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1 Motivation

2 BESIII dataset and double-tag method

3 Recent results at BESIII

4 Summary and Prospect
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Motivation

Motivation

*
cqV +

W

+/0
(s)D

P

c

q’

q’

q
lν

+
l

)2(qP
+f

dΓ
dq2 ∝ |Vcq|2|f+(q2)|2

VCKM =

Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb


Uncertainties dominated by |Vcs| and |Vcd|

Semi-leptonic decays of charm mesons are important for determining CKM matrix
elements |Vcs(d)|, calibrating LQCD, testing LFU, et al.
FF measurement⇒Calibrate LQCD calculations
|Vcq| measurement ⇒Test CKM matrix unitarity
BF ratios⇒Test lepton flavor universality (LFU)
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BESIII dataset and double-tag method

BESIII dataset and double-tag method

e+e− annihilations data near threshold
⇒Double-tag method& Clean environment
Undetectable neutrinos⇒extract the semileptonic signals
Umiss = Emiss − |⃗pmiss|, M 2

miss = E 2
miss − |⃗pmiss| 2

BF with double-tag method: B = NDT
NSTϵDT/ϵST

⇒Systematic uncertainties on the ST mostly canceled

Data sample Ecm (GeV) Lint (fb−1) Single tag yields (×106)
e+e− → ψ(3770) → DD̄ 3.773 20.3 D̄0 ∼16.9; D− ∼11.0

e+e− → D±
s D∗∓

s 4.128-4.226 7.33 D−
s ∼0.8

e+e− → D∗+
s D∗−

s 4.237-4.669 10.64 D−
s ∼0.12

( ) BESIII 4 / 26
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Recent results at BESIII

D(s) → P(S)ℓ+νℓ
Theoretical expression of differential decay rate:

Point-like: D(s) → Pℓ+νℓ (P = K, π, η, η′) [PRD101(2020)013004]

dΓ
dq2 =

G2
F|Vcq|2

24π3
(q2 − m2

ℓ )
2 |⃗pP|

q4m2
D

(1 +
m2

ℓ

2q2 )m
2
D |⃗pP|2|f+(q2)|2

Consider resonance’s width: D(s) → Sℓ+νℓ (S = a0(980), f0(980), f0(500))
[PRD102(2020)016022, PLB759(2016)501]

d 2Γ

dq2ds =
G2

F|Vcq|2

192π4m3
D
λ1/2(m2

D, s, q2)(1−
m2

ℓ

q2 )
2(1 +

m2
ℓ

2q2 )λ(m
2
D, s, q2)|f+(q2)|2P(s)

P(s) =

 P(s) = g1ρππ

|m2
0−s−i(g1ρππ+g2ρKK̄)|2

,Flatte for a0(980)/f0(980)
mf0Γ(s)

(s−mf0 )
2+m2

f0
Γ2(s) ,RBW for f0(500)
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Recent results at BESIII D → Pℓ+νℓ

D0 → K−ℓ+νℓ and D+ → K̄0ℓ+νℓ

PRD110(2024)112006 Data: 7.93 fb−1@3.773 GeV
Improved measurement of BFs
B(D0 → K−e+νe) = (3.521± 0.009± 0.016)%
B(D0 → K−µ+νµ) = (3.419± 0.011± 0.016)%
B(D+ → K̄0e+νe) = (8.864± 0.039± 0.082)%
B(D+ → K̄0µ+νµ) = (8.665± 0.046± 0.084)%
Most precision LFU test: Consistent with
RSM = 0.975±0.001
B(D0→K−µ+νµ)

B(D0→K−e+νe)
= 0.971± 0.004± 0.006

B(D+→K̄0µ+νµ)

B(D+→K̄0e+νe)
= 0.978± 0.007± 0.013

Isospin test: Consistent with 1
Γ(D0→K−e+νe)
Γ(D+→K̄0e+νe)

= 1.000± 0.007± 0.012

Γ(D0→K−µ+νµ)

Γ(D+→K̄0µ+νµ)
= 0.993± 0.008± 0.012

( ) BESIII 6 / 26
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Recent results at BESIII D → Pℓ+νℓ

D0 → K−ℓ+νℓ and D+ → K̄0ℓ+νℓ

(0)K→D
+f

0 0.2 0.4 0.6 0.8

LCSR IJMPA21(2006)6125 0.067±0.661

LFQM JPG39(2012)025005 0.01 ±0.79

QM JPG39(2012)025005 0.762

CCQM FP14(2019)64401 0.12±0.78

RQM PRD101(2020)013004 0.716

LQCD PRD96(2017)054514 0.031±0.765

LQCD PRD104(2021)034505 0.0044±0.7380

LQCD PRD107(2023)014510 0.0040±0.7441

LQCD PRD107(2023)094516 0.0031±0.7452

Belle eν+eK→PRL97(2006)061804,D 0.022±0.007±0.695

BaBar eν+e-K→0PRD76(2007)052005,D 0.009±0.007±0.727

CLEO eν+eK→PRD80(2009)032005,D 0.005±0.007±0.739

BESIII eν+eL
0K→+PRD92(2015)112008,D 0.012±0.007±0.748

BESIII eν+e
0

K→+PRD96(2017)012002,D 0.0115±0.0041±0.7246

BESIII µν+µ-K→0PRL122(2019)011804,D 0.0030±0.0038±0.7327

BESIII eν+e-K→0PRD92(2015)072012,D 0.0036±0.0026±0.7368

BESIII lν+lK→PRD110(2024)112006, D 0.0013±0.0011±0.7366 =0.23%σ

Latest LQCD: f D→K
+ (0) = 0.7452(31) (σ = 2.4% → 0.4%)

Most precisions of FF f K
+(0) (σ = 0.23%) and |Vcs| (σ = 0.48%)

f K
+(0) = 0.7366± 0.0011stat ± 0.0013syst; |Vcs| = 0.9623± 0.0015stat ± 0.0017syst ± 0.0040LQCD

Measured FF f K
+(0) is consistent with the LQCD calculations within 2.5σ
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Recent results at BESIII D → Pℓ+νℓ

D+
s → η(′)µ+νµ

Data: 7.33 fb−1@4.128-4.226 GeV PRL132(2024)091802
Precision of BFs are improved by a factor of ∼6
B(D+

s → ηµ+νµ) = (2.235± 0.051± 0.052)%
B(D+

s → η′µ+νµ) = (0.801± 0.055± 0.028)%
First extraction of the FFs via semimuonic decays
f η+(0) = 0.465± 0.010± 0.007; f η

′

+ (0) = 0.518± 0.038± 0.012
Most precision test of lepton flavor universality in Ds sector
Rη

µ/e = 0.991± 0.029± 0.016; Rη′

µ/e = 0.988± 0.082± 0.031

First extraction of the forward-backward asymmetry parameters
⟨Aη

FB⟩ = −0.059± 0.031± 0.005; ⟨Aη′

FB⟩ = −0.064± 0.079± 0.006 (0)
η
+f

-0.5 0 0.5

BESIII µCombine e+ 0.0062±0.0060±0.4643

BESIII µν+µη→+
s

PRL132,091802, D 0.007±0.010±0.465

BESIII eν+eη→+
s

PRD108,092003, D 0.0066±0.0073±0.4642

QCD SR PLB 520, 78 (2001) 0.04±0.50

CCQM PRD 98, 114031 (2018) 0.12±0.78

CCQM Front Phys. 14, 64401 (2019) 0.07±0.49

CQM PRD 62, 014006 (2000) 0.78

LFQM JPG 39, 025005 (2012) 0.76

LFQM(II) PRD 80, 015022 (2009) 0.48

LFQM(I) PRD 80, 015022 (2009) 0.50

LCSR JPG 38, 095001 (2011) 0.14±0.45

LCSR PRD 88, 034023 (2013) 0.033±0.432

LCSR JHEP 11, 138 (2015)
-0.029
+0.0300.495

LCSR EPJC 82, 12 (2022)
-0.036
+0.0400.476

LQCD(II) PRD 91, 014503 (2015) 0.011±0.564

LQCD(I) PRD 91, 014503 (2015) 0.013±0.542
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Recent results at BESIII D → Pℓ+νℓ

D+ → η′ℓ+νℓ
E

ve
nt

s 
/ (

0.
01

6 
G

eV
)

 (GeV)missU

eν+'eη → +D

0

50

100

0.2− 0.1− 0.0 0.1 0.2

Data
Data fit
Other background

µν+µ'η → +D

0

50

100

0.2− 0.1− 0.0 0.1 0.2

Data
Data fit

+π'η→+D
0π+π'η→+D

Other background

)2
(q

+f
/eµ

R

)4 c
-2

G
eV

-1
 (

ns
2

 q∆/Γ∆

)4c/2 (GeV2q

0.2

0.4

0.6
µν+µ'η → +D

Data fit
(a)

eν+'eη → +D
Data fit

0.2

0.4

0.6

0.0 0.2 0.4 0.6 0.8

(b)

0.5

1.0

1.5 This work CCQM [1]
CCQM [6] LCSR [7]
LCSR [8] LCHO [10]

(c)

2

4

0.0 0.2 0.4 0.6 0.8

eΓ∆/µΓ∆
SM prediction

(d)

(0
)

+
'η f

)-410×) (lν+'lη→+B(D

0.2

0.4

0.6

0.8

1.0

0 2 4 6

eν+'eη→+D
This work
CCQM [1]
CCQM [6]
LCSR [7]
LCSR [8]
RQM [9]
LCHO [10]

µν+µ'η→+D
This work
CCQM [1]
CCQM [6]
RQM [9]

σ5
σ3
σ1

Data: 20.3 fb−1@3.773 GeV PRL134(2025)111801
First observation of D+ → η′µ+νµ with significance of 8.6σ
B(D+ → η′µ+νµ) = (1.92± 0.28± 0.08)× 10−4; B(D+ → η′e+νe) = (1.79± 0.19± 0.07)× 10−4

First extraction of the FF of D+ → η′ℓ+νℓ: f η
′

+ (0) = 0.263± 0.025± 0.006

LFU test: Rη′

µ/e = 1.07± 0.19± 0.03

η − η′ mixing angle: ϕP = (39.8± 0.8± 0.3)◦ (cot4 ϕP =
ΓD+

s →η′ℓ+νℓ
/ΓD+

s →ηℓ+νℓ

ΓD+→η′ℓ+νℓ
/ΓD+→ηℓ+νℓ

)
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Recent results at BESIII D → Pℓ+νℓ

D+ → ηℓ+νℓ

arXiv:2506.02521, submitted to JHEP
Data: 20.3 fb−1@3.773 GeV
Precisions of BFs and FF are improved by ∼ 2×
B(D+ → ηµ+νµ) = (9.08± 0.35± 0.23)× 10−4

B(D+ → ηe+νe) = (9.75± 0.29± 0.28)× 10−4

f η+(0) = 0.345± 0.008± 0.003

LFU test: Rη
µ/e = 0.93± 0.05± 0.02=⇒ Consistent with SM

( ) BESIII 10 / 26
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Recent results at BESIII D → Pℓ+νℓ

Comparison of |Vcs|
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Recent results at BESIII D → Sℓ+νℓ

D+
s → f0(980)e+νe via f0(980) → π+π−

7.33 fb−1@4.128-4.226 GeV PRL132(2024)141901
Updated BF measurement
B(D+

s → f0(980)π+π−e+νe) = (1.72± 0.13± 0.10)× 10−3

qq̄ mixing angle: sinϕ(1/
√
2)(uū + dd̄) + cosϕs̄s

ϕ = (19.7± 12.8)◦ ⇒ s̄s component dominates

First FF measurement: f f0(980)
+ (0) = 0.518± 0.018± 0.036

First search of D+
s → f0(500)e+νe (Mπ+π− <0.45 GeV/c2)

B(D+
s → f0(500)π+π−e+νe) < 3.3× 10−4@90% C. L.

( ) BESIII 12 / 26
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Recent results at BESIII D → Sℓ+νℓ

D+ → f0(500)µ+νµ and D+ → π+π−ℓ+νℓ

2.93 fb−1@3.773 GeV PRD110(2024)092008

First observation of D+ → f0(500)µ+νµ

BD+→f0(500)π+π−µ+νµ
= (0.72± 0.13± 0.10)× 10−3

BD+→ρ0
π+π−µ+νµ

= (1.64± 0.13± 0.11)× 10−3

First FF measurement: f f0(500)
+ (0) = 0.63± 0.06± 0.05

Rρ0

µ/e = 0.88± 0.10 (SM∼0.96), Rf0(500)
µ/e = 1.14± 0.28 (SM∼0.90)

( ) BESIII 13 / 26
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Recent results at BESIII D → Sℓ+νℓ

D0 → a0(980)−e+νe via a0(980)− → ηπ−

2D fit to Umiss vs. Mηπ−

N = 51.8± 10

Data: 7.93 fb−1@3.773 GeV PRD111(2025)L091501
Improve measurement of BF
B(D0 → a0(980)−e+νe, a0(980)− → ηπ−) =
(0.86± 0.17± 0.05)× 10−4

First extraction of the FF
f a0(980)
+ (0) = 0.559± 0.056± 0.013

( ) BESIII 14 / 26
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Recent results at BESIII D → Vℓ+νℓ

D → Vℓ+νℓ (V = K∗(892), ρ, ω, ϕ)

Γ(D → Vℓ+νℓ) ∝ |Vcd(s)|2I(A1(q2),A2(q2),V(q2)...)dm2dq2d cos(θh) cos(θℓ)dχ

[Phys. Rev. 137, B438 (1965), Phys. Rev. D 46,5040 (1992)]

Decay intensity I include S,P,D wave
components
Five kinematic variables: m, q2, θK, θµ, χ

Three FF parameterization (single pole)
A1,2(q2) = A1,2(0)

1−q2/M2
A
; V(q2) = V(0)

1−q2/M2
V

rV = V(0)
A1(0)

; r2 = A2(0)
A1(0)

Un-binned maximum likelihood
−InL = (−InLdata)− (−InLbkg)

( ) BESIII 15 / 26
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Recent results at BESIII D → Vℓ+νℓ

D0 → K∗(892)−µ+νµ via K∗(892)− → K−π0

PRL134(2025)011803
Data: 7.9 fb−1@3.773 GeV=⇒ NDT = 6436± 119

First measurement of BF
B(D0 → K−π0µ+νµ) = (0.729± 0.014± 0.011)%
B(D0 → K∗(892)−µ+νµ) = (2.062±0.039±0.032)%
LFU test (RSM ∼ 0.92− 0.99) Consistent

Rµ/e =
B(D0→K∗(892)−µ+νµ)
B(D0→K∗(892)−e+νe)

= 1.020±0.030±0.028

First FF measurement
rV = V(0)

A1(0)
= 1.37± 0.09± 0.03

r2 = A2(0)
A1(0)

= 0.76± 0.06± 0.02
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Recent results at BESIII D → Vℓ+νℓ

D0 → K∗(892)−e+νe via K∗(892)− → K̄0π−

Data: 7.9 fb−1@3.773 GeV=⇒ NDT = 8752± 132 JHEP03(2025)197
Updated measurement of BF
B(D0 → K̄0π0e+νe) = (1.444± 0.022± 0.024)%; B(D0 → K∗(892)−e+νe) = (2.039± 0.032± 0.034)%
Updated FF measurement
rV = V(0)

A1(0)
= 1.48± 0.05± 0.02; r2 = A2(0)

A1(0)
= 0.70± 0.04± 0.02; A1(0) = 0.610± 0.007± 0.004
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Recent results at BESIII D → Vℓ+νℓ

D0 → K∗(892)−µ+νµ via K∗(892)− → K̄0π−

PRL135(2025)111803
Data: 7.9 fb−1@3.773 GeV=⇒ NDT = 6796± 98

First measurement of BF
B(D0 → K̄0π0µ+νµ) = (1.373± 0.020± 0.023)%
B(D0 → K∗(892)−µ+νµ) = (1.948±0.033±0.036)%
LFU test (RSM ∼ 0.92− 0.99) Consistent

Rµ/e =
B(D0→K∗(892)−µ+νµ)
B(D0→K∗(892)−e+νe)

= 0.955±0.020±0.017

Rµ/e =
B(D0→K̄0π−µ+νµ)
B(D0→K0π−e+νe)

= 0.951± 0.020± 0.016

First FF measurement
rV = V(0)

A1(0)
= 1.46± 0.11± 0.04

r2 = A2(0)
A1(0)

= 0.71± 0.08± 0.03

A1(0) = 0.623± 0.008± 0.008
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Recent results at BESIII D → Vℓ+νℓ

D+ → K̄∗(892)0ℓ+νℓ via K̄∗(892)0 → K0
Sπ

0

arXiv:2506.05761, Accepted by PRL

Data: 20.3 fb−1@3.773 GeV

6767 ± 126 11095 ± 137

First observation of D+ → K0
Sπ

0µ+νµ

B(D+ → K0
Sπ

0µ+νµ) = (0.896± 0.017± 0.008)%
B(D+ → K0

Sπ
0e+νe) = (0.943± 0.012± 0.010)%

B(D+ → K̄∗(892)0µ+νµ) = (5.00± 0.10± 0.06)%
B(D+ → K̄∗(892)0e+νe) = (5.29± 0.07± 0.06)%
LFU test (RSM ∼ 0.92− 0.95) Consistent
Rµ/e =

B(D+→K̄∗(892)0µ+νµ)

B(D+→K̄∗(892)0e+νe)
= 0.94± 0.02± 0.01

Improved FF measurement
rV =

V(0)
A1(0)

= 1.42± 0.03± 0.02

r2 =
A2(0)
A1(0)

= 0.75± 0.03± 0.01
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Recent results at BESIII D → Vℓ+νℓ

D+ → K̄∗(892)0ℓ+νℓ via K̄∗(892)0 → K0
Sπ

0

NP contributions may result CPV or LFV
in D → K0

Sπ
0ℓ+νℓ

LFV can be test via: integrated and
q2-binned Rµ/e
CPV can be test via: ACP and a full set of
angular observables ⟨Ai⟩ and ⟨Si⟩
In SM model, all ⟨Ai⟩, ACP and ⟨S7,8,9⟩
are zero.
No deviation from SM is seen.
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Recent results at BESIII D → Vℓ+νℓ

Summary of D → K̄πℓ+νℓ

D0 → K̄0π−e+νe D0 → K̄0π−µ+νµ D0 → K−π0µ+νµ D+ → K̄0π0ℓ+νℓ

Reference JHEP03(2025)197 PRL135(2025)111803 PRL134(2025)011803 arXiv:2506.05761
Accepted by PRL

Data Set (fb−1) 7.93 7.93 7.93 20.3

Signal yields 8752±132 6796±98 6436±119 e : 11095± 137
µ : 6767± 126

B(D → K̄πℓ+νℓ)(%) 1.444± 0.022± 0.024 1.373± 0.020± 0.023 0.729± 0.014± 0.011
e : 0.943± 0.012± 0.010
µ : 0.896± 0.017± 0.008

B(D → K̄∗ℓ+νℓ)(%) 2.039± 0.032± 0.034 1.948± 0.033± 0.036 2.062± 0.039± 0.032
e : 5.29± 0.07± 0.06
µ : 5.00± 0.10± 0.06

rV 1.48± 0.05± 0.02 1.46± 0.11± 0.04 1.37± 0.09± 0.03 1.42± 0.03± 0.02

r2 0.70± 0.04± 0.02 0.71± 0.08± 0.03 0.76± 0.06± 0.02 0.75± 0.03± 0.01

RK̄∗

µ/e 0.955± 0.020± 0.017 1.020± 0.030± 0.028 0.94± 0.02± 0.01

Studies of D+ → K−π+ℓ+νℓ are ongoing
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Recent results at BESIII D → Vℓ+νℓ

D0 → ρ(770)−e+νe and D+
s → ϕµ+νµ

PRD110(2024)112018

Data: 7.9 fb−1@3.773 GeV⇒ N = 3337± 77

Precision of BF is improved by 1.6×
B(D0 → ρ−e+νe) = (1.439± 0.033± 0.027)× 10−3

Updated FF measurement
rV = 1.548±0.079±0.041; r2 = 0.823±0.056±0.026

JHEP12(2023)072

Data: 7.33 fb−1@4.128-4.226 GeV⇒ N = 1725± 68
Precision of BF is improved by 4.3×
B(D+

s → ϕµ+νµ) = (2.25± 0.09± 0.07)%
Updated FF measurement
rV = 1.58± 0.17± 0.02; r2 = 0.71± 0.14± 0.02
LFU test: Rϕ

µ/e = 0.94± 0.08
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Recent results at BESIII D → Ae+νe

D0(+) → K̄1(1270)e+νe via K̄1(1270) → K−π+π0(−)

1270± 56 731± 35

FF/BF vs. K1(1270)− K1(1400) mixing angle θK1 Data: 20.3 fb−1@3.773 GeV PRL135(2025)091801
Improved measurement of BF
B(D+ → K̄1(1270)0e+νe) = (2.27± 0.11± 0.10)× 10−3

B(D0 → K1(1270)−e+νe) = (1.02± 0.06± 0.07)× 10−3

First extraction of FF [cited from PRD104(2021)053003]
rA = (−11.2± 1.0± 0.9)× 10−2

rV = (−4.3± 0.10± 2.5)× 10−2

No evidence of D → K̄1(1400)e+νe; UL is set at 90% C.L.
B(D0(+) → K̄1(1400)e+ν + e) < 1.4× 10−4(0.7× 10−4)
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Recent results at BESIII D → Ae+νe

D0(+) → K̄1(1270)µ
+νµ via K̄1(1270) → K−π+π0(−)

Data: 7.9 fb−1@ 3.773 GeV PRD111(2025)L071101
Observation of D+ → K̄1(1270)

0µ+νµ (12.5σ) and D0 → K1(1270)
−µ+νµ (6.0σ)

B(D+ → K̄1(1270)
0µ+νµ) = (2.36± 0.20+0.18

−0.27 ± 0.48)× 10−3

B(D0 → K1(1270)
−µ+νµ) = (0.78± 0.11+0.05

−0.09 ± 0.15)× 10−3

LFU test: RD+

µ/e = 1.03± 0.14+0.11
−0.15; RD0

µ/e = 0.74± 0.13+0.08
−0.13

Isospin conservation: Γ(D+→K̄1(1270)
0µ+νµ)

Γ(D0→K1(1270)−µ+νµ)
= 1.22± 0.10+0.06

−0.09
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Recent results at BESIII D → Ae+νe

D0(+) → b1(1235)e+νe via b1(1235) → ωπ

D0

D+

Data: 7.9 fb−1@ 3.773 GeV arXiv:2407.20551, submitted to PRL
First observation of D0 → b1(1235)e+νe (5.2σ); Evidence of D+ → b1(1235)

0e+νe (3.1σ)

B(D0 → b1(1235)
−e+νe, b1(1235)

− → ωπ−) = (0.72± 0.18+0.06
−0.08)× 10−4

B(D+ → b1(1235)
0e+νe, b1(1235)

0 → ωπ0) = (1.16± 0.44± 0.16)× 10−4

Isospin test: Γ(D0→b−
1 e+νe)

2Γ(D+→b0
1e+νe)

= 0.78± 0.19± 0.05, consistent with 1
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Summary and Prospect

Summary and Prospect
Summary:

Recent results of semileptonic decays of charm meson at BESIII are reported:
Precisions of |Vcs| and f D→K̄

+ (0) have been reduced to 0.5% and 0.25%, respectively!
No evidence of µ− e LFU violation is found (especially for D0(+) → K̄ℓ+νℓ σ = 0.7%(1.5%))
Precision measurements of BF and FF for D(s) → η(′)ℓ+νℓ and D → K̄∗ℓ+νℓ
Study the nature of light hadrons in semi-leptonic decay (a0, f0, b1 and K1)

Prospect:
20.3 fb−1data @3.773 GeV is ready at Jul. 2024, more precision measurements, searching
for rare semileptonic decays, and jointed measurements of multiple channels will be
presented;
Additional 3 fb−1data @4.178 GeV in future [CPC44(2020)040001] will further improve
the precisions in Ds sector.

Thank you
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