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 D介子纯、半轻衰变

 D介子强子衰变

- D0和D0强相差：约束g/f3

- D0D0混合参数和CP破坏

BESIII粲介子物理主要物理目标

- fD(s)+, fK(p)
+(0): 刻度LQCD计算

- |Vcs(d)|: 精密检验CKM矩阵

 D介子稀有衰变：寻找超出SM新物理

- DPP,VP,SP：SU(3)对称性破坏

- D3/4体以上衰变：Dalitz分析

- DKS/LX：
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 2.93 fb-1 @ 3.773 GeV 3.6×CLEO-c

 482 pb-1 @ 4.009 GeV最大的近阈Ds
+Ds

-样本

粲介子样本

π-

e-e+

K+

D+

D-

π-

m+

v

y’’

背景低、绝对分支比、系统误差小

3 fb-1 @ 4.180 GeV最大的近阈Ds
*+Ds

-样本, 2016
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 改进的fD(s)+, f+
DK(p)(q2)能够在更高精度上检验格点QCD

的理论计算

 理论计算精度的提高为精密测量|Vcs(d)|提供了必要条件

粲介子(半)轻子衰变是精密测定CKM矩阵元|Vcs(d)|的桥梁

粲介子(D(s)
0(+))轻子和半轻子衰变



Progress in LQCD Calculation
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D+
m+v  fD+|Vcd|

B[D+
mn](3.710.190.06)×10-4

fD+(203.25.31.8) MeV |Vcd|0.22100.00580.0047

PRD89(2014)051104R

40921 signals

4

D
10)34.031.170(N -

tag



D
K+pp D

Ksp
 D

KsK


D
K+Kp D

K+ppp0

D
ppp

D
Ksp

p0 D
Ksp

ppD
K+pppp

世界精度最好的fD+ 在国际上首次使用纯轻衰变测定|Vcd| 
(charm2012)
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B[D+
m+vm]和fD+比较

B[D+
mn] fD+ [MeV]
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fD+, fDs+和fD+:fDs+比较

Experiments Femilab Lattice+MILC (2014) HPQCD (2012)

Averaged Expected D Expected D

fD+(MeV) 203.94.7 212.60.4+1.0
-1.2 1.8s 208.33.4 0.8s

fDs+(MeV) 256.94.4 249.00.3+1.1
-1.5 1.7s 246.03.6 1.4s

fD+:fDs+ 1.2600.036 1.17120.0010+0.0029
-0.0032 2.5s 1.1870.013 1.9s

 实验精度远小于理论精度(fD+, fDs+, fD+:fDs达0.5%,0.5%,0.3%)

 实验与理论预期fD+, fDs+, fD+:fDs+偏离约2s

 期待实验上更精确的结果
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fDs+ at 4.009 GeV

MBC sideband region

MBC signal region

m+v

t+v

non-Ds
+ bkg  

Ds
+ bkg  

fDs+(241.016.36.6) MeV

B[Ds
+
tn](4.830.650.26)%

31215127N -
sD


tag

B[Ds
+
mn](0.4950.0670.026)%

PRD94(2016)072004
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Potential of measuring fDs+ at 4.18 GeV

Ds
+
t+v研究可进一步改进测量精度

Expect m+v 3 fb-1: 1.5%stat.+1.5%CLEO
sys.
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PRD92(2015)072012

B[D0
Ken] B[D0

pen]

D0
K+pp D0

K+pp0

D0
K+ppp D0

K+pppp0

D0
K+pp0p0

4

D
10)37.033.279(0

tag

N

)%033.0014.0505.3(0  veKD
B

)%0026.00041.02950.0(0  veD
B

p

D0
K(p)-e+v   fDK(p)

(q
2)|Vcs(d) |
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微分跃迁率拟合fDK(p)
(0)|Vcs(d) |

− Single pole form − Modified pole model

− Series expansion model

PRD92(2015)072012
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刻度LQCD计算
PRD92(2015)072012

D0
K-e+v D0

p-e+v

Simple Pole
fK

+(0)|Vcs| 0.72090.00220.0033 fp
+(0)|Vcd| 0.14750.00140.0005

Mpole 1.92070.01030.0069 Mpole 1.91140.01180.0038

Mod. Pole
fK

+(0)|Vcs| 0.71630.00240.0034 fp
+(0)|Vcd| 0.14370.00170.0008

a 0.30880.01950.0129 a 0.27940.03450.0113

Series.2.Par
fK

+(0)|Vcs| 0.71720.00250.0035 fp
+(0)|Vcd| 0.14350.00180.0009

r1 -2.22780.08640.0575 r1 -2.03650.08070.0260

Series.3.Par

fK
+(0)|Vcs| 0.71960.00350.0041 fp

+(0)|Vcd| 0.14200.00240.0010

r1 -2.33310.15870.0804 r1 -1.84340.22120.0690

r2 3.42233.90902.4092 r2 -1.38711.46150.4677
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f+
K(p)(0)测定

f+
K(0) f+

p(0)

fDK(p)
+(0)|Vcs(d)| fDK(p)

+(0)
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|Vcd| 

方法 2

方法 1 B[D(s)
+
ln] |Vcd(s)|

|Vcs(d)|fDK(p)
+(0)|Vcs(d)|

|Vcs(d)|测定

|Vcs| 

方法2受f+
DK(p)(0)理论计算精度限制 [1.7(4.4)%]
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Analysis of D+
K0e+v and p0e+v

)%151.0056.0604.8(][
0

  veKDB 30 10)051.0075.0631.3(][   veDB p

BESIII preliminary 
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Comparisons of FFs by D+
K0(p0)e+v

First and 

second errors 

are statistical 

and systematic

BESIII preliminary 
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Analysis of D+
KLe+v

fK
+(0)|Vcs| =0.7280.0060.011 r1=a1/a0=-1.910.330.24

ACP
D+KLe+v=(-0.590.60  1.50)%

B(D+
KLe+v) =(4.4820.0270.103)%

Simultaneous fit to event density I(q2) with 2-par. series Form Factor

 Regardless of long flight distance, KL

interact with EMC and deposit part of 

energy, thus giving position information 

After reconstructing all other particles, 

KL can be inferred with position 

information and constraint Umiss0

D+
KLe+v is 

measured for 

the first time

PRD92(2015)112008
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Improved BF for D+
K0m+v

Simultaneous fits

K0
p0p0

K0
pp

16516±130

4198±33

044.0963.0
][

][
0

0










vKD

vKD

m

m

Taking B[D0
K-m+v] 

and B[D+
K0e+v] 

from the PDG as input 033.0988.0
][

][
0

0










veKD

vKD m

Support isospin conservation in 

these two decays within errors

Consistent with theory 

prediction 0.97 within error

EPJC76(2016)369
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Absolute BF for D+
K0e+v via K0

p0p0

5013±78

Taking tD+, tD0, B[D0
K-e+v] and 

B[D+
K0e+v] from the PDG as input

025.0969.0
][

][
0

0










veKD

veKD

Supporting isospin conservation in these two decays within 1.2s

CPC40(2016)113001
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BESIII preliminary 

using data@4.009
CLEO CLEO CLEO
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Study of DVe+v
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PWA analysis of D+
Kpe+v

 Properties of different Kp (non-) resonant 

amplitudes

 q2 dependent  form factors in D+
K*0(892)e+v

Model independent form factors

Model independent S-wave phase measurement

 Fractions with >5s significance

MV/A is expected to MD*(1-/+)

PRD94(2016)032001
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Study of D+
we+v and search for D+

fe+v 

rV=V(0)/A1(0)=1.240.090.06

r2=A2(0)/A1(0)=1.060.150.05

B[D+
we+v]=(1.630.110.08)10-3 B[D+

fe+v]<1.310-5 at 90% C.L.

D+
we+v D+

fe+v

Amplitude analysis of  

D+
we+v is performed 

for the first time

Better precision or sensitivity

PRD92(2015)071101R
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First observation/evidence of D0/+
a-/0(980) e+v

BESIII preliminary 



D hadronic decays

 干涉强相差参数ci和si约束g/f3测量

 D0D0混合参数和CP破坏

27
目前，g测量精度最差

粲介子(D(s)
0(+))强子衰变

At 3.773 GeV, y(3770)D0D0衰变特有的量子关联特性
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g/f3 at BELLE

CLEO K0pp

期待BESIII进一步改进(ci,si), 以改进g/f3精度
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D0K0pp DPA(ci,si)

此BESIII输入对g/f3的影响: 3fb-1
2.10

at 3.773 GeV

BESIII preliminary 
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g/f3 at LHCb

Blow slides is taken from Liming Zhang’s talk
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cosdKp=1.020.110.060.01

PLB734(2014)227

目前最精确结果

dKp is important to relate to 
mixing parameters x and y 
from x’ and y’

AKp
CP=(12.71.30.7)×10-2

强相差dKp测量



yCP=(-2.01.30.7)%

PLB 744(2015)339
32

D0D0混合参数yCP测量
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Absolute BFs and yCP of D0
KS/Lp0(p0)

 Two dimensional fits to MBC(tag) versus MBC(signal)

 Projections of DT evens on the MBC(sig) vs. Kπ (for example)

Branching fractions and asymmetries

 yCP ((KSπ
0, KLπ

0) vs. Keν) = 

(0.98±2.43)%

BESIII preliminary 

Statistical only

BESIII preliminary 
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Absolute BFs and ACP of D+
KS/LK+(π0)

The first and second uncertainties are statistical and systematic

BESIII preliminary
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Observation/Evidence of Dwp

D+
hp+ D0

hp0

5.4s

4.1s

Singly-Cabibbo-Suppressed

衰变的研究有助于改进人们
对D介子衰变中 SU(3)对称

性破坏的理解，进而改进对
CP破坏的理论预期

PRL116(2016)082001

SCS衰变的研究受数据样本
和方法限制

双标记方法
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BF measurements of some D0(+)
PP

BESIII preliminary 
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PRD89(2014)052001

Dalitz Plot Analysis of 

charm meson decays can 

provide rich information 

about parameters of sub-

resonances and strong 

phases

Amplitude analysis of D+
KS

0pp0
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Amplitude analysis of D0
Kppp

Help to determine the absolute BF, strong phase, benefit g/f3

BESIII preliminary 

Previous analyses only from MarkIII and E691
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Ds
+
 h’X and h’+

~15.6 K ST 

N[Ds
+
 h’X]=68±14

N[Ds
+
 h’+]=210±50

B[Ds
+
 h’X]=(8.8±1.8±0.5)%

B[Ds
+
 h’+]=(5.8±1.4±0.4)%

BPDG14
SUM[Ds

+
 h’X]=(18.6±2.3)%

BCLEO[Ds
+
 h’+]=(12.5±2.2)%

是理论预期(3.0±0.5)%的4倍

BMSR[Ds
+
 h’X]=(11.7±1.8)%

PLB 750(2015)466

PRD79(2009)112008

PRD58(1998)052002

与CLEOPRD88(2013)032009一致

实验结果解决了实验和理论不一致的矛盾

F.S.Yu PRD84(2011)074019
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D介子稀有衰变的寻找

PRD 91(2015)112015

Search for FCNC 
decay  D0

gg 
using DT method

BD0gg<3.810-6

Consistent with Babar result

ST method

In SM, D0D0 mixing, CP violation and rare decay of charm are small

6223-
0

0 10 ]/2y[x 10yx   mixing  DrDD

310  ~sasymmetrie violation  CP
610decays Rare  FCNC 

decay

LNV 
decay
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 使用在3.773/4.009 GeV采集的2.93/0.482 fb-1 的样本，
取得了世界最好精度的研究结果

总结

--Decay constant fD+

--Form factor fDK(p)
+(q

2)

--CKM matrix element |Vcs(d)|

--yCP, dKp

--强相差(ci,si)初步结果.  More y(3770) data help further 

reduce input uncertainty of measuring g/f3 at Belle2@LHCb

--More results are expected in the near future

 2016年，BESIII在4.18 GeV采集了约3 fb-1数据，Ds
+物理

分析正在积极开展

精密检验LQCD理
论计算和CKM矩阵幺
正性、探讨CP破坏



42

谢谢!


