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» SM : High precision frontier -> NP
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RS Motivation
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» Measure decay constant and semi-leptonic decay form factor > Test and Calibrate
Lattice QCD

» Measure CKM matrix element(|V..|. |V.4]) = Test the unitarity of CKM matrix

B(D¢oy — T V) B(D(oy »X utvy) : :
() — and () —= > Test the lepton flavor universality
B(Dsy = u*vy) B(D(s) »X e*ve)
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GF fDZ(J;) m?2 0z =X T oa3 P°If+(a)]?
F(D(-;) - £+V{’) — 8—|Vcd(s)|2m{2”mp(";)(1 -2 )2 1 _ 1
m Mpt, X =1forK-,n",K°n";X = 3 form?®)
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714 + 2 Beijing Electron Positron Collider (BEPCII)

HUNAN UNIVERSITY

b =

g beam energy: 1.0-2. 3(2 45) GeV_ \ ﬂ* a .%3,,

: 2020: energy upgrade to 2.45 GeV
SN\ 2004: started BEPCII upgrade,
_ T PN N BESIII construction
BESIII = "sC NS¢ 2008: test run
' detector ' e 2009-now: BESIII physics run
\ . - 1989-2004 (BEPC):
Lpeax=1.0x10%/cm?s
*  2009-now (BEPCII):
=1.0x1033/cm?s (4/5/2016)

peak
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BESIII detector

RPC: 9
layers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole

Electro Magnetic
Calorimeter

RPC: 8
ayers

MDC

%” < 0.5% @1 GeV

S(dE /dx
(dE//dx) < 6%

MUC
d(xy) <2 cm
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TOF EMC
5t 80 ps Barrel °E < 2.5% @1 GeV
dt 110 ps Endcap 6z=0.6/VE
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eSS Data samples at BESIII
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BESIII D1 :2.93(8) 3.773 2010-2011(+2022)
D& :7.33 4.128-4.223 2013-2019
CLEO-c  D*(®:0.82 3.770 — 2008
D : 0.6 4.170

2023—2024 : 8 > 20 fb~1 y(3770) (for DT(?)) at BESIILI.
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RS Pure leptonic D decay
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Well known mode —>  Single tag K*

Dy _

T

> Slngle tag (ST) €+ e — P (4180) C— e

ST _
Ntag - 2ND;*DSBtag €tag ‘
~ \

» Double tag (DT) . . < ¢ Signal side <+— Aim to study
NPT = ZNDg‘DthagBSigBy(no)ESig v

tag,sig l
o |

I
2 = 2 I P 2
!_Mmiss e Emiss |pmiss| _!

|
|

: B o — tag:Sig |
sig — ST.a « a !

: BY(”O) Za Ntag Esig/etag |

4 By(no) = B(Ds — y(m°)Dy)
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RS Study of D} - ¢t v,
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————————————— F————=—=—=—=—=-=-=-=-"
| Phys. Rev. D 104, 032001 (2021) | D5 > T (pTV)Vy |

150 . K ~ [

X 4178Gev e ] L L 4199 GeV
> Data: 6.3 fb™! @4.18 — 4.23 GeV > S 1 E T 40

gt e Se
> Ny, = 1745 + 84 S TR < 20}

g g £

2 =) 2

» B(DS - t7v;) =(5.29+0.25+ 0.20)%

forVes| = (244.8 £ 5.8 + 4.8) MeV F5E~3.1% 3 3 &
S 2 2 2
= _20iotv) 9894071
B(Ds = W' Vy)BESIII = = =
S S 0 ! - -
. . . 0.0 : !
SM prediction: 9.75 + 0.01 MM? (0giv2/c4) -0

BESIII: Phys. Rev. D 104, 052009 (2021)
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eSS Study of D} — £ v,

" Phys. Rev. D 104, 052009 (2021) | | and D! - t*(m
> Data: 6.3 fb~! @4.18 — 4.23 GeV
> Ny = 946 + 46

200

-
(%))
o

» B(DF - utv,)=(535+£0.13+£0.16)x1073

-
o
o

[4)]
o

forlVesl = (243.1 £ 3.0 £3.7) MeV (11| §EE~2.0%

Number of events/0.02 (GeV/c?)?
Number of events/2 MeV/c?

> B(DF - t+v,) = (52140254 0.17)%

fpoilVes| = (243.0 + 5.8 + 4.0)MeV [7] FERE~2.9%

B(Ds — 1t vr) +0.61 0 2 AL seanah HUTRTE.
+ + 9 73 0 58 + 0-3 7 -02 -0.15 -0.1 -0.05 0 0.05 01 015 0.2 1900 1920 1940 1960 1980 2000 2020
B(Ds - p Vu)PDG M2 (GeV/c?)? M,,(D:) (MeV/c?)

SM prediction: 9.75 + 0.01
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RS Study of D} — £t v,

+ +
| Phys. Rev. Lett. 127, 171801 (2021)  Ds - 7 (e Vv V)V, |
: 1000
200!
> Data: 6.3 fb~! @4.18 — 4.23 GeV 100b% 500 ¢
> Ngig = 4940 +97 _ 100-4 | 150}
> i Ak
¥ ] 100} !
> B(DF - 1t v) = (52740104012)% S sofi’ i
foilVes| = (2444 £23 £ 29)MeV EE~1.5% < '
2 200" i
S 150} ] 401§
_ _B(fotfvy) B 100k I A
Ty —— 9.72 + 0.37 . 3 {20015, | o
SM prediction: 9.75 + 0.01 oo | 300F . ‘ +0Dat2.5 B
b | 200} { ==Bestlt o
F . Non-D, background
100 -, | ] 100 A ¢ D:—)Xe+VeBgG *
igm D{—K[e*v, BG
0 05 1 15 2 "~ DoKwBG
EY (GeV) ... gisgnal-(l-all B:};) i

2022/8/10 Hunan University Shulei Zhang 11



RS

HUNAN UNIVERSITY

Comparisons of f,+ and |V |

= e e =
| f l
+ I |V | I
1 Dl L _esl
IIIIIIIIIIIIIIIIIIIIIII'IIIIIIIII [ L ||||||lll L UL
J=NAL/M|L PRD98,074512 249.9+0.4 o SMfit PDG2020 0.97320:0.00011 -
RBC/UKQCD JHEP1712,008 246.4+1.3"'7 ® DELPHI PLB439,209, W* ¢S 0.94:0.32:0.13 =
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 = PDG  PDG2020, D>KI*y 0.939:0.038 -
PRD91,054057 2+4. . PRD79,052002, D* 1, v
'E'T‘I:'-’M'LC SIS, O A gg-g-;ﬁ‘i " gtgg PRD80,112004, D’ \\ ?33522323323 L
FNAL/MILC PRD85,114506 260.1:10.8 - CLEO PRD79,052001,D; 1 v 1.080+0.068+0.016 il
HPQCD PRD82,114504 248.0+2.5 = BaBar PRD82,091103, D;H:m v 0.949:0.035:0.055 -
CLEO gzg;g,?ﬁggi aveV 252.8£11.2455 = Belle JHEP1309,139,D -1, ., ..V1.017£0.019:0.028
CLEO i bt Tov 258.0413.315.2 === BESIII PRD94,072004, D >pv, © vV 0.936:0.063:0.025  =m=
CLEO S . 278.3+17.614.4 — CLEO PRD79,052001, D —pv 1.000:0.040:0.016 -
gal?ar JHEP1§309 139’ re" b \, 2335;442 e BaBar PRD82,091103, D; UV 1.032+0.033+0.029 -
elle 11995 Toyy, wvv, .214.847. Rete
BESIII PRD94,072004, 1V, T V  241.0+16.316. Gl gi:"s‘:n ::f':;:‘:i::; 06' u]\'e\ 0.969:0.026:0.019 =
’ ) — ! + + ——
i ERE eI e = BESI PRLIZIZOND! v 100600120080  e-
BaBar PRD82,091103, uv 265.9+8.4+7.7 —— it ’ ts ' i . X
Belle JHEP1309,139, uv 249.8+6.6+5.0 == Sl s:t:gg,g;lgg;, g’:K\],,l\ 0.967:0.004_0.007
BESIII PRL122,071802, uv 252.9+3.7+3.6 - BESII i g dviaanle v 0.985:0.014:0.014
BESIII PRD104,052009, ;v 249.8+3.0+3.9 = BESIII st e ,D;m 0.973+0.012:0.015
BESII PRD104,052009, t_ v 249.7+6.0+4.2  =m= BESIII 104,052009, Y 0.972+0.023:0.016
BESIII PRD104,032001, t,,v 251.615.9+4.9  =m= BESH PRD104,032001, D,z v 0.980:+0.023:0.019
ESII PRL127,171801, 1, .V 251.12.4+3.0 BESII PRL127,171801,D —1, v 0.978:0.009:0,012
501111611||50||l‘iolol'll‘islollléoro,llésollll 111|5|||1111110|5|111011|10[51||1
f, (MeV) A
S
2022/8/10 Hunan University Shulei Zhang 12



RS Semi-leptonic D — P(S) e™ v,
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dr GE [Veacs|? Dvnamics stud
= X =22 p?Ife (@D y y

d_q2 B 2413 D—P(S)
——
(X=1for K-,n~,K%n("); X = % for °) f+ (O) |Vcd(s)|

% Very helpful for us to study:
» light meson spectrum
» Nonperturbative QCD by measuring the form factor

Parametric form of form factor:

(1) Single pole form (2) Modified pole model (3) ISGW2 model (4) Series expansion mode
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Study of D} — wle* v,

T T T T T T T T T T T T T T T T T

- [ Ny, =-6.9 +7.2 >‘ I
M i »
= 20+ .. : r
= "I No significant signal 0-8:
= [
- B
\;10_ ;
g i i ' s
> i B 3
) L oF -
To study m* — n mixing effect B e R e e N
409, =91 0 0.1 0.2 = . T 10
> Data: 6.3fb™! @4.18 — 4.23 GeV MM? (GeV?/ % BF (x 10”)
> B(D} - nletv,) < 6.4x107°@90%CL No significant signal

Theory: (2.65 + 0.38) x10~° [PLB811,135879(2020)]
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[Kﬂr{ﬂ 'S Study of D} - foe™ v,
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oo

(:r;\ : + Data T (a) ] ((E : (a)l — — T : &;\ - (b)l ——
%20_—T0tal fi : ] % 401 t Data } ] % 6:‘ t Data ‘
2 > [ —cetv,MC 2 [ — K%%*v,MC .
) 8 | — Background MC 8 4- — Background MC ]
S 5 . z
2 5 [ | | 52 ’
5 = T @l
) . . sgr—- @ _  0F === g =0
MM*GeV¥c*) M, (GeV/c?) MM? (GeV?/c?) MM? (GeV?/c*)
1+ . i
(c) (d)
> Data: 6.3fb~! @4.18 — 4.23 GeV j —Nominal —Nominal |
. | ) — Upper limit — Upper limit
» Ngig = 54.8 + 10.1 (significance: 7.80) . :
> B(DS - f,(980)et v, £,(980) » 7% = (79 + 1.4 £0.4)x107* | .
Ole=s PN . N L il N T
> B(D; - f0(500)3+ Ve,fo(SOO) - 1T T[O) < 7.3x%x10™ —4 @QO%CL B(D:—O)GeJ'Ve, G—)?’é(?‘lto) (X 10-4) 0 B(D:_)K%ng+ve) (x 11%4)

> B(DF > KIKdetv,) < 3.8 x107* @90%CL . _
No significant signal
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ol # + Study of D} — a,(980)%" v,
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| Phys. Rev. D 103, 092004 (2021) |
To study a(980)°? — £,(980) mixing effect

> Data: 6.3fb~! @4.18 — 4.23 GeV

Events / (20 MeV/c?)

> B(DS - ay(980)°e*v,,ay(980)° - %) < 1.2x107*@90%CL by dobatensat o
06 08 1 12 14 16

M, (GeV/c?)
v First study of ag(980)° — f,(980) mixing in the charm sector  ~ [
S No significant signal |
v' No conflict with the previous ag(980)° — f,(980) mixing E I
measurement at BESIIT [PRL121,022001(2018)] § ! |
< 5+ |
z |
2
= o HY P
02 0.1 0.1 02

. 0
MM? (GeV?%/¢%)
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RS Inclusive D¢ semi-leptonic decay
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1800
1600
1400
1200
1000
800
600
400

B(D+ - XeTv,) = (6.30 + 0.13 + 0.09 + 0.04)% FEE~2.6% 200
B(DF = Xetv,)cipo = (652 +0.39 + 0.15)% $E[E~6.4%

> Data: 6.3fb~! @4.18 — 4.23 GeV
> Nigg(Ds —» K*K™m™) = 262660+1137
> Ngg = 16648 +326

Events/(50 MeV/c)

o II IlllllllIIIIIIIIIIIIII'IIIIIIIlIIIlII

200 400 600 800 1000 1200
p (MeV/c)

B(DS - Xetv,) — ZB(DS'* - X;etv,)

from et momentum spectrum

No evidence for unobserved
exclusive semi-electronic modes
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RS

New method for D - K e v,

= == Em oEm oEm Em = o = e =
0 -+
|Phys. Rev. D 104, 052008 (2021) : D" - K e"v, ! Dt - Koe+ve :
Independent sample of previous measurement [ —— b —— b
[__] signaimc 100 — [ ] sigmamc
. . ér: 300 — - ﬁ"—)K’e'VJM‘AdD“—)K'ﬂ:"e*ve ér: L K'e V. and D K nletv
with hadronic tags 2 B 05 D e & B oo mapokce,
> - o ¢ 2z L Hl v Kl v, and D oKery,
3 B vK'Ke'e ) _
g 200 |:| q@, J/y, y(3686), y(3770)—non-DD g l| \:I qq, J/y, ¥(3686), y(3770)—>non-DD
. — 1 é« |: Other DD Decays e. 50 \:I Other DD Decays
» Data: 2.93 fb 3.773 GeV S S !
@ 2 N, =4040+ 70 2 T + N, = 1172 + 38
S 100 | stg 5 , g
_ . = = i +
» Bgp, = \/NDT/(NDD €pr) pt
mlss (GeV2/ C4) ll].lSS (GeVZ/ C4)
L L L B L B B B L B L B B B B BN ) BN L
0 - . 0 BES 3.82+0.40+0.27 _— BES 8.95:+1.59+0.67
B(D - K~e ve) N (3'567 +0.031+ 0'025) /0 BESIl  3.505+0.014:+0.033 - i N
. o SESc  SEOaG08 . BESIIF  8.892+0.054+0.206
B(D - KVe Ve) = (868 + 0.14 + 016)% Belle 3.45+0.10+0.19 —_— BESIIP  8.59+0.14+0.21 —-—
E691 3.60+0.28+0.44+0.03 ~————=— : N
CLEO  3.56+0.24+0.24+0.03 —_— BESH RRCER0R0LE i
CLEO2  3.86+0.110.17+0.03 S CLEO-c  8.83+0.10+0.20 ——
BaBar  3.662+0.028+0.047+0.029 -
PDG  3.542+0.035 - FDe S 10 i
Thils work I3.567iOI.031iO.0|25 | I" | Thislwork 8|.68i0.14|‘rir0.16 : e r :
1 1.5 2 2.5 3 3.5 4 4 5 6 7 8 9 10
B(D’— K'e*v,) (%) B(D*— K'e*v,) (%)
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Pk Summary and prospect
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» Summary
(1) We have reported precision measurements of f p+, |V.<| and test of lepton flavor universality by
studying the leptonic decays of D} — 7t v,.
(2) We have reported the studies of D - n°e*v,, DF - £,(980)/f,(500) [’ ]e*v,,
DF - f,(980)[KKletv,, DF — a4(980)°[n n]etv, and inclusive Dy semi-leptonic decay.
(1) We have also reported the new method for D — K e v,

» Prospect @3.773 GeV  --From White Paper (Chin. Phys. C 44, 040001 (2020))

(1) 20 fb~! of data set at 3.773 GeV is on the way.

(2) BESIII is expected to provide unique data to improve the statistical uncertainty of f + and |V 4|
from about 2.6% to about 1% and test LFU in D* — £% v, decays.

(3) All form factor measurements which are currently statistically limited will be improved by a

factor of up to 2.6.
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Thanks for your attention
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Other semi-leptonic D decays

AN NN Y U N U U N N N U N RN

D° - K,(1270)"e*v,
D° - p (770)"u*v,

DM — p,(1235)"Dety,

D™ - nutvy,

DT - wutvy,

Dt - K;(1270)%"v,
DO s p=mg0(H ety
D - K®0ety

D° - K%z~etv,

D — ppe™v,

D —» yetv,

D° - K~ utv,

DT - tty,

D) — q,(980)"(Dety
D} - nOu*v and putv

Dt - nOety,
D0(+) - n_(o)#'l'v#

Hunan University

PRL127,131801(2021)

PRD104,1.091103(2021)

PRD102,112005(2020)
PRL124,231801(2020)
PRD101,072005(2020)
PRL123,231801(2019)
PRL122,062001(2019)
PRL122,061801(2019)
PRD99,011103R(2019)
PRD100,112008(2019)
PRD99,072002(2019)

PRL122,011804(2019)
PRL123,211802(2019)
PRL121,081802(2018)
PRD97,012006(2018)

PRD97,092009(2018)

PRL121,171803(2018)

Shulei Zhang
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RS Comparisons of f,+ and |V 4]

1 1
'_f_D_+__: I |VCd| I
[ I I I | [ I I 1 I I 1 | | I I 1 1 1 1 I 1 T T T T T T T T | T T T T | T T I T T T
FNALMILC PRD98,074512 212.7+0.6 - S i T L
ETM PRD91,054507 207.4:3.8 — PDG  PDG2020, "7y 0.214+0.003+0.009  —=—

CLEO PRD78,052003, uv+tv 206.818.7+2.5 =——ilies— CLEO PRD78,052003, D*—uv+tv 0.218+0.009+0.003 —_—
BESIII PRD89,051104, uv 203.845.241.8 —a— BESIII PRD89,051104,D">pv  0.2150+0.0055:0.0020 ===
\\
BESIII Expected (20fb™), uv  203.8+2.0+1.5 -~ 2.7% = 1.2% BESII  Expected (20fb™), D*>uv  0.2150+0.0021:0.0017 = | | 2.7% = 1.3%
||||||||||||||||||||||||| |l|||,|,,|,|,|||,|||||
120 140 160 180 200 220 0.05 0.1 0.15 0.2
f,- (MeV) Vel
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7%+ % Comparisons of f2~K(0) and f2°™(0)

HUNAN UNIVERSITY

PRD96,054514 .76520.
ETM 0.765+0.031 | ETM  PRD96,054514 0.612+0.035 e >4%,
«— 201022021
HPQCD PRD104,034505 0.7380+0.0044 " 2.450.6%
. <070 HPQCD PRD84,114505 0.666:+0.02+0.021 —

Belle PRL97,061804, D°>KT'v 0.695+0.007+0.022 ==

) Belle  PRL97,061804, D’»nTv 0.624+0.02+0.003 ———
BaBar PRD76,052005, D°>Ke'v  0.727+0.007+0.009 -
CLEO PRD80,032005, D—Ke*v 0.739+0.007+0.005 .- BaBar PRD76,052005, D°>re*v  0.61+0.02+0.005 - =

+ 0,4+,

BESII PRD92,112008, D*>Kle'v  0.748+0.007+0.012 —-u- CLEO  PRD80,032005, D_ste*v 0.666+0.019+0.005 b

BESIII PRD96,012002, D+%ng‘\' 0.7246+0.0041:0.0115 =-m=
BESII PRD96,012002, D*—nle*v  0.6216+0.0115+0.0035 ---

BESII PRL122,011804, D" 5K pu*v  0.7327+0.0039+0.0030 o

BESIII PRD92,072012, D’ rety 0.6372+0.0080+0.0044 - V)
BESII PRD92,072012, D°~Ke*v  0.7368+0.0026:0.0036 & «—o" —— 0.6% ' 1.6%
e 0 S e o
BESIIl Expected (20fb™"), D°—>K'e*v 0.7368+0.0009:0.0036 & «—o"W—— (.5% BESH  Bosclad20h-hDxay GOSTUI00I 0018 - D 0.8%
| | I I | I | I I | l | N R R | I | I I | I | I I | | L B 1 1 I | Y [e] [O | I [ Y O N | | | ey I O l ) [ [ | I { I [ [ | l Y Y e I | I
0.2 L3 0.4 0.5 0.6 0.7 0.8 01 02 0s 04 05 0B 0.7
D—-K D-on
f,7(0) f,7(0)
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