(Semi-)leptonic charmed meson decays
at BESIII
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Double-tag method for D°D" and D™D~

The yields of tag modes can be written

as
Ntag =2- NDD . Btag - EST (1)
The signal yields can be written as @oo_ /D0
et -~ e
Nsig =2+ Npp - Brag * Bsig - €DT  (2) s 9(3770) <t
D+/D0 .o Rgcoil
The branching fractions of semi- ~ °
leptonic Ds decays are determined Plve
by
Ngi /(€ g
Bsig _ g,/( DT/CST> (3)
Ntag
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Double-tag method for D°D° and DD~

9 possible single tags at BESIII
NST(D()D())N2.31\"I and NST(DJrD—)Nl.E)l\’I with 9 tags @3773

GeV~2.93fb~1
K'm 80F Kt 15 K§mn®
40¢ 60
10,
~ 20 40 -
= 20 S
X ol %
2 M krwn 10r o Kin'nm
Z 60 10
=
= 40 5 5
2 2 J ‘ 3
H 65.K+n'n'n* 23 K'nnn® Tkkw
-
=
40 §
10
20f |
1.84 186 1.88 1.84 1.86 1.88 1.84 1.86 1.88
M, (GeV/c?) M, (GeV/c?) M, (GeV/c?)

signal side: X (X =e,pu,
hadron) is reconstructed,
the missing neutrinos are
determined by

2 2 2
Mmiss = Emiss - |_p>miss|

Emiss = Ecm — A/ |?tag|2 + mp — Ex

?miss = 7?tag - ?X
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Introduction

Double-tag method for D:*DF

direct: Tag Ds from e" e~ in-direct: Tag Ds from D

s

Tag mode: KTK=7—, ...

MBC = \/ E%)eam - |7tag|27

suppress non-DsD background

70 /s =4.178 GeV as sampl
i —+ data
z 60 [direct NST = 2ND5_ Dt Btagetag
& 50 Wl in-direct
2 [ opencharm
L 40 —
= [ qabar Npt = 2ND5_ DF Btangigetag,sig
= 30 [Dother
|2}
e 20 .
5 B(sig) = goe— Npr
@ 10 sTepT/€sT

1.96 1.98 200 202 204 206
Mg (GeVic?)
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Introduction

Double-tag method for D:*DF

16 possible single tags at BESIII

Ng7~0.78M with 16 tags @4.178-4.226 GeV~3.19tb~1+3.13fh~1

/s =4.178 GeV as sample

A

Events / (1.4 MeVE?) (x107)
8 o

300 Di- K'K “!5 enchar
er

i

signal side: X (X =, e, u) is
reconstructed, the missing
neutrinos are determined by

2 _ 2 B iics |2
Mmiss - Emiss [P miss|
miss —

Ecm — £/ ‘?tag|2 + m%s - E’Y(ﬂ'o) — Ex

Brotes = —Fras — B 00) — Bx
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DF = 7 (T = etverriun
- +1, wvia +, 5
Dy — m7v, via 7T — €' Vel
tot o ¢ the total energy of the good EMC showers, excluding FSR and those

associated in ST

hd KK 1000
200}

100 ¢

PRL127(2021)171801
o NISE = 4940 4 94
@ B(Df = ttu) =
(5.27+0.10 £ 0.12)%
] fDSJr | Vc5| =
(244.4 4+ 2.3 £2.9) MeV

The most precise result
to date~1.5%

Events / (0.1 GeV)

0.5

1 15 2
1 ¢ Data
] — Bestfit
¢ Non-D; background(BG)
i [ D{—Xe'v,BG

2 . ! 77 Di—Kjev, BG
) 05 o * - - DK BG

0 05 1 1.5 2 0 0.5ml 1 15 2 DI T (e v v, signal
Eex[m (GeV) ---- Signal + all BGs
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Leptonic Decays of D;r DSJr sttt = 7t 70, ),

Df -7ty viatt >«

Simultaneous fit to

+ 05

T Vs

2 @y/s=4.178-4.226 GeV

g

3]
]

Events/ (0.024 GeV¥/ ¢4

8o

=
o

Events/ (0.04 GeV¥c?)
N
o

Npt = 1745 £ 84

—~ 40F E
4178Gevq{ 2 4.189 GeV ;E o 4199 Gev |

S 3 | PRD 104(2021)032001

S g

S 20f S

3 3 . Data

§ 10p é —— Best fit

o = ——— Sig: D} — v,

T 38. 1s Bkg: D — K'n'n®

% 4219 GeV % a0k | 4226GeV]  ____ kgD — waty

g 20k g 20 1 Bkg: D] — x*a’n’

S S I . Blge DY —> (' gty whv,)

3 S 20f 9 e .

ﬁ 10F é Bkg: e'e” — (v, ID]D;

@ o 10p e — ——— Bkg: others

050565 o 900 65 10
MM? (GeV?/c?)

B(Df — ttv;)

= (5.29 + 0.25 £ 0.20)%

fpr|Ves| = (244.8 £ 5.8 - 4.8) MeV  Precision: 3.1%
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Leptonic Decays of Dj D:r st T - nto ),

Df — 77y, via 7"

— o,

An unbinned simultaneous maximum likelihood fit to two dimensional

distributions

/s =4.178 GeV as sa

mple

Number of events/0.02 (GeV/c?f

p-like

L0 B O 9
005 01 015 02
My, (D7) MeV/c?

o LI
-0.2 -0.15 -0.1 -0.05 0

i B 21 S WG
1900 1920 1940 1960 1980 2000 2020

My, (GeV/c?)’

PRD 104(2021)052009

@ u-like (upper): Egyc < 300
MeV, mixture of
Df — 7t (= nt o)y, and
D;" — ,u""z/l,

@ m-like (lower): Egyc > 300
MeV, dominated of
D;r — 7t (= o),

—+— Data

Best fit

......... Sig: D} — Tv,via T — 7,
- SigeD! = v,
— . — .- Total background
— ——— Bkes: both tag and signal are wrong

[ 40 xMC sample scaled

N(DS — p ) = 2198 + 55 N(DF — 71v,) = 946138
B(DF — ptv,) = (0.5354+0.013 £ 0.016)% B(DF — 7Hv.) = (5.21 £ 0.25 +0.17)%

oo | Vesly = (243.1 £3.0 £ 3.8) MeV

o [ Veslr = (243.0 £ 5.8 £ 4.1) MeV 44,5,



Leptonic Decays of D D:r st T - nto ),

Comparison of fp and |V

With the values of Gg, mp,, m-, and 7p, [PDG 2022].

Input |Ves|ckmritter = 0.97349 4+ 0.00016 Input f,+ = (249.9 + 0.5) MeV
itter D
s LQCD
—— 77— T

ETM(2+1+1)  PRO91(2015)054507 247241 ot CKMFitter og73za000011
FMILC(2+1+1)  PROS8(2018)074512 249204 1 HFLAV18 EPICE1(2021)226 09620010 .
FLAGIS(2+1+1) ancvi190208191 hepla] 249,205 )¢

CLEO PRO79(2009)0520025,9 098200440021 b4
HFLAV18 EPaCeL(2021)226 254532 - CLeEo PRDS0(2009)1120047v 100800520019 bet
CLEO PRD79(2009)0520021.v 251811253 bt CLEO PRD79(2009)0520017,v 107200680016+t
GLEO PROBO(2009)1120047,v 27013450 beed e oy, Lonwooeanote |b
CLEO 005)052001 277817540 — 09 2 .
BaBar PRDB2(2010)0911037,,v 24468.6:120  Hmemtrt Belle JHEPO09(20: = 9. T,V 1.01%0.0120.028 Ll
B JHEPOS(2012)1301,, 0 s B BESIII 0,482 fly' PRO%(016)0720040 095600620020 et
BESII| 0.482 fb* 25317851 —e—i CLEO PRD79(2009)0 100000420016 te4
CLEO PRD79(2009)0520014v 256210240 et BaBar PRO2(201 103200330020 bl
BaBar PRD82(2010)091103)v 26498476 [re Belle 096200260019t
Belle JHEP0S(2013)139 v ugaceds  bed BESIII 3.1 fb! 098500140014 M
BESII 319 fb!  PRLI2(OIO07IEZN 25363736 Vot

P BESII 632 fp )  PRD104,052000C021pw 097300120015 W
BESII6.32 b  PROIICO21)0520090y  249.83.0:39 ot | e g
BESII 632 o PROI04(2021)05 rrevymp BESIIG32 b FFD 101052000 G025y 057200230005
BESIII 6.32 fo!  PRD104(2021)03200 251.65.9:4.9 = BESIIN6.32 fb RD 104, 03200 0.980:0.0230.019 -
BESleao iy pRuziGozyITIBOLLY  ssrmaaso  w BESII 6.32 fbF  PRL127, 171801 097800020012 W
BESII w310 a2 25141822 " combings BESIII WIW e woRW | 09TmooR00m Combied
for [MeV \%
o; [MeV] Vel
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Leptonic Decays of Dj D:r st T - nto ),

Test of Lepton flavor universality

Combined results:
B(Df — ptw,) = (543 +0.15) x 1073

B(Df — 7Fv,) = (5.32+0.11)%

Rp

CLEO
CLEO
CLEO
BaBar
Belle

BESII6.32 b "

BESIII 6.32 b RO

BESIIN 6.32 iy "RU1T

_ B(D:——Hﬁl’u)
s B(DF—=7tur)

530:047:022 Bt

49620372087 et

570:0212030

et

S20s0l b

S20:025:020 W
-

52740102012

B(D;5t*V) (%)

BESIIN 3.19 fb™*

BESII 0.482 fb*

PRU122(2019)0718020

PRD94(2016)072004pv

542016015

51079021  b——em—i

CLEO PRD79(2009)0520014v 565046017 ——
BaBar PRDB2(2010)091103y 602038034 H——H
Belle JHEP09(2013)139 v 4.310.28:0.20 H—e—H
BESII6.32fb?  PRDI0 535013016 Hell

| |

0 5

B(D; - u'v,) x 10°

=9.824+0.36 SM prediction: 9.75

No LFU violation in 7 — pflavors with the current precision.
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D% = K1(1270) e e
Observation of DY — K;(1270) eT v,

Two dimensional unbinned extended maximum likelihood simultaneous
fits(K1(1270)” — K- m).

- ~ [Sig.> 100
3 g 7% PRL 127(2021)131801
N% 40 z
= = —4— Data
- s
Z Z Best fit
3 20k 2 ) .
§ 0 § ---------- Sig: D'—K,(1270) e*v,
= = ——- Peaking bkg: D"—Km*n*n
8 bbbl gt R UE ok O an byl ——- Other bkgs
<010 -005 0.00 005 0.10 10 12 14 16
M2, (GeVZ/ch) M. (GeV/c?)

o Npp =109.0+£12.5

o B(D® — K;(1270)" et ve) = (1.09 4+ 0.1370 09 + 0.12.,)%
r

0 —ety . .
o -l tre — 1 90 4 0.02¢ £ 0.145ys. £ 0.04¢y (Isospin conservation
Dt —Kq1(1270)0etve

test)

13/22



Semileptonic Decays of pO(+) and Dj pO(+) Re+1/e

Measurement of branching fractions of D’t) — Ket v,

Independent measurement with new method at BESIII.
Nsig — NDDB2(D — Rel/e)ﬁsig = B(D — Reye) = NSig

NnpéEsio
DD%s1g
PPUD104(2021)002008
—+— Data —}— Data
[ signalmc 100 [ sigaivic
g 300 — | Dﬂ‘)K'“ V.and T‘:*K"’"“"’r "\: I. Il v K'e T, and DK Ry,
E " E - bl Il » K v and D oK wey,
8 200 [ o 3w, 3686, w770 ononDB | 10 |.II [ 4 3w w3686), w3770} >mon-DB
S [ other DD Decays S 50l I [ other DB Decays
3 3 .t
g z f
g 100 g
= = +
1
0 0 1 2 3
M2 (GeV¥c) M2, (GeV¥ct)
miss miss

B(D° — K~ etve) = (3.567 + 0.031 4+ 0.021)%

B(Dt — Ketve) = (8.68 +0.14 4+ 0.16)%
F(DO%K_E-"Ve)

F(D+—>Re+ue)

= 1.039 + 0.021(Support isospin symmetry within 1.90)
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Semileptonic Decays of pO(+) and Dj p° — p7u+

Observation of D’ — p~u'v,

First measurement of D° — p~utv,(p~ — 7~ n0)

s _t D Sig.> 100
R Signal
< [ e Peaking BKG
S T @ Simalaed ik
s °
5
H
x
-0.1 0 0.1
M2, (GeV¥/c4)

_ B(D°—=p pty,) y

Ru/e = B oot = 0.90 +0.11 SM(0.93-

T

2L (ot p0pt i)

Yp

PRD104(2021)L091103

NpTt = 570 £ 40

o B(D" - ppty,) =

(1.35 4 0.09 £ 0.09) x 1073

0.96)

S Poemutuy) 71 4 0.14(Support isospin symmetry within 2.10)
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Semileptonic Decays of pO(+) and Dj D:r — XeT Ve

Precision measurement of DI — Xe'v,

Sort recoil side selected tracks into eighteen momentum (p) bins for p. > 200
MeV/c

The signal yields Afiinalv = Np.>200Mev/c + Np,<200Mevyc(extrapolate)
s Te

1800 PRD124(2021)012003
G:jgg;_ @ X means Inclusive MC
S E_ ignal _ n . .
Brom o NE L = 16648+ 326
512225 @ B(Df — Xetve) =

£ -2

2 wor. (6.30 +0.13 4 0.10) x 10
o 400 @ Consistent, improved by a factor

200 of 2.5 compared to that from

0O CLEO
0 200 400 600 800 1000 1200

p (MeVic)

B(Df — Xetve) — 32, B(DF — Xie™ve) known = (—0.04 £ 0.13 £ 0.20) x 102
No evidence for the existence of unobserved D} semileptonic decay modes

r
Dioxetve 790 4+ 0.016 = 0.020 (consistent with prediction~0.813)

Lpo_yxet ve
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Semileptonic Decays of pO(+) and Dj D:r — f()s+ue

Measurement of branching fraction of D — fet v,

Two dimensional unbinned extended maximum likelihood fit(fy — 7070).

T T T

T
t Data

§ 20[- — Total fit ST @) % N (b)
3 Signal 1
g - chkgmund g
S 2 PRD105(2022)L031101
= Z10H T ]
& b . & { S -
0.1 0 0.1 0.8 1 NDT = 048 + 101
MM*(GeV?/ct) M,,(GeVie?)

o means fy(500) . N
tlw \ Llw B(Dg — f(980)e"ve) =
o I ata > Of ata ] —
2 e e 2 T e e (7.94+1.44+04) x 1074
@ — Background MC @ 4 — Background MC J
2% 13 i
2 s 1 ]

2 2 J{QLL B(Df — £,(500)etve) <

=== 0 B === 5 01 —4

MM? (GeV?/c*) MM? (GeV?/c?) 7.3 x 10
1+ i i ]
© (Y]
+ +
_}é — Nominal _}é — Nominal B (DS - K(S)K(S)e l/e) <
iy — Upperlimit | ¥ — Upper limit 38 X 10_4
o/ - oLt
0 10 0 H 10
B(D—Ge*V,, 6-1'1°) (x 107) BID*—KOK%ev,) (x 10%)
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DI = 20(980)" e
Search for D — ay(980)et v,

PRD103(2021)092004

§;10;

Tt

> L

o |

g L

S5

s
o ) il ] ey oL )
0.2 -0.1 0 0.1 02 -2 0 2

MM? (GeV%¢c*) BF (x 10%)

No significant signal is observed

B(DF — ap(980)etve) x B(ap(980) — 7n) < 1.2 x 10~*
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Semileptonic Decays of pO(+) and Dj D:r — 7r05+l/e

Search for D} — wlet v,

arXiv:2206.13870

[ 3
(=]
T

Events/(20 MeV/c?)
=

o
-0.2 -0.1 0 0.1 0.2
MM? (GeVc?)

No significant signal is observed

B(Df — 70tve) < 6.4 x 107°
consistent with the predicted BF of DY — 7etve, (2.65+0.38) x 107°
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Conclusions

Prospects

e More analyses of Ds — v, and Ds — Tv;

Improved analyses of Ds — n()v

Improved analyses of Ds — K0v

Improved analyses of Ds — KKlv

Improved analyses of Ds — wmwlv

Improved measurements of D — uv,, and D — Tv;

Improved measurements of DO(+) —(P,V,S, and A)lv
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Conclusions

Conclusions

In recent two years, with 2.93fb~! at 3.773 GeV and 6.32 fb~! from

4.178-4.226 GeV data samples, BESIII have studied leptonic and
semi-leptonic decays.

@ Precisely measured @ Searches for
o Df = 7tu,

o Df — a9(980)et v,
o 7T — ever; o DF — nletu,
e T — 7'l'+71'0177—
e T = TiUs
o DI — pty,
o D;L — Xe+l/e
e First observation for o New method B
o D' — Ki(1270) etv, o D™ — Ketv,
o D’ = pmuty,

In the near future, BESIII will collect 20 fb~'@ 3.773 GeV data

sample, and another 3fb~1@ 4.178 GeV, the precisions will be further
improved.
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Thank youl
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