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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.g|) =2 Test the unitarity of CKM matrix

B(D(s) - T+V—L-)

» Measure R = m
B(D(s) = UTVy)

—> Test the lepton flavor universality

C cd(s) &
w* '

Dis)
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D m
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7l # + % Beijing Electron Positron Collider (BEPCII)

HUNAN UNIVERSITY

s
beam energy: 1.0-2. 3(2 45) Ge

2020: energy upgrade to 2.45 GeV
& 22N 2004: started BEPCII upgrade,
BESIII construction

B 0 N - N
BESIIl . S oo’ ) 2008: test run
' detector R 2009-now: BESIII physics run
| 4% - 1989-2004 (BEPC):
Loeak=1.0x103/cm?s
* 2009-now (BEPCII):
=1.0x10%3/cm?s (4/5/2016)

peak



VRS
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BESIII detector

RPC: 9
layers
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5—;’- < 0.5% @1 GeV

S(dE /dx
(dE//dx) < 6%
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S Data samples at BESII|
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BESIII D*(0):2.93(8) 3.773 2010-2011(+2022)
D :7.33 4.128-4.223 2013-2019
CLEO-c  D*(0):0.82 3.770 — 2008
D& :0.6 4.170

2023—2024 : 8 > 20 fb~1 y(3770) (for D*(©) at BESIII.



eSS Pure leptonic D decay
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Well known mode —=>  Single tag K*
-
D; .
[ A
> Single tag (ST) et T o

ST _
Ntag — 2ND}‘DSBtag €tag

» Double tag (DT) “/ \ - < d Signal side <— Aim to study

DT _
Ntag,sig — ZNDstBtangigBy(no)esig
T T : _ -
: B. — tag,sig : | |
sig — ST, ,a /,.a | 2 = E%. — D] 2
: By(no) Z“ Ntag Esig/etag I I Mmlss Emlss |£mlssl

& By(n0) = B(D; — y(n°)Ds)



S Studies of D} — £t v,

Phys. Rev. D 104, 052009 (2021) |
> Data: 6.3fb~! @4.18 — 4.23 GeV
> Ngig = 946 46

» B(DF - p*tv,)=(535+£0.13£0.16) x 1073

fplVesl = (243.1 £3.0 £ 3.7) MeV precision~2.0%

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

> B(DS - ttv,) = (5214 025+ 0.17)%

forlVesl = (243.0 £ 5.8 + 4.0)MeV [z] precision ~2.9%

_ B(DS »ttvg) +0.61
R = 2o = 973408} +037

SM prediction: 9.75 + 0.01

...........
-------
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S Studies of D} — £t v,
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[ e e e e ——— — 1 Bl — — — "

Phys. Rev. D 104, 032001 (2021) |

| ! Ii Data _ L I
4 150: 4178 GeV ieum sof 4199 GeV
» Data: 6.3fb™" @4.18 — 4.23 GeV [ 5
100} ey,

ChDD,

> Ny, = 1745 + 84

Events / (0.024 GeV?/c%)
Events / (0.04 GeV*/ c%)
Events / (0.04 GeV?/ ¢%)

> B(DF - t+v,) = (529 + 0.25 + 0.20)%

% z 30 4219 Gev 12
.. > [ 1 %
fD;rIVCSI = (244.8 + 5.8 + 4.8) MeV precision~3.1% é % §
B(Dd— 1t vy) £ £ z
R = =9.894+0.71 2 s 9
B(DS - ut vy)BEsi ry = = =
] 00 0510
SM prediction: 9.75 + 0.01 ' ’ ' “MM? (GeV¥ch)

BESIII: Phys. Rev. D 104, 052009 (2021)
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Ak Z Studies of D - % v,

200}
> Data: 6.3 fb~! @4.18 — 4.23 GeV 100b:
_ 100 N
> Nsig = 4940 + 97 % *
> B(DF - ttv,) = (5274010 + 0.12)% o s
=
foilVes| = (2444 + 2.3 £ 2.9)MeV  precision~1.5% g
2 20
(OF o v) é’ 150 F:
_ B(Df-ottvy) 100
R = B(DI - 1" V) ppe =9.72 + 0.37 SOE;* S " | |
PORRARNNN | 3001 0 05 1 15 2
e ] 6, t Data
SM prediction: 9.75 + 0.01 200 ' 1 200F: 1 — Bestfit
o ] 4 ¢ Non-D] background(BG)
100, | 1 100k - Di—Xe'v, BG
] D;—>ng+ve BG
0 05 1 15 2 --Ig":lj"s(n;:iv )v.. signal
Ef;;;ttra (GEV) ---- Sisgnal +all BeG; '
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Comparisons of fp+ and [V |

1 |
. fpr Ves|
L-_-_S___I ________
IIIIIIIIIIIIIIIIII|IIII|IIII|IIII IIIIIIIIII|IIIIIIIIIIII|II
NAL/MILC PRD98,074512 249.9+0.4 " SM fit PDG2020 0.97320:0.00011 -
RBC/UKQCD JHEP1712,008 246.4t1.37] = DELPHI PLB439,209, W' >3 0.94:0.32:0.13 -
RBC/UKQCD PRD92,034517 254.0+2.0+4.0 - PDG  PDG2020, D-KI*v 0.939+0.038 -
ETM PRD91,054057 247.2+4.7 - CLEO PRD79,052002,D;-1, v 0.981:0.043+0.021 -
FNAL/MILC PRD90,074509 249.0+0.3"") L] CLEO PRDS80,112004, D>t v 1.001:0.052+0.020 -
FNAL/MILC PRDB85,114506 260.110.8 i CLEO PRD79,052001,D -t v 1.080:0.068+0.016 -
HPQCD PRD82,114504 248.0+2.5 ] BaBar PRD82,091103, D;_’:m ..V 0.949:0.035:0.055 g
CLEO om0 - 252.8+11.2¢55 = Belle JHEP1309,139,D >z, .. v1.017:0.019:0.028 -
EtEE PROT9.052081 1 v 255-%‘3-3?-2 T BESII PRD94,072004,D]5uv, © v 0.936:0.063:0.025  =m=
BoBar  PRDE2091103, < v 248610 is142mm CLEO PRD79.052001,D.iv  1.000:0.040:0016 =
; R DD BaBar PRD82,091103, D’ v 1.032:0.033:0.029 -
Belle JHEP1309,139, 1, LV 262.2+4.817.4 -- JHEP1509.138. D° -1y
BESIII PRD94,072004, v, T_ Vo 241.0+16.346.6—= Belle 139, sv_‘-“"' 0.969+0.026+0.019 -
CLEO PRD79.052001. uv 257.6+10.344.3 - BESIl PRL122,121801, D —n'ev 0.917+0.094:0.021 ==
BaBar PRD82,091103, uv 265.9+8.417.7 —— BESII PRL122,121801, D, —rniev 1.031£0.012:0.080 -
Bolle  JHEP1309,139, v 2498166150 e BESII PRL1Z2011804, 0\ >Kuy  0967:0004:0.007
BESIII PRL122,071802, uv 252.9+43.743.6 = BESII 122, g 0.885:0.014:0.014 .
BESII PRD104,052009, pv 249.8+3.0+3.9 o BESIII PRD104,052009, Dg PPV 0.973:0.012+0.015 L]
BESII PRD104,052009, t_v 249.7+6.0+4.2  =m= 0 BESIII PRD104,052009, Dfrm.v 0.972+0.023+0.016 -
BESIII PRD104,032001, '[p‘__\,' 51.645.9+4.9 ..://1.5/0 BESII PRD104,032001, D’ 1 v 0.980+0.023:0.019 s - 1.5%
ESIII PRL127,171801, =, 251.1:2.4+3.0 BESII PRL127,171801, D TV 0.§78:0.009:0012 "
IIII|IIIIIIII| |IIITIIIIIIII l||Jl||l||J IllIIlIIJlllll
-50 0 50 100 150 200 250 - -1 05 0 0.5 1
f, (MeV Vv
o, (MeV) \A
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RS Semi-leptonic D — P(S) et v,
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dr GE Veacs|? Dynamics stud
=X — 22— pUIfe (@) y y

dq? ~ 2473 55
—
(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 model



Study of D} —» nlet v,

~ | Nog=-6.9 +£7.2 k e

! ] N

= 20 ianifi i 0.8

= ~I No significant signal ] :

= ‘ g

ﬁ n

< 10 ;

= F

0 ,

0 o o i K .“'..%
TO Study T[ - 77 mIXIng eﬁeCt _0 2| T I T P T R M R _._,o" < iO L ) {l) _ ‘}";.;_-:j_lo

> Data: 6.3 b1 @4.18 — 4.23 GeV MM? (GeV?/c*) BF (x 10”)
> B(DF - nletv,) < 6.4 X 107°>@90%CL

Theory: (2.65 + 0.38) x 10~5 [PLB811,135879(2020)]



il #+ % Scalar particle in D¢ semi-leptonic decay
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[ e e e e—

N05|gn|f|cant5|gnal
— T 8 ——

G:'+Data"ll ' s 0 a
S @ v | @ } 121
520 ot : ) % 4OF } Data ~ % 6 { Data ]
g i = [ —ocev,MC S | — K%%+v, MC
(= 8 | — Background MC 8 4_——Backgr0und MC N
S10 < 20 \ 13 | T ]
z | 5 | | 57 ] :
5 2 | _ 2 1 ||
LE | (84 B '__.rl _|—1_|__‘_1__'___'_ [Sa RS e e :
0 , _ _ e N N R T VR N R
MM*GeV¥c%) M o(GeV/e?) MM? (GeV¥c* MM? (GeV?/c*)
1} 4 i
(© (d)
> Data: 6.3 fb~! @4.18 — 4.23 GeV o | — Nominal |  Nominal |
- — Upper limit — Upper limit
» Ngig = 54.8 + 10.1 (significance: 7.80) | '
> B(DS - f,(980)et v, f,(980) » 7% = (79+1.44+0.4)x107* 0 T N RS o
0 10 5 10
> B(DF - f,(500)e™ v,, f,(500) - %) < 7.3 x 107* @90%CL B(D!—=Ge*v,, 6—-1'n’) (x 107) B(D!>KKge*v,) (x 107

> B(DF - K2KJetv,) < 3.8 x 107* @90%CL
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mﬁk?
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Inclusive D¢ semi-leptonic decay

> Data: 6.3fb~! @4.18 — 4.23 GeV
> Nigg(Dy » KYK~17) = 26266041137

» N, = 16648 + 326

sig

B(DF > Xetv,) = (6.30 + 0.13 4 0.09 + 0.04)% Precision~2.6%

B(DF > Xetv,) oo = (6.52 + 0.39 + 0.15)%

B(DF - Xetv,) — ZB(DS+ - X;etv,)

l
= (—0.04 + 0.13 + 0.09 + 0.17)%

No evidence for unobserved
exclusive semi-electronic modes

2022/8/17

Precision~6.4%

Hunan University

~~ Fitting

1800
1600
1400
1200
1000

[0}
o
o

600
400
200

Events/(50 MeV/c)

o

o I| II|III|III|III|III|III|III|III|III|II

1 | 1 1 I 1 1 | I 1 1 1
600 800 1000 1200

p (MeV/c)

1 | 1
400

Extract DS — Xe*v,signal yields from e
momentum spectrum
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S

New method forD - Ke v,

S S I RS - _+_ L . — T T T
| Phys. Rev. D 104, 052008 (2021) | 1 D® > K~etv, Dt > KO%*tv, |
— — — — — — — — — — — — — o e e o = Em e = = e =4 e o - e e e . = 4
Independent sample of previous measurement [ — bua —F— bua
[ signaimc 100 — [ ] signaimc
- - 7300 - ‘e’ V, an ' K- etv, 41:; R PP,
with hadronic tags & —— ki I B o e,
> B — e ‘ > B 1 - D'—)ng' V,and D*—>K'm*e*v,
6 - (VK 'K'e*e 6 5 B
L 200 — 1 q@ Iy, w(3686), y(3770)>non-DD o L'I Cl 4% ¥y, Y(3686), y(3770)>non-DD
. = e [ other DD Decays S - | l:l Other DD Decays
> Data; 2.93 fb~! @3.773 GeV s 1 R S %0 " e
g 100 Ngig =4040 £ 70 Fg _ . Nsig =1172 1+ 38
> Bs, = v Npr/(Npp " €pr) ’ A |
0= 1 3
M2, (GeV¥c%) M2, (GeV¥cY)
L L L L B L IO BN L L L L L L L B
0 - 4 . 0 BES 3.82+0.40+0.27 —_— BES 8.95+1.59+0.67
B(D - K-e Ve) . (3'567 +0.031% 0'025) /0 BESII  3.505+0.014+0.033 - i
N o CLEO-C  3.5040.03+0.04 ] BESIIPF  8.892+0.054+0.206 --
B(D - K e Ve) — (868 i 014 i 016)% Belle 3.451+0.10+0.19 —_— BESIIP 8.59+0.14+0.21 —
E691 3.60+0.28+0.4440.03 ~ = ] N
CLEO  3.56+0.24+0.24+0.03 —_— BESII"  8.60£0.06:0.15 1
CLEO2  3.86+0.110.17+0.03 — CLEO-c  8.83+0.10+0.20 -
BaBar  3.662+0.028+0.047+0.029 -
PDG 3.54940.035 | PDG 8.73£0.10 -
This work 3.567+0.031:0.025 | | This work 8,68:0.14+0.16 e |
1 15 2 25 3 35 4 4 5 6 7 8 9 10
B(D’—> K'e*v,) (%) B(D*— K’e*v,) (%)
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442  Newdecay mode D*© —» D% ete

____________ ]
]

> Data: 3.19 b~ @4.18 (a)

» Ngi,=420.9+16.9

sig
» Nyef = 238151 + 468

D*0 - DOete~

Events /(2.0 MeV/c?)
Events /(2.0 MeV/c2)
Events / (2.0 MeV/c?)

B(D*® —» DY%ete™) | ‘

Nsig Eref - — 0 — 0
o B 1.98 2 2.02 2.04 1.98 2 2.02 2.04 1.98 2 2.02 2.04
N. c €o: ref M, (GeV/c?)
ref sig

o

= (3.91+ 0.27 + 0.17 + 0.10) x 1073 R )
a I 3 )
'5: 20000 - % 30000 E
= I = =
= = =
3 : < 20000 d D% —» D%
% 10000 f g - i é
= - i | t f
= : E : 'raf \\ = .%
0 e B el AP 0 PR SO | T — g 0 e s by e T s e
1.98 2 2.02 2.04 1.98 2 2.02 2.04 1.98 2 2.02 2.04
M, (GeV/e?) M, (GeV/e?) M, (GeV/c?)



Pl k2 Summary and prospect
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» Summary

(1) We have reported precision measurements of f,+, |Vcs| and test of lepton flavor universality by
studying the leptonic decays of D — =+ v_.

(2) We have reported the studies of D - n%e*v,, D} - n°n%e*v, , DF > KIK2e*v, and

Inclusive D, semi-leptonic decay.

(3) We have also reported the new method for D — K e v, and the new decay mode D*Y

— DY%ete™.
> 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 1.0% 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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RS Other semi-leptonic D decays
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v D - K;(1270)"e™v, PRL127,131801(2021)
v D% - p(770) uty, PRD104,1.091103(2021)
v D™ - py(1235)"@etv,  PRD102,112005(2020)
v DT > nuty, PRL124,231801(2020)
v DT > wuty, PRD101,072005(2020)
v D¥ > K;(1270)%"v, PRL123,231801(2019)
v DM 5 g p0ety, PRL122,062001(2019)
v D} - KXty PRL122,061801(2019)
v D% Koz etv, PRD99,011103R(2019)
v DI - ppetv, PRD100,112008(2019)
v Df - vyetv, PRD99,072002(2019)
v D% > K uty, PRL122,011804(2019)
v Dt -1ty PRL123,211802(2019)
v DM - q4(980)"@ety PRL121,081802(2018)
v DY - nOu*vand pu*v PRD97,012006(2018)
v Dt - nUOety, PRD97,092009(2018)
v DM g=Opty, PRL121,171803(2018)
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Comparisons of fp+ and |V 4]

I — T N B B L N I — T

FNAL/MILC PRD98,074512 212.740.6 [}

ETM PRD91,054507 207.4+3.8 ——

CLEO PRD78,052003, [LV+TV 206.848.7+2.5 =il

BESIII PRD89,051104, uv 203.8£5.2+1.8 —=—

BESIII Expected (20fb™), uv  203.8+2.0+1.5 =-m= 2.7% > 1.2%
coe e by co e by B

I|I
120 140 160 180 200 220
f. (MeV)

202218117 IT—T——

SMfit PDG2020

PDG PDG2020, D" —n v

CLEO PRD78,052003, D" —uv+tv

BESIII PRD89,051104, D" —puv

0.22529+0.00041

0.214+0.003+0.009

0.218+0.009+0.003

e

0.2150+0.0055+0.0020 —m~—

\

|

2.7% > 1.3%

BESII  Expected (20fb™), D*—>uv  0.2150+0.0021+0.0017 =
1 | | 1 | | I ] | ] | | | | 1
0.05 0.1 0.15 0.2
V4
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7%+ % Comparisons of f27X(0) and f2°7(0)

| | i D—- E
 £D=K Y | fr (0) |
L)+ ! v IE N i
||||||||||||||| ||||||||| ||||| IIII|IIII|IIII|||II|IIII|IIII|III||
+
ETM PRD96,054514 0.765+0.031 — ETM PRD96.054514 0.612+0.035 I .
«— 2010->2021
HPQCD PRD104,034505 0.7380+0.0044 . 9 430.6%
: 070 HPQCD PRD84,114505 0.666+0.02+0.021 —
Belle PRL97,061804, D°K1v  0.695:0.007+0.022 —&—
_ Belle  PRL97,061804, D°xl'v  0.624+0.02+0.003 —
BaBar PRD76,052005, D° >K'e'v  0.727+0.007+0.009 -
CLEO PRDS80,032005, D>Ke’v  0.739+0.007+0.005 ‘o BaBar  PRD76,052005, D°>me'v  0.61£0.02:0.005 —-—
BESIIl PRD92,112008, D' >KJe'v  0.748+0.007+0.012 ™~ CLEO  PRD80,032005, D—7e’v  0.666+0.019:0.005 ——
BESIIl PRD96,012002, D°>K’e*v  0.7246+0.0041:0.0115 ==
BESII PRD96,012002, D*rle*v  0.6216+0.0115+0.0035 &  =m=
BESII PRL122,011804, D"—Ku*v  0.7327+0.0039:0.0030
BESII PRD92,072012, D’me*v  0.6372:0.0080+0.0044 -, | 16%
BESII PRD92,072012, D°»K'e*v  0.7368+0.0026+0.0036 ® «————— 0.7%
A, 0 . | 0)
BESIIl Expected (20fb"), D°>Ke*v 0.7368+0.0009+0.0036 & «——1— 0.6% BESHI  Expected (20fb"), D'—we’v 0.6372+0.0031-0.0044 m) 0.8%
||||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||||||
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 04 05 0.6 0.7
D—K Dorx
f.7(0) f,(0)
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