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BESIII Data Taken near Threshold

°* 7.9fb"at Ecm 3.773 GeV: ete™— Y(3770)—DD
* 7.3fb 1 at Ecm 4.128 - 4.226 GeV:e*e™— D.D;
* 4.5 fbTat Ecm =4.600-4.699 GeV:ete™ - AT A

Production of charm hadron pair

® 4
Tag one side

e t——1(3770) ——p-

to study another side
K+
ﬂ->® D Y
Fully reconstruction Recoil four-momentum
Clean sample missing particle (neutrino)
Hadronic decays (Semi)-leptonic decays
&

Absolute branching fraction
Amplitude analysis
etc.
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Pure leptonic D decay

GF DZ+ 2
(s) 2 m,

D+

(s)

Decay constant f DY,

Lepton flavor universalit
Calibrate Lattice QCD P ality

e Ve 1 utv, T,
D*10™>: 1 :2.67

CKM matrix element [V 4] : DF10-5: 1 :9.7%

Test the unitarity of CKM matrix
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One neutrino missing in
an muonic event
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Two or three neutrinos
missing in an tau event
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M2, [GeVHch
B(D* - u*v,) =(3.71 £ 0.19 £ 0.06)x10~*

f +|Vog| = 46.7 + 1.2 + 0.4 MeV
Phys. Rev. D 89, 051104 (2014)
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== TOtal PDFs
w PDF: D — pv

PDF: D — tv
wesss PDF: D — t(— non-nv)v
we PDF: D — Kn

PDF: D — a°x
wess PDF: D — Pt \
s PDF: D — Kt
memses PDF: Smooth bkg -
(] MC: Smooth bkg

First
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Number of events/0.02 (GeV/c?)?
(&)

T1 is reconstructed via 7t —» v,

B(D* - ttv,) = (1.20 + 0.24 + 0.12)x1073
f +|Veq| = 50.4 + 5.0 + 2.5 MeV
Phys. Rev. Lett. 123, 211802 (2019)

Unfortunately D* —» t*v, can’t contribute

to D* decay constant measurement
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Df - [*v

Df - utvand tH(mTv)v Df - tH(ptv)v

e B(DF - ttv,) = (5.29 + 0.25 + 0.20)%
s [Ves| = 244.8 + 5.8 + 4.8 MeV

Phys. Rev. D 104, 032001 (2021)

D& — tt(etvv)v most precise

Number of events/0.02 (GeV/c“Y*

B(DS -» t¥v,) = (5.27 £ 0.10 + 0.12)%
fpr [Ves| = 2444 2.3 + 2.9 MeV

Phys. Rev. Lett. 127, 171801 (2021)

M2, (GeVic®) M, AD% ) (MeVic?) | D ;' — T + ( l,l T VV) V

+ + — —3
B(Ds = p'v,) = (5351 0.13 £0.16)x10 B(DF - t+v) = (5.34 + 0.16 + 0.10)%

fpr[Ves| = 243.1 + 3.0 + 3.7 MeV[y] Fpt|Ves| = (246.243.Tgrat£2.55y5) MeV.

B(DF - tv,) = (5.21 + 0.25 + 0.17)% arXiv: 2303.12468

fp+|Ves| = 243.0 + 5.8 + 4.0 MeV/[7] D* - tty_ can contribute

comparable statistics to u*v
Phys. Rev. D 104, 052009 (2021)



Remeasure D — t7(n*v)v First experimental study of

with BDT method  Now Dt - ety New
arXiv: 2303.12600 Phys. Rev. Lett. 131, 14180(2023)
Fit to BDT score on signal channel _
: p

o S I
O 400— — PDF: Total — g 2r
ot _ |
E’ } B POF: signal : : /;\*;
E’ 200 Bl FoF: BkG B M,zm(cevz/'a)l 02 o4
Z Ok i

First experimental result on f,-+

0 — [ * & & [ fr f t J & & T T Tt 3 [
— 2F ¢ E xQCD 274 = 7 -
o OL‘#HLMHHHH*HH ++++++H ; +++++fuﬂ1' o
_oF . | +. } . o ETM 268.8 + 6.6 -
_06 | _04 | _02 ll 0 II 02 UKQCD 254 =17 —_—
BDT LPTHE ~ 311:9
B(D;_ — T+VT) — (541 + 0.17 + 013)% LPTHE 272 =162 —
HPQCD 274 =6 -
fD;' |VCS| — (2476 i 3.9 i 32) MeV Thiswork 213.6%;; +43.9, +— - -
Statistical precision is improved o s 15;:)'”'@%‘2,;’0' T
by a factor of 1.5 B(D:t - etv,) = (let%:% +0.2)x1075

with significance 295"
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Semi-leptonic D —» Pe™v
€+

W+
v
— ; Vcd(s) -
X
DxJ’r OI’D)S 1 f+(q?) - P

X ———eeeeeee X
dF G2 3
dq? X 3|f+(CI )| |Vcd(s)‘

(X =1forK-,n~,K°n(); X zifor %)

Form factor f(0): Calibrate Lattice QCD

CKM matrix element |V ;5 |: Test the unitarity of CKM matrix

Test e — u Lepton flavor universality
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_ D% - K~etv
| £P7K(0)|Ves| = 0.717(03)(04)
.1 Phys. Rev. D 92, 072012 (2015)

D? > rt~etvy
f277(0)|Veql = 0.144(02)(01) ¢
Phys. Rev. D 92, 072012 (2015)

D? - ety
f277(0)|Veql = 0.144(02)(01) ¢
Phys. Rev. D 92, 072012 (2015)
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D® - K~ utv
£0-K (0)|V,| = 0.7148(38)(29)
Phys. Rev. Lett. 122, 011804 (2019)

Dt -1

Oty

| fP~"(0)|Veq| = 0.140(03)(01)

Phys. Rev. D 96, 012002 (2017)

Dt -1

Oty

| fP>7(0)|V,q| = 0.140(03)(01)

Phys. Rev. D 96, 012002 (2017)

D - nWety
£7(0)|Ves| = 0.4553 & 0.007 14t = 0.0061syet

F7(0)|Ves| = 0.529 % 0.0244at & 0.008y:
arXiv:2306.05194

Phys. Rev. Lett. 123, 121801 (2019)
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Comparison of decay constant

fp+ fD;

| L III||II||I| LR | J:IIII||II|IIII|IIII|IIII|IIII|IIII
NAL/MILC PRD98,074512 249.9:0.4 .
RBC/UKQCD JHEP1712,008 246.4:1.3"7 .
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 o
FNAL/MILC PRD98,074512 212.7+0.6 ° ETM PRD91,054507 247.2:4.7 ok
FNAL/MILC PRD90,074509 249.0:0.3; .
FNAL/MILC PRD85,114506 260.1:10.8 —.—
HPQCD PRD82,114504 248.0+2.5 .
ETM PRD91,054507 207.4:3.8 —.— CLEG PRD79,052002 7, v 252 8.11.26.5 —h—
CLEO PRD80,112004 <, v 258.0:13.3+5.2  =——m=—
CLEO PRD79,052001 t_v 278.3:17.6:4.4 e
CLEO PRD78,052003, uv+tv 206.8+8.7+2.5 =———me—e— BaBar PRD82,091103,7,,, ...V  244.6:9.1:14.2 —n—
Belle JHEP1309,139, 7., v\, vV 262.2+4.8+7.4 ——
BESIII PRD94,072004, uv,t v 241.0+16.3+6.6—=—
CLEO PRD79,052001, uv 257.6:10.3:4.3  —a=—
BESIII PRD89,051104,uv  203.8:5.2:1.8 —s— |D.7 %  |BaBar PRD82,091103, v 265.9:8.4+7.7 ——
Belle JHEP1309,139, uv 249.8:6.6:5.0 —=-
MBESI™ ~ PRLI22,071802,uv ~ ~ 252.9:37:36 = |
BESIII PRD104,052009, uv 249.8:3.0:3.9 =
BESIII Expected (20fb7), v 203.8:2.0:1.5 o !\BEsi PRD104,052009,7,v 249.7-6.0:42 s | 1.1%
IlBESHI PRD104,032001, 7,,v 251.6:5.9:4.9  =a=|
L1 1 | L1 1 | I | I | I | [ | l I ES.IIHI 'l-| 'l-l:l’l:"llﬂl2 ,1|7'ILSIO'1|',exlv'vl'l'l'|'2|51ﬁ1lizl"4]t2ﬁol-l' I-IF.I'II L1
120 140 160 180 200 220 -50 0 50 100 150 200 250
f . (MeV) fp, (MeV)

Dominated by statistical uncertainty
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Comparison of form factor

D - K

|IIII|IIII|IIII
ETM PRD96,054514

HPQCD PRD104,034505

Belle PRL97,061804, D°KI*v

BaBar PRD76,052005, D°—»Ke*v
CLEO PRD80,032005, D—Ke*v

BESII PRD92,112008, D*'—Kle*v
BESIHI PRD96,012002, D'—KZe*v
BESIII PRL122,011804, DK p*v
BESII PRD92,072012, D°—K'e*v
BESIII

0.765+0.031
0.7380+0.0044 °
0.695+0.007+£0.022 =—m=—
0.727+0.007+0.009 -u=
0.739+0.007+0.005 -u-
0.748+0.007+0.012
0.7246+0.0041:0.0115 ===

0.7327+0.0039+0.0030 "

0.7368+0.0026:0.0036 =

Expected (20fb™), D°—~K'e*v 0.7368+0.0009+0.0036 =

0.7%

|IIII|IIII|IIII|IIII|IIII|II
02 03 04 05 06 0.7

22%(0)

Experimental precision is
comparable to the latest QCD result

0.8

>4%

D-m
IIII|IIII|IIII|IIII|IIII|IIIIIIII
ETM  PRD96,054514 0.612+0.035 —_——
HPQCD PRD84,114505 0.666+0.029 ——
Belle  PRL97,061804, D’ >nl*v 0.624+0.020+0.030 —_—
CLEO PRD80,032005, D—me*v 0.666:+0.019+0.005 ——
BESII  PRD96,012002, D' >7r%*v  0.6216+0.0115+0.0035 -u-

BESII  PRD92,072012, D’>me*v  0.6372+0.0080+0.0044 - 1

BESIIl  Expected (20fb™"), D°ne*v  0.6372+0.0031+0.0044 O

| 1 1 IO|1I [ IO|2I | II()|3I | IO|4I- [ IO|5I | IO6I (| I()|
f?—m(o)
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Comparison of |V ;|

SMfit PDG2022 0.22636+0.00048 e
PDG  PDG2022, D""—x "'y  0.2330+0.0029:0.0133 ——n—
CLEO PRD78,052003, D*—lv  0.218:0.009:0.003  —n—
. 0
BESIl PRD89,051104, D'—>uv  0.2150:0.0055:0.0020 =s= 2.7%
BESIIl Expected (20fb"), D*—uv 0.2150:0.0021:0.0017 = |1.0%%
| | | | I | | | | | | | | | | | | | | | | | |
0.05 0.1 0.15 0.2 0.25
IV |
cd

| Ves |

1
SM fit
PDG
CLEO
CLEO
CLEO
BaBar
Belle
BESIII
CLEO
BaBar
Belle
BESIII

BESIII
I BESIII

BESIII
I BESIII
| BESII
| BESIII
BESIII

-1

T T | |

PDG2022
PDG2022, D—Klv

| I [

PRD79,052002, D’ -, v
PRD80,112004, D’ —>t v
PRD79,052001, D' —>t_ v
PRD82,091103, D! >t v

JHEP1309,139, D:

evv, uvv

—>T

evv, uvv, v

PRD94,072004, D;—>uv,t_v
PRD79,052001, D’ —uv
PRD82,091103, D} —>uv
JHEP1309,139, D’ —>uv
PRL122,121801, D! —>n’ev
PRL122,121801, D:—mev

PRL122,011804, D°—Kuv
PRL122,071802, D:—>pw

PRD104,052009, D! —>uv
PRD104,052009, D! >t _ v
PRD104,032001, D —>t_ v

PRL127,171801, D:—rc v

5

1

-0.5

A
CS

V

T I I T
0.9|7320:0.000‘l 1
0.939+0.038
0.981+0.043+0.021
1.001+0.052+0.020
1.080+0.068+0.016
0.949+0.035+0.055
1.017+0.019+0.028
0.936+0.063+0.025
1.000+0.040+0.016
1.032+0.033+0.029
0.969+0.026+0.019
0.917+0.094+0.021
1.031+:0.012+0.080

0.967+0.004+0.007
0.985+:0.014+0.014
0.973+0.012+0.015
0.972+0.023+0.016
0.980+0.023+0.019
0.978+0.009+0.012

0 0.5

- 11494

Both pure- and semi-leptonic
decays contribute

16



We have also study...
Observe £,(980) in D} - n%7’e*v

D — Slv

D® - K;(1270)"etv

00+ B = (1.9+0.13 + 0.13 + 0.12)x10~*

B=(79+14+04)x10"*
Phys. Rev. D(L) 105, L031101 (2022)

Study f,(980) in D - ttm~etv,

B = (1.72 + 0.13 + 0.10)x 1073

10(0)|Ves| = 0.504 4 0.017 + 0.035

arXiv:2303.12927 First measurement

IN =N
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= 2F 0.4f
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q* (GeV/ct) g (GeV¥c*)

Events/0.01 GeV/c?

D - Viv

= /A

D - K*ety,

Events/0.2

= -

B = (2.37 + 0.26 + 0.20)x 1073

-1 -0.5 0 0.5 1
€0s6,¢

S a0
g 20
g T
10 P
% (radians)

Events/0.010 GeV?/c*

r, = 1.67 + 0.34 + 0.16

201 TZ — 077 i 028 i 007
g Wl Phys. Rev. Lett. 122, 061801 (2019)

MM? (GeVZ/c?)

nts/ (0.015 GeV)

Eve

Events/ (0.20)

g g
‘ {
L Iy L
Events/ (0.20)
o S ] 8
e

600—
400
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Phys. Rev. Lett. 127, 131801 (2021

40)

Events / (5 MeV?/ %)
Events / (30 MeV/?)

20

D — Alv

~8.10 -0.05 000 0.05 0.10 1.0 1.2 14 1.6

M?, (GeV?/ch) My ... (GeV/?)

Dt - K,(1270)%*v

B = (2.30 + 0.26 + 0.18 + 0.25)x10~*

Phys. Rev. Lett. 123, 231801 (2019)
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& arxiv: 2307.03024
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o S ] 8
e
I % L

B = (2.25 4 0.09 + 0.07)x 102

r, =158+ 017 +0.02 17
r, = 0.77 + 0.28 + 0.07



*BESII|I dataset

*Charmed meson (D°, D*, D})

®* pure leptonic decays
* semi-leptonic decays
* hadronic decays

* quantum correlation

*Charmed baryon (A7)

*semi-leptonic decays
* hadronic decays

* Prospect
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Amplitude analysis of D} > K"K n™

Dalitz plot projections:

~ 1s00F @ |
2 | <
! 3 3
= 1000 = Considering interference
8 | S 2 of D, — ¢m and other
£ sof E processes, such as
i L
D a D; - K'K
I

1 2 , 43 0.5 E E
m? (K* K') (GeV?/c?) m? (K &+ ) (GeV?/c?)

| BDF > K*K~m*) = (547 4 008504 % 0.135,5: )% f
BF (%)

Process BESIII (this analysis) PDG
Di - K(892)°Kt, K" (892)) - K-mh _ _ 2.64 £ 00695 & 0.075y5 | 2.58 £ 0.08
1D¥ — $(1020)z+, $(1020) -» KTK- 2.21 £ 0.054, & 0.07y, ‘I 2.24 +0.08

DI =S80z, SP8O) KK~~~ T T T T T 1050044, £ 0.06,, 1.14 +£ 031

D} — K3(1430)°K™, K;(1430)° - K~z+ 0.16 = 0.034, & 0.03,y, 0.18 4 0.04

D - fo(1710)z™*, fo(1710) - KT K~ 0.10 £ 0.024;, £ 0.03, 0.07 +0.03

D} = £o(1370)z+, £(1370) -» KTK~ 0.07 £ 0.024, £ 0.01 0.07 £ 0.05

D} -~ KTz tow] EX 5.47 + 0.08,, + 0.13, 539+£0.15 4




AN
S

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

N
S

1

D > KQKImt

Observation of ag(1817) in D decays

BESI

—— Data
(a) — Total fit
K'K (892)"
S(1710)r*

1
: t

I Vi Y
MKgKg (GCV/Cz)

1.8

PRD 105, L051103(2022)

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

* The isovector partner of
fo(1710) or X(1812)?

e Same resonance observed in

destructive interference: a,(980) and £,(980)

N, to mtn by BaBar?

PRD 104, 072002 (2021)

Events / (20 MeV/c?)

D - KIK*n®

- (a)

PRL 129,

182001

« M=1.817 + 0.008 + 0.020 GeV/c?

----- K*K (892) *
K°K (892)"

—-K'K (1410)

14
M KK (GeV/c?)

« I'=0.097 +0.022 + 0.015 GeV/c?
« B(DS - ay(1817)*n%)
= (3.44 + 0.52 + 0.32) x10~3
« Significance > 100

= .
I .
& 1
gy
l_
i :
r [ _
|
.
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Amplitudes analyses of D decays

D! — 7' 7' Phys. Rev. Lett. 123, 112001 (2019)
D' >K'K 7' Phys. Rev. D 104, 112016 (2019)
D' 5>K'K 7'z’  Phys. Rev. D 104, 032011 (2021)

D' > KK 7'z  Phys. Rev. D 103, 092006 (2021)
D >y Phys. Rev. D 104, L071101 (2021)

D > Kz JHEP 06, 181 (2021)
DI — KK*7° Phys. Rev. Lett 129, 182001 (2022)
D! — KKr", Phys. Rev. D 105, L051103 (2022)
D' -2y JHEP 04, 058 (2022)

S Phys. Rev. D 106, 112006 (2022)
D >z n'n’ JHEP 01, 052 (2022)

D! »>K'n'n JHEP 08, 196 (2022)

DF - K*K-m*n*n~ JHEP 07, 051 (2022)

D} - K+m*m=n® JHEP 09(2022) 242

D} - K+m*m™ JHEP 08(2022) 196

We have finished amplitude analyses of
most three and four body decays of Ds



Observation of the DCSD Dt » KTt n°

Use hadronic tags. 350 signal events

B(D* > K*wtr %) = (1.13£0.080.03)x 1073

B(Dt »> K*tnTn~n?)
B(Dt* » K—mtmtmY)
Corresponding to (6.28 + 0.52) tan*0,

= (1.81 + 0.15)%

One order larger than normal

Use semileptonic tags. 112 signal events
B(D*t » KTt~ n%) =(1.03+£0.12+0.06)x10~3

First try of semileptonic tag at BESIII

tag
M,

1840 1

_ 1.88f o signal region
S
>
W

< 1.86}

1.84}

1.88} o sideband =

. 1.86 1.88
M, (GeV/c?)

Events / (2.5 MeV/c?)

Events / (1 MeV/c?)

150

100

Pl &m

|

G1.84 1.86

Mpé (GeV/c?)

1.881.84  1.86

A
1.88
M, (GeV/c?)

PRL 125, 141802 (2020)

. -¢-Data

- — Total fit

[ ---Total BKG [/
| - -Ks3nBKG |

Events / (0.01 GeV?/%)

M2, (GeV*/c)

(b)

M2

s (GeVZch)

PRD 104, 072005 (2021) _



D* - K*n®n® and Dt - K*n'n

B( DT - K+T[O7'[O) = (2.120.410.1)x10‘4 D*'— K 'n'n’ D' K*r'n

BDT 2 KImm ) _ 24+ 040)x10-0 |
= (2. 40) X [
B(D* » K—ntnt) ( B ) I
(0.77 £ 0.14) tan*4, | Jr
= (8.01 £ 1.97)x107 -%g4 'Jr'1 e 5 :& e
4 . . . . . .

JHEP 09 (2022) 107
DY 5> Kt m® and D° » Kt 'n"°

Can not distinguish D° and D'in DCSD measurements with hadronic tag

-_'+'Data 1 I B-€ ]]I
B(D° —» K*m~m0=(3.13+9¢0 + 0.09)x10~* s @) o

B(DO N K+T[_T[OT[O) <36X10_4 | -- Total BKG

B(D' - K*tn'n)
B(Dt - KOz*tn)

at the 90% C.L.

Events / 0.01 GeV
T ; T T
Events / 0.02 GeV

B(DY->K*n~ ")
B(D°—>K~m*m0)

=(0.2240.44)%

(0.7540.14)tan* 8, g
<0.40% =

B(D°-»K*m~nn0)
B(D°->K—m*tm0m0)

U . (GeV)

< 1.37xtan*6 PRD105, 112001 (2022) ,,



*BESII|I dataset

*Charmed meson (D°, D*, D})

®* pure leptonic decays
*semi-leptonic decays
* hadronic decays

* quantum correlation

*Charmed baryon (A7)

*semi-leptonic decays
* hadronic decays

* Prospect
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Quantum Correlation

Quantum correlated data: ete™— P(3770)—D°D°
Best laboratory to measure strong-phase parameters

CP-odd: {(3770)= (D°D° -D° D°) = (D,D_—D_D,)
A\

]PC - 1"

CP-even eigenstate
CP-odd eigenstate

/b 3 K‘

*Inputs for CPV studies at B experiments I fo -

\. DO K- -—/
*The CKM angle y/d:

self-conjugated decay: CP fraction F, —» GLW/GGSZ method,;
strong phase ci(’) and si(’) - GGSZ method
non-self-conjugated decay: the coherence factor R and averaged
strong phase difference 6 — ADS method

25



Determination of ;"

* An update measurement of the asymmetry between e S
CP-odd and CP-even eigenstate decays into K= N B
b AP 2 2 .

B(D K-n+) — B(D K- +) 9K 5K7r N 30% more precise !
g — — r5" cos 00 -

— - R Y 0.132+0.011 + 0.007 Ky el
B(D_ — K 7T+) + B(D+ — K 7T+) 1 + (TD )2 Kin'(zax’) —e—

CP odd Ken'tyxz) S |

AK T

« 5KT=(187.61891>4 EPJC 82, 1009 (2022) A

llll Jlll Jllll llllAlllll
0 0.01 0.02 0.03 0.04 0.05 0.06

—
B(D—K " «")
Ko —
- K,'n'n® i 0./, - 4 3 3
(@) Kgn'(m 7run) 200 4 Data 3
e —a Ken' E —— fit(F =0.24420.022) ]
™ n(;oz: 4 e 3 o Keiwam) 350F | | Kemm (0 ' 3
~ KJnWw ——e— S E
e K2no —— , £ 800F
E k. ——————————— i 2 — Ksn'(nan) E
e | - O S~ ¢ 2 20F
E K — ' ) S 200F
) T —e— + DT/ST yield ratio 1 —_— Kl g :
E Kkl e 000 W 150
a Kgnorn —— 0 E [
E kS e KEn“ —— e Ffit projection 0 —.— Kgn® 100 E
0.002 0.004 0,006 0.008 KK s L T i 4 | | I I | | | 50§ ; ! { E
Nt 0612 3 456 7 8 9 0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.0( 43 7 5 & 7
Effective BF(D—>K+0K;7t+1r) (109 A Bin pair
£ pom — ® 1200;—,7 + Da ]
E .= r 0,4, —f(F ~0.24410.022) ]
E ko w . 1000 | K . F.=0 ]
o F,=05 ]
E c =0, ]
3 g ki S 800 | o E
: ~ += B
E —_— >
: K nn" —— Kgn'n® < 600 | [
2 g C I (R S . ‘ ]
E KK " “na 3 w 400’:__f_‘**1 ; : I
F i
EL I I I L o : L 5 I 3 i 4 P 5 i g L = L 5 0 . . ! . i . 0 ‘ — ‘ ‘ o
00005 0001 00015 0002 00025 . . ‘ . | . E B ]
N- Bin number LN T L 4 R 0.007 0.008 0.009 0.01 0011 0.012 0.013 0.014 0 == 3 1 : & 7
P— KO bi ; i 2 3 4 5 6 7 8
ST bin .t bin R Bin pair

D 5>t nmtm™ D > KtYK ntm™ D° - K¥n~n*n®
F, =0.735 £ 0.015 £ 0.005 F, =0.730 £ 0.037 £ 0.021 F, =0.235+0.010 + 0.002

PRD 106, 092004(2022) PRD 107, 032009(2023) arxiv:2305.03975 "



*BESII|I dataset

*Charmed meson (D°, D*, D)

®* pure leptonic decays
* semi-leptonic decays
* hadronic decays

* quantum correlation

*Charmed baryon (A7)

*semi-leptonic decays
* hadronic decays

* Prospect
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Study of A7 - Ae™v

300F —+ data

e First direct comparisons to LQCD

--- A ARy,

e for AY —» A decay form factor

Events/0.01 GeV

Different kinematic behavior compared to LQCD

------

-02 -0.1 O 0.1 0.2
T (i

3 |=='DATA: A;—> Ae'v,
= LQCD: A{—> Ae'v,

CHF N Study of AF - Au™v
1“ ‘ 09F
0 0.5 1 s 0.5 1 . el
g* (GeV?/c) 7 (GeV/c?) 3 06t
Ir S
Steeper slope 2
'S & 08 2
= >
o 80 ().6 Faamnens ™"
0> | | - Gentler|slope
0 0.5 1 0'40 0.5 1
q* (GeV?/c*) g* (GeV?/c4)
Updated BF and first FF measurement: B = (3.48 +0.14 + 0.10)x1073

~4% most precise

B(A} - Ae*v) = (3.56 + 0.11 + 0.07)x1073  Reyp =0.9810.05+0.03
vs SM: 0.97 --> No LFUV
[Ves| = (0.936 £ 0.0173 £ 0.024,9cp + 0.0240.024, ,)x1073

_ Arxiv:2306.02624 (2023
PRL 129, 231803 (2022) Agree with PDG 2022 (2023) 28



*BESII|I dataset

*Charmed meson (D°, D*, D)

®* pure leptonic decays
* semi-leptonic decays
* hadronic decays

* quantum correlation

*Charmed baryon (A7)

*semi-leptonic decays
* hadronic decays

* Prospect
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Partial wave analysis of the charmed baryon
hadronic decay A7 —» An*r®

u } u > u u > u
+ + +
(P B }p ~ },0
j‘;ﬂc d d C: d
c > S A 4% u Agw d

Af{u > uw s A c > s A d > w A
IV?
d > d d > d & > S

(a) (b) (c)
d > u d = u

_}P+ _ }7r+(0)
: d : d(u)

J %% 1%
Af d AF] d(u)
c > s A c > s p*0(+)
u > u u > u
(d) (e)

AY — Ap™: both factorizable(a) and non-factorizable(b-d)
AF - X¥(1385)m: pure non-factorizable(e)

Provide important inputs to the theoretical calculations for non-factorizable

Use new-developed Tensor Flow based package TF-PWA™,
(*BESIII Preliminary: https://github.com/jiangyilS/tf-pwa) 30



Partial wave analysis of the charmed baryon
hadronic decay A7 —» An*r®

| —— Data

<1000 Bpen T LA it 3 !
> - — Ap(770)* > IR : ' >
c ey, 3 400 | q P t % 4001
., - — m0x(1385)* i o
g | n°E(1670)* 0 ; e
e 500_—;02(1750)3 = - S i
e R Z 200+ f s 200
B — m*E(1670) E o »
= - — wt2(1750)° b= - b= i
) 2 O] F F D)
> - > >
ol : e Lt |
06 . 2 14 16 18 2 22 b v e s )
M. (GCV/ c?) M, .. (GeV/c?) M, o (GeV/c?)
The first PWA of A} - Antr®
Theoretical calculation This work PDG
0% x B(AY — Ap(T70)*) | 4.81+058 [13] 4.0 [14, 15 4.06+052 | <6

0% x B(Af — %(1385)*7°) || [ 2.8+ 0.4 [16] 2.2 4 0.4 [17] 5.86+0.80 1| —
03 x B(AF — X(1385)°7+) | | 2.8+£0.4[16] 22+04[17 | 6474096 || —

QU p(T70)+ —0.27 £0.04 [13] —0.32 [14, 15] | —0.763 £ 0.070 | —
(t53(1385)+ 70 —0.9179-35 [17] —0.917+0.080 | —
053138507+ —0.917995 [17] —0.79 +0.11 —
The first measurement of the decay Ref. [13]: PRD 101 (2020) 053002.

Ref. [14,15]: PRD 46 (1992) 1042;
asymmetry parameters for the PRD 55 (1997) 1697,

relevant resonance Ref. [16]: EPJC 80 (2020) 1067. 31
Ref. [17]: PRD 99 (2019) 114022



Measurement of the absolute branching fraction of the

singly Cabibbo suppressed decays of A -» nm™
PRL 128, 142001 (2022)

- ¢ data
: BESIT #\ sees ATon

“ ll |
M [ =

1:2 1.3
M (G V/c?)

=)

120

2
lvoocEEE

[—
-}
-}

B(Af -» nnt) First measurement
=(6.6 + 1.2 + 0.4)x10~*

Events /10 MeV/c

B(AY > Art)
~(1.31 + 0.08 + 0.05)x 1072

B(AY - 2°1™) 2
=(1.22 + 0.08 + 0.07)x107? 0

=
>
>
o
~

UQ

Events / 10 MeV/c?
S

M. (GeV/ ¢%)

B(nrmtt)/B(pr®)> 7.2 at 90% C.L. _
Use recoil mass to access neutron

 Disagrees with most predictions of phenomenological models
 Non-factorization contributions may be overestimated.
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Other A/ results

>Semi-leptonic decays

o AF > pK~etv, [PRD 106, 112010(2023)]
e AY 5> Antrn~etv, and pK.m et v, [PLB 843, 137993(2023)]
e Af - Xe™ [PRD 107, 052005(2023)]
»Hadronic decays

e Af - pnand AY - pw [arXiv:2307.09266]
e AF 5 Xthth~(n0) [arXiv:2304.09405]
o A > AX PRD 108, L031101(2023)]
o At sonntnnrtr ntand nK ntn™ CPC 47, 023001(2023)]

o Af > AK*Y PRD 106, L111101(2023)]
e At - XKt and 21K} 'PRD 106, 052003(2022)]
o AF > pn' PRD 106, 072002(2022)]

>»Rare decays

o Af > Ity [PRD 107, 052002(2023)]
o AF > py’ [PRD 106, 072008(2022)]



*BESII|I dataset

*Charmed meson (D°, D*, D)

®* pure leptonic decays
* semi-leptonic decays
* hadronic decays

* quantum correlation

*Charmed baryon (A7)

*semi-leptonic decays
* hadronic decays

* Prospect
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Pros pect From White Paper (Chin. Phys. C 44, 040001 (2020))

20 fb! of data set at 3.773 GeV is on the way
Leptonic Decay

2.93 fb-! 20 fb!
frs 2.6% 1.0%
V.4 2.5% 1.0%
LFU 19% 8%

I I I I I I 1 1 I 1 1 1 I I I I 1 T T T ] I 1 I I ] I
FNAL/MILC ~ PRD98,074512 212.7+0.6 o
(
5M fi . +0. .
RBC/UKQCD JHEP1712,008 208.7:2.877, e SMfit  PDG18 0.22438:0.00044
ETM PRD91,054507 207.4:3.8 e - _
PDG PDG18,D 'Oy 0.21410.003£0.009  m—Ommmms
FNAL/MILC ~ PRD90,074509 212.6:0.477 <
HPQCD PRD86,054510 208.3:3.4 —— CLEO PRD78,052003, D" —puv, t_v 0.218+0.009+0.003 —_——
FNAL/MILC  PRD85,114506 218.9+11.3
CLEO PRD78,052003, uv, T vV  206.8:8.7+2.5 BESIII PRD89,051104, D" —uv 0.2150+:0.0055+0.0020  =—tm—
BESIII PRD89,051104, uv 203.8:5.261.8  semgu—
BESII  Expected (20fb™), D*—uv 0.2150+0.0021:0.0017 —.—
BESIII Expected (20fb”), v 203.8:2.0+1.5 ——
| I ! 1 1 I L 1 1 l 1 | | l L L 1 l 1 | 1 1 1 I 1 1 1 1 I
fo- (MeV) IV

BESIII is expected to provide unique data to improve the knowledge of
fp+ and [V¢g4| and test LFU in D™ — [Tv; decays. 35



P ros pect From White Paper (Chin. Phys. C 44, 040001 (2020))

20 fb! of data set at 3.773 GeV is on the way
Semi-leptonic Decay

> All form-factor measurements which are currently statistically limited
will be improved by a factor of up to 2.6.

> Determine FF for the first time:D° - K(1270)"v,, D* - K,(1270)e*v,, D* > y'u*v,,
D° - a,(980)"e*v,, D - a,(980)°e*v,

> |Veacs)| with SL DY) decays in electron channels are expected to reach
to 0.5%. LQCD  Expected

K@) 2.4% 1.0%

T | T T T T T T T T T T T 1 T T L — T L | N e
ETM PRD96,054514 0.765+0.031 —— ETM PRD96,054514 0.612+0.035 ——
HPQCD PRD82,114506 0.747:0.011:0.015 —_——
HPQCD PRD84,114505 0.666+0.02+0.021 ——
Belle PRL97,061804, D’ KT 0.695:0.007+0.022 —_—t—
) Belle PRL97,061804, D’—n1'v 0.624+0.020+0.030 —_———
BaBar PRD76,052005, D’—>Ke'v 0.727+0.007+0.009 ——
CLEO PRD80.032005. D—sKe*v 0.739+0.007--0.005 —— BaBar PRD76,052005, D" —ne*y 0.610+0.020+0.005 — e
BESII PRD92,112008, D' -K?e'\' 0.748+0.007+0.012 —— CLEO PRD80,032005, D—ne'v 0.666+0.019+0.005 — —
+ 0., N N »
BESH PRDEG,012002, DKoty 0.724610.0041:0.0115 -5 BESII PRD96,012002, D*—n"e*y 0.6216:0.0115+0.0035 ——
BESII PRL122,011804, D’—K u*v 0.7327+0.0039+0.0030 -
BESII PRD92,072012, D’ —n'e*v 0.6372:0.0080+0.0044 -
BESIII PRD92,072012, D’-Ke'v 0.7368+0.0026+0.0036 -
"m0 s BESII Expected (20fb™), D’>xe*v  0.6372:0.0031:0.0040 e
BESII Expected (20fb™), D"—K'e*v  0.7368+0.0009+0.0033 -
. | L I f . | L L ' 2 | 2 I . L | M 1 1 L 1 1 | I 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 36

f(0) f2(0)



Prospect

From White Paper (Chin. Phys. C 44, 040001 (2020))

Quantum correlation of neutral charmed meson pairs

Decay mode Quantities Status (2.93fb™1)
Kdn*tn~ Ci, S Finished(2020)
KIKTK~ C;, Si Finished(2021)

K ntntn~ R,S Finished(2020)

K*K ntn~ F. or c;, s; F,Finished(2022),c;, s; on going

ntn ntn” F, or c;, s; F,Finished(2022),c;, s; on going
K n*n’ R,6 Finished(2021)
KIK*n™* R,§ On going
ntn Y F, On going

Kdn*tn n° F, or c;, s; F, Finished(2023),c;, s; on going
K*K~m" F, On going

K nt ) Updated Finished (2022)

« Making progress in past few years.

« Many ongoing projects, eventually 20 fb-1 ¢)(3770) data samples.
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P ros pect From White Paper (Chin. Phys. C 44, 040001 (2020))

Amplitude analyses and branching fraction
measurement of charmed meson hadronic decays

Precisely measuring the structure of golden modes, for example D* - K ntn*
First amplitude analysis of Cabbibo-suppressed decays.
Measuring the polarization of D - VVin D = K31 orD — KKnin

Searching for new physics and rare decays

Flavor changing neutral currents (FCNC) e*e™,u"u~ etc.
Quantum number violation processes ete™, u"u" etc.
Radiative decays Yo, YK etc.



Prospect
Opportunities to study other charmed baryons in the BEPCII-U phase

Ix10%F  (porade BEPCII
(BEPCII-U)

L~

8x 10%

| BEPCII
6x 10%F

4% 10%}

Peak luminosity (cm™s™"

"
2x10% T
o "

2.0 3.}) 4.‘0 5.‘0 5.6
Ecm (GeV)
Energy thresholds

ete™ > ATX;  4.74 GeV
tem" > AT, m 4.88GeV
ete" > X.X. 491GeV
te” > E.E,  4.94GeV
ete™ > 0.0, 5.40GeV



Thanks for your attention



