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(Semi)leptonic D decays
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PDG2014 = ema— - |
(" AVia/Vua = 0.02% WuslVus=00% 1 4y vy =129+ )
-< . ! ] <V e'?‘
/< L
1 n K Q ;c I‘B Q TVC l
Direct L ____ o Vil = 020300008 1) = (413£049) x 2070 |
measurement:| [ AVea/Vea=3.6% AVes/Ves = 1.6% I
. g . AV, /Vep = 3.2%
(semi)leptoni \‘I'"v'g'_')p'l"l'-"""W'—')E'i','-'li pitel !
c D decays i < D <., % B .—\\. :

| D=
£ Vo] = 0.225 & 0.008 Tt Vis| = 0.986 + 0.016

AVq/Via = AV /Vs = 6.8%

B, BE B,le” pgB

Vis| = (40.0 £ 2.7) x 10

7.1%

[Vial = (8.4£0.6) x 1073

V.4 Vs and V, are the best determined due to flavor symmetries: I, SU(3),

K b Vel = (41.1£1.3) x 10‘

-3 V| = 1.021 + 0.032 )

Ath/th = 3-1%

1

Indirect
constraint:
Hadronic D
decays

HQS. Charm (V4 & V..) and rest of the beauty sector (V,,, V4, Vi) are poorly
determined. Theoretical errors on hadronic matrix element dominate.
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2020: energy upgrade to 2.45 GeV
2004: started BEPCII upgrade,

N BESIII construction

* ) 2008: test run

= 2009-now: BESIII physics run

- BESIII
' detector

. 1989-2004 (BEPC):
Loea=1.0x10%1/cm?s
e 2009-now (BEPCII):
Loca=1.1x10%3/cm?s (2022, 2023) 5



1E5HEAXIIT (BESIIN)

NIMA614(2010)345
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EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel

AE/E =5.0% @ 1 GeV - Endcaps
:— TOF:

¢80=

or = 80 ps Barrel
ot = 110 (60) ps Endcap

0 6 0 _;9500

—ps0d

€60

MDC: small cell & He gas

Gyy= 130 pm
c,/p = 0.5% @1GeV
dE/dx = 6%

Magnet: 1T Super conducting
Muon ID: 9 layer RPC

Trigger: Tracks & Showers

Excellent resolution, particle identification, and large coverage
for neutral and charged particles
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Data samples at BESIII

2016:
2017:

20089:

2010:
2011:

2012:

2013:

2014:

20089:
2015:

106M P (3686)

225M /Y

0.98 fb1y(3770)

2.93 fb11(3770) (D°H), total)
0.48 fb'l @4.01 GeV

0.45B 1(3686) (total)

1.30B J/y (total)

1.09 fbl @4.23 GeV (XYZ&D)
0.83 fbl @4.26 GeV

0.54 fbl @4.36 GeV

10x0.05 fb1 XYZ scan@3.81-4.42 GeV
1.03 fb'l @4.42 GeV

0.11 fb'l1 @4.47 GeV

0.11 fb! @4.53 GeV

0.05 fb'l @4.575 GeV

0.57 fb1 @4.60 GeV (XYZ&A])
0.80 fb! R scan @3.85-4.59 GeV
106M P (3686)

R-scan 2-3 GeV+2.175 GeV

2018:
2019:

2020:
2021:

2022:

3.20fb 1 @4.178 GeV (XYZ&D)

7x0.50 fbl @4.19-4.22 GeV (XYZ&DY),
@4.24-4.27 (XYZ)

More J/i+tuning new RF cavity

10B J/1 (total)

8x0.50 fb1XYZ scan@4.13, 4.16 (XYZ&D?),
4.29-4.44 GeV

3.8 bl @ 4.61-4.7 GeV (XYZ&A)

2.0fbl @ 4.74-4.946 GeV

2.7B Y¥(3686) (total)

0.4 fb* @3.650 GeV

0.4 fb* @3.682 GeV

2.957.9 b1 (3770) (D°H), total)

2023-2024: 7.9—20.3 fb1 4(3770) (for D°(H), total)

2x0.42 fbt4(3770) scan
0.14 fb! @3.800-3.885 GeV
0.13fb? @3.554 GeV

0.025 fb! @1.84-2.00 GeV

>50 fb! at E_ between 1.84 and 4.95 GeV in 15 year running
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Belle @ KEKB BaBar @ PEP-I |
*e” 1 ~10.6 GeV (Y(4S)) ete” 1 ~10.6 GeV (Y(4S)) CLEO-

c(ete” —>cc)=1.3nb c(e*e” > cc)=1.3nb
Lpeak =2x10% cm™= s’ Lpeak =1X 1034 cm2s1 -
SC Solenoid Aerogeégg:'r:p o IF?W?‘ | - FeReEnes SC Quadrupole — = X r'—‘wia:-m‘p-m l
Pylon

Csi(TI) Drift Chamber
Calorimeter ~

TOF Counter —

0.8 fb-'@3.774

0.98 ab GeV

"— et (3.1GeV)

/ \ Endcap
sC ? N\ Calorimeter
* e / 0.6 fb-'@4.170
7N \. Cemral = . .
| o ,/\: Drift Chamber Rare Earth A 4 ,., lron
o q Electromagnetic Quadrupole \ G eV
Calorimeter
Cherenkov Detector
Silicon Vertex B (PIRG) Detect: Mlﬂnel
Detector KLMuon Detector Gl a‘"" Mw"

Iron Chambers

BESII @ BEPC || BESII LHCb @ LHC EEE)

Muon chambers

ete” : 2-46 GeV c(cc) =1.4-2.6 mb o p?r‘igger'—ID

+Aa- — Lpeak = 4 % 1032 cm=2 s - f -
295203 fb'@3.773 Gev O(€'€” —> C€C) =3 nb (luminosity leveling) iy /% |
Lpeak - 1 X 1033 Cm_2 S_1 ] . ‘

7.33 fb-'@4.13-4.23 GeV

4.50 fb1@4.6-4.7 GeV

........

Solenmd

Barrel il i ; _ ‘(/' ,"/,,"I - =
ToF Wi~ — e 2 \¢ aetion taidky | ol — 1t
1 0.6 fb_1 @423 '47 GeV Engcap iy X WL DAl : |2 HEROCIE P?‘:?:j‘ | | & | l_l\
ToF o e i ; /| R =
RICH system CALO systems
Hedron ID Trigger + y/e energy and ID JINST 3 9




The world largest threshold charmed hadrons at BESIII

e Produced in pair > Double tag method
'IT Low background - low systematic uncertainties

et 3 ‘_ Quantum correlation for y(3770) —» D°D° pairs
W e—

Yields of Singly Tagged (ST) charmed hadrons

E.., DEYE! taklng year L (fb-1) ST DY STD* STD} ST A}
(GeV) yield Yield yield yield

3.773 2010-11 (=22022-24) 293 > 203 2. /M (~7x) 1.7M (~7x)

4.009 2011 0.48 13K
4.13-4.23 2016,2017,2012,2019 7.33 0.8M
4.6-4.7 2014, 2020 4.5 0.12M

Total yields of various charmed hadrons at BESIII are lower than Belle and LHCb by 2-3 orders.
However, BESIII, Belle and LHCb have complimentary advantages in various charm physics 1



Publications of BESIII

BESIII physics Charm physics at BESIII
140 45
. PRL 20 m PRL
W Other 35 W Other
100 ™ Nature/Nature Physics Accepted
Accepted 30 B Submitted
80 B Submitted 25
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2011 ==
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2011
2012
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602 papers and 121 in PRL 164 papers and 32 in PRL
BN FERETE: >508XE (15%PRL)
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Studies of D* - (v,

PRD89(2014)051104 2.93 fb-1

L= 409+21
S | e R
10 & ] D+—>K?_T§+ -
C | Dt + +
[ | D=1 )
L Other D dTecays D ILI V
I 1on-DD processes

10 £

Number of Events

02 0 0.2 0.4
M2 [GeVHcY

miss

0.6

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

no
(2}

[\
o

—_
[éa}

—_
o

(5]

o

@3.773 GeV__

PRL123(2019)211802

ffirst observation

D" > 7'V

137127

Events / (0.01 GeV?/c%)

arXiv:2410.07626, m=IsEER

20.3 fb1@3.773 GeV

| +Data -
| —All PDF _
600 = Gional PDF 2890157 :
—All background
-t
M T (T )V, )
400 -—Other background J —
200~
0 - - - ~ =" L Sy = "y L "
0.2 -0.1 0.0 0.1 0.2
M. (GeV?/c?)

The most precise to date

B[D* - utv] = (3.71 £ 0.19 + 0.06) X 10™* B[D* - t*v] = (1.20 + 0.24 + 0.12) x 10~3 B[D* - pu*v] = (3.98 + 0.08 + 0.04) x 10~*

fp+|Veal = 46.7 +1.2 + 0.4 MeV

Precision~2.7%

Precision~11%

f+|Veg| = 50.4 + 5.0 + 2.5 MeV

fp+|V,ql = 47.53 +0.48 + 0.27 MeV

Precision~1.2%
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Studies of Dy - uv,

3.19 fb-1@4.18 GeV 6.3 fb-1@4.18-4.23GeV
PRL122(2019)071802 PRD104(2021)052009
;—#lﬁ{a"""""""""""—igonstgaihnedd fitCI NO-
- BKGTI: real ST D, and D} — *v, but wron: ) 250 1
c:g 300;_ %BKGH: wrong STD_or wrtilng D:—m*vu s B u% rpT]aa%C heeda : COUo ter 1:
z Jtransition y(n°) informati
~ 1136133 . ::
=20 3 with p
g | 7 counter
51005 - information i
-0.2 01 0 01 0.2 oo & —~+
Mzm " (GBVZ/C ) M2 (GeVic?) M, (D3 ) (MeV/c?)
2198455
B[D; — 1'v]=(5.49+0.16+0.15)x10"" B[DS — p*v] = (535 + 0.13 + 0.16) x 1073
fpr|Ves| = (246.2 £3.6 + 3.5) MeV fps|Ves| = (243.1 £ 3.0 £+ 3. 7) MeV
Precision~2.1% Precision~2.0%

14



PRD104(2021)032001

Studies of DI - v,

D} - tt(ptv)v

6.3 fb-1

~ AT

< 100- 4178 GeV 2 1189GeV| 4199 GeV

3 1% 3 ‘

0 § 3

3 3 3

S o S <

- 1 o 10'

z - é z

I aamncs 1 L

L 30 1209 GeV] 2 S a0

5 1% >

$ § &

; 20‘ \ g S 30-

5 \ S =]

3 | | P PR
(it S . . A
=m0 "0rTETT T

1745+84

MM (GeVY )

B[D} —» ttv] = (5.29 + 0.25 + 0.20)%

fp+[Ves| = (244.8 £ 5.8 + 48) MeV

Precision~3.1%

Number of events/0.02 (GeV/c*y*

PRD104(2021)052009

D} - T (ntv)v

6.3 fb-1

240
220
200
180
1860
140
120
100

80

N o @
S S <

PRL127(2021)171801
D} - tt(etvv)v

4940197

946+46 6.3 fb-

Number of events/2 MeV/c?
°

@
o
I
Y
1
H

. 50,
50 r
F wf
40— r
r 30f
30— E
20:— """"""""""""" 20

-
-
i-_.’)_l —
0 bt PP T T S |
-02 -0.15 -0.1 -0.05 0 0.05 0.1 015 02

Iwn?uss(GeV/Cg)2

fp+|Ves| = (243.0 £ 5.8 + 40) MeV

Precision~2.9%

Events/ (0.1 GeV)

000fa

s00[+
1 e

1 400H

120# .
] A

K'Kn

T o 400 A '
1300
2001
J0p

1 100

M.{D3) (MeV/c?)

B[DS —» 77v] = (5.21 £ 0.25+ 0.17)%

300,
2001
i

Tt L "“—
0.5 1

R
+

L5 2

E (GeV)

extra

7 800 F
600 |
1 400 |~
1w

200 &t
booh

K'Knn' ]

IS -
100 -

Data

3 =—— Best fit
4 Non-D; background(BG)

D -Xe'v, BG

Dl —Kje'v, BG

D'—Kir BG

D=t —etv T v, signal

-=== Signal + all BGs

B[DS —» 77v] = (5.27 £ 0.10 + 0.12)%

for [Ves| = (244.4 + 2.3 £ 2.9) MeV

Precision~1.5%
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More measurements of D} — [ty

PRD108(2023)112001 PRD108(2023)092014
D} - utv D} - tt(x*v)y BDT

733 fp-1 2515+52 7.33 fb- 2411475
e A Aammemee T ;
v ¥ N ool f

— 300 — g RealD and nonD; ”“ e e g 400~ —— PDF: Total —
X o ERRakD. ‘ 'l' \ C‘r > [ FoF: Signal i
E 200; "‘ N 02 -0d 0. 0.1 (E "qc: 200__ -PDF: BKG ]
2 with p i ]
Z | counter oL ]
é 1001 1 f | t. 2_I L { o ‘_:
, fnrormation = 20 p i pbanbibg by ot by

S ] = LF LARE AR B PR T++TT+T ST AREME

02 010 o1 0.2 " 06 04 02 0o 02

miss

B[DS — ptv] = (5.29 + 0.11 + 0.09) x 1073 D5 > t7v] = (544 £0.17 £ 0.13)%

fpt[Ves| = (241.8 £ 2.5+ 2.2) MeV  fp|Vi| = (248.3 + 3.9+ 32) MeV

Precision~1.4% Precision~2.0%

The most precise to date

JHEP09(2023)124
D} - Tt (utvw)v
7.33 fb-1

4 3001
1 200

——T
{ q00i- KK

1 20fff

t
z

vents / (0.1 GeV)

E
E

S0k
I

S0

S0

2281173

[Di—s w'wmw
. 300k
R TN CTLI
r 1100 I !
2 " | Enr " 7—“ r
KK TKer D~ KIK"

40

B[DS —» 77v] = (5.37 £ 0.17 + 0.15)%

i+ [Ves| = (246.7 £ 3.9 + 36) MeV

Precision~2.2%

Dims




HFe'e” > D" Dy iARD; HIERE

PRD110 (2024) 052002 — T
eVt 4 Data | L + Data 1
4001 — Best it i 150 — — Best fit _
i D —-utv I — Signal ] | —_— f)l:gnal’
— 60— s M H ¢+ Data A Background | I " :AIJ.OVI: ]
hS L — Best fit i d 1 _100F \ DioK ]
~ . s L r\v e Other background]
X i — Signal —~ 200} RS | ]
% - Background % - % sl \ | ki
U &) - ) L H LA L ]
w 40 Q Rl E /) A== P
g S : : 2 e
=4 E E DTy, g 60}D;—-Tv, + Data R
: 5 200 - 4 Data @ - : Isiie;;;}t
= 20 é —B‘esl fit § -- B _)275‘7}(. )
g 150 — Signal 1 = 40 | ------ OIIIT;r h:;c?cgruund
Lﬂ 3 w0 Background ] | i
100} I
0 £ s S [ i R | 1 1 I T — i + — I l I E 20
-0.2 01 0 0.1 0.2 sof ] LFh -
4 H/
M2 (GeV/c) ;

0.0 0.5 1.0 1.5 2.0 02 00 02 04 06 08

Eort T (GeV) M2, (GeVZ/c%)

No lepton universality constraint Lepton universality constraint
5?4-23'4-7 GeV 10.6 Signal decay Esig (%) Npr B (%) NpY BM (%)
fb- &0, ;Q;Eimﬁ&* DY - iy, 7.81 + 0.02

i DY =1, 18.57 + 0.04
SEBESINEIEE T Db o o s L00p 2845ES3 SE0L016£020 2754269 53940144020
D — ’r;fvr 6.11 +0.02

D — ;sb"'vy 94.76 £+ 0.20 579 £ 34 0.491 £ 0.029 + 0.020 641 £ 16 0.553 £ 0.014 £ 0.021
D = iy, 74.67 £ 0.16 507 £ 26 0.547 £ 0.026 £ 0.016
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Comparisons of f,+ and f -

! | | | |
L‘LAG21(2+1+1',EPJ C82( 2()22]\869

212.1+0.7 .
FMILC(2+1+1) PRDY8(2018)074512 212.710.6 .
FMILC(2+1+1) PRDY90(2014)074509 212.610.4 .
ETM(2+1+1) PRDY1(2015)054507 207.4+£3.8 e
ETM(2+1+1) LATTICE2013(2014)314  202.018 ——

FMILC(2+1+1) LATTICE2013(2014)405  212.3+0.3+1.0 .

FMILC(2+1+1) LAT2012(2012)159 209.2+3.0+3.6 H+H

ETM@41+1)  PRD9i(2015)054507" ' 2d7.2¢41 ' Twb ]
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 .
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5 '
HFLAV21 PRD107(2023)052008 252.2+2.5 bei
CLEO PRD79(2009)052002, t v 251.8411.245.3 #—=—t
CLEO PRD80(2009)112004, v 257.0+13.3+5.0 +———
BaBar PRD82(2010)091103, 1.,V 244.6+8.6+12.0—+——
Belle JHEP09(2013)139, 1, .V 261.14.847.2 et
BESIII 6.32 fo' PRD104(2021)052009, 7,v  249.746.0+4.2
BESII 6.32 fb' PRD104(2021)032001, t,v  251.6+5.9+4.9 W=+
BESIII 6.32 fb' PRL127(2021)171801, t,v = 251.1+2.4+3.0 o
BESIII 7.33 fo! PRD108(2023)092014, 7,v  255.0+4.0+3.1 e
BESIII 7.33 fo! JHEP09(2023)124, t,v 253.444.043.7  #e
BESIII 10.6 fo! PRD110,052002, tv, DD,  259.6+3.7+4.6 H-aH

BESIII 0.482 b 1PRD94(2016)072004, nv

CLEO

BaBar

Belle

BESIII 3.19 fb
BESIII 6.32 fb
BESIII 7.33 fb"
BESIII 10.6 fb"

PRD79(2009)052001, uv
PRD82(2010)091103, uv
JHEP09(2013)139, v
PRL122(2019)071802, v
PRD104(2021)052009, v
PRD108(2023)112001, pv

PRD110,052002, uv, D "D

245.5+17 .85 4———
256.7+10.2+4.0 ¥+

264.9+8.417.6 H——H
248.816.614.8  H—
253.0+£3.7£3.6

HeH
249.8+3.0+£3.9 )
248.412.512.2 bl

253.246.1+3.7 i

BESIII Combined tv
BE[SIII Combined ™ + LV
|

253.93+1.54+1.82 ™
252.084*(1 24+1.82 W 6=0.9%
| |

HFLAV21 PRD107(2023)052008 205.1+4.4 e

CLEO,uv PRD78(2008)052003 207.2+8.7+2.5 +——1

BESIILuv PRD89(2014)051104,2.9tb" 204.2+5.3+1.7 =1

BESIIL,tv PRL123(2019)211802,2.9fb" 224.7+22.5+11.3+

|BESlll,p.v arxn-:21}11}.(17T26,21>.311)" 211.5+2.3+1.4 | M 0=1.2%
| | | | | | | | | |

0 100 200

f. (MeV)

0

100

200 -

fy: (MeV)
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Events / (0.05 GeV?/¢4)

First experimental study of D™ - e™v,

PRL131 (2023) 141802
7.33 fb-1@4.13-4.23 GeV

® Data

Total fit

L 20¢ o Signal

al- B Doty with T°5 efv ¥,
[ Other backgrounds

02 0 T 04

M2, (GeV¥/c)
B(Dy" = etv,) = (21555 +£0.2y4) x 1075
G 2.\?
* — 272 3 Al
PDF = €7ve) = g Vesl Sy (1 é)

ERaBRQCDITERD EEE,
ERIHEND; MR AN

HPQCD 274 + 6 -

LPTHE 272 £16)3 ——

LPTHE 311+9 .

UKQcD 254 +17 ——

ETM 268.8 + 6.6 -

¥QCD 274 +7 -

This Letter 2145 +44,, - -

cew o b b b b b by
0 50 100 150 200 250 300 350

- (MeV)

> NARERQCDITERID;  =EH
SEIR IR HECI TR

> XID:tEEE _FIRAIZIRBOHA I N ER




Search for D** - [ty

PRD110 (2024) 012003 6.3 fb-'1@4.18-4.23 GeV
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Form factor parameterizations:
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Recent results of DY) - K¢ v, (£ = e or p)

7.9 fb-1 @3.773 GeV

arXiv:2408.09087
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Experimental precision of f2-7(0) is still
dominated by statistical uncertainties

Experimental precision of f2-K(0) is
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LFU tests in (semi)leptonic D decays before BESIII

Tension in B physics Tension in D physics
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Tests of LFU in leptonic charm decays

PRL1 23(201 9)21 1802
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Tests of LFU in semileptonic charm decays
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Summary of LFU tests at BESIII
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