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Main goals

In the SM: Please see Prof. Shen’s talk
D ) pure leptonic decay D 5y semi-leptonic decay
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¢ Decay constant f D, form factor f,(0): calibrate Lattice QCD

<* CKM matrix element |V 44 |: test the unitarity of the CKM matrix

¢ Lepton flavor universality (LFU) test.



Beijing Electron Positron Collider (BEPCII) in China

Please see Prof. Shen’s talk
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BESIII Detector

Please see Prof. Shen’s talk

From inner to outside[1]:

Helium-based multilayer
drift chamber (MDC):
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Plastic scintillator
time-of-flight (TOF):

8
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CslI (T1) electromagnetic
calorimeter (EMC):

Superconducting J—
solenoidal magnet: 1

Muon Chamber
(MUCQC):

[1] M. Ablikim e al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010).



D°) and D} data set at BESIII

Please see Prof. Shen’s and Ms. Yulan Fan’s talks

Vs(GeV) Integrated luminosity Decay chain of interest

ete” - P (3770) - D°D°
ete” - Y(3770) > D*D™

3.773 2.93 fb1

\V/s(GeV) Integrated luminosity(pb~1)

4.178 3189.0+ 0.9+ 31.9
4.189 526.7+ 0.1+ 2.2 Lo .
e"e - DD
4.199 526.0+ 0.1+ 2.1
Total: 6.32 fb™1!
4.209 517.1+0.1+1.8
4.219 514.6+ 0.1+ 1.8

4.226 1047.3 £ 0.1 +10.2
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Analysis technique
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' _D{, pure leptonic decay _ '

In the SM:

G 12)+ 2 m? ?
F(DEI;.) — l+V) = () |Vcd(s)| mlz mD+ (1 — >



Df - ttv_viat" - eTv, v,

v ED _: the total energy of the good EMC showers, excluding those associated with the ST
Dy candidates and those within 5°0f the initial direction of the positron.

v DT yield Npp = N — Not™Ps — N L" Ve _ N¥¢™e  (in signal E%%,, < 0.4 GeV)
/S'ignal pve\ak l
+ KK 10062:_:3 e s The background yields of D}
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The most precise result to date
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arXiv: 2105.07178 [hep-ex]

» Simultaneous fit to the MM? for six energy points shared with a common leptonic
branching fraction.
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Number of events/0.02 (GeV/c?)

D; - t'v,viat" > mn'v, and D - u'v,

arXiv: 2102.11734 [hep-ex]

An unbinned simultaneous maximum likelihood fit to two-dimensional distributions

Only show @ 4.178 GeV
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Ny, = 94613
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—+}— Data
Best fit

......... Sig: D! — t*v,via T — wtv,
Sig: D! — u'v,
— . — . = Total background
— — — — Bkgs: both tag and signal are wrong

40 x MC sample scaled

B(D} - t*v,) = (5.21 + 0.254,, + 0.17, )x1072

B(D; - ”+Vu) = (5.35 £ 0.134;,. £ 0. 16Sy5t_)x10—3 The most precise to date.
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Lepton flavor universality

Combine results from BESIII measurements and PDG2020

T I T T T I T T T I T T T I T T T I T T °
PDG2020 PTEP2020(2020)083C01 5.48+0.23 In the SD I .
CLEO PRD79(2009)052002, t,v 5.30+0.47+0.22 m
"’ 2 1 tt
CLEO PRDS80(2009)112004, ©,v 5.52:0.57+0.21 _ m‘[+ —_ >
- + +
CLEO PRD79(2009)052001, ©,v 6.42+0.81:0.18 F (D S - T v‘L' ) mD .-9|-
e — —_
BaBar PRD82(2010)091103, 7.,v  5.00+0.35:0.49 T/ T w + -
LR (D5 - p*vy,) 2 \2
Belle JHEP09(2013)139, <, v 5.700.21=0.31 2 m +
m?,[1-—F
BESIII 0.482 fb! PRD94(2016)072004, © v 3.28:1.83:0.37 ”+ 2
I 1 ' ' ' +
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], T,v 5.21:0.25+0.17 DS
H—e—H
BESIII 6.32 fb!  arXiv:2105.07178 [hep-ex], T,v 5.29+0.25+0.20
H—e—H
BESIII 6.32 fb!  this work, tv 5.27:0.10+0.12 Preliminary
HeH
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
-2 0 2 4 6

B(D! — tv,) (x10?) =9.67+0.34 9.751+0.01
(SM prediction)

No LFU violation in T — u flavors with the current precision.
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Comparison of decay constant f -

Input |[V,.5| = 0.97320 + 0.00011 from CKM global fit

I I | I I I I | I I I I | I I I
ETMQ2+1+1) PRD91(2015)054507 2472+4.1 b
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 ¢
FLAG19Q2+1+1) arXiv:1902.08191 [hep-lat] 249.9+0.5 )
HFLAV1S EPJC81(2021)226 254.5+3.2 bl
CLEO PRD79(2009)052002, t.v 251.8+11.2+5.3 —e—1
CLEO PRD80(2009)112004, tv 257.0+13.325.0 ——
CLEO PRD79(2009)052001, v 277.1217.5+4.0 ——
BaBar PRD82(2010)091103, <, v 244.6:8.6:12.0 H—e—H
Belle JHEP09(2013)139, <, , ;v 261.1:4.8+7.2 H-e-H
BESIII 0.482 fb! PRD94(2016)072004, uv 245517851 b—e—i
CLEO PRD79(2009)052001, uv 256.7+10.2+4.0 ——
BaBar PRDS$2(2010)091103, uv 264.9+8.4+7.6 H—e—H
Belle JHEP09(2013)139, uv 248.8+6.6=4.8 e
BESIII 3.19 fb!  PRLI122(2019)071802, v 253.0+3.7+3.6 ol
BESIII 632 fb!  arXiv:2102.11734 [hep-ex], uv ~ 249.8+3.0+3.8 Hedl
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], T,v  249.7+6.0+4.2 o4l
BESIII 632 fb!  arXiv:2105.07178 [hep-ex], T,v = 251.6+5.9+4.9 H-e—H
BESIII 6.32 fb!  Preliminary, tv 251.1:2.4x3.0 ol

] ] | ] ] ] ] | ] ] ] ] | ] ] ] |
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300
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Comparison of |V .|

* Input fp+ =249.91 0.5 from LQCD calculations

[ [ [ [ [ [ [ [ [ [ [ [ [
CKMFitter PTEP2020(2020)083C01 0.97320+0.00011 .
HFLAV1S EPJC81(2021)226 0.969+0.010 .

CLEO PRD79(2009)052002, t.v 0.981+:0.044+0.021

CLEO PRD80(2009)112004, ©v 1.001:0.052+0.019

CLEO PRD79(2009)052001, <,v 1.079+0.068+0.016 ——

BaBar PRD82(2010)091103, <, v 0.953+0.033:0.047  HeH

Belle JHEP09(2013)139, <, v 1.0170.019+0.028 ot

BESIII 0.482 fb! PRD94(2016)072004, uv 0.956+0.069+0.020  +——i

CLEO PRD79(2009)052001, wv 1.000+0.040+0.016 bed

BaBar PRD82(2010)091103, wv 1.032+0.033+0.029 e

Belle JHEP09(2013)139, uv 0.969+0.02620.019

BESIII 3.19 fb! PRL122(2019)071802, uv 0.985+0.014+0.014 .

BESIII 6.32 fb! arXiv:2102.11734 [hep-ex], uv  0.973:0.012:0.015 ™

BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], T,v 0.972+0.023+0.016 Ted

BESIII 6.32 fb-l arXiv:2105.07178 [hep-ex], T,V 0.980+0.023+0.019 Bol

BESIII 6.32 fb!  this work, 7.v 0.9780.009-0.012 ™ Preliminary

] ] ] ] | ] ] ] ] | ] ] ] | ] ]

-1 0 1
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In the SM:

dar
dq?

D, semi-leptonic decay

G Fp
241t3

q'(u,d,s)—

(@) Vea |

i (qz) d

_ 1
(X=1for K-, n~,K°n"); X = 2 for m0)
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DY > nu'v,

PRL124(2020)231801
 Verification of LFU via ¢ —» d l*v;

— , — Y n-ovy
% 30 [ S1g.> 100 ] v' Unbinned fit to U, s
£ 60} : |
S NOE — 234 + 22
E 40 . DT —
: L
S 20} ~4
2 i Bp+mutv, = (10.4 + 1. Ogpay, £ 0. 55y ) x10
0
BD"’—nm"’v
_ B
R,/ = RPDG =0.91+0.13
Dt-netv,
Best fit SM prediction: (0.97 — 1.00)

——- Nonpeaking bkgs + D"—nr*n’ bkg No LFU violation within current sensitivity.

........... Nonpeaking bkgs



PRL124(2020)231801
* First measurement on dynamics of D™ — mﬁvu decay

Partial decay rates Form factor f (qz)
| T T 1.0 - —
310 ]
> !
D
¥
g
2@ 0.5 - |
%]' 0.2 .
PR T S 0 T R PR S SO R ST, VO R i it el il
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
¢* (GeV7/cH) ¢* (GeV?/cY)
"(0)[Veal = 0.087 + 0.008,, + 0.002y, 7(q?) is parameterized by the

two parameter series expansion.
1(0) = 0.39 + 0. 044, + 0.0y

|VCd| == O 24‘2 'I_' O Ozzstat_ i 0 006syst. i 0 033the0ry
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Events(/30 MeV/c?)

X

D" - K,(1270)° etv,

PRL123(2019)231801

The physical mass eigenstates of the strange axial-vector mesons K;(1270) and
K1(1400) are the mixtures of the 1P, and *P; with a mixing angle 6.

40 ¢

30F
20

10

14
M0 (GeV/c?)

—+— Data

Best fit
——- Sig: D'—K (1270)e*v,

— —- MC-simulated bkgs

v K;(1270)° - K n*n®

v A two-dimensional
unbinned extended
maximum-likelihood fit

NoE"! = 119.7 + 13.3

Bp+ R, (1270 ety, = (2-30 + 0.261057 + 0.25,, )x1073



D° - K,(1270)" etv,

Xiv: 2102.10850 [hep-
v K{(1270)" > K-m*m" ALy [hep-ex]

v Two-dimensional unbinned extended maximum-likelihood simultaneous fits shared with

the same value of [Bpo_ g, 1270)~ e*v, " Bry(1270)">X-Kk-ntn~ |-

i 1
-~ ~ | Sig.> 100 Npe™ =109.0 £ 12.5
3 Y
> | = —+— Data
e 3
P ~ Best fit
72}
£ 20 % o _
B | S0 :ixaNd | Sig: D'—K,(1270) e*v,
L 1) , TN 0' MR . Peaking bkg: D' =K ntn*
-8.10 -0 05 0.00 0.05 0.10 1.0 1.2 14 16

M2, (GeV¥cH Mg...... (GeV/c2) ——= Other bkgs

Bpo_k,(1270)- etv, = (1.09 + 0.133393 + 0.12, )x1073

Agrees with unity as

- =1.20 £ 0.024,¢ £ 0.145y5; + 0.04¢x  predicted by isospin
D*—K1(1270)%*v, symmetry.

rD0—>K1(1270) etv,




D} - Xe" v,

arXiv: 2104.07311 [hep-ex]
v" X means inclusive decays

v" Sort recoil-side selected tracks into eighteen momentum (p,) bins for p, > 200 MeV/c

. . i 1
v The signal yield Nf)l?fxme = N, >200Mev/c + Np,<200 Mev/c (extrapolate)

1800
1600
351400
21200

nsismal o _ 16648 + 326

DY »Xetv,

0 MeV
)
3

800
600
400
200

—4- The measured D;—Xe"v, yields

Events/(5

— Best fit
extrapolate

o

o ]I [IIl]llIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1 I 1 1 1
1000 1200

1 1 1 1 I I
200

1400I | I6001 |
p (MeVic)

* The measured spectrum can be used to further constrain the decay rates of modes with
characteristic momentum spectra. 20

1 I 1 1
800




arXiv: 2104.07311 [hep-ex]
B(D{ — Xe*v,) = (6.30 + 0.13,; + 0.104,)x1072
Consistent, improved by a factor of 2.5 compared to that from CLEO

B(D;_ - Xe+ve) _ Z B(D;- - Xie+ve)known — (_0' 04 i 0. 135tat. i 0. Zosyst.)X]-O_2
i

No evidence for the existence of unobserved D} semileptonic decay modes

FD;r —>Xetv, consistent

=0.790 £ 0.0165¢ar. £ 0.0205yx. . 0.813 (prediction)

I‘D‘)—>Xe+ve

Supports the conclusion that the difference in the semileptonic decay widths of DY (cs)

and D°(c) mesons can be accounted for within the Standard model by non-spectator
interactions.



B D" > wuv, PRD101(2020)072005

m D° > K e*v,and D* - I_(°e+ve arXiv: 2104.08081 [hep-ex]

B D! - ay(980)%*v, arXiv: 2103.11855 [hep-ex], accepted by PRD
B D) - p,(1235) " Dety, PRD102(2020)112005
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Summary

® With 2.93 fb~! @ 3.773 GeV and 6.32 fb-! from 4.178-4.226 GeV data samples, BESIII
have studied the pure and semi-leptonic D, decay,

> Results with a higher precision for » First measurement on dynamics of
+ +
v Df -1ty v DT > ngutv,
« TF>etv, v, for
.« Tt +. 0
T OIT TV, v Dt > n”+vﬂ(> 100.)

e Tt @ty

v D~ K 0,+
v D_;." _)”+Vy D™ - K,(1270)e"v,.(> 100)

v DY =t
v D} - Xetv, D® - K{(1270)"e*v,(> 100)

® In the near future, BESIII will collect 20 fb~! @ 3.773 GeV data sample, and another
3 tb! @ 4.178 GeV, the single precisions will be further improved.
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Backup



* Form factor f,(0) with input |V | CKMfitter

B Single pole model B ISGW2 model
f+(0) 2 2
2) — r
1) = g, Fo(a2) = Fo (@) (1 + 1 (P - qZ))
B Modified pole model fo(q?) = f+(0)
+q”) = o o
(i) ent)
pole pole

B Series expansion

1
F+® = pa ey A + ) Tilto)lz(t )]

k=1



