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X = P, S, V,A,分别为赝标量(pseudoscalar),标量(scalar),矢量(vector),极矢量(axion)介子

• D 介子半轻衰变可以提取CKM矩阵元|Vcd|，提供更多数据检验其幺正性
• 抽取强子化形状因子，检验格点QCD计算
• 测量衰变宽度可检验轻子普适性是否破缺
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BESIII 实实实验验验数数数据据据
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       4.189-4.226 GeV

• e+e− → ψ(3770) → DD̄, Lint =2.93+4.98 (+12) fb−1

• e+e− → DsD
∗
s ,

√
s = 4.128− 4.226 GeV, Lint=7.33 fb−1

• 优势: 正负电子对撞近阈产生，本底干净, 介子对产生可用双标记进一步提高样本纯
度
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双双双标标标记记记实实实验验验方方方法法法

• 标记道
• D̄0 → K+π−, ...
• D− → K+π−π−, ...
• D−

s → K+K−π−, ...

• 分支比测量
• Ntag = 2NDD̄Btagϵtag
• NDT = 2NDD̄BtagBsigϵDT

• Bsig = NDT
NtagϵDT/ϵtag

丢失的中微子特征变量定义为：

• Umiss = Emiss − |p⃗miss|
• Emiss = Ecm − Etag − EP − Eℓ+

• M2
miss = E2

miss − |p⃗miss|2

• p⃗miss = −p⃗tag − p⃗P − p⃗ℓ+
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单单单标标标记记记样样样本本本
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• 2.93 fb−1 (7.9 fb−1) data
• 三个黄金标记道样本数N D̄0

ST ∼ 2.4M (6.6M)
• 六个黄金标记道样本数ND−

ST ∼ 1.6M (4.3M)
• 7.33 fb−1 data

• 十六个标记道样本数ND−
s

ST ∼ 0.8M
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D → Pℓν 衰衰衰变变变

dΓ
dq2
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8q2

(m2
D −m2

P )
2|f0(q2)|2

]
dq2

X = 1 for K−, π−, K̄0, and η(′); X = 1/2 for π0

• Single pole model

• f+(q
2) = f+(0)

1− q2

M2
pole

• Modified pole model
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• f+(q
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P (q2)Φ(q2)
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rk[z(q
2)]k)
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D → Pℓν 中中中c → sℓ+νℓ 衰衰衰变变变
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总总总结结结D → Pℓν 中中中c → sℓ+νℓ 衰衰衰变变变的的的形形形状状状因因因子子子与与与|Vcs|
f D→K
+ LQCD = 0.7452(31), f Ds→η

+ LQCD
= 0.495(30), f Ds→η′

+ LQCD
= 0.558(47),

|Vcs| GlobalFit = 0.97349(16)

Channel Reference L/Ecm (fb−1/GeV) f+(0) |Vcs| ∆exp (%)

D0 → K−e+νe PRD92,072012

2.93/3.773

0.7367(26)(36)(01) 0.9624(34)(47)(40) 0.6
D+ → K̄0e+νe PRD96,012002 0.724(04)(11)(01) 0.946(05)(15)(04) 1.7
D+ → K0

Le
+νe PRD92,112008 0.748(06)(11)(01) 0.977(08)(15)(04) 1.7

D0 → K−µ+νµ PRL122,011804 0.7327(39)(31)(01) 0.9572(50)(40)(40) 0.7

D+
s → ηe+νe PRL123,121801 3.19/4.178

0.458(10)(07) 0.900(20)(14)(55) 2.7
D+

s → η′e+νe 0.518(35)(09) 0.903(60)(15)(76) 7.0

D+
s → ηe+νe PRD108,092003 7.33/4.128-4.226

0.4642(73)(66) 0.913(14)(13)(55) 2.1
D+

s → η′e+νe 0.540(25)(09) 0.941(44)(16)(79) 4.9

D+
s → ηµ+νµ PRL132,091802 7.33/4.128-4.226

0.463(10)(08) 0.911(20)(16)(55) 2.8
D+

s → η′µ+νµ 0.520(38)(11) 0.907(67)(19)(76) 7.6

D0 → K−ℓ+νℓ simultanous fit ongoing 8/3.773 review(16/3.773 ongoing)
D+ → K̄0ℓ+νe

实验测量的最高精度: 0.6% for |Vcs| and f D→K
+ (0), 2.1% for f Ds→η

+ (0), 4.9% for

f Ds→η′

+ (0)
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D → Pℓν 中中中c → dℓ+νℓ 衰衰衰变变变
D0 → π−e+νe PRD92,072012D+ → π0e+νePRD96,012002

D+ → ηe+νe PRD97,092009 D+ → ηµ+νµ PRL124,231801 D+
s → K0e+νe PRL122,061801
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总总总结结结D → Pℓν 中中中c → dℓ+νℓ 衰衰衰变变变的的的形形形状状状因因因子子子与与与|Vcd|

f D→π
+ LQCD = 0.6300(51), f D→η

+ LQCD
= 0.36(5), f Ds→K

+ LQCD
= 0.7452(31),

|Vcd| GlobalFit = 0.22486(67)

Channel Reference L/Ecm (fb−1/GeV) f+(0) |Vcd| ∆exp (%)

D0 → π−e+νe PRD92,072012
2.93/3.773

0.6382(80)(40)(19) 0.2278(29)(14)(18) 1.8
D+ → π0e+νe PRD96,012002 0.623(12)(03)(02) 0.222(04)(01)(02) 1.9

D+ → ηe+νe PRD97,092009
2.93/3.773

0.350(28)(09)(01) 0.218(18)(06)(30) 8.6
D+ → ηµ+νµ PRL124,23180 0.387(36)(09)(01) 0.242(22)(06)(34) 9.5

D+
s → K0e+νe PRL122,061801 3.19/4.178 0.720(84)(13)(02) 0.217(25)(04)(01) 11.9

D+
s → K0e+νe ongoing 7.33/4.128-4.226(review)

D0 → π−ℓ+νℓ simultanous fit ongoing 8/3.773 review(16/3.773 ongoing)
D+ → π0ℓ+νe
D+ → ηℓ+νℓ simultanous fit ongoing 8/3.773 review

D+ → η′ℓ+νℓ simultanous fit ongoing 8/3.773 review

实验测量的最高精度: 1.8% for |Vcd| and 1.4% for f D→π
+ (0)
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的|Vcs| 与与与|Vcd| 比比比较较较

|
cd

|V

-0.6 -0.4 -0.2 0 0.2

BESIII ντPRL123(2019)211802,  0.012±0.024±     0.238

BESIII µν+µPRD89(2014)051104, 0.0020±0.0055±     0.2165

BESIII µν
+

0
PRL124(2019)061801,K 0.004±0.026±     0.217

BESIII µν+µηPRL124(2020)231801, 0.034±0.041±     0.242

BESIII eν+eηPRD97(2018)092009, 0.0318±0.0338±     0.2264

BESIII e
ν+e0πPRD96(2017)012002, 0.0026±0.0058±     0.2243

BESIII eν+e-πPRD92(2015)072012, 0.0023±0.0034±     0.2278

CLEO e
ν+e0(-)πPRD80(2015)032005, 0.0025±0.0066±     0.2381

ETM(2+1+1)
l

ν
+
l0(-)πPRD96(2017)054514, 0.0067±0.0137±     0.2330

HPQCD l
ν

+
l0(-)πPRD84(2011)114505, 0.10±0.06±     0.225

HFLAV21 PRD(2023) 107, 052008 0.0040±     0.2208

SM global fit PDG(2022)                       0.00067±     0.22486

(Semi)leptonic D0/+ decay

|
cs

|V

-1 -0.5 0 0.5 1

BESIII µν
+

µ’ηarxiv:2307.12852, 0.078±0.067±     0.907

BESIII eν
+

’eηarxiv:2306.05194, 0.081±0.044±     0.941

BESIII eν
+

’eηPRL122(2019)121801, 0.077±0.060±     0.903

BESIII µν+µηarxiv:2307.12852, 0.057±0.020±     0.911

BESIII eν+eηarxiv:2306.05194, 0.057±0.014±     0.913

BESIII eν+eηPRL122(2019)121801, 0.057±0.020±     0.900

BESIII µν+µ
-

PRL122(2019)011804, K 0.0057±0.0050±     0.9572

BESIII e
ν+e

-
PRD92(2015)072012,  K 0.0062±0.0034±     0.9624

BESIII
e

ν+e
0

KPRD96(2017)012002,  0.016±0.005±     0.946

BESIII e
ν+e

0

L
PRD92(2015)112008,  K 0.016±0.008±     0.977

CLEO
eν+eKPRD80(2015)032005,  0.078±0.0090±     0.9648

ETM(2+1+1) PRD96(2017)054514 0.38±     0.945

HPQCD PRD104(2021)034505 0.0079±     0.9663

HFLAV21 PRD107(2023)052008 0.0081±     0.9701

CKMFitter PTEP2022(2022)083C01 0.00016±     0.97349

Semileptonic D(s) decay

• 单个衰变道中|Vcd| 测量的最高精度:
D0 → π−e+νe: 1.8% (2.93 fb−1)→1.3% (7.9 fb−1)→1.2% (20 fb−1)

• 单个衰变道中|Vcs| 测量的最高精度:
D0 → K−e+νe: 0.73% (2.93 fb−1)→0.68% (7.9 fb−1)→0.66% (20 fb−1)
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的f D→K
+ (0) 与与与f D→π

+ (0) 比比比较较较

(0)K→D
+f

0.2 0.4 0.6 0.8

LCSR Int. J. Mod. Phys. A 21, 6125 (2006)  0.067 ±0.661 

LFQM J. Phys. G 39, 025005 (2012)  0.01 ±0.79 

QM J. Phys. G 39, 025005 (2012) 0.762 

CCQM Front. Phys. 14, 64401 (2019)  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→
0

PRD76(2007)052005,D 0.009± 0.007 ±0.727 

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

BESIII eν+e
L

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→
0

PRL122(2019)011804,D 0.0030± 0.0038 ±0.7327 

BESIII eν+e-K→
0

PRD92(2015)072012,D 0.0036± 0.0026 ±0.7368 

BESIII eν+e-K→0, D-1Expected 20 fb 0.0036±0.0010±0.7368

(0)
π→D

+f

-0.5 0 0.5

LCSR Int.J.Mod.Phys.A 21,6125
+0.057

-0.060
0.635

LCSR Phys. Rev. D 67 014024 0.19±0.67
LCSR Phys. Rev. D 62, 114002 0.11±0.65
LQCD Phys. Rev. D 96, 054514 0.035±0.612
LQCD Phys. Rev. D 84, 114505 0.021±0.020±0.666
LQCD Phys. Rev. Lett. 94, 011601 0.060±0.030±0.640
QM Z.Phys.C 34,103 0.692
RQM Phys.Rev.D 101,013004 0.64
CQM Phys. Rev. D. 62, 014006 0.69
CCQM Phys.Rev.D 98,114031 0.09±0.63
LFQM J.Phys.G 39,025005 0.01±0.66
LQCD PRD107(2023)094516 0.0051±0.6300

CLEO-c PRD77,112005 0.004±0.019±0.666
CLEO-c PRD80,032005 0.007±0.022±0.629
Belle PRL97,061804 0.003±0.020±0.624

BESII PLB597,39 0.060±0.140±0.730
BESIII e

ν
+e0

π→
+

PRD96,012002,D 0.003±0.012±0.622
BESIII e

ν
+e-π→

0
PRD92,072012,D 0.004±0.008±0.637

BESIII e
ν

+e-π→
0

, D-1Expected 20 fb 0.004±0.003±0.637

• 单个衰变道中f D→K
+ (0) 测量的最高精度:

D0 → K−e+νe: 0.60% (2.93 fb−1)→0.53% (7.9 fb−1)→0.51% (20 fb−1)

• 单个衰变道中f D→π
+ (0) 测量的最高精度:

D0 → π−e+νe: 1.4% (2.93 fb−1)→1.0% (7.9 fb−1)→0.8% (20 fb−1)
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的f
D(s)→η(′)

+ (0) 比比比较较较

(0)
η

+f

-0.5 0 0.5

BESIII eν+eη→
+

s
arXiv:2306.05194,D 0.0066±0.0073±0.4642

BESIII µν+µη→
+

s
arXiv:2307.12852,D 0.008±0.010±0.463

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

+0.030
0.495

LCSR EPJC 82, 12 (2022)
-0.036

+0.040
0.476

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

LQCD(I) PRD 91, 014503 (2015) 0.013±0.542

(0)
’η

+f

-0.5 0 0.5

BESIII eν
+

’eη→
+

s
arXiv:2306.05194,D 0.009±0.025±0.540

BESIII µν
+

µ’η→
+

s
arXiv:2307.12852,D 0.011±0.038±0.520

CCQM PRD 98, 114031 (2018) 0.11±0.73

CCQM Front Phys. 14, 64401 (2019) 0.09±0.59

CQM PRD 62, 014006 (2000) 0.78

LFQM(II) PRD 80, 015022 (2009) 0.60

LFQM(I) PRD 80, 015022 (2009) 0.62

LCSR JPG 38, 095001 (2011) 0.18±0.55

LCSR PRD 88, 034023 (2013) 0.080±0.520

LCSR JHEP 11, 138 (2015)
-0.045

+0.047
0.558

LCSR EPJC 82, 12 (2022)
-0.042

+0.046
0.544

LQCD(II) PRD 91, 014503 (2015) 0.018±0.437

LQCD(I) PRD 91, 014503 (2015) 0.025±0.404

精度:
• f D→η

+ (0): 8.6% (2.93 fb−1)⇒5.6% (7.9 fb−1)⇒4.1% (20 fb−1)

• f Ds→η
+ (0): 2.1% for D+

s → ηe+νe and 2.8% for D+
s → ηµ+νµ, 1.6% for D+

s → ηe+νe + ηµ+νµ

• f Ds→η′

+ (0): 4.9% for D+
s → η′e+νe and 7.6% for D+

s → η′µ+νµ, 4.5% for D+
s → η′e+νe + η′µ+νµ
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D → V ℓν 衰衰衰变变变

d4Γ

dq2d cos θV d cos θℓdχ
=

G2
F |Vcq |2

(4π)6m3
D

Xββℓ(I
s
1 sin2 θV + Ic1 cos2 θV +

(
Is2 sin2 θV + Ic2 cos2 θV

)
cos 2θℓ

+ I3 sin
2 θV sin2 θℓ cos 2χ+ I4 sin 2θV sin 2θℓ cosχ

+ I5 sin 2θV sin θℓ cosχ

+
(
Is6 sin2 θV + Ic6 cos2 θV

)
cos θℓ + I7 sin 2θV sin θℓ sinχ

+ I8 sin 2θV sin 2θℓ sinχ+ I9 sin
2 θV sin2 θℓ sin 2χ).

I
s
1 =

1

2
(H

2
+ + H

2
−)(m

2
ℓ + 3q

2
),

I
c
1 = 4m

2
ℓH

2
t + 2H

2
0 (m

2
ℓ + q

2
),

I
s
2 = −

1

2
(H

2
+ + H

2
−)(m

2
ℓ − q

2
),

I
c
2 = 2H

2
0 (m

2
ℓ − q

2
),

I3 = 2H+H−(m
2
ℓ − q

2
),

I4 = H0(H+ + H−)(m
2
ℓ − q

2
),

I5 = −2Ht(H+ + H−)m
2
ℓ − 2H0(H+ − H−)q

2
,

I
s
6 = 2(H

2
+ − H

2
−)q

2
,

I
c
6 = −8HtH0m

2
ℓ ,

I7 = 0, I8 = 0, I9 = 0.

H±(q
2
) =

λ1/2

MD + MV

[
V (q

2
) ∓

(MD + MV )2

λ1/2
A1(q

2
)

]
,

H0(q
2
) =

1

2MV

√
q2

[
(MD + MV )(M

2
D − M

2
V − q

2
)A1(q

2
) −

λ

MD + MV

A2(q
2
)

]
,

Ht(q
2
) =

λ1/2√
q2

A0(q
2
).
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D → V ℓν 中中中c → sℓ+νℓ 衰衰衰变变变
D0 → K̄0π−e+νe PRD99,011103

D+ → K+π−e+νe PRD94,032001

D+
s → ϕµ+νµ JHEP12(2023)072
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总总总结结结D → V ℓν 中中中c → sℓ+νℓ 衰衰衰变变变的的的分分分支支支比比比与与与形形形状状状因因因子子子

r Ds→ϕ
V LQCD

= 1.72(21), r Ds→ϕ
2 LQCD = 0.74(12), r D→K∗

V LQCD = 1.83(9), r D→K∗
2 LQCD = 0.74(19)

Channel Reference L/Ecm (fb−1/GeV) BF(%) FF ∆exp (%)

D0 → K∗−e+νe PRD99,011103 2.93/3.773 1.434(29)(32)
rV = 1.46(7)(2)
r2 = 0.67(6)(1)

5.0

D+ → K∗0e+νe PRD94,032001 2.93/3.773 3.77(3)(8)
rV = 1.411(58)(07)
r2 = 0.788(42)(08)

4.1

D+
s → ϕe+νe PRD97,012006 0.482/4.009

2.26(0.45)(0.09) - -
D+

s → ϕµ+νµ 1.94(53)(09) - -

D+
s → ϕµ+νµ JHEP12(2023)072 7.33/4.128-4.226 2.25(9)(7)

rV = 1.58(17)(02)
r2 = 0.71(14)(02)

10.8

D+
s → ϕe+νe ongoing 7.33/4.128-4.226 review

D+ → K∗0ℓ+νℓ simultanous fit ongoing 16/3.773 review
D+ → K∗+ℓ+νe
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的r Ds→ϕ
V 与与与r Ds→ϕ

2 比比比较较较

2− 0 2
φ →sD

Vr

BESIII µν+µφ→+
s

JHEP12(2023)072, D 0.02±0.17±1.58

FOCUS PLB 586, 183 (2004) 0.145±0.250±1.549

BABAR PRD 78, 051101(R) (2008) 0.095±0.060±1.849

HQET PRD 72, 034029 (2005) 1.80

CLF PRD 78, 054002 (2008) 1.49

CLF JPG 39, 025005 (2012) 1.42

CLF PRD 69, 074025 (2004) 1.569

QCDSR EPJC 37, 173 (2004) 0.85±2.20

LQCD PRD 90, 074506 (2014) 0.21±1.72

LQCD NPPS 42, 935 (1995) 0.04±2.01

LQCD PRD 45, 869 (1992)
-0.25
+0.200.19±2.00

1− 0 1
φ →sD

2r

BESIII µν+µφ→+
s

JHEP12(2023)072, D 0.02±0.14±0.71

FOCUS PLB 586, 183 (2004) 0.266±0.202±0.713

BABAR PRD 78, 051101(R) (2008) 0.065±0.071±0.763

HQET PRD 72, 034029 (2005) 0.52

CLF PRD 78, 054002 (2008) 0.95

CLF JPG 39, 025005 (2012) 0.86

CLF PRD 69, 074025 (2004) 0.865

QCDSR EPJC 37, 173 (2004) 0.43±1.07

LQCD PRD 90, 074506 (2014) 0.12±0.74

LQCD NPPS 42, 935 (1995) 0.07±0.68

LQCD PRD 45, 869 (1992)
-0.13
+0.170.08±0.78

精度:
• r Ds→ϕ

V and r Ds→ϕ
2 : 10.8% (7.33 fb−1(muon))⇒6.2% (7.33 fb−1(electron))
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的r D→K∗

V 与与与r D→K∗

2 比比比较较较

2− 0 2
 K*→D

Vr

BESIII PRD 99, 011103 (2019) 0.02±0.07±1.46
BESIII PRD 94, 032001 (2016) 0.007±0.058±1.411

AVE PDG 0.05±1.49
BaBar PRD 83, 072001 (2011) 0.031±0.017±1.463
FOCUS PLB 544, 89 (2002) 0.039±0.057±1.504
BEAT EPJC 6, 35-41 (1998) 0.07±0.23±1.45
E791 PLB 440, 435 (1998) 0.09±0.11±1.90
E791 PRL 80, 1393 (1998) 0.09±0.11±1.84
E687 PLB 307, 262 (1993) 0.28±0.27±1.74
E653 PLB 274, 246 (1992) 0.16±0.34±2.00
E691 PRL 65, 2630 (1990) 0.30±0.60±2.00
BBD PLB 259, 481 (1991) 0.2±2.2
GS PRD 41, 142 (1990) 2.0
ISGW PRD 39, 799-818 (1989) 1.4
WSB ZPC 29, 637 (1985) 1.4
APE PLB 345, 513-523 (1995) 0.3±1.6
LANL PRD 51, 4905-4923 (1995) 0.09±1.83
ELC NPB 416, 675 (1994) 0.2±1.3
BKS PRD 45, 869-874 (1992) 0.33±0.22±1.99
LMMS PLB 274, 415 (1992) 0.2±1.6

1− 0 1
 K*→D

2r

BESIII PRD 99, 011103 (2019) 0.01±0.06±0.67
BESIII PRD 94, 032001 (2016) 0.008±0.042±0.788

AVE PDG 0.021±0.802
BaBar PRD 83, 072001 (2011) 0.020±0.020±0.801
FOCUS PLB 544, 89 (2002) 0.064±0.049±0.875
BEAT EPJC 6, 35-41 (1998) 0.07±0.23±1.00
E791 PLB 440, 435 (1998) 0.09±0.08±0.71
E791 PRL 80, 1393 (1998) 0.09±0.08±0.75
E687 PLB 307, 262 (1993) 0.10±0.18±0.78
E653 PLB 274, 246 (1992) 0.11±0.22±0.82
E691 PRL 65, 2630 (1990) 0.20±0.50±0.00
BBD PLB 259, 481 (1991) 0.2±1.2
GS PRD 41, 142 (1990) 0.8
ISGW PRD 39, 799-818 (1989) 1.0
WSB ZPC 29, 637 (1985) 1.3
APE PLB 345, 513-523 (1995) 0.4±0.7
LANL PRD 51, 4905-4923 (1995) 0.19±0.74
ELC NPB 416, 675 (1994) 0.3±0.6
BKS PRD 45, 869-874 (1992) 0.17±0.16±0.7
LMMS PLB 274, 415 (1992) 0.4±0.4

精度:
• r D→K∗

V and r D→K∗
2 : 4.1% (2.93 fb−1)⇒2.0% (20 fb−1(all channel))
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D → V ℓν 中中中c → dℓ+νℓ 衰衰衰变变变
D+ → ωe+νe PRD92, 071101(R)

D+
s → K∗e+νe PRL122, 061801

D+0 → π−π+0e+νe PRL122,062001

D0

D+
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总总总结结结D → V ℓν 中中中c → dℓ+νℓ 衰衰衰变变变的的的分分分支支支比比比与与与形形形状状状因因因子子子

r Ds→K∗

V CCQM
= 1.40(28), r Ds→K∗

2 CCQM = 0.99(20), r D→ρ
V LCSR

= 1.41(17), r D→ρ
2 LCSR = 0.81(12)

r D→ω
V CCQM = 1.24(25), r D→ω

2 CCQM = 0.95(19)

Channel Reference L/Ecm (fb−1/GeV) BF(%) FF ∆exp (%)

D → ρe+νe PRL122,062001 2.93/3.773
D0: 0.1445(58)(39)
D+: 0.1860(70)(61)

rV = 1.695(83)(51)
r2 = 0.845(56)(39)

5.7

D0 → ρ−µ+νµ PRD104,L091103 2.93/3.773 0.135(9)(9)

D+ → ωe+νe PRD92,071101(R) 2.93/3.773 0.163(11)(08)
rV = 1.24(9)(6)
r2 = 1.06(15)(05)

8.7

D+ → ωµ+νµ PRD101,072005 2.93/3.773 0.177(18)(11)

D+
s → K∗0e+νe PRL122,061801 3.19/4.178 0.237(26)(20)

rV = 1.67(34)(16)
r2 = 0.77(28)(07)

22.5

首次实验测量D+ → ω 和D+
s → K∗0 形状因子
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的r Ds→K∗

V 与与与r Ds→K∗

2 比比比较较较

2− 0 2
 K*→D

Vr

BESIII PRL 122, 061801 (2019) 0.16±0.34±1.67

CCQM PRD 98, 114031 (2018) 0.28±1.40

QM PRD 62, 014006 (2000) 1.82

LFQM JPG 39, 025005 (2012) 1.55

TχHM PRD 72, 034029 (2005) 1.93

1− 0 1
 K*→D

2r

BESIII PRL 122, 061801 (2019) 0.07±0.28±0.77

CCQM PRD 98, 114031 (2018) 0.20±0.99

QM PRD 62, 014006 (2000) 0.74

LFQM JPG 39, 025005 (2012) 0.82

TχHM PRD 72, 034029 (2005) 0.55
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的r D→ρ
V 与与与r D→ρ

2 比比比较较较

2− 0 2
ρ →D

Vr

BESIII PRL 122, 062001 (2019) 0.051±0.083±1.695

CLEO PRL 110, 131802 (2013) 0.05±0.15±1.48

TχHM PRD 72, 034029 (2005) 1.72

LFQM JPG 39, 025005 (2012) 1.48

HQEFT-II IJMPA 21, 6125 (2006) 0.25±1.26

3PSR PRD 48, 3190 (1993) 0.09±1.83

QM PRD 62, 014006 (2000) 1.53

HQEFT-I PRD 67, 014024 (2003)
-0.095
+0.1021.337

LCSR EPJC 80, 194 (2020)
-0.166
+0.1801.406

1− 0 1
ρ →D

2r

BESIII PRL 122, 062001 (2019) 0.039±0.056±0.845

CLEO PRL 110, 131802 (2013) 0.04±0.11±0.83

TχHM PRD 72, 034029 (2005) 0.51

LFQM JPG 39, 025005 (2012) 0.83

HQEFT-II IJMPA 21, 6125 (2006) 0.18±0.91

3PSR PRD 48, 3190 (1993) 0.38±0.80

QM PRD 62, 014006 (2000) 0.83

HQEFT-I PRD 67, 014024 (2003)
-0.062
+0.0540.621

LCSR EPJC 80, 194 (2020)
-0.122
+0.1180.806
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理理理论论论计计计算算算与与与实实实验验验测测测量量量的的的r D→ω
V 与与与r D→ω

2 比比比较较较

2− 0 2
ω →D

Vr

BESIII PRD 92, 071101(R) (2015) 0.06±0.09±1.24

CCQM PRD 98, 114031 (2018) 0.25±1.24

LFQM JPG 39, 025005 (2012) 1.47

TχHM PRD 72, 034029 (2005) 1.72

1− 0 1
ω →D

2r

BESIII PRD 92, 071101(R) (2015) 0.05±0.15±1.06

CCQM PRD 98, 114031 (2018) 0.19±0.95

LFQM JPG 39, 025005 (2012) 0.84

TχHM PRD 72, 034029 (2005) 0.51
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D → (S,A)ℓν 衰衰衰变变变

Chain Ref.
L/Ecm

(fb−1/GeV)
BF(×10−4)

D0/+ → a(980)−(0)e+νe PRL121,081802 2.93/3.773
D0: 1.33+0.33

−0.29 ± 0.09

D+: 1.66+0.81
−0.66 ± 0.11

D+
s → f0(980)π0π0e+νe PRD105,L031101 6.32/4.178-4.226 7.9± 1.4± 0.3

D+
s → f0(500)π0π0e+νe PRD105,L031101 6.32/4.178-4.226 < 6.4

D0 → K̄1(1270)
−e+νe PRL127,131801 2.93/3.773 3.59± 0.41+0.31

−0.44

D+ → K̄1(1270)
0e+νe PRL123,231801 2.93/3.773 10.6± 1.2± 0.8

D0(+) → b1(1235)
−(0)e+νe PRD102,112005 2.93/3.773

D+ :< 1.75
D0 :< 1.12

D+
s → K1(1270)

0e+νe arXiv:2309.04090 7.33/4.128-4.226 < 4.1

D+
s → b1(1235)

0e+νe arXiv:2309.04090 7.33/4.128-4.226 < 6.4

许多半轻衰变正在研究，K1(1270)和a(980)形状因子研究正在进行中...
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总总总结结结与与与展展展望望望

|Vcd| 精精精度度度预预预期期期

2.93 fb−1 20 fb−1

D0 → π−e+νe 1.8%

D0(+) → π−(0)ℓ+νℓ (1.2%)

D+ → µ+νµ 与D
0(+) → π−(0)ℓ+νℓ衰变道合并 |Vcd| 的误差预期将在1%以下

|Vcs| 精精精度度度预预预期期期

D0 → K−e+νe 0.73%

D0(+) → K−(K̄0)ℓ+νℓ ∼0.45%

形形形状状状因因因子子子的的的精精精度度度预预预期期期

D0 → K−e+νe(D → K̄ℓ+νℓ) 0.60% 0.51%(∼0.20%)
D0 → π−e+νe(D → πℓ+νℓ) 1.4% 0.8%(∼0.6%)
D → ηe+νe(D → ηℓ+νℓ) ∼10% (∼2.0%)
D → η′ℓ+νℓ ∼10%
D → K∗e+νe(D → K∗ℓ+νℓ) ∼4% (∼2%)
D → ρe+νe ∼6% ∼3%
D → ωe+νe ∼9% ∼5%
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