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Semi-leptonic decays of D → Pℓ+νℓ at BESIII

潘祥

苏州大学

粲强子物理研讨会
中国科学技术大学
2023 年 4 月 9 日
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1 Main goal

2 BESIII dataset

3 Double tag method

4 D → Pℓ+νℓ
D → K̄ℓ+νℓ
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5 Summary and prospect
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Main goal

Main goal

cqV +
W

+/0
(s)D

P

c

q’

q’

q
lν

+
l

)2(qP
+f

Single pole model
f+(q2) =

f+(0)

1− q2
M2

pole

Modified pole model
f+(q2) =

f+(0)

(1− q2
M2

pole
)(1−α q2

M2
pole

)

Series expansion model

f+(q2) = 1
P(q2)Φ(q2)a0(1 +

∞∑
k=1

rk[z(q2)]k)

∆Γ

dq2
= XG2

F|Vcq|2

24π3

(q2 − m2
ℓ)

2 |⃗pP|
q4m2

D
[PRD101(2020)013004][

(1 +
m2

ℓ

2q2
)m2

D |⃗pP|2|f+(q2)|2 + 3m2
ℓ

8q2
(m2

D − m2
P)

2|f0(q2)|2
]

dq2 ⇒ ∆Γ

dq2
∝ (|Vcq|f+(0))2

FF measurement⇒Calibrate LQCD calculations
|Vcq| measurement ⇒Test CKM matrix unitarity
BF ratios⇒Test lepton flavor universality (LFU)
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BESIII dataset

BESIII dataset
)
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 (
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5
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15

20

BESIIICLEO-c

-12.93 fb
2010-2011

-14.98 fb
2022, ready

-1~12 fb
2023~2024

-10.818 fb

)
-1
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ty
 (

fb

0

1

2

3

4

5

6

7

BESIIICLEO-c

-13.19 fb

-14.14 fb

-10.6 fb

= 4.178 GeVs

= 4.128-4.157 GeVs

       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

Advantages: Clean, double tag method
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Double tag method

Double tag method

Tag modes
D̄0 → K+π−, ...
D− → K+π−π−, ...
D−

s → K+K−π−, ...

Branching fraction
Ntag = 2NDD̄Btagϵtag

NDT = 2NDD̄BtagBsigϵDT

Bsig = NDT
NtagϵDT/ϵtag

Missing neutrino is determined by

Umiss = Emiss − |⃗pmiss|
Emiss = Ecm − Etag − EP − Eℓ+

M2
miss = E2

miss − |⃗pmiss|2

p⃗miss = −p⃗tag − p⃗P − p⃗ℓ+

Pan Xiang (SUDA) D → Pℓ+νℓ 5 / 19
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Double tag method

ST yields in data

)
2

1
0

×
) 

 (
2

c
E

v
en

ts
 /

 (
1

.4
 M

eV
/

)2
c (GeV/tagM
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100
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qq
other

-π-K+ K→-sD
-π-π+π

γγ
η →-sD -π-π+π →-sD -π+π- K→-sD

0

20

40

0π-K
0

S
 K→-sD

-ρ
0π-π+π

η →-sD -π+π-K
0

S
 K→-sD -π-π+

K
0

S
 K→-sD

0
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20

-π0
SK

0

S
 K→-sD

-π
γγ

η →-sD

1.90 1.95 2.00

-π
0π-π+π

η →-sD -π
γγ

η-π+π

’η →-sD

0

50

100
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1.90 1.95 2.00

-π
0ργ

’η →-sD

1.90 1.95 2.00

-ρ
γγ

η →-sD

1.90 1.95 2.00

-
K

0

S
 K→-sD

1.90 1.95 2.00

0π-π-K+ K→-sD

2.93 fb−1 data
ND̄0

ST ∼ 2.4M with 3 golden tags
ND−

ST ∼ 1.6M with 6 golden tags

7.33 fb−1 data
ND−

s
ST ∼ 0.8M with 16 possible

tags
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D → Pℓ+νℓ D → K̄ℓ+νℓ

D0 → K−ℓ+νℓ (2.93 fb−1)
D0 → K−e+νe PRD92(2015)072012

Nsig = 70727± 278

)4/c2 (GeV2q

0 0.5 1 1.5 2

)
4

c
-2

G
e

V
-1

 (
n

s
2

/q
Γ

∆

0

20

40

60

80

100
eν+e

-
K→0D

data

Single pole model

Modified pole model

z series (2 par.)

z series (3 par.)

D0 → K−e+νe

B = (3.505± 0.014± 0.033)%

f K
+ (0)|Vcs| = 0.7172(25)(35)

D0 → K−µ+νµ

B = (3.413± 0.019± 0.035)%

f K
+ (0)|Vcs| = 0.7133(38)(30)

Rµ/e = 0.974± 0.007± 0.012

RSM
µ/e = 0.975± 0.001

D0 → K−µ+νµ PRL122(2019)011804

Nsig = 47100± 259
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D → Pℓ+νℓ D → K̄ℓ+νℓ

D0 → K−e+νe and D+ → K̄0e+νe (2.93 fb−1)

K+e−ν̄e vs. K−e+νe K0e−ν̄e vs. K̄0e+νe

PRD104(2021)052008

Nsig = 4040± 70 Nsig = 1172± 38

D+ → K̄0(π0π0)e+νe

CPC40(2016)113001

Nsig = 5013± 78

BD0→K−e+νe = (3.567±0.031±0.021)%
BD+→K̄0e+νe = (8.68± 0.14± 0.16)%

BD+→K̄0e+νe =
(8.59± 0.14± 0.21)%
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D → Pℓ+νℓ D → K̄ℓ+νℓ

D+ → K̄0ℓ+νℓ (2.93 fb−1)

D+ → K̄0
π+π−e+νe PRD96(2017)012002

Nsig = 26008± 168

D+ → K0
Le+νePRD92(2015)112008

Nsig = 40077± 208

BD+→K̄0e+νe = (8.60± 0.06± 0.15)%
f K
+ (0)|Vcs| =
0.7053± 0.0040± 0.0112

BD+→K̄0e+νe = (8.96± 0.05± 0.20)%
f K
+ (0)|Vcs| = 0.728± 0.006± 0.011
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D → Pℓ+νℓ D → K̄ℓ+νℓ

D+
(s) → K̄0ℓ+νℓ

D+ → K̄0µ+νµEPJC76(2016)369

K0
S → π+π−

K0
S → π0π0

2.93 fb−1

N = 20714± 166

D+
s → K0e+νe PRL122(2019)061801

3.19 fb−1 at 4.178 GeV
N = 117.2± 13.9

BD+→K̄0µ+νµ = (8.72± 0.07± 0.18)%
Rµ/e = 0.988± 0.033

RSM
µ/e = 0.975± 0.001

BD+
s →K0e+νe

= (3.25±0.038±0.016)%

f K
+ (0)|Vcd| = 0.162± 0.019± 0.003
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D → Pℓ+νℓ D → K̄ℓ+νℓ

Comparison of f D→K
+ (0)

(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 Phys.Rev.D 101 (2020) 1, 013004 0.716

LQCD Phys. Rev. D 96, 054514 (2017) 0.031±0.765

LQCD Phys.Rev.D 104, 034505 (2021)  0.0044 ±0.7380 

Belle Phys.Rev.Lett. 97 (2006) 061804 0.022± 0.007 ±0.695 

BaBar Phys.Rev.D 76 (2007) 052005 0.009± 0.007 ±0.727 

CLEO Phys.Rev.D 80 (2009) 032005 0.005± 0.007 ±0.739 

BESIII Phys.Rev.D 92 (2015) 11, 112008 0.012± 0.007 ±0.748 

BESIII Phys.Rev.D 96 (2017) 1, 012002 0.0115± 0.0041 ±0.7246 

BESIII Phys.Rev.Lett. 122 (2019) 1, 011804 0.0030± 0.0038 ±0.7327 

BESIII Phys.Rev.D 92 (2015) 7, 072012 0.0036± 0.0026 ±0.7368 

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

(0)
0

K
+f

-0.5 0 0.5

LCSR Int.J.Mod.Phys.A 21,6125
+0.080

-0.071
0.820

LCSR Chin.Phys.C 45,063107
+0.080

-0.071
0.820

QM Z.Phys.C 34,103 0.643

RQM Phys.Rev.D 101,013004 0.674

CQM J.Phys.G 39,025005 0.72

Phys.Rev.D 98,114031  
CCQM 0.60Front.Phys 14,64401  

LFQM J.Phys.G 39,025005 0.66

BESIII Phys.Rev.Lett 122,061801 0.013±0.084±0.720

f D→K
+ (0) 系统误差主导，实验精度与 LQCD 相当。基于最新 8 fb−1（ongoing）
和未来 20 fb−1，实验精度预期 (D0 → K−e+νe)0.60%⇒0.53%⇒0.51%
使用 3.19 fb−1 @4.178 GeV 数据，f Ds→K

+ (0) 实验精度为11.8%，使用 7.33 fb−1

@4.128-4.226 GeV 数据，预期精度可提高到7-8%，该工作正在合作组内部审核
（BAM579）
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D → Pℓ+νℓ D → πℓ+νℓ

D0(+) → π−(0)ℓ+νℓ (2.93 fb−1)
D0 → π−e+νe
PRD92(2015)072012

D+ → π0e+νe
PRD96(2017)012002

D0 → π−µ+νµ
PRL121(2018)171803

D+ → π0µ+νµ

D0 → π−e+νe

B = (0.295± 0.004± 0.003)%
f π
+ (0)|Vcd| = 0.1435(18)(09)

D+ → π0e+νe

B = (0.363± 0.008± 0.005)%
f π
+ (0)|Vcd| = 0.1400(26)(07)

D0 → π−µ+νµ

B = (0.272± 0.008± 0.006)%
Rµ/e = 0.922± 0.030± 0.022

RSM
µ/e = 0.985± 0.002 (1.7σ)

D+ → π0µ+νµ

B = (0.350± 0.011± 0.010)%
Rµ/e = 0.964± 0.037± 0.026

RSM
µ/e = 0.985± 0.002 (0.5σ)
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D → Pℓ+νℓ D → πℓ+νℓ

Comparison of f D→π
+ (0)

(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

Phys.Rev.D 98,114031  
CCQM 0.09±0.63Front.Phys 14,64401  

LFQM J.Phys.G 39,025005 0.01±0.66

CLEO-c Phys. Rev. D 77, 112005 0.004±0.019±0.666

CLEO-c Phys. Rev. D 80, 032005 0.007±0.022±0.629
Belle Phys. Rev. Lett. 97, 061804 0.003±0.020±0.624

BESII Phys. Lett. B597, 39 0.060±0.140±0.730

BESIII Phys. Rev. D 96, 012002 0.003±0.012±0.622

BESIII Phys. Rev. D 92, 072012 0.004±0.008±0.637

BESIII e
ν+e-π→0

, D-1Expected 20 fb 0.004±0.003±0.637

f D→π
+ (0) 系统误差主导，实验精度好于 LQCD。基于最新 8 fb−1（ongoing）和未
来 20 fb−1 数据，实验精度预期 (D0 → π−e+νe)1.4%⇒1.0%⇒0.8%
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D → Pℓ+νℓ D → η(′)ℓ+νℓ

D+ → η(′)ℓ+νℓ (2.93 fb−1)

D+ → ηe+νe D+ → η′e+νe

N = 373± 26 N = 31.6± 8.4

PRD97(2018)092009
D+ → ηµ+νµ

PRL124(2020)231801

N = 234± 22

BD+→ηe+νe =
(10.74± 0.81± 0.51)× 10−4

BD+→η′e+νe =
(1.91± 0.51± 0.13)× 10−4

f D→η
+ (0)|Vcd| = (7.86± 0.64± 0.21)%

BD+→ηµ+νµ = (10.4±1.0±0.5)×10−4

f D→η
+ (0)|Vcd| = (8.7± 0.8± 0.2)%
Rµ/e = 0.91± 0.13

RSM
µ/e = 0.93 ∼ 0.96

Pan Xiang (SUDA) D → Pℓ+νℓ 14 / 19
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D → Pℓ+νℓ D → η(′)ℓ+νℓ

D+
s → η(′)ℓ+νℓ

D+
s → ηµ+νµ D+

s → η′µ+νµ

0.482 fb−1 @4.009 GeV

PRD97(2018)012006

N = 64.0± 8.0 N = 28.0± 5.3

D+
s → ηe+νe D+

s → η′e+νe
3.19 fb−1 @4.178 GeV

N = 1834± 47 N = 261± 22

PRL122(2019)121801

BD+→ηµ+νµ
= (2.42± 0.46± 0.11)%

BD+→η′µ+νµ
= (1.06± 0.54± 0.07)%

BD+
s →ηe+νe

= (2.323± 0.063± 0.063)%

BD+
s →η′e+νe

= (0.824± 0.073± 0.027)%

fD
+
s →η

+ (0)|Vcs| = 0.4455±0.0053±0.0044

fD
+
s →η′

+ (0)|Vcs| = 0.477± 0.049± 0.011
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D → Pℓ+νℓ D → η(′)ℓ+νℓ

Comparison of f D(s)→η(′)

+ (0)

f D→η
+ (0) 统计误差主导。基于最新 8 fb−1（ongoing）和未来 20 fb−1 数据，实验精度预期

(D+ → ηe+νe)8.6%⇒5.6%⇒4.1%

f D→η′

+ (0) 将首次测量 (BAM659)

f Ds→η
+ (0) 统计误差主导。基于 7.33 fb−1 数据（BAM595，BAM503），实验精度预
期2.5%⇒1.6%
f Ds→η′

+ (0) 统计误差主导。基于 7.33 fb−1 数据（BAM595，BAM503），实验精度预
期10%⇒6%
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Summary and prospect

总结与展望

Chain 2.93 fb−1 8 fb−1 Chain 3.19 fb−1 7.33 fb−1

D0 → K−e+νe
√

Ongoing
D+

s → η(′)e+νe
√ BAM595

D0 → K−µ+νµ
√ D+

s → η(′)µ+νµ 4.009 GeV BAM503
D+ → K̄0e+νe

√ D+
s → K0e+νe

√ BAM579
D+ → K̄0µ+νµ

√ D+
s → K0µ+νµ NA Ongoing

D0 → π−e+νe
√

OngoingD0 → π−µ+νµ
√

D+ → π0e+νe
√

D+ → π0µ+νµ
√

D+ → ηe+νe
√

OngoingD+ → ηµ+νµ
√

D+ → η′e+νe
√

BAM659D+ → η′µ+νµ NA
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Summary and prospect

总结与展望

形状因子预期精度改进（2.93 fb−1 ⇒ 8 fb−1 ⇒ 20 fb−1）
f D→K
+ : σ =0.60%⇒0.53%⇒0.51%

f D→π
+ : σ =1.4%⇒1.0%⇒0.8%

f D→η
+ : σ =9%⇒6%⇒4%

f D→η′

+ : 首次测量
f Ds→K
+ : σ =12%⇒8%

f Ds→η
+ : σ =2.5%⇒1.6%

f Ds→η′

+ : σ =10%⇒6%

|Vcd(s)|: 理论计算形状因子误差较大且不同理论预期值存在差异，
限制使用半轻衰变测量 |Vcd(s)|

Pan Xiang (SUDA) D → Pℓ+νℓ 18 / 19



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Summary and prospect

总结与展望

轻子普适性预期精度改进（2.93 fb−1 ⇒ 8 fb−1 ⇒ 20 fb−1）
D → K̄ℓ+νℓ SM: 0.975±0.001 [EPJC78(2018)501]

R D0→K−ℓ+νℓ
µ/e =0.974(07)(12) σ = 1.4% ⇒ 1.3% ⇒ 1.3%

R D+→K̄0ℓ+νℓ
µ/e =0.988(33) σ=3.3%

D → πℓ+νℓ SM: 0.985±0.002 [EPJC78(2018)501]
R D0→π−ℓ+νℓ

µ/e =0.922(30)(22) σ = 4.0% ⇒ 3.1% ⇒ 2.7%
R D+→π0ℓ+νℓ

µ/e =0.964(37)(26) σ = 4.7% ⇒ 3.6% ⇒ 3.1%
D → ηℓ+νℓ SM: 0.93∼0.96

R D+→ηℓ+νℓ
µ/e =0.91(13) σ = 14%

Ds → η(′)ℓ+νℓ SM: 0.95∼0.99
R D+

s →ηℓ+νℓ
µ/e =1.08(21)(05) σ = 20% ⇒ 3.3%

R D+
s →η′ℓ+νℓ

µ/e =1.31(67)(09) σ = 52% ⇒ 9.0%
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