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Overview 
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• BESIII experiment 

• Λ𝐶
± 12 Hadronic Branching Fractions  
• Motivation 
• Analysis 
• Global Fit of Branching Fractions 

• Λ𝐶
±  Semi-leptonic ℬ Λ𝐶

+ → Λ𝑒+𝜈𝑒  
• Motivation 
• Analysis 

• Summary 
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BEPCII and BESIII 

Taking Physics Data since 2009 D
at

as
et

s 
𝟎. 𝟓 ×  𝟏𝟎𝟗Decays 

𝟏. 𝟐 × 𝟏𝟎𝟗Decays 

Electron Positron Collider 



May 20, 2015 Dan Ambrose, University of Minnesota 4 

BESIII Detector 

Super-conducting  
magnet (1.0 tesla) 

μ Counter 
8- 9 layers RPC 

    Drift Chamber (MDC) 
  𝜎𝑃 𝑃 = 0.5% @1 GeV 
  𝜎𝑑𝐸/𝑑𝑥 = 6%   

Time Of Flight (TOF) 
    𝜎𝑇 : 90 ps Barrel 
          110 ps endcap 

EMC： 
𝜎𝐸/𝐸  = 2.5%@1GeV 

𝜎𝑍  = 0.6cm 
M. Ablikim et al., (BESIII Collaboration),  
Nucl. Instrum. Meth. A 614, 345 (2010). 

2 m 
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Motivation 
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• Λ𝐶
±, the first discovered charmed baryon, was discovered about 35 years ago.  

• Most of branching fractions (BF) are measured relative to 𝛬𝐶
+→p𝐾−𝜋+ which is 

determined on model assumption. 

• Absolute branching fractions of Λ𝐶
± decays was not well determined until 

BELLE’s first “model-independent” measurement last year: 
• 𝐵 (𝛬𝐶

+→p𝐾−𝜋+)=(6.84±0.24−0.27+0.21)% [arXiv:1312.7826]  
precision reaches to 4.7% 

• much higher than PDG value 𝐵 (𝛬𝐶
+→p𝐾−𝜋+)=(5.0 ± 1.3)%  

precision at ~20-40%  
• Another model-independent measurement of 𝐵 (𝛬𝐶

+→p𝐾−𝜋+), along with the 
first model-independent measurements of many other modes is interesting. 

 

Charge conjugate modes are implied in the following slides 



Dataset 𝑠 = 4.6 GeV 
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• 567 pb-1 Worlds first and only dataset at Λ𝐶
+Λ𝐶

− threshold 
• Creation of Λ𝐶

+Λ𝐶
− pairs allows for a model independent 

double-tagging (DT) method 

BELLE collaboration 
Phys. Rev. Lett. 101 (2008) 172001 



Λ𝐶selection 
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12 modes used in 
reconstruction of Λ𝐶  
covers ~1/3 of the total 
decays.  

Constructing particles 
from final state particles: 
• 𝐾𝑆 → 𝜋+𝜋− 
• 𝜋0 → 𝛾𝛾 
• Λ → 𝑝𝜋− 
• Σ0 → Λ𝛾 
• Σ+ → 𝑝𝜋0 
• 𝜔 → 𝜋+𝜋−𝜋0 

Λ𝐶
+ 

Λ𝐶
− 

𝐾+ 

𝜋− 

𝑒− 𝑒+ 

𝜋− 

Λ 

p 



Tagging method 
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Single Tag (ST) Λ𝐶
± → 𝑖 

Reconstruct candidate particles for Λ𝐶
± decay. 

Δ𝐸 =  𝐸Λ𝐶𝑅𝑒𝑐 − 𝐸𝐵𝑒𝑎𝑚 𝑀𝑏𝑐 = 𝐸𝑏𝑒𝑎𝑚
2 − |𝑃Λ𝐶𝑅𝑒𝑐|

2 

Preliminary 

Double Tag (DT) Λ𝐶
+ → 𝑖, Λ𝐶

−→ 𝑗 
Reconstruct candidates particles for both Λ𝐶

+ and Λ𝐶
− decays. 

• Used to cancel out model dependence 
• Background reduced 
• Statistically suffer 

Preliminary 



Model independent through Double-tag method 
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Single Tags: Double Tags: 

Ratio of DT yield to the ST yields provides absolute measurement of branching fraction 

Assuming CPV is negligible, 𝐵𝑟𝑖+ = 𝐵𝑟𝑖− = 𝐵𝑟𝑖    
However detection efficiencies measured for both ± 



Single Tag Λ𝐶
± yields  
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Data 
Fit with MC signal 
shape on an Argus 
background 



Single Tag Λ𝐶
± efficiencies  
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MC 



Double Tag Λ𝐶
± yields  
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Data 



DT efficiency 
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Each number is 
the average of 
the two 
efficiencies  

𝜀𝑗+𝑖−
𝐷𝑇  and 𝜀𝑗−𝑖+

𝐷𝑇  



Branching Fraction Results 
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A least square global fitter: simultaneous fit to the all tag modes while 
constraining the total Λ𝑐

+ Λ𝑐
− pair number, taking into account the correlations. 

*Chinese Phys. C 37 , 106201 (2013) 



Semi-leptonic Motivation 
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• Λ𝑐
+ → Λ𝑒+𝜐𝑒 is a 𝑐 → 𝑠𝑙+𝜐 dominated process 

• No direct absolute measurement of 𝐵(Λ𝑐
+ → Λ𝑒+𝜐𝑒) available. 

Direct measurement eagerly awaited for LQCD calculations. 
From indirect measurements 

𝐵 Λ𝑐
+ → Λ𝑒+𝜐𝑒 = (2.1 ± 0.6)%       PDG 2014 

Using recent BELLE measurement of 𝐵 (𝛬𝐶
+→p𝐾−𝜋+), we get (2.9 ± 0.5)%  

• Theoretical predictions for branching fraction of Λ𝑐
+ → Λ𝑒+𝜐𝑒 

ranges from 1.4% to 9.2%. 
•  Thus, measuring 𝐵(Λ𝑐

+ → Λ𝑒+𝜐𝑒) will provide very important 
experimental information for 

1) Testing the theoretical predictions for 𝐵(Λ𝑐
+ → Λ𝑒+𝜐𝑒) . 

2) Calibrating the LQCD calculations. 
3) Additionally can help in determining CKM elements. 

 



Singly Tagged Λ𝐶
− baryons 
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11 single tag modes 
are used to 
reconstruct singly 
tagged Λ𝐶

− baryons. 



Candidate Events and Results 
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Summary 
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Based on the 567 pb-1 of e+ e- collision data at center-of-
mass energy of 4.6 GeV collected with the BESIII detector at 
BEPCII, we have a unique opportunity to measure Λ𝐶  decay 
BFs at Λ𝐶

+Λ𝐶
− pair threshold. 

BFs of 12 hadronic Λ𝐶  decay modes are measured with DT 
method and a global fit to improve precision. 

BF of semi-leptonic Λ𝑐
+ → Λ𝑒+𝜐𝑒 decay is measured with a 

DT method. 
12 of 13 modes are the first model-independent 

measurements of the absolute branching fraction of Λ𝐶  
decays. 

Significant statistical improvement over current PDG 
measurements 

 



Thank you 
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Λ𝐶selection criteria 
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Global fit  
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Matrix of efficiency-corrected yields (c): 
                       𝑐 = 𝐸−1𝑛 

E is the signal efficiencies matrix (24x24) 
n is the yields contain ST and DT (24x1) 
 

Least squares fitter constrains all BF simultaneously: 
 𝜒2 ≡ 𝑐 − 𝑐 𝑇𝑉𝑐

−1 𝑐 − 𝑐 + 2𝜆𝛼
𝑇𝑔(𝑐 , 𝑚) 

Where m indicates unknown parameters(12 BF and 𝑁Λ𝐶Λ𝐶
, 13x1) 

𝜆 are the vectors of Lagrange multipliers 
Minimizing 𝜒2 optimizes the value of m 
           *Chinese Phys. C 37 , 106201 (2013) 
 
 


