
218, | muu mona gf,
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[ A o] 05 06 08 7 [GeV/L . 1z E 05 - 50”1 05 1 ; : r . . ; - ' : . . . | . . . : .
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F Zuv  \other bkg ] Yaaee Nother bkg .

folVes| = (247.6 £ 3.9 £ 3.2) MeV

patamMC Events / 0.0225

08 06 04 02 0

s et B(Df > t*v) = (541 4 0174 £ 01345, )%
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s 1
D S TV arXiv: 2303.12600 BES]]I
Experiment Ecm (GeV) Mode 77 decay B (%) f D |Ves| (MeV)
This work  4.128-4.226 DI D:F Tt oy 5.41 +0.17 +£0.13 2476 £3.9+3.2+1.0
BESIII [20] 4.128-4.226 DED:¥ pt oy, 5.34 +0.16 + 0.09 246.2 +3.7+2.3 £ 1.0
BESIII [19] 4.178-4.226 DED:F et v, ve 5.27 £0.10 £ 0.13 244.4+2.3+£29+ 1.0
BESIII [18] 4.178-4.226 DED:F a0, 5.30 £ 0.25 + 0.20 245.1 +5.8 £ 4.7+ 1.0
BESIII [17] 4.178-4.226 DED:¥ nti, 5.21 +0.25 £ 0.17 243.0 £ 5.8 £4.0 £ 1.0
Weighted® e e e (5.32 +0.07 + 0.07 2454 +1.7+ 1.7+ 1.0 |
BESIII [21] 4.008 DI Dy i, 3.28 +£1.83 £0.37 192.8 4 44.2 +10.9 0.8
CLEO [12] 4.170 DED:T e Urve 5.30 £ 0.47 £ 0.22 245.1 +£10.9 £5.1 £ 1.0
CLEO [13] 4.170 DED:F nt i, 6.42 £ 0.81 £0.18 269.7 £17.2 £3.8 £ 1.1
CLEO [14] 4.170 DED:¥ pto, 5.52 £ 0.57 £0.21 250.1 £13.0 £4.8 £ 1.0
BaBar [16] 10.56 DK X~Dy et U ve, ut v, 4.96 £ 0.37 £ 0.57 237.1+89+13.7+1.0
Belle [15] 10.56 DKX~yD; 7%, et vve, ut i v, 5.70 £ 0.2175-37 254.1+4.74+7.0+£1.0
Average ce oo

*Tt excludes “BESIII [17]".
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fD;' & |V sl

f+ 249.940.5 MeV LQCD
DS
|Visl 0.97346+0.00016 CKM fitter
. m, 1776.861£0.12 MeV PDG2022
npu
m, 105.648375540.0000023 MeV PDG2022
Mmp, 1978.35 +0.07 MeV PDG2022
T T T T T | T T T T T | I I | | | I | | | I | |
ETM(2+1+1) PRD91(2015)054507 247.2+4.1 b CKMFitter PTEP2022(2022)083C01 0.97349+0.00016
FMILC(2+1+1) PRDY8(2018)074512 249.9+0.4 > HFLAV21 PRD107(2023)052008 0.97010.0081
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5 >
CLEO PRD79(2009)052002, T v 0.981+0.044+0.021 Fed
HFLAV21 ggg;g7igg§3(;2.;ﬁgl:8 252.2+2.5 tol CLEO PRD80(2009)112004, © v 1.0014+0.052+0.019 [
EEES PRDS(): E()o‘);liin(ﬁ’ wt §:§3ﬂ§§f§ﬁ —e— CLEG PRD75(2009)052001, v L7065 L0016 el
CLEO PRD79(2009:)(]52001. T_p\p 2;7'1117'514.0 ! . i BaBar PRDSZ(?‘(HO)OQI 103, TenV 0.953+0.03320.047 HeH
BaBar PRDS2(2010)091103, T, v 244.6+8.6+12.0  H—e—H Belle JHERPIPCOINI0R, Ty 1.017+0.019+0.028 Het
Belle JHEP09(2013)139, 7, v 261.1:4.8+7.2 HH BESIII 0.482 fb" PRD94(2016)072004, pv 0.956:0.0690.020 =
BESIII 0.482 b PRD94(2016)072004, pv 245.5+17.8+5.1 +—e— CLEO PRD79(2009)052001, pv 1.00020.0400.016 Fe
CLEO PRD79(2009)052001, pv 256.7+10.2+4.0 ——i BaBar PRD82(2010)091103, uv 1.032+0.0330.029 o
BaBar PRD82(2010)091103, pv 264.9+8.417.6 H—e—H Belle JHEP09(2013)139, pv 0.96910.026+0.019 tel
Belle JHEP09(2013)139, pv 248.8+6.6+4.8 et BESIII 3.19 fb™ PRL122(2019)071802, pv 0.985+0.014+0.014 ]
BESIII 3.19 fb! PRL122(2019)071802, pv 253.0+3.74+3.6 e BESIII 6.32 fb! PRD104(2021)052009, uv 0.9730.012+0.015 o
BESIII 6.32 fb" PRD104(2021)052009, uv 249.843.0+3.9 HeH
.1 20?2 ]2 TV
BESIII 6.32 fb" PRD104(2021)052009, < v 249.7+6.0+4.2 ol BESIII 6.32 fb 1 gﬁgigj(;g;i l(:;;g:)? ;n\’ 0.97240.023+0.016 ]
BESIII 6.32 fb™! PRD104(2021)032001, T v 251.645.944.9 " BESIII 6.32 fb’ (021)032001, ,v 0.980+0.023£0.019
BESIII 6.32 fb™ PRL127(2021)171801, v 251.142.433.0 L] BESIII 6.32 fb" PRL127(2021)171801, t.v 0.978+0.009+0.012 .
BESIII 7.33 fb™ arXiv:2303.12600 [hep-ex], TV 254.3+4.0+3.3 e BESIII 7.33 b arXiv:2303.12600 [hep-ex], TV 0.991+0.015+0.013 ]
BESIII 7.33 fb™! arXiv:2303.12468 [hep-ex], T,V 252.7+3.8+2.6 el BESIII 7.33 fb™! arXiv:2303.12468 [hep-ex], T,V 0.984+0.015+0.010 "
BESIII v 252.111.7#.0 ] Combincfi BESIII v 0.982+0.007+0.008 e Combined
l ! | | L | L 1 l l l ! | | | | | | | A | | | |
0 100 200 300 -1 0 1
fD" (MEV) IV |
b cs
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D" - etv

Motivated by theoretical prediction(2]

First study based on 7.33 fb~! @4.128-4.226 GeV with D} D, process.

B(D;* - etv) = (21733 +0.24,,,)x107°. (2.90)

—09stat —
. fD+*+ .
Combine fj = 1.12 + 0.01 from LQCD calculation
D

v UM = (12191835 £ 11.8) eV
» Agree with (70 + 28) eV predicted by LQCD in +10

» Indirectly constrains the upper limit on the total width '/
S
MeV to keV level.
D** WIDTH < 1.9 MeV CL=90.0%
VALUE (MeV) Cl% DOCUMENT ID TECN COMMENT
<1.9 90 GRONBERG 1995 CLE2 ete”
< 4.5 90 ALBRECHT 1988 ARG E =10.2 GeV

* ¢ We do not use the following data for averages, fits, limits, etc. ® ®
<4.9 90 BROWN 1994 CLE2 ete”

<22 90 BLAYLOCK 1987  MRK3 et e- = DEyX

1)EPJC 82, 1037 (2022)
2)PRL 112, 212002 (2022)

Events / (0.05 GeV?*/ ¢4

arXiv: 2304.12159 BES m

Double Tag
-0.2 0 0.2 0.4

MZ

miss

(GeVY/c?)

First experimental result on f .+

XQCD 274 +7 e

ETM 268.8 + 6.6 H-

UKQCD 254 17 —

LPTHE 3119 -

LPTHE 272 £16% —a—

HPQCD 274 +6 -

This work  213.6%;;, +43.9, -
L e e e
50 100 150 200 250 300 350

£, (MeV)
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Semi-leptonic decay

Hadron 2023



D;- St ety % arXiv: 2303.12927 BES]]I

Based on 7.33fb~! @4.128-4.226 GeV

The BF of D& — f,(980)e™v, f(980) - n*m™ is measured to be (1.72 + 0.13,4¢ + 0.104,,5)x1073, 2.6 times more
accurate than previous measurement.

Determine f+f°|VCS| = (0.504 £ 0.017¢4¢ + 0.0354,,;) for the first time in D" — £,(980)e™v, f,(980) » n¥m™

The measured FF and BF are both important to probe the quark component in f;(980).

 Using the relation between the BF and the mixing angle ¢ involved in the gg mixture picture for f,(980)[*], we find
that the SS component is dominant.

This work CLFD [6] | DR [6] JQCDSR [7]JQCDSR [8]] LCSR [9] [LEQM [11][CCQM [12]
_ 1 _ T0(0) 0518 + 0.018ac + 0.0365,c|  0.45 046 |0.50 £0.13/0.48 = 0.230.30 & 0.03]0.24 & 0.05] 0.39 & 0.02
| f0(980)) = sinp| — (u@ + dd ) ) + cos $|s3)  Difference (o) — = — 0.1 0.2 13 13 Dig
\/§ ¢ in theory — (32 +4.8)°|(41.3 £ 5.5)° 35° (&e? — (56 £ 7)° 31¢
Signal yields: 439 + 33
08 — T T T T ]
(b) 601 =
0.7 - Data
=— Total fit

ohi
4
= o
in o
| ? I
Events / (0.010 GeV/c?)
S 5

dT/dq? (ns'/GeV?/c4)

Y e 1 ¥ e ! s o T s [*]PRD 80, 074030 (2009)

M . (GeV/c?)
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Hadronic Decays

Amplitude Analysis Branching Fraction Measurements
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. + +
Observation of ay(1817) " at D decays "o BESI

D —» KQK*tm® PRL 129,182001 (2022)

v @ - KK (892)

> 0" KK (892)" a0(1817)* in KQK* mass spectrum
S —- KK (1410)’

-

g ------

2

& M = 1.817 + 0.008 + 0.020 GeV/c?

> ;"'.‘ pde

M A YRk ) ['=0.097 + 0.022 + 0.015 GeV/c?

B(DF - ay(1817)*w%) = (3.44 + 0.52 + 0.32)x1073

d e interf . M ... (GeV/c?)
SR ., or e o o)+ st
a
0 0 i s . 1; ; The isovector partner of f;(1710) or X(1812)?
—— pvata
© | (@ —Totalfit { A simultaneous amplitude analysis of D - KK *+n° and
Ao K'K'(892)" \ D} - K{KJn™ can be expected.
N\ L
=\ e S(1710)m+ }
= o
2 H .
o YO = e T
1 1o 14 16 1.8 constructive interference: ay(1817) and f;(1710)?
2
M KK’ (GeV/e?)
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D - KX

Events / (1 MeV/c?) (x10%)

150

100

0
=

The precision of BFs D* — K2X and D° - KJX are improved by factors of 9.0 and 8.1.

The differences between the inclusive and exclusive decay BF are
e ForD*:(1.10 + 0.41)%

e ForD?:(2.38+0.75)%

r L 30 D'SKIX  OKK i 30 20f D'-KIX

I D" KX +data 80- D’ KX +data @ B e ©

r s []signal r s [ Isignal 1 =i T
o [ background [ background 20 20 15p
i E < 10
I T 10 Z 10 <
- % 3 =
: 3 L 2 2
I7 ] 15[ pook? O s = =
- e Bege—|C, |
L L £ 50l DKW E?EE?PD E 2

046 048 05 052 054 ‘ 5 EKE g o
M,.. (GeV/c?) M,.. (GeV/c?) 5t
0 1 2 0 0:5 1 -1 6 i
Mfm_“ (GeV?/c4) p (GeV/c) cos®

Decay mode Mark-I1T (%) [1] BES (%) [2] PDG (%) [3] This study (%) B2 ... (%)

Dt — KgX 30.60 £ 3.25 £2.15 30.25 £2.75+1.65 30525 |32.78 £0.13 £0.27] 31.68 £ 0.32

DY — K¢X 22.754+2.50 £ 1.60 23.80 +£2.40 +1.50 23.5+2.0 |20.54 +0.12 +0.18] 18.16 & 0.72

Yunxuan Song Hadron 2023

arXiv: 2302.14488 BES ]]I

BF of exclusive D% *decays involving K2
Initial state B (%) Final state B (%)
Kor+ 1.49 £ 0.03 [30] Kor+t 1.49 4 0.03
K%t 8.73+0.10 [3] KSetve 4.37 +£0.05
K*Oety, 5.40 £ 0.10 [3] K70t v, 0.89 £ 0.02
KOty 8.76 £ 0.19 [3] Kutu, 4.380 £ 0.095
K*utu, 5.27 £ 0.15 [3] K2noutu, 0.88 4+ 0.02
KIKIKT 0.254 £ 0.013 [3] K9KYK*  0.254£0.013
KIKIK* 0.508 =+ 0.026 [3] KYK9K* 0508+ 0.026
KOK3n+ 0.270 4 0.013 [3] KOKYn+ 0.270 £ 0.013
Kontrta— 6.20 £ 0.18 [3] Klrtatn= 3.10 £ 0.09
K°K+K—nt 0048 £0.010 [3] KYKTK~-7T 0.02440.005
K9ntn® 7.36 4 0.21 [3] Kntm® 7.36 £ 0.21
FORT 1.738 4 0.182 [31] KIK*T 0.869 & 0.091
(9(1270)eTve  0.23140.030 [32]  K2n%7Yetv. 0.0055 £ 0.0007
K9(1270)eTve  0.23140.030 [32] Kgrtm—etve 0.039 % 0.005
K9(1270)pt v, 0.231£0.030 [32] K3atn—pty, 0.039 4 0.005
K9(1270)pt v, 0.231£0.030 [32] K9n'7%utu, 0.0055 £ 0.0007
Kty 1.309 == 0.048 [26] Kdrtn 1.309 = 0.048
K2K*n  0.018540.0050 [26]  K3K*n  0.0185 4 0.0050
K2ntnOn 0.12 £ 0.03 [26] K2ntn0n 0.12 +0.03
K2K*trtr= 0.189+0.013 [15] KYK*tntr~ 0.189+0.013
KYK-mntnt 02274£0.013 [15] K2IK-wtaxt 0.227+0.013
K2K*n%70  0.0584+0.013 [15] KZK*x%z°  0.058 +0.013
K2K%n*tn% 0.13440.021 [15] KIKIr+7® 0.134+0.021
K9K9rtz0  0.268+0.042 [15] KZK?x+tx0  0.268 +0.042
KoK+ 0.604 4 0.024 [33] K2K* 0.302 £ 0.012
KIK+n0 0.507 = 0.003 [33] KYK+n0 0.507 + 0.003
¢t 0.570 £0.015 [34]  KYK9x+ 0.193 = 0.006
KOty 0.380 + 0.042 [35] Knty 0.190 + 0.021
Kwr 0.707 % 0.050 [16] K9wr™ 0.707 4 0.050
K2ntn0x0 22516 £0.1068 [36] Konta®z% 2.2516 & 0.1068

K9rtata—n0 0.4001 £0.0550 [36] K2ntnt7r—x0 0.4001 & 0.0550

K2nt 797070 0.126 £0.050 [36] K2atx07%70 0.126 & 0.050
$mt 0 0.579 £ 0.055 [37]  KYK9x*tx®  0.196 & 0.019
Sum 31.68 +0.32




D - KX

First measurement of their decay branching fractions

PRD 105 092010 (2022) BES]]I

Cabibbo-favored (CF) and doubly Cabibbo-suppressed (DCS) amplitudes can lead to a significant asymmetry between

the BFs of D° - K¥X and D° - KX
R(D°,X) =

B(D° - K%X) — B(D° - KYX)

B(D° - K%X) + B(D° —» KV X)

Asymmetries of branching fractions of D°/D° — K1, K’n', K w, KX ¢

10k P 10°F (R
DK ¢ D —>Kan 102

102

10?

10f 10 3
'l\‘ ' ! ' \ f
15 R v L I I N
e \
2 N ) . . . .

10

i ok 3
103 D *)KLT] T 10

Events / 10 MeV?¥/¢4

= 2 tan? 0. 6: Cabibbo mixing angle
Decay B, (%) B5, (%) (" AEI;, (%) )
DO > K(Z ¢ 0428 £0.029 0405=x£0.034] 2.7x£54=£0.7

2 n
" . 1 DO — Kiy 0445+0018 0421 +0017| 28+£29+04
1 10 B DO — Klw 120040030 1121+0031| 34+1.9+06
’ 1 DO — Kiyf  0.789+0.028 0.826+0.028 \ Q2.2 +2.5 + 0.4/
1 1
" " " " /l. o N\, " " " \
0.2 0.4 0.6 0.2 0.4 0.6 0.2 0.4 0.6
MM? (GeV/c) MM (GeV/cd) MM (GeV?/c4)
Decay 4 B, (%) ) Bgar (%) Difference R(DY).. 15T - Difference
J exf exp FA'T
D’ = K¢ 0.414 £0.021 = 0.010 0.33 £0.03 2.20 —0.001 £ 0.047 240
D’ — K%y 0.433 £0.012 £0.010 0.40 = 0.07 0.5¢ 0.080 £ 0.022 0.113 < 0.00] 1.5¢
D’ - KYw 1.164 = 0.022 £ 0.028 0.95 =0.15 l.40 —0.024 = 0.031 o ’ 4406
D% > K(ZI]I k().8()9 + 0.020 £ 0'0161 0.77 £ 0.07 0.5¢ 0.080 £ 0.023 .60
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Doubly Cabibbo Suppressed decays PRD 105 112001 (2022) BES]]I

JHEP 09 107 (2022)

D% - K*n D° - K*n nxn®
B(D° - KT~ m%) = [3.13708%(stat) + 0.15(syst)]x10™4 : :
20 _+Dam (a) 10 (b)
B(D° - KT 7% < 3.6x10™*@90%CL. |
O 0 4 > == Total BKG >
B(D* - K*n"n"%) = [2.1 + 0.4(stat) + 0.1(syst)]x10~ & |- wwan S
v s\
- 2 S
« B(D" - K*(892)"n") < 4.5x10™* = S
3 w5
- = =
B(DT - K*n%) = [2.1 £ 0.5(stat) £ 0.1(syst)]x10~* 2 z
« B(D" — K*(892)"n) = [4.7F12(stat) £ 0.2(syst)]x10~*
-0.1
~ 1.88f K signal region g 20F D' K'n'n’ = 1.88F K signal region 'g D'> K'n'n g 1.88f D'> K'n'n! § 20F
2 X E 2 oo E 10 2 o 2
© = © - S el =
wg 186F < 1of ag 1.86f g gg 186 < 10}
g g g g 5 = g
4 o »
i i | P S i | il
_ 1.88r K sideband region g 15k _ 1.88f K’ sideband region g 3 o 188 D= K g 15F
= A > 2 = i c
L . i Q 6 2 B
:%186 510 :%186 i 4 E,,Vg186 910 /
..E:a *E s ..E:a g = g o 4} #
4 < 2 [
184f < | & nm - T 1.84} , | & A\ 11 H N 1.84p, . _| = ol l LT
184 186 1.8 184 186 188184 186 188 184 186 188 T8¢ 186 188184 186 188 184 186 188 1.84 “gl“ 188184 186 188
Myt (GeV/c?) Mp (GeV/c?) Myt (GeV/c?) Myt (GeV/c?) My (GeV/c?) M}t (GeV/c?) My (GeVie?) Mpc (GeV/e?) My (GeV/e)
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Quantum correlated D°D"Y at BESII|

ete™ » D°D° + m(n®) + n(y)

C(DOEO) — (_1)n+1
QCsamples:
3773 MeV — C-odd: ete” — DODV
4180 MeV — C-odd: ete™ — D*°D° + DOD*0, D0 — 4DP°
4180 MeV — C-even: ete™ — D*°D° + D°D*0) D*0 — 700
Best laboratory to measure strong-phase parameters

Inputs for CPV studies at B experiments.

Precision test of perturbative QCD calculation in charm
decays, mixing and CPV

Yunxuan Song

Compare the double tag yields w/w.o. quantum correlation

Lo (SIT) = ToASAT[(r5)? + (rb)* — 2RsRrrprp cos (3 — 6p)]
T(ST) = ToASAT [(r5)* + (rD)°]
Strong-phase measurements using various tags

.........
.
" .

CP eigenstates
Flavour tag

o
-------

T[—T[_K+
Flavour Ki,,ﬁ:,,ﬁ:ﬂ-—, KtnFn0 K*n¥F, ...
CP-even KtK—, ntn—, 7070 K07r07r0 K071'0 Kow ata— 0T
CP-odd Kgnro, Kon, KOSw, S(;S, KOL7r07r0
Self-conjugate K§w+w ,KOK K_

S

Provide comprehensive constraints on strong-phase parameters.

Hadron 2023

BESII



o . Km
Determination of 61) EPJC 82 1009 (2022) BES]]I

An update measurement of the asymmetry between CP -odd and CP -even eigenstate decays o =
intO K_7T+ CP even Klgzr:riar” H:’H
X X 30% more precise ! Ko e
A = = = —— =0.132 £ 0.011 £ 0.007 e e
B(D- - K n")+B(D+ — K ") l—l—('r'g”) Knyy) e
K$n'(nan’) —e—
crods [ITEE e
Using the predominantly CP -even tag D - ntm~ n% and CP-odd eigenstate tags, we 1;!;; ) wi
measured: T
. — 4\ -+ ) Km 6K7r F7r7r7r0
are = BlDx > Kom +) B(D, —» K~m +) - (2 T cosdp” + Y)Y — 0.130 = 0.012 = 0.008 015
B(Dx - K n")+B([D+ — K™n") (rEm)? + (1 _ F};’”’O) (2rE™ cos 657 + y) _ o6
:?‘_) 0.14:
SK™ = (187.6189+54yo § ol
2 ML
* With events containing both D - K™t and D — K&, n*n~ decays, which sensitive to E 006 -
Km Km ' 0.04F
T coSbp 0.02
 Studied in bins of phase space of the three-body decays ol
» Precision test of the theoretical prediction §5™ = (183 £ 5.7)°[*] g
* Most precise single measurements. % B
« r£™ yand Ff””o are constrained to measured values . 7 322
0.02 = T
[*]PRD99’113001(2019) 1 2 3 4 5 6 7 8 -1 -2 3 4 5 -6 -7 -8

Bin number
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CP-even fraction measurements

%K,_On"n" . 250 _E‘I?tﬂ_o Ko.+Kgm — L I L I I I I I L + bt _g
— 200— += ]
E KM e s L ~+ Data Ken ——— £ 300F — F.=05 E
LT 3 | K30 —— 2 —_— K3’ (nrm) b — - Ft E
E K Moo e E | 5 ® C —— 3
E K . 5 | o e ; Kan § 200 & I I 3
Eo, ! . = T | —e— —}— DT/ST yield ratio Y . | { B
e K3nono —— 0 . K 100F_ — —3
F K B Kono| —e— v F_ fit projection | S — E
E | | | | KK _ ) I T I N D D D B E [ el E
0002 0.004 0.006 5.008 e L T 0  0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.0C 4% % 7 35 & 7 s
1 2 4
N* Bin number 0 5 8 56 _ 78 9,)3 R Bin pair
Effective BF(D—-K*Knt*n) (10™)

- 1 — 05, 0.5 aooE .
Eogom 5 % 0.45? () ?:ta % 0,45; ) E;ta 577 L?ata . 1
= - ¢ = LE e — F. = 1 prediction = 04: =y F, = 1 prediction B Kio 1000 - | KETE*'TC- ...... :(:3:0.244_0.022) .
: — 0.35- F. = 0 prediction — 0350 | | F., = 0 prediction oo - ]
F K o ———— g a) E [a) - ! —_— K0 Lg) s0ob ‘ N F,=05 E
3_ L § 8 0. E ‘F““} -8 0.3 E oo ; E 1 - F.=1 E
E opoae — . S g N, 023F + N 025 — K £ wof | .
E T 2 ® 0.2 < 0.2° h
E ' “ € o15- € 0.015; E i i 400%*—1**1 o (**‘ 3
? KK ¥ . * § 0.1 el (Z) 0.1 E — - KK 200 E b —— _‘__:
? 0'05; 0'053 AN IR IR NI I BT P E E
00005 0001 00015 0002 0.0025 0° 3 ! 5 ! : ! i . : : : : : : 5 o- 0.007 0.008 0.009 0.01 ’0?1011 0.012 0.013 0.014 00— 3

N Binnumber Ko bin Kox*m- bin Bin pai

DO = vt 0 +p— - 0 Onta—m0
D" > K"K n™m D" » K¢n"n™m
F, =0.735+ 0.015 + 0.005 = =
+ + stat T syst F, = 0.730 4 003754 + 0.021,,4 F, = 0.235 4 0.0104;q; + 0.0024y5;
PRD 106 092004 (2022) PRD 107 032009 (2023) arXiv: 2305.03975
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More

Decay mode Quantities Status (2.93fb™ 1)
Kdntm™ C;, S Finished(2020)
K)KTK~ Ci, S Finished(2021)

Kntntn~ R, 6 Finished(2020)

K*K n*m~ F,orc;,s; F,Finished(2022),c;, s; on going

ntn ntn” F. or c;, s; F,Finished(2022),c;, s; on going
K rntn® R,6 Finished(2021)
KIK*m+ R,§ On going
ntn Y F On going

Kdntn F, orc;,s; F, Finished(2023),c;, s; on going
K*K~ Y F, On going

K n*t ) Updated Finished (2022)

Making progress in past few years.

Many ongoing projects, eventually 20fb~1y(3770) data samples.

Yunxuan Song Hadron 2023
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Summary and Prospects BES]]I

In recent years, many important results of charm mesons decays were reported by BESIII.

In the near future, BESIII will collect 20 fb~1@3.773 GeV data sample, further results are expected:
* Precision of fp+, fp+, Visl, Veal, F27K(0) and £277(0) reached (0.5-1.0)% level;
* Intensive LFU tests with (semi-)leptonic decays — the expected best precision is better than 1% for u — e and 3% fort — y;
* Improved measurement of strong phase differences of neutral D decay — constrain the y measurement to about 0.5° level;

« Precision of the absolute BFs of the golden decays D° - K~ nt,D° > K~n*ntn~, Dt > K ntn*,Dt - KK n* reaches
1% level.

BESIII has the great knowledge in charm mesons, especially in
* Branching fraction measurement.
* Amplitude analysis for multibody hadron final states.
* Form factors in semi-leptonic decays.
* Provide the great decay model in EvtGen !

Yunxuan Song Hadron 2023
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Observation of a,(1817)*at D} decays

highlight
o KK’ (892 o >
=001 —-K*K (1410)’ =E S 60f
s F e a,(980) = o f
ap 0 +__0 D i 0 & : < 40
DS - KS K T[ ; 50 - . a0(1817)+1'€0 : 50 i : r
5 5 [ 5 20¢
> > > L
BT R Y I e z i
1 PR 6 1.8 0.6 0.6
Ko - (GeV/e?) M,., (GeV/c?)
L o 100
D¥ > K0KOn+ > [ ., "D Lo
é’ - (@) — Total it o |
40_ 0% G 2 L
s K’K"(892) ‘ s |
= [ e S(1710)m < 50
E i * : i
o] ! ' «E L
= 5 it b T "'“I. L5 [ A 4 A4
0= . T W M
1 1.2 1 4 1.6 1.8 12 7
2
Miggug o) M, (GeVic?)
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Joint angular distribution

> Decay chains: e*e™ - D;*Dg, Di* -»yDS , D - KK
ete” > DYDY D** 5 DO D 5> Kt andn® = yy
ete” > D**D™ ,D*" > D", Dt > K ntnt and ¥ - yy
Partial reconstruction of ¥ and D and recoil side missing D (similar technique for D*° and D**)
> The joint amplitude of process ete™ — y* - D*(Az)Ds,Dit - y(A1,)DS shown as
A(m, A4, @) = ZAR FAR,OD%:AR (o, 0o, O)BW(mu)Fc{,/llD){;,—al (¢1,61,0)

o W= (60, ¢y, 01, P1, m13), D%:, Ax (@0, 6, 0) is the Wigner-D function, BW is the Breit-Wigner function,
* My, is the yDJ invariant mass, and Fy,,0 and F({ A, are the helicity amplitudes of the two sequential decays

« WU is the differential cross section of the sequential decay: )., 11|A(m; A, @) |2

W) « (3405260, )(3 + cos 20,) — 4 cos 2¢p; sin? 6, sin? 64 p, CMframe D5"rest frame
WE « (34c0s260, ) ( 2+c0s260,+cos46;)— D—e 2

4 (142 cos264) cos2¢, sin®8, sin®6,

WG & (3+c0526, )(398+271c0526,+130c0s40; + 255¢05607)
— 8(163+380c0s20; + 225c0s40,)cos2¢, sin®f, sin®8,

%)
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