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Introduction

D pure leptonic decay
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» CKM matrix element |Vcd(s)|: Test the unitarity CKM matrix and

search for NP beyond SM

» Decay constant f Dl form factor f, (g*): Calibrate Lattice QCD

» To validate their application to the B-meson (f z+)



Introduction

» Lepton flavor universality test in charm sector

2 2
m_+
_ m3+ 1-— ‘Zt
. r(Dg - thvy) . mD;'

L/ NO S ©tv,) - m2 2
2 _ Tt
my,. (1 > )
mD.;
*’ﬁ\ B I T T T T I T L) T T I T L] T L) I T i
% [~ [ HFLAYV average sz = 1.0 contours ]
0‘4 e — . . . .
E o 1 Evidence of LFUV in semi-leptonic
_ BaBarl2 i .
035 . __ aBar 5 B decays :
n LHCh1S “ 1
03F | - R _ T(B=>DM™ sty [1]
N - . ! - D) — F(B%D(*)pﬁ'uu
0.25 = P Betlero. =~ Bellel5 i
- 3 (Bt —=Kk&)+, ,+,—
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: R(D*)=10.258 £ 0.005 P(XQ) =27% :
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[1]Phys. Rev. Lett. 109, 101802 (2012) ; Phys. Rev. D 92, 072014 (2015) ; Phys. Rev. Lett. 115,111803 (2015)
Phys. Rev. Lett. 118, 211801 (2017) ; Phys. Rev. Lett. 120, 171802 (2018); arXiv: 1904.08794 [hep-eX] .
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[2]Phys. Rev. Lett. 113, 151601 (2014) : JHEP 1708, 055 (2017).



BEPCII: high luminosity double-ring collider

o

1 2004: started BEPCII upgrade,
BESIII construction

2008: test run

2009-now: BESIII physics run

E BESIII
detector + 1989-2004(BEPC):
‘ L peax = 1.0 X 103t /em?s

Lpeax = 1.0 X 10%%/cm?s
(Achieved on Apr. 5t", 2016)



BESIII detector

From inner to outside[1]:

5600
4100 750
) C
Helium-based multilayer B R R R
drift chamber (MDC): o SR S
N m
o MDC

Plastic scintillator P
time-of-flight (TOF): #8828 — TNC — —Ebﬂ |

— 500\
Csl (TI) electromagnetic I ' l'
calorimeter (EMC): T
Superconducting -
solenoidal magnet: i

Muon Chamber
(MUC):

[3] M. Ablikim et al. (BESIII Collaboration), Nucl. Instr. Meth. A614, 345 (2010). 6



DY) D samples at BESIII (in pb™)

V/s(GeV)| Integrated luminosity Decay chain of interest

ete” - ¥(3770) - D°D°

3.773 2930 pb~1 e 5 w(3770) > D D-
5G| minasty (o)

4.178 | 3189.0+ 0.9 + 31.9

4.189 | 526.7+0.1+2.2 ete” - DD,

4.199 | 526.0+0.1+2.1 Total: 6320 pb~?

4.209 517.1+0.11+1.8
4.219 51461+ 0.1+ 1.8
4.226 | 1047.3+0.1+10.2




Analysis technique

Tag X T

Charge conjugated D; -

processes are implied /
: : e’ 4.178
The signal branching E— GeV -—
fraction: ¢ €
signal *+
Bsig _ As,']r)% - ‘(DS\ Signal
ND(S) X E Ve D;_ y(RO)
X7y

I . : : : ) |
| @ Single tag (ST): 1: O Double tag (DT): i | ® Single tag (ST): :
I fully reconstructone D~ I: IN the recoil ST D, : | fully reconstruct one Dy ,
F - + :
| AE = Ep- — Epean : analyze the signal D, 1 — |
I I - 2 2 N 2 . I Myec = <Ecm _,“st_| +mlz)s_> - |_st_ I
Mgc = \/ Elz)eam — |Pp-? |- MM” = Eniss — [Pmiss| : | Xiv: 210211734 [hep-ex PRD 104, 012003 (2021)
I PRL124(2020)231801 | E ., 2 5 E L KTKTmL e Aiif |
I % 80 DoK' I E Emiss - Ecm N \/|pD(_s)| + MD(S) - EXE Iéwoooé— l.‘ E:zmx«w %:7000: I
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E I} S— l: Unmiss = Emiss — |pmiss| . A )
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Pure leptonic decay

v
G(d. s) Jp; |

Gg DZ(‘") 2 mlz 2
I‘(D(J;S) - l+v) =~ T g8n |Vcd(5)| mf Mp, <1 - )

B D - thy;

c 1t >setv, v, arXiv: 2106.02218[hep—ex]

e 1t > atnlv; Phys. Rev D 104, 032001 (2021)

e Tttty

- D;’ N ”+vu ]— arXiv: 2102.11734 [hep-ex] Accepted by P%D



D} - ttv, viatt - ntnvy,

Phys.Rev. D 104,032001 (2021)

Simultaneous fit to the MM? for six energy points shared with a common leptonic
branching fraction.
Only show @ 4.178 GeV

Signal yields: 1745 + 84

+ Data

-
(—]
&

L] I ]

4.178 GeV-

— Best fit
— Sig: D! — ’l?"'\/t*
Bkg: D! — K'n*n’
———— Bkg: D — a'n'y
“““““““““““““““““““ Bkg: D — n'n'n’
------------------------------- Bkg: D] — (n’, ¢or*, utv,)
Bkg: e'e — (y_ )D'D;

ISR* s 8

N
=

Events / (0.024 GeV?*/c%)

AT e S exee. — — — — BKkg: others
0.0 0.5 1.0
MM? (GeV?/c4)

Bpi ity = (5.29 + 0.254, + 0.2045 )% 0



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

D - p*v,and Dy -t v, viat" - TV,

arXiv:2102.11734[hep—ex] Accepted by PRD

An unbinned simultaneous maximum likelihood fit to two-dimensional distributions

Only show @ 4 178 GeV
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Number of events/2 MeV/c?

i e
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nada

0 CET Ry -
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inv(Ds) MeV/c

For all data samples

signal _
Npils,, =2198£55
signal _ +46
N, = 946142
—*— 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} - M+Vu) =(5.3540.13,, + 0. 16syst.) x 10~3 The most precise to date.

B(D} > t*v,) = (5.21 + 0.2545 £ 0.17y5 ) X 1072
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v

Events / (0.1 GeV)

D} - ttv, viat" - etV Vv,
arXiv:2106.02218[hep—ex|]

ELo% ..: the total energy of the good EMC showers, excluding those associated with the ST

extra-

Dy candidates and those within 5°of the initial direction of the positron.

tot non—Dg

DTyield Npy = Npr —Npp ¢
* Slgnal peak ..

:.+ ’: KK 1000";. KkKp 1°0°f
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50

Nﬁf"e (in signal E© .. < 0.4 GeV)

U

The background yields of D
— X e*v, extrapolated from the fits
to ELL . > 0.6 GeV.

¢ Data
Best fit
¢  non-D, bkg
........... D;—Xe'v, bkg
0
D;—K e*v, bkg

- D'—Kgv bkg for D —»KK'

Bpiorty, = (5.27 £ 0. 1051, £ 0. 124551 )%

The most precise result to date 12



Averaged result for D - v,

BESIII results
Mode B(DS — m77v;) B(Df — utv,)
7 = 77700, (5.29 £0.25 £ 0.20)% :
T -7, (5214+025+0.17)% (0.535+0.013 + 0.016)%
Tt = eTv.ry (527 +£0.10 +0.12)% -
Average (5.26 £0.09 £0.09)% (0.535 £0.013 £ 0.016)%

(The correlated uncertainties of single-tag yields, tag bias, tracking/PID are considered)

B D+ - T+V I D+ + —

Rt/ exp = (Ds ) = 9.83 + 0.45 ( (s) =L v)
P T BOF > 1) G2 12, ;2
U FJpg, v |2m2m 1 mj
2\ 2 Consistent 81 cd(s) L TDg m2,
m2 (1 _ m’L’ ) D(s)
T m%

R(t/Wsm = ~— =9.7510.01 foilVes| = (243.8 £ 1.7 £ 2.1) MeV

2\ 2

2 _mﬂ

mg|1 >
mp,
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Comparison of decay constant f )+

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

[ [ | [ [ [ [ | [ [ [ [ | [ [ [ [
ETM(2+1+1) PRD91(2015)054507 247.2+4.1 [
FMILC(2+1+1)  PRD98(2018)074512 249.9+0.4 °
FLAG19(2+1+1)  arXiv:1902.08191 [hep-lat] 249.9+0.5 S
HFLAV1S8 EPJC81(2021)226 254.5+3.2 ]

CLEO PRD79(2009)052002, t.n 251.8+11.2+5.3 ——
CLEO PRD80(2009)112004, t.n 257.0+13.3+5.0 ——
CLEO PRD79(2009)052001, tn 277.1£17.5+4.0 —
BaBar PRD82(2010)091103, t, N 244.6+8.6+12.0 ——e—
Belle JHEP09(2013)139, t,,,n 261.1+4.8+7.2 HeH
BESIII 0.482 fb™!  PRDY94(2016)072004, 245.5+17.845.1 —e—o|
CLEO PRD79(2009)052001, rm 256.7+10.2+4.0 ——
BaBar PRD82(2010)091103, nm 264.9+8.4+7.6 H——H
Belle JHEP09(2013)139, mm 248.8+6.6+4.8 et
BESIII 3.19 fb!  PRLI122(2019)071802, m 253.0+3.7+3.6 (2|
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], nm  249.8+3.0+3.9 HeH
BESIII 6.32 fb!  arXiv:2102.11734 [hep-ex], t,n  249.7+6.04.2 e
BESIII 6.32 fb™!  PRD104(2021)032001, t.n 251.6+5.9+4.9 e
BESIII 6.32 fb'l arXiv:2106.02218 [hep-ex], t.n  251.1+2.4+3.0 HeHl
BESIII m 3.19 b + tn ?.32 b 251.4+1.8+2.2 M Combined |
| | | | | | | | | | | | | |
0) 100 200 300
for MeV]

Precision~1%
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Comparison of |V .|

* Input fp+ =249.9 £ 0.5 from LQCD calculations (FLAVG19)

V|

CS

[ [ [ [ [ [ [ [ [ [ [ [ [ [
CKMFitter P1JEP2020(2020)083C01 | 0.97320+0.00011 .|
HFLAV1S EPJC81(2021)226 0.969+0.010 o
CLEO PRD79(2009)052002, t.n 0.981+0.0440.021 ke
CLEO PRD80(2009)112004, t n 1.001+0.052+0.019 e
CLEO PRD79(2009)052001, tn 1.079+0.068+0.016 e
BaBar PRD82(2010)091103, t_n 0.953+0.033+0.047  HeH
Belle JHEP09(2013)139, t, N 1.017+0.019+0.028 HoH
BESIII 0.482 fb”! PRDY4(2016)072004, m 0.956+0.069+0.020 e
CLEO PRD79(2009)052001, mm 1.000+0.040+0.016 ke
BaBar PRD82(2010)091103, mm 1.032+0.033+0.029 el
Belle JHEP09(2013)139, mm 0.969+0.026+0.019 Il
BESIII 3.19 fb™!  PRL122(2019)071802, nm 0.985+0.014+0.014 ol
BESIII 6.32 fb™!  arXiv:2102.11734 [hep-ex], M 0.9730.012+0.015 o
BESIII 6.32 fb'l arXiv:2102.11734 [hep-ex], t,n 0.972+0.023+0.016 |
BESIII 6.32 fb!  PRD104(2021)032001, t,n 0.980+0.023+0.019 Il
BESIII 6.32 fb'l arXiv:2106.02218 [hep-ex], t N 0.978+0.009+0.012 .

BESIII rm|3.19 o'+ tn 6.32 fb™ | 0.979+0.007+0.008 .I Combined
| | | | | | | | | | | | | |
-1 0 1

Precision~1%

15



Semi-leptonic decay

o, ]+
~ S~
= _°
& —
%]
T;%%j
.nnuH'
~
[M
W Do

D - Pe*v (P =K, n.,n(/))

2

B D" - puty, PRL124(2020)231801

B DY > K,(1270) " e*v, arXiv: 2102.10850 [hep-ex]
B D! - Xe'v, PRD104(2020)012003
m D> puty, arXiv: 2106.02292 [hep-ex]

16



Events/(6 MeV)

DY > nputv,
Phys.Rev. Lett.124,231801(2020)

Unbinned fit to U ;s 1.0
— . — - (a) ool (b)
80 sig.> 100 1 =™ T i :

' n- vy © | &% ]
60 [ ———- Peaking BKG: D* - nm*r® g | - :“':0 4;1/
[ eeeees Other BKG "g 0.5 - | ]
40¢ 5 | o2f ]
20} 00 05 10 15 00- 05 T 15

¢* (GeVYcd) g* (GeV¥cd)

0 . .
T(q?*) is parameterized by the
two parameters series expansion.
N;S)i'%nal =234 + 22 BD*—mu*vu = (10'4 1 1. Ospar. = 0. Ssyst-) x 107

1(0) = 0.39 + 0.044,, + 0.01y

Experimental confirmation
P Veal = 0.242 + 0.02215, & 0.006,y4 + 0.033 001y

for the first time since it was
predicted 30 years ago. Bp+put consistent  SM prediction:

v
Phys. Rev. D 39, 799 (1989). Ryu/e = —ppe—— = 0.91+0.13 (0.97 — 1.00)
Dt-netv, 17




D° - K,(1270)" etv,
arXiv: 2102.10850 [hep—ex] Accepted by PRL

v K{(1270)" > K n m~
v Two-dimensional unbinned extended maximume-likelihood simultaneous fits shared with

the same value of [Bpo_,x, (1270)- e*v, * Bry(1270) > K-mtn= ]

) signal __
< a Sig.> 100 Nyr© =109.0 £12.5
(o ] > |
> v
= 401 > 40] —}— Data
n )
2 >} Best fit
= 20 = 20
> > | [ --------- Sig: D'—K (1270) e*v ]
= = I : 1 e
L LLLL Lt ; Y| 0- A 4 Peaking bkg: D'-Krtrtn
d10 005 000 005 0.10 10 12 14 16

M2, (GeV¥/c4) M. (GeV/c?) ——- Other bkgs

Bpo_k,(1270)- etv, = (1.09+ 0.133092 + 0.12, ) x 1073

Agrees with unity as

- =1.201+ 0.025,¢ + 0.145 + 0.04¢x  predicted by isospin 1g
D*—>K{(1270)%*v, symmetry.

FD°—>K1(1270)_e+ve




D} - Xe* v,
Phys.Rev. D 104,012003 (2021)

v" X means inclusive decays

nl signal _
1800 ¢ ND;L SXetv, = 16648 + 326
1600
% 1400 ~4- The measured D;—Xe"v, yields
1200
= 1000 — Best fit
< o0
"g 6005— B(D;‘i— _)X€+ve) —
= 500 (6.30 £ 0.13, + 0.105y) X 1072
200 |- Consistent, improved by a factor of 2.5
L/ extrapolate ’
oF, , | p R S A asw compared to that from CLEO
0 200 400 600 800 1000 1200
p (MeV/c)

B(D;_ - Xe+ve) - z B(D;— - Xie+ve)known — (_O- 04 £ 0. 13stat. + 0. 20syst.) X 10_2
i
No evidence for the existence of unobserved D semileptonic decay modes

—Xetv, consistent

=0.790+0.016 + 0.020 -
Tpo_xetv, = stat. —~ syst. 0.813 (prediction)



0 S puty,

arXiv:2106.02292[hep—

80

Sig.> 100

o
.

.

Events / 0.004 GeV?/

ex|
NIEml — 570 + 40

Data

—— Total fit
— Signal l

(GeV?/ )

I'I’IISS

Peaking BKG: D'—n*nn'n’

sttt 28 - Fitted combinatorial BKG
52 OfbettegHististhith it R Lttt bttt bt #h, [ ] Simulated combnatorial BKG
-5 1 1

The semileptonic decay D? — p~ 1 v, has been observed for the first time.

Bpo_p-pty, = (1.351£0.09 4+ 0.09) x 107

—’Pﬂvy

0op~etve

No LFU violation within current sensitivity

=0.90+ 0.11 SM prediction: (0.93-0.96)

20



Other analyses

D* - wptv, Phys. Rev. D 101, 072005(2020)

We report the first observation of the semimuonic decay D* — wu*v,,, The absolute
BF is measured to be (17.7 + 1.8, + 1. 15y, ) x 1074

D° - K e*tv,and D™ - Ke*v, arXiv: 2104.08081 [hep-ex] Accepted by PRD

We measure the absolute branching fractions of the decays with a new method,
This ratio of the two decay partial widths supports isospin symmetry in the decay

D} — ay(980)%e*v, Phys. Rev. D 103, 092004 (2021)

We present the first search for the decay, an upper limit of 1.2x 10~%* at the 90%
confidence level is set

D™ - p,(1235) " Dety, Phys. Rev. D 102, 112005(2020)

We search for the semileptonic D°(") decays into a b;(1235)~(® axial-vector
meson for the first time. The upper limits are set

21



Summary

> With 2.93 fb~1 @ 3.773 GeV and 6.32 fb! from 4.178-4.226 GeV data samples

First observations for:

D* - nu*vu, (> 100)

D° - K,(1270)" etv, (> 100)
D° - p~utv, (> 100)

First measurement on the dynamics of:
DT - nutu,

> In the near future, BESIII will collect 20 fb~! @ 3.773 GeV data sample, and another
3fbl @ 4.178 GeV, the precisions will be further improved.
Chinese Physics C 44, 040001 (2020)

Thanks! -



Back up

23



Events /6 MeV

X

Dt - wpu'v,
Phys.Rev.D 101,072005(2020)

40

3 ¥ reat B(D+ — wptv,) = (17.7+ 1.8 + 1.1) x 10~
[ - - - Peaking BKG
30 — Fitted CBKG _ _ _ ] _
- [ Simulated CBKG This BF is consistent with theretical
201~ calculation (LFQM, CCQM, and LCSR
: methods).
10F
n 4 LR B(D" —swpvy,)
L s 2ud ikl as . T R= L —=1.054+0.14
R BT mwetvelrne
-5 0.1 0 0.1
U, (GEV) SM prediction: (0.93-0.99)

no LFU violation within current statistics

Experimental confirmation for the first time since it was predicted in 30 years
ago. Phys. Rev. D 39, 799 (1989).

2020/11/07 K.Liu 24
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200
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Events / (0.05 GeV?/c%)

D? > K etv,and D™ - K%e"v,
arXiv: 2104.08081 [hep—ex] accpected by PRD

—+— Data
[ | signamc
=0 4o 0 -
B 7 —K'c V. and D'—K ey,
' . (-
- D —K'eV and D' —=Te'V,
B x e
[ 1 4, 39, 4(3686), (3770)—non DD

I:I Other DD Decays

1, , 2
M:, (GeV?¥/cH)

B = \/NDT/NDE " €pr

B(D° - K~e*v,) = (3.574 £ 0.031 £+ 0.025)%

B(D* > K%*v,) = (8.70 + 0.14 + 0.16)%

This BF is consistent with the previous

BESII

| measurements

Events / (0.05 GeV?/c%)

+ Data

:’ Signal MC

B ke U amd D —K e,
B o< v ama oKy,

[ ] 4@ 39, 9(3686), Y(3770)~non DD

|:| Other DD Decays

100—

[24]
o

FDO

—»K"etv,

= 1.040 + 0.021

I‘D*'—>lf?°e+ve

Consistent with isospin
symmetry within 1.9¢

25



Events / (0.02 GeV?*/¢*)

D} — ay(980)%*v,
Phys.Rev.D 103. 092004(2021)

I I |
10—
L
- \ ‘ ‘ 'y E :
0_ LI .l...e---!""é. -I- Lglgl
02 0.1 0

MM? (GeV?/c%)

e
I 'I"'-u.,

2 0

BF (x 10%)

B(ay(980)%*v,) x B(aq(980)° - %) < 1.2 x 10~* @90% C. L.

No significant signal is observed!

26



D°™®) - p,(1235) @ et v,
Phys.Rev.D 102. 112005(2020)

D° - b,(1235) et v, D* - b;(1235)% et v,

50 4r
e -
C 3
Zz .f = I
= 3r = [
s - S 2r
z 2F T
= C = B
2 " 2 1 N
2 1k = B
B RN -
0‘ } —-.-—-r—:‘:'-'::ﬂ e e T 0' S [ I R TS S N
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05 0.10
Umiss (GEV) Umiss (GEV)
1E
S S
- -
I]'-' ]

B (x 107 B (x 10™)

Bpo_sb,(1235) - e+ve * Bpy(1235) - —wr— < 1.12 x 1077

B b, (1235)00, - By, (12330 swme < 175 x 104 N0 significant signal is observed:

2020/11/07 K.Liu 27



Events(/30 MeV/c?)

X

40 p

30F
20F

10

Dt - K,(1270)° e* v,
Phys.Rev.Lett.122,062001(2019)

First observation of D meson semi-leptonic decay into axial-vector mesons.

30
= A two-dimensional unbinned fit
= 20}
_.IQ B
Z of Sig. > 100
g10f

ignal

5 Ny ' =119.7 +13.3
= 0

-5

1.0 1.2 14 1.6 -0.10  -0.05  0.00 0.05 0.10
Mo (GeV/c2) U, .. (GeV)

Byt g, (1270) etv, = (2.30+0.267933 + 0.25., )

Test the various theoretical calculations(agree with the CLFQM and LCSR
prediction when 0,~33° or 55° )

Provide important input to study the photon polarization in B — K,y by
measuring the ration of up-down asymmetries. (enough statistics)

r(p*-K1(1270)%e*ve) _ - o407 - :
T(DOSK,(1270)- e¥ v,) — 12705 (Isospin conservation test) -



