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via  𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏

Study of 𝐷𝑠
+ → 𝜏+𝜈𝜏
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Motivation

1. Since there is no strong interaction in the 𝑙+ 𝜈𝑙 final states, the pure-leptoinc 𝐷𝑠
+

→ 𝑙+ 𝜈𝑙 decays are the very clean channels to probe the hidden strong interaction 
between the initial quark and anti-quark, which is reflected in the decay constant 𝑓𝐷𝑠+.

• Precisely measure 𝑓𝐷𝑠+  precisely test lattice QCD.

to test the Lepton universality (the standard model prediction):
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2.  The decay rate of 𝐷𝑠
+ → 𝑙+𝜈𝑙 is:

Γ 𝐷𝑠
+ → 𝑙+𝜈𝑙 =
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2 = 9.74 ± 0.01

If there exists the obviously 
deviation from 9.74 from 
experimental measurements, 
perhaps there will be some new 
physics beyond the standard model.
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Experimental measurements

Collaboration Energy Integrated 
Luminosity

𝐵(𝐷𝑠
+ → 𝜏+𝜈𝜏)(%) 𝑓𝐷𝑠+ (MeV) Decay mode

CLEO[1] Near 
4.170 GeV

602 pb−1 5.30 ± 0.47 ± 0.22 246.1 ± 10.9 ± 5.4 𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏

CLEO[2] 6.42 ± 0.81 ± 0.18 271.4 ± 16.8 ± 5.2 𝜏+ → 𝜋+  𝜈𝜏

CLEO[3] 5.52 ± 0.57 ± 0.21 250.4 ± 12.3 ± 5.7 𝜏+ → 𝜌+  𝜈𝜏 , 𝜌 → 𝜋
+ 𝜋0

BABAR[4] 10.58 GeV 521 fb−1 4.96 ± 0.37 ± 0.57 259.9 ± 6.6 ± 7.6 𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏;
𝜏+ → 𝜇+𝜈𝜇  𝜈𝜏

BELLE[5] Near Υ 4𝑆 , at
Υ 5𝑆
reaonance

913 fb−1 5.70 ± 0.21−0.30
+0.31 255.5 ± 4.2 ± 5.1 𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏;

𝜏+ → 𝜇+𝜈𝜇  𝜈𝜏;

𝜏+ → 𝜋+  𝜈𝜏

BESIII[6] 4.009 GeV 482 pb−1 4.83 ± 0.65 ± 0.26 241.0 ± 16.3 ± 6.5 𝜏+ → 𝜋+  𝜈𝜏

PDG(2017) 5.48 ± 0.23

BESIII 4.178 GeV 3.19 fb−1

(~ 5x of CLEO)
𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏;
𝜏+ → 𝜇+𝜈𝜇  𝜈𝜏

High statistics and low background 
sources precisely measured

Low statistics，
statistic uncertainty dominants

Higher background sources，
systematic uncertainty dominants
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Mode Branching fraction(%)

𝜏+ → 𝑒+𝜈𝑒  𝜈𝜏 17.82 ± 0.04

𝜏+ → 𝜇+𝜈𝜇  𝜈𝜏 17.39 ± 0.04

𝜏+ → 𝜋+  𝜈𝜏 10.82 ± 0.05

𝜏+ → 𝜋+ 𝜋0  𝜈𝜏 25.49 ± 0.09



Data sets

Boss version:    703 for MC sample(10x) and data (1.45fb-1)

Method:             double  tag

Channel:            e+ e- Ds
*+ Ds

-,  

Tag mode:          Ds
-  KSK-, 

K+K--,

K+K- -0,

KSK- -+,

KSK+--,

-,  

-0,  

-,  +-,   

-,  0,  +-

Signal mode： Ds
+  +  , + e+e

The charge conjugated channels are also implied.
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Cocktail MC: to analyze background, and obtain the single tag  and double tag efficiency;

10x of data : open charm, qq, di-, di-, ,  J/, (3686), (3770).

0.4x of data: Bhabha events;

Data:  2016.1.9 ~2016.3.25, ~1.45 fb-1 (the luminosity of  full data is 3.189 fb-1  [1] ) .

6[1].  http://docbes3.ihep.ac.cn/DocDB/0006/000603/004.



Analysis  method

Not reconstruct /0 from Ds* decays.
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𝑁𝑡𝑎𝑔 = 2 𝑁𝐷𝑠 𝐷𝑠 𝐵𝑡𝑎𝑔 𝜖𝑡𝑎𝑔 ;

𝑁𝐷𝑠𝐷𝑠 : the number of total 𝐷𝑠𝐷𝑠 pairs events；

𝐵𝑡𝑎𝑔： the branching fraction of 𝐷𝑠
− → 𝑎 𝑡𝑎𝑔 mode;

For a given tag mode:

𝐵𝑠𝑖𝑔 =
𝑁𝑠𝑖𝑔 𝜖𝑡𝑎𝑔

𝑁𝑡𝑎𝑔 𝜖𝑡𝑎𝑔,𝑠𝑖𝑔 𝐵𝜏+→𝑒+𝜈𝑒 𝜈𝜏

4178

𝐵𝑠𝑖𝑔： the branching fraction of 𝐷𝑠
+ → 𝜏+𝜈𝜏 ;

𝑁𝑡𝑎𝑔： ST yield；

𝜖𝑡𝑎𝑔： ST efficiency; 

𝑁𝑠𝑖𝑔： DT yield；

𝜖𝑡𝑎𝑔,𝑠𝑖𝑔：DT efficiency;

𝑁𝑠𝑖𝑔 = 2 𝑁𝐷𝑠 𝐷𝑠 𝐵𝑡𝑎𝑔 𝐵𝜏+→𝑒+𝜈𝑒 𝜈𝜏𝜖𝑡𝑎𝑔,𝑠𝑖𝑔

Obtained from Single tag analysis

Obtained from Double tag analysis



Single tag
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Event selections
 Good charged track 

 From KS: |dz|<20cm and cos  <0.93 
 Others:   |dr|<1 cm , |dz|<10cm and cos  <0.93

 PID(Particle ID) (dE/dx and TOFCorr): 
 For pion except from KS : prob() >0, prob() > prob(K) 
 For kaon :                             prob(K) >0,  prob(K) > prob() 

 Good photon
 Barrel EMC:    (cos <0.8)

 E>25MeV
 Endcap EMC: (0.86<cos <0.92)

 E>50MeV
 TDC: [0, 14] (/50ns)
  - charged >10 o(without this cut for photons from 0  and )

 Ks candidates
 Using VeeVertexAlg package
 Vertex/second vertex fit: 2<100
 M(+-): [0.487,0.511] GeV/c2

 L/ > 2(without this cut for KSK
-) 9



 0 candidates: M(+-) >0.5 GeV/c2

  candidates: M(+-) : [0.946, 0.97] GeV/c2

M(0):     [0.94, 0.976] GeV/c2

 0 /  candidates
 Using Pi0EtatoGGRecAlg  package 
 M() : [0.115,0.150] GeV/c2 for 0,  [0.50,0.57] GeV/c2 for .

 2
1c<200, Candidates with both daughter photons from end cap region are rejected.

 Momentum of 0 : p(0) >0.1 GeV/c.

 Momenta of Charged pions:  > 0.1GeV/c
 Momentum of  from  0:  > 0.1GeV/c.

 The sum of ratios for all charged tracks (n) from tag side for a given tag mode  is less than 2.0 

(0.9 for n==1) to suppress Bhabha events:
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𝒮 = 

𝑗=1

𝑛

𝑅 = 

𝑗=1

𝑛
𝑝𝑟𝑜𝑏(𝑒)

𝑝𝑟𝑜𝑏 𝜋 + 𝑝𝑟𝑜𝑏 𝐾 + 𝑝𝑟𝑜𝑏(𝑒)



The distribution of invariant mass 
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Scaled to the luminosity of 1.45 fb-1
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The distribution of sum of ratios 

Bhabha

Scaled to the luminosity of  0.4 times of data

𝒮 = 

𝑗=1

𝑛

𝑅 = 

𝑗=1

𝑛
𝑝𝑟𝑜𝑏(𝑒)

𝑝𝑟𝑜𝑏 𝜋 + 𝑝𝑟𝑜𝑏 𝐾 + 𝑝𝑟𝑜𝑏(𝑒)
< 2.0 𝑛 > 1 or 0.9 𝑛 == 1



 Recoiling mass of tag-Ds: [2.05,2.195]GeV/c2,

 Select all tag-Ds candidates per event. (minimize the tag bias) 

Peak:            due to the primary Ds ;
Broad flat:   due to the secondary Ds

from Ds* decays.
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𝑀𝑟𝑒𝑐
2 𝑐4 = 𝐸𝑐𝑚 −  𝑝𝐷𝑠−

2
𝑐2 +𝑚𝐷𝑠−

2 𝑐4
2

− −  𝑝𝐷𝑠−
2
𝑐2



The distribution of M(Ds
-)

Cocktail MC samples are normalized to the luminosity of 1.45 fb-1
Fit = MC  shapeGaussian + 1st /2nd Chebychev

Dotted with error bar is from data of 1.45 fb-1.
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The efficiency and yield of single tag
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ST efficiency is obtained by fitting M(Ds
-) from cocktail MC sample(10x).

M(Ds
-) signal region is about 3(we use a double Gaussian plus 2nd order Chebychev to fit M(Ds

-) 
to obtain the sigma). 

When counting the number of generated events for single tag efficiency, we don’t care sub-
particles (KS, 

0, , ’) decays.

ST efficiency (%) ST yield 



Double tag
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Event selection

1. Only one charged track with the opposite charge of Ds
-, which satisfies: 

|dr|<1 cm , |dz|<10cm and cos  <0.93

2. PID(dE/dx, TOFCorr and EMC) 

 𝑝𝑟𝑜𝑏 𝑒 > 0. 001;


𝑝𝑟𝑜𝑏 𝑒

𝑝𝑟𝑜𝑏 𝑒 +𝑝𝑟𝑜𝑏 𝜋 +𝑝𝑟𝑜𝑏 𝐾
> 0.8


𝐸

𝑝
(𝑒) > 0.8

3. The momentum of electron: 𝑝 𝑒 > 0.2 GeV/𝑐 ;
4. Not reconstruct /0 from Ds* decay
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The distributions of some DT requirements 

Scaled to the luminosity of 1.45 fb-1
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signal region:        [0.0,0.4] GeV
sideband region:  [0.6,2.0] GeV

The definition of Eextra
tot (γ)

To obtain the DT efficiency and DT yield𝐸extra
tot (𝛾) =  𝑖 𝐸𝑖

𝛾
:

the total energy of all good showers in EMC, 
except for those used in tag side.

Peak: 𝛾/𝜋0 from 𝐷𝑠
∗ → 𝛾 𝜋0 𝐷𝑠

Near 0: some events when the 
photon from Ds

* decay escapes 
detection
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Ds
+ non-peaking backgrounds

Shape : MC-based
Size     : float in 𝐸extra

tot > 𝟎. 𝟔 𝐆𝐞𝐕.

non-Ds
+ backgrounds

Shape : MC(DATA)-based from 
sidebands of tag side
Size     : fixed/determined by the tag 
side

Ds
+ peaking background

Shape : MC-based (Ds
+ ➝ KL e+ ν)

Size     : fixed by its BF from BESIII
Signals are 

obtained by 
subtracting the 

extrapolated 
backgrounds in 

the signal 
region(𝐸extra

tot

< 𝟎. 𝟒 𝐆𝐞𝐕)

Example (case of tagged Ds
-  KSK- from cocktail MC in round11)

Fitting method
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The efficiency of double tag

Using the same fitting method, fit 𝐸extra
tot (𝛾) from cocktail MC sample (10x), to obtain the  

efficiency of double tag.

When counting the number of generated events, we don’t care what sub-particles (KS, 
0, , ’) 

decays.

DT efficiency
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Input / Output check

Using the same fitting method discussed above,  to fit the distribution of 𝐸extra
tot (𝛾) from  

cocktail MC sample in round11, round12, round13, round14 and round15, respectively.

Check the Input / Output results in two different ways:

1. For a given tag mode, weighted by the error of the branching fraction from each round 
sample, to obtain the average branching fraction of signal side.  
2. In each round sample, weighted by the error of the branching error from each tag mode, to 
obtain the average branching fraction of signal side.   
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Input value: 5.54%

The average results  for each tag mode after 
combining the results of 5 rounds 

The average results  for each round after 
combining the results of 9 tag modes.

Result of Input / Output check

The output result is consistent with the input one within uncertainties



Fitting result from data of 1.45 fb-1
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Result from data of 1.45 fb-1
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Systematic uncertainty

Sources

Fitting tag 𝑀(𝐷𝑠
+) Fitting range; Signal shape;

Bkg shape; Bin size

Tag bias

Tracking efficiency of 𝑒+ Radiative Bhabha sample:
𝑒+𝑒− → 𝛾𝑒+𝑒−PID efficiency of 𝑒+

Extra tracks Double hadronic tag sample:
𝐷𝑠
− → 9 tag modes,with
𝐷𝑠
+ → 𝐾𝑆

0𝐾+, 𝐾+𝐾−𝜋+

Non-𝐷𝑠
+ bkg

𝐷𝑠
+ non-peaking bkg

𝐷𝑠
+ → 𝐾𝐿

0 𝑒+ 𝜈𝑒 bkg Control sample: 
𝐷0 → 𝐾𝐿

0 𝜋+𝜋−

Cited 𝐵(𝜏+ → 𝑒+ 𝜈𝑒  𝜈𝜏) 0.2 %

FSR

Total



Summary and next to do

1. Based on double tag method, we perform the analysis 𝐷𝑠
+ → 𝜏+𝜈𝜏, 𝜏

+ → 𝑒+𝜈𝑒  𝜈𝜏 with 9 tag 
modes ;

2. Using the cocktail MC sample in round11, round12, round13, round14 and round15, two 
different ways are used to check the input/output results:  
a. For a given tag mode, average the results of 5 round samples;

b. For a given round sample, average the results of 9 tag modes.  

and the output results are consistent with the input value within uncertainties.

3.  With the data sample of 1.45 fb-1, the branching fraction of 𝐷𝑠
+ → 𝜏+𝜈𝜏 is measured to be 

(5.35 ± 0.21stat )%, which is consistent with PDG (5.48 ±0.23)%. 

Next to do:

1. Finish systematic uncertainties;
2. Finish memo.

Thanks for your attention!
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Back up 
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Ds* Ds MC sample

The optimization 
of Etot

extra()



Fitting method

a.  Fit  the high side of Etot
extra();

b.  And then count the number of signal events in Etot
extra() signal region by:

Dotted with error bar: 
from cocktail MC sample in round11;

Red:  
fit result of high side of Etot

extra().  
Circle(non-Ds

+ bkg):   
from tag M(Ds

-) sideband events. 
Short-dashed Green(Ds

+ peaking bkg): 
Ds

+  KL e+ e matched histogram extracted 
from Ds* Ds MC sample in the first 5 rounds: 
round01 ~ round05, and the number of events 
is the average value from round 01 to round15.
Dashed Blue(Ds

+ non-peaking bkg):    
the histogram from Ds* Ds MC sample in the 

first 5 rounds  that excludes signal and 
Ds

+  KL e+ , float  the number of events.
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For example:  the distribution of Etot
extra()  from cocktail MC sample in round11: 
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Summary of the systematic uncertainty

In this analysis, the statistical uncertainty  with full data sample is about 2.9%. Perhaps the
systematical uncertainty will be comparable with statistical uncertainty.



The distribution of M(Ds
-)

Fit = MC matched shape + 1st /2nd Chebychev

Dotted with error bar is from cocktail MC with ten times of data.
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With E/p < 0.0001

1x cocktail MC
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