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BESIII Data Taken near DDbPar Threshold
BEPCII| ete- collider

2.9 fb-1 dataset at P(3770)— DDPbar resonance

Not even enough energy
for one additional pion

3.19 fb-1 dataset at Ecm 4.178GeV
* Ds are produced via ete-—DsDs™

XYZ dataset at Ecm 4.19 - 4.23 GeV (about .8x of 4180 data)

Advantages: Clean Tagging

Access to absolute branching fraction

Many systematic uncertainties cancel
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Pure leptonic D decay
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Decay constant /. : Lepton flavor universality
Calibrate Lattice QCD ety 1 pt,: TH

D*105: 1 :2.67

CKM matrix element |Ved(s)|: D+10-5: 1 :975

Test the unitarity of CKM matrix



Tt > ey, v,
T >ty
Tt > ptv;
T > utv, i,
One neutrino missing in

an muonic event Two or three neutrinos
missing in an tau event

Umiss — Emiss — ?miss
M2 — E2 . 2

miss mMiss miss 5
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7" isreconstructedviat™ — 771,

BD* - pty,)=(371£0.19£0.06)x 107 BD - t71,) =(1.20£0.24 £0.12) X 1073
f +|Veq] = 46.7 + 1.2 + 0.4 MeV f +|Veq| = 50.4 + 5.0 + 2.5 MeV

Phys. Rev. D 89, 051104 (2014) Phys. Rev. Lett. 123, 211802 (2019)



DI - v

DI - uv D - u v+ 7 (x )
3.19fb-1 @ 4.18 GeV q 6.3 fb-1 @ 4.18-4.23 GeV
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BD} = ptv)=(549£0.16+0.15x 107  BD} - p*y,) =(535£0.13£0.16) X 10~

f,+|Ves| = 243.1 + 3.0 + 3.7 MeV[y]
fo+ [Ves| = 246.2 + 3.6 £ 3.5 MeV s

BDF - trv) = (522 +0.25+0.17) %

£+ |Ves| = 243.0 + 5.8 + 4.0 MeV[t]
Phys. Rev. D 104, 052009 (2021) 7

Phys. Rev. Lett. 122, 071802 (2019)
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Using extra photon ener
fps[Ves| = 244.8 + 5.8 + 4.8 MeV g p ay

BDT — ttv) = (527+0.10+£0.12) %
¢ |Ves| = 2444 + 2.3 + 2.9 MeV

Phys. Rev. Lett. 127, 171801 (2021) 8

Phys. Rev. D 104, 032001 (2021)



Semi-leptonic D — Pe™*v

Veq e’
— 5 T
D—g & -
f.(9%)
dI’ G 2 2 _ 0 1
— — — (). — 0
=X f+( I || =1 for k=, 2, K X == for )
— Single pole form — Modified pole model
/+0) £,(0)
2\ _ + 4
f+(q ) B 1 - 2/M[%oe f+(Q2) i <1 7 ><1 'S >
B AT
— ISGW2 model — Series expansion model
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| fP7K(0)|Ves| = 0.717(03)(04) S
. \\ Phys. Rev. D 92, 072012 (2015)

f2~K(0)|Ves| = 0.705(04)(11)
\ | Phys. Rev. D 96, 012002 (2017)

Dt — Ke™v
| f2~K(0)|Ves| = 0.728(06)(11)
Mieg Phys. Rev. D 92, 112008 (2015)
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D’ - Kutv
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o5 115 Phys. Rev. Lett. 122, 011804 (2019)
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Phys. Rev. Lett. 123, 121801 (2019) 10
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Comparison of decay constant
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Comparison of form factor

D—-> K
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Comparison of form factor
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Comparison of | Vcd(s) |

Ve

CS

lm EPJC81(2021)226
2018

D.—lv —— 0.991:0.013+0.002

20 difference

D—Klv e+ 0.943+0.004+0.014
Average — _ ) 0.969+0.010
D.—lv+D—>Klv T

W—cs 0.947)52+0.13
Indirect . 0.973394" ) 00

1 ] 1 l 1 | I | l I 1 1 1 l | -

0.9 1 1.1
IV |

‘Vcd‘

m EPJC81(2021)226
2018
D—uv . 0.2173+0.0051:0.0007
D—xly He  0.2249+0.0028+0.0055
Average o 0.2204:0.0040
D—>(m)lv 220420,
VN e 0.230+0.011
Indirect . 0.22529’) o
1 | 1 | | 1 | I 1 | 1 | l I 1
0.15 0.25 0.3
IV |
cd

15



Scalar particle in D semileptonic decay

—
: { Data
70f—Total fit

Observe £,(980) in D — 7’7V v

B=(79+14+04)x107*

No significant
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=1.695+0.083+0.051
Observation of D™ — f,(500)e*v,
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Events / (5 MeV?% %)

Events(/30 MeV/c?)

Axial Vector particle in D semileptonic decay

| o ©
wof Z D® = K,(1270)e*v
ot H B=(19+0.13+0.13+0.12) x 10~
L ey v o

M?. (GeV?¥/cY)

w
[

(c)
* Dt — K,(1270)%e*y

10 I &

L M | B = (2.30+£0.26 £0.18 £0.25) x 1074

Events(/5 MeV)

| FD°—>K1(1270)‘e+v

= 1.20 + 0.20 £ 0.15

FD*—)I?{’(lZ?O)e’“v

Phys. Rev. Lett. 127, 131801 (2021)
Phys. Rev. Lett. 123, 231801 (2019) 17



7 — u Lepton universality test
In pure leptonic decays

~ B[DT - 17v]

R, =
D™ B[Dt - utv]

__ B[DS-ttv]

RDs = BpF=umo)

= 3.21 + 0.64 + 0.43

= 9.94 1+ 0.52

SM prediction: 2.67

SM prediction: 9.75
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e — 1 Lepton universality test
In semileptonic decays

D — nlv
I'[D° -~ utv

R _ .
Dm DO - et

RDn

T
_ T[D* » nu*v]
~ T[D* - nle*v

D — Klv

—0
[[Dt - K u*v]
Rpk = —5 = 1.00 £ 0.03
[[D* - K etv]

_ T[D° > K~ u*v]
DK™ T[D® - K-e*v]

SM prediction: 0.97

= 0.978 +£ 0.007 + 0.012

D — nlv

) i )
Dn ™ T[D* - netv]
SM prediction: 0.93-0.96

Phys. Rev. Lett. 124, 231801 (2020)

=0.91+0.13

- =0.922 + 0.030 + 0.022 1.70

] = 0.964 + 0.037 + 0.026 SM prediction: 0.985

D — wly

R, = D" 2 ORI e 014
Do = TID+ » wetv] T T

SM prediction: 0.93-0.96

Phys. Rev. D 101, 072005 (2020)

D — plv
_ T[D° - pu*v]
D ™ T[D° - p-etv]
SM prediction: 0.93-0.96
Phys. Rev. D(L) 104, L091103 (2021)

= 0.90 £ 0.11
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Inclusive D semileptonic decay

Extract D™ — Xe™v signal yields from e™ momentum spectrum

1800

i/\nn_

p <200 MeV.
extrapolating

p > 200 MeV: Fitting

II|III|I[I|III|[||

G—---- - = = = = = =N

1 1 1 | | 1 1 | 1 | 1 | 1 1 | I 1 1 1
0 400 600 800 1000 1200

p (MeV/c)
B(DF — Xetv) = (6.30 £ 0.13 +0.10) %

No evidence for unobserved exclusive semielectronic modes

0 2

Phys. Rev. D 104, 012003 (2021) 20



New method for D — Kev

DY 5 Ketvvs. DY - Kte 1 DT = Kltyvs. D = Kl v
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|:l Signal MC 100_ |:| Signal MC
L -0 b 0 — s —
+ - L kS - D' —K*e ¥, and D*>K'nletv
—( 0 (\‘\ e e
- D —K*e'V_and D' —mety_ > ; )
D —=K eV, and D"—>K'mretv
I KKt & i ;
|:| Other DD Decays e. 50 |:| Other DD Decays
=~
&
=
e
>
=
0 4 4 |
0 1 =2 3 0 1 2 3
Mmiss (Gev /e ) Mmiss (GeV /c )

Independent sample of previous measurement with hadronic tags
RBD' - K~etv) = (3.567 = 0.031 +£0.025) %
BDT — Ketr) = (8.68 £0.14+0.16) %

larger statistical but smaller systematic uncertainties

Phys. Rev. D 104, 052008 (2021) 21



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

20 fb-1 of data set at 3.773 GeV is on the way
Leptonic Decay

2.93 fb-! 20 fb-1

Ip+ 2.6% 1.0%

V., 2.5% 1.0%
L FU 19% 8%

I I I I I I 1 1 I 1 1 1 I I I I 1 T T T ] I | I I ] I
FNAL/MILC PRD98,074512 212.7+0.6 o}
i . +0. .
RBC/UKQCD JHEP1712,008 208.7:2.8_‘,’; —— b dataly 0.22436£0.00044
ETM PRD91,054507 207.4+3.8 —— Ols)
PDG PDG18, D -y 0.214+0.003+0.009 ——C—
FNAL/MILC ~ PRD90,074509 212.6:0.477 <
HPQCD PRD86,054510 208.3:3.4 w—C— CLEO PRD78,052003, D" —uv, TV 0.218+0.009+0.003 P
FNAL/MILC PRD85,114506 218.9+11.3
BESIII PRD89,051104, nv 203.8+5.2+1.8 —_——
BESIIl  Expected (20fb™), D*—uv 0.2150+0.0021+0.0017 —o
BESIII Expected (20fb™), v 203.8+2.0+1.5 ——
1 I 1 L L l L 1 1 l 1 1 1 l L L 1 l 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, | and test LFU in D™ — [Ty, decays. =



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

20 fb-1 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* > 7’ T
D > ay(980) e*v,, D* — a,(980)e*v,

> |V, With SL D'*) decays in electron channels are expected to reach
to 0.5%. LQCD  Expected

XO)  2.4% 1.0%

f50)  4.4% 0.5%

T I T T T T I T T T T T T T | p— T T T T T v | LU DL AL DL N DL L DL L DL @
ETM PRD96,054514 0.765+0.031 —C— 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 ——
‘ Belle PRL97,061804, D’ 11’y 0.624+0.020+0.030 — e —
BaBar PRD76,052005, D' —K'e*v 0.727+0.007+0.009 —
CLEO PRD80.032005. D—sKe*v 0.7390.007--0.005 —— BaBar PRD76,052005, D" —ne*y 0.610+0.020+0.005 — —
BESII PRD92,112008, D' -Klae'\.' 0.748+0.007+0.012 —— CLEO PRD80,032005, D—ne'v 0.666+0.019+0.005 —
+ 0., . . »
BESII PRD96,012002, D*—K e* 0.7246+0.0041:0.0115 — — BESIII PRD96,012002, D*—sn’e"\ 0.6216+0.0115+0.0035 ——
BESII PRL122,011804, D’ —K'u*v 0.7327+0.0039+0.0030 -
BESII PRD92,072012, D’ —»x'e’v 0.6372:0.0080+0.0044 ==
BESIII PRD92,072012, D" >K'e'v 0.7368+0.0026+0.0036 B
N O e BESII Expected (20fb™), D°-x’e*v  0.6372+0.0031:0.0040 -
BESII Expected (20fb”), D"—K’e*v  0.7368+0.0009+0.0033 -
. | . \ 1 | | L 2 L 1 | 1 \ 1 ' | 1 L1 L T | 1 PR R I SN SN SN S NN SO SR SR SR N M S B 23
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Thanks for your attention



