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Cornerstone of charmed baryons:  
Lc

+ is the lightest charmed baryon, most of the 
charmed baryons will eventually decay to Lc

+.  

Quark model picture:  
a heavy quark (c) with a unexcited 
spin-zero diquark (u-d) 
Heavy Quark Effective Theory  
predicts that Lc may provide more  
powerful test on internal dynamics than D/Ds 

Lc
+ cornerstone of charmed baryon spectroscopy  

Essential input for study the decays of  
b-flavored hadrons involving Lc in final state 

Status of Lc
+ measurement  [PDG2015]:  

• poorly understood compared to charm mesons 
   total BF~60%, large uncertainties(>20%) 
• Relative measurement 
• No neutron mode has been observed yet. 
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 Total branching fraction ~60%. 

 Quite large uncertainties(>20%) 
 Lots of unknown decay channels 

 Most BFs are measured relative to Lc
+
pK-p+  

14.1% 
22.9% 

25.0% 



Energy (GeV) Luminosity (pb-1) 

4.575 ~48 

4.580 ~8.5 

4.590 ~8.1 

4.599 ~567 

Lc Data samples at BESIII 

In 2014, BESIII collected data above Lc pair threshold and run 

machine at 4.599 GeV with excellent performance. 

With 567/pb data collected at Ecm=4.599 GeV, lots of the works are 

performed to study the decay property of Lc at BESIII.    



 The BFs provide complementary information on determining |Vcs|. 
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Lc
+ Ll+nl  decays 

B[Lc
+
Le+ne]=(3.630.380.20)% 

Provides important input for calibrating the LQCD calculations. 

 Theoretical calculations on the BF ranges from 1.4% to 9.2% 

PRL115(2015)221805 

104±11  

Phys. Lett. B 767(2017)42 

79±11  Lc
+ Le+ne  Lc

+ Lm+nm  

B[Lc
+
Lm+nm]=(3.490.460.26)% 

G[Lc
+
Lm+nm]/G[Lc

+
Le+ne]= 0.96±0.16±0.04  

 BESIII performed the first absolute BF measurements. 

Umiss (GeV) Umiss (GeV) 
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The first Lattice calculation on Lc
+ SL decays triggered by BESIII! 



Absolute BFs for Lc
+ hadron decays 

Measurement using the threshold pair-productions via e+e- annihilation 

is unique: the most simple and straightforward  
PRL116(2016)052001 The MBC distributions for ST  

The yields for ST  



 Improved absolute BF of pK-p+ 

together with BELLE’s result are 

key to calibrate other decays. 

Absolute BFs for Lc
+ hadron decays 
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A global least-square fitter 

is utilized to improve the 

measured precision for 12 

Lc
+ hadronic decay 

channels. 

 Absolute BFs are improved 

significantly. 

 BESIII BF for Lc
+
pK-p+  is 

smaller. 



Study of SCS Decays Lc
+
pp+p- and Lc

+
pK+K-  

Lc
+
pK-p+ Lc

+
pp+p- 

5940±85 495±35 

Lc
+
pK+K- [non-f] 

38±9 

Two-dimensional unbinned maximum likelihood fit 

44±8 

Lc
+
pK+K- [via-f] 

 Study of SCS decays can shed 

light on dynamics of  Lc
+ decays 

 B[Lc
+
pf] is of particular 

interest since it proceeds W-

exchange only, which is essential 

to validate the theoretical models 

and test the application of large-Nc 

factorization in charmed baryon.  

 ST study, relative BFs to 

Lc
+
pK-p+ is measured.  

 Input BESIII measurement:  
B[Lc

+
pK-p+]=(5.84±0.27±0.23)% 

PRL117(2016)232002 
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• Their relative size essential to understand the interference of 
different non-factorizable diagrams 

• It is expected that G(Lc
+
ph)>>G(Lc

+
pp0) 

SCS Decays Lc
+
pp0 and Lc

+
ph  

PRD95(2017)111102(R) 

Lc
+
phgg 

Lc
+
php+p-p0 Lc

+
pp0 

BESIII Measurements:  
 

 First evidence of Lc
+
ph with 4.2s; 

 B[Lc
+
ph]=(1.24±0.28±0.010)×10-3;  

 B[Lc
+
pp0]<2.7×10-4; 

 B[Lc
+
pp0]/B[Lc

+
ph]<0.24; 



Observation of Lc
+
nKS

0p+ 

 The relative BF of neutron-involved mode to proton-involved mode is 

essential to test the isospin symmetry and extract the strong phases of 

different final states. [PRD93 (2016) 056008]  

 First observation of Lc
+ decays to final states involving the neutron. 

83±11 

B[Lc
+→nKS

0p+]=(1.820.230.11)% 

B[Lc
+→nK0p+]/B[Lc

+→pK-p+]=0.620.09 

B[Lc
+→nK0p+]/B[Lc

+→pK0p0]=0.970.16 

The first errors are statistical and the second systematic. 

PRL118(2016)112001 

The phase difference between I(0) and I(1): 

cosd=-0.240.08  

and relative strength: |I(1)|/|I(0)|= 1.140.11 



arXiv:1710.00150 Precision measurement of the born cross section of e+e-
Lc

+Lc
-.  

Cross section of e+e-
Lc

+Lc
- near threshold  

 the cross section has a jump at 
threshold  
the cross section appears flat, in 
part at odd with Belle 

 Born cross section near threshold 

 Fits to the angular distributions  

4.574 GeV 4.599 GeV 

Fitted by f(q)  (1+aLccos2q) 

The first time to Measure Lc  form factor ratio |GE/GM| near threshold.  
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Lc
+ Measurements at BESIII 

Observation of the decay Lc
+
S-p+p+p0   [PLB772, 388(2017)] 

BAM-00247  Measurement of absolute BF of the inclusive decay Lc
+
L+X  

BAM-00251  Measurement of Lc+ weak decay asymmetry 

BAM-00254  Measurement of BFs for Lc+ decays to S+h and S+h’ 

BAM-00276  Measurement of BFs for Lc+X0K+ and X(1530)0K+ 

BAM-00305  Study of Lc+Lp+h  

BAM-00265  Inclusive semileptonic decay of Lc+e+X 

With 567/pb data collected at BESIII during a month, 7 (4 PRL) papers 
are published! Lots of the Lc related topics are undergoing at BESIII. 

Measurement of the absolute BF for Lc
+
Le+ne   [PRL115,221805 (2015)] 

Measurement of the absolute hadronic BFs for Lc Baryon  [PRL116, 052001 (2016)] 

Measurement of SCS decays Lcpp+p- and LcpK+K-  [PRL117, 232002 (2016)] 

Observation of LcnKS
0p+  [PRL118, 112001 (2017)] 

Evidence of the SCS decay Lcph and search forLcpp0  [PRL117, 232002 (2016)] 

ongoing topics (7 and more): 

Published papers (7 papers): 

Measurement of the absolute BF for Lc
+
Lm+nm   [PLB767,42 (2017)] 

BAM-00328  Measurement of Lc
+
KS

0X  
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Prospects of Lc
+ running at BESIII 

 The energy upgrade project had approved. The machine can increase the 
collision energy to 4.7 GeV in 2018 and to 4.9 GeV by 2020. 

 In next few years (may be 2019), BESIII will  
be able to collect 5/fb Data at Ecm=4.64 GeV,  
which is expected to be the peak of Lc

+Lc
-  

production threshold.  The new data is about 
16 times larger than current Lc data sample. 

 Unique data taken near Lc
+Lc

- threshold : 

 Precise measurement of BFs 

 Clean and low backgrounds 

 Channels containing KL
0 and neutron—DT method 

 Easily control of the systematic uncertainties – very important 

 Can almost systematically study all Lc
+ decay channels.  
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Competitions from Belle/Belle-II 

PRL113,042002(2014) 

ST: 36447±432 @ 978/fb 

 Belle tags 36K Lc events with ~1/ab data, while BESIII tags 15K Lc events with 
0.5/fb data @ Ecm=4.6 GeV.   

 By middle of 2019, Belle-II will have 5/ab data, 
about 180K Lc events.   

 With 5/fb data @ Ecm=4.64 GeV at BESIII (16 
times current Lc data sample), about 240K Lc 

events will be collected.   

 BESIII had advantages on backgrounds and 
systematic uncertainties.   

BESIII  567/fb data 
ST: Lc pK-p+  

High & complicate  
ST backgrounds 
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Interest topics—FFs in Lc
+
Ll+nl

 

1076(363)  

CLEO Collaboration, PRL75, 624(1995); CLEO Collaboration, PRL94, 191801(2005); 

4060(859) 

 Previous Measurements from CLEO. 

3/fb ϒ(4S) data 13.7/fb ϒ(4S) data 

f2/f1=-0.250.14 0.08 (64%) f2/f1=-0.310.050.04  (21%) 



600 Le+ne events 

 Based on MC simulation, we obtain f2/f1=-0.310.08(25%), input: -0.31; 

Interest topics—FFs in Lc
+
Ll+nl

 

 MC simulation (~6 times of current data sample)-[3-D fit]. 

 with 16 times data, the precision for f2/f1 will be ~15%; 

 If we combine the data from electron and muon channels, the precision 
for measuring f2/f1 will expected to reach ~12%. 



Predictions Predictions for Lc
+
nl+nl 

K. Azizi et al, PRD80, 096007 (2009)  

Light cone QCD sum rule 

(0.25±0.09)% 

T. Gutsche et al., PRD90, 114033 (2014) 

Covariant confined quark model 

0.2% 

Cai-Dian Lü, Wei Wang and Fu-Sheng Yu, Phys. 

Rev. D 93, 056008 (2016); 

SU(3) symmetry 

(0.293 ± 0.034)% 

 

R. N. Faustov, V. O. Galkina, Eur. Phys. J. C. 76, 

628 (2016); 

relativistic quark model 

0.268% 

Cheng-Fei Li, Yong-Lu Liu, Ke Liu, Chun-Yu Cui, 

Ming-Qiu Huang, arXiv: 1610.05418 

light-cone QCD sum rules 

(0.26±0.01)% 

 

Stefan Meinel,  arXiv:1712.05783 [accepted by 

PRD], Lattice QCD 

e+ne:  0.410±0.026LQCD±0.012tLc±0.002|Vcd| 

m+nm: 0.400±0.026LQCD±0.012tLc±0.002|Vcd| 

 Provides important information for Lattice calculation of Lbpl+nl 

Interest topics—Lc
+
nl+nl

 

 Helps to test theoretical predictions. 

Challenge: 1) two missing particles; 2) Suffers huge backgrounds from Lc
+
Ll+nl.  
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Search for Lc
+
L*l+nl 

 

 If Lc
+ is J=1/2,  it favors the decay Lc

+
Ll+nl .  

 Searching for Lc
+
L*l+nl  is very important. Dominant channel 

L*
pK-/Sp 

B[Lc
+
L*l+nl ]<<B[Lc

+
Ll+nl ] ?  

channel N. Ikeno et al. 

[PRD93, 014021] 

M. Pervin et al 

[PRC72, 035201] 

Lc
+
 L(1405) e+ne 2×10-5 0.6% 

Lc
+
 L(1520) e+ne - - 0.1% 

Some theories suggested that the weak decay processes are important to clarify the 

existence and the nature of L(1405).  Thus, study of Lc
+
L(1405)l+nl  is very important. 

suggestive of di-quark model 



Lc
+
pK-/Spe+ne 

 

MC: 5 times data Full MC simulation 

>5s significance 

Lc
+
S+p-e+ne 

Umiss (GeV) Umiss (GeV) 

Umiss (GeV) 

Lc
+
S0p0e+ne 

Umiss (GeV) 

Full MC simulation 
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 Systematically study channels via W-exchanges.  

Lc
+ Hadronic decay 

Theoretically, two explanations for D0 and D+ lifetime difference[ZPC33,297]: 
[1] light quark interference(D+: c->sud-bar and d-bar);  
[2] W-exchange (D0: cu-bar -> sd-bar, W-exchange but suppressed by helicity 
conservation) 

tLC =(2006)10-15 s tD0 =(410.11.5)10-15 s tD+ =(10407)10-15 s 

Comparisons of the lift time of Lc, D
0 and D+ [PDG2017]:  

It is expected that the W-exchange (no helicity suppression) mechanism plays an 
important role in Lc

+ decays.  

 The channels proceeds only through W-exchange in Lc
+ decays!! 

Important to study W-exchanges mechanism, clean and straightforward  

BFs in PDG 2017 

LC
+
X0K+ (5.0±1.2) ×10-3 BESIII can systematically 

study and precisely measure 
the branching fractions for 
these channels. 

LC
+
D++K- (1.09±0.25) ×10-2 

LC
+
S+K+K- (3.6±0.4) ×10-3 

LC
+
S+f (4.0±0.6) ×10-3 
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 Study of SCS channels: Lc
+
LK+,pp0,ph,np+,S0K+,S+K0 etc.  

Lc
+
pp0 

Lc
+ Hadronic decay 

From Prof. Hai-Yang Cheng’s report. 

BESIII: B[Lc
+
pp0]<2.7×10-4 

• More precise comparison of the two BFs are desired to explore the interference of 
different non-factorizable diagrams and BESIII result support the theoretic prediction. It 
is predicted that Br[Lc

+
np+]~3.5×Br[Lc

+
pp0]  [Hai-Yang Cheng, arXiv: 1801.08625] 

• With more data, BESIII may report the first observation of these channels. 

PRD95(2017)111102(R) 
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Predictions and Measurements 

Hai-Yang Cheng etc, arXiv: 1801.08625 

? 

? 

? 

? 

• Measuring the decay BFs of these decay channels can provide 
important data for understanding the W-exchange and non-
factorizable mechanism.  

[in units of 10-3] 
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•  Lc
+ hadronic weak decays  

Other relevant topics 

 Lc
+
pKS

0/KL
0, pKS

0p0/KL
0p0, etc    

[Fu-Sheng Yu, arXiv: 1709.09873] 

Helps to explore KS
0-KL

0 asymmetry in Lc
+ decays. 

 Decay asymmetry parameters in Lc
+ two-body decays, Lc

+
BP/BV  

•  Exclusive decays containing neutron or KL
0 

 First observation of Lc
+
np+, nK+, np+p0, nK+p0, etc  

It can provides a good test on isospin/SU(3) symmetry by combing the 
measurements of the Lc

+ decays proton channels.  

First evidence or observation of Lc
+
gS+ 

The BF for Lc
+
gS+ is predicted to be 2.8×10-4 [PRD47,2858(1993)] 

•  Weak radiative decays 

which can be used to study the relative phase between S-wave and P-wave decays  



typical hadronic decays typical two-body decay SL decay 

D0 B(K-p+)=(3.89±0.04)%  
Precision: 1.0%  

B(KS
0p0)=(1.19±0.04)% 

3.4% 
B(K-e+ne)=(3.53±0.03)% 
0.8% 

D+ B(K-p+p+)=(8.98±0.28)%   
Precision: 3.1% 

B(KS
0p+)=(1.47±0.08)% 

5.4% 
B(KS

0e+ne)=(4.41±0.07)% 
1.5% 

D+
s B(K-K+p+)=(5.45±0.17)%  

Precision: 3.8% 
B(KS

0K+)=(1.40±0.05)% 
3.6% 

B(fe+ne)=(2.39±0.23)% 
9.6% 

Λ+
c 

B(pK-p+)=(6.35±0.33)% 
Precision: 5.2%, BESIII&Belle 

B(pKS
0)=(1.52±0.08)% 

5.6%, BESIII 
B(Λe+ne)=(3.63±0.43)% 
12%, BESIII 

5/fb @4.64GeV   
Expected precision: <2%  
(systematic error dominant) 

5/fb @4.64GeV  
Expected precision: <2%  
(systematic error dominant) 

5/fb @4.64GeV   
Expected precision: ~3%  
(statistical error dominant) 

Expected precision 

from Prof. Li Hai-Bo and Lyu Xiao-Rui Expectations of the typical Lc
+ decay BFs  

With 5/fb data at 4.64 GeV, BESIII can precisely and systematically study the 
decay property ofLc baryon, which is also important for excited baron studies. 
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•  With 5/fb data at Ecm=4.64 GeV, we could expect for the typical Lc
+ decay: 

Lc
+
 BF(stat.) [%] DB(stat.)/B Expected  DB(stat.)/B  

pKs
0 1.52±0.08 5.3% 1.3% 

pK-p+ 5.84±0.27 4.6% 1.2% 

pKs
0p0 1.87±0.13 7.0% 1.8% 

pKs
0p+p- 1.53±0.11 7.2% 1.8% 

pK-p+p0 4.53±0.23 5.1% 1.3% 

Lp+ 1.24±0.07 5.6% 1.4% 

Lp+p0 7.01±0.37 5.3% 1.3% 

Lp+p-p+ 3.81±0.24 6.3% 1.6% 

S0p+ 1.27±0.08 6.3% 1.6% 

S+p+p- 4.25±0.24 5.6% 1.4% 

S+p0 1.18±0.10 8.5% 2.1% 

S+w 1.56±0.20 12.8% 3.2% 

Ll+nl 3.6±0.4 11.1% 2.8% 

L*l+nl 0.6 [predicted] - - 10% 

nl+nl 0.2 [predicted] - - 17% 

For typical CF decays, the precision of BFs will be dominated by systematic errors. 

~2% 
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Sc and Xc
 

If BEPCII can access energy up to 5 GeV, we can study the decay properties of 
Sc and Xc baryons.   

• No BFs have been measured for Xc
+ 

(relative to X-p+p+) and Xc
0 (relative to X-p+). 

• Xc weak decays; 

• Xc semileptonic decays; 

• Decay asymmetry in Xc CF weak decays; 

 [more details can be seen in backup slides] 



Summary 
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 Semi-leptonic decays 

 BESIII provides unique data to systematically study Lc
+ decays 

 Hadronic decays 

Measuring Form factors, Searching for more SL decay channels 

Precise measurement of typical hadronic decays 

PWA for studying sub-structures 

SCS and W-exchange decays 

Exclusive decays containing KL
0 and neutron 

Decay asymmetry measurements 

 Weak radiative decays 

First evidence or observation of Lc
+
gS+ 
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Thanks! 
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Beijing Electron Positron Collider (BEPC) 

BESIII detector 

Linac 

South 

2004: start BEPCII construction 

2008: test run of BEPCII  

2009: Start of BESIII data taking  

Beam energy: 1.0-2.3 GeV   

Achieved Design Luminosity on 

Apr 5th, 2016 : 11033 cm-2s-1 
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BESIII Detector 
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Guangxi Normal Univ., Guangxi Univ., 

Hangzhou Normal Univ., Henan Normal Univ.,  

Henan Univ. of Science and Technology, 
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Univ., Lanzhou Univ., Liaoning Univ.,  

Nanjing Normal Univ., Nanjing Univ.,  

Nankai Univ., Peking Univ.,  Shandong Univ., 
Shanghai Jiao Tong Univ., Shanxi  Univ., 

Sichuan Univ., Soochow Univ.,  

Sun Yat-Sen Univ., Tsinghua Univ.,   

Univ. of Chinese Academy of Sciences ,   

Univ. of Sciences and Technology Liaoning, Univ. 
of Science and Technology of China,  
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 Germany: Bochum Ruhr Univ., GSI  

Darmstadt, Helmholtz Institute Mainz, 

Johannes Gutenberg Univ. of Mainz, Justus-

Liebig-Univ. Giessen, Univ. of Münster;  

Russia: Budker Institute of Nuclear Physics, 

Joint Institute for Nuclear Research 

Italy: Ferrara Univ., INFN Laboratori Nazionali 

di Frascati, Univ. of Turin; 
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Groningen; Sweden: Uppsala Univ., 

Turkey: Turkish Accelerator Center Particle 

Factory Group 

USA (5) 

Carnegie Mellon Univ.,  

Indiana Univ.,   

Univ. of Hawaii,  

Univ. of Minnesota,  

Univ. of Rochester,  

BESIII Collaboration 

~350 members 
59 institutes from  
12 countries 

Others  In ASIA(6) 
COMSATS Institute of Information Technology, Pakistan, 

Indian Institute of Technology, Madras, India  

Institute of Physics and Technology Mongolia,  

Seoul National Univ., Korea,  

Tokyo University, Japan 

Univ. of Punjab, Pakistan 



Model &Experiment Brexp [%] References 

SU(4) symmetry limit 9.2 M. Avila-Aoki et al [PRD40, 2944 (1989)] 

Non-relativistic quark model 2.6 Perez-Marcial et al [PRD40, 2955 (1989)] 

MIT bag model [MBM] 1.9 Perez-Marcial et al [PRD40, 2955 (1989)] 

Relativistic spectator Model 4.4 F. Hussain et al       [ZPC51, 607 (1991)] 

Spectator quark model 1.96 Robert Singleton, Jr. [PRD43, 2939(1991)] 

Quark confinement Model  5.62 G. V. Efimov et al  [ZPC52, 149 (1991)] 

Non-relativistic quark model 2.15 A. Garcia et al        [PRD45, 3266 (1992)] 

Non-relativistic quark model 1.42 H. Y. Cheng et al   [PRD53, 1457 (1995)] 

QCD Sum Rule 3.0±0.9 H. G. Dosch et al  [PLB431, 173 (1998)] 

QCD Sum Rule 2.6±0.4 R. S. Marques de Carvalho et al  

[PRD60, 034009 (1999)] 
QCD Sum Rule 5.8±1.5 

HOSR 4.72 M. Pervin et al [PRC72, 035201 (2005)] 

HONR 4.2 

STSR 2.22 

STNR 1.58 

LCSRs 3.0±0.3 (CZ-type) 

2.0±0.3(Ioffe-type) 

Y. L. Liu, M.Q. Huang and D. W. Wang [PRD80, 

074011 (2009)] 

Convariant confined quark model 2.78 Thomas Gutsche et al [PRD93, 034008(2016)] 

relativistic quark model 

 

3.25 R. N. Faustov, V. O. Galkina, Eur. Phys. J. C (2016) 

76:628 

Lattice QCD 3.80±0.19LQCD±0.11tLc  Stefan Meinel, PRL118,082001 (2017) 

BESIII [First absolute measurement] 3.63±0.43 PRL 115, 221805 (2015)] 
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From Lei Li 

From Lei Li 

From Lei Li 



MC simulations  

Umiss 

Lc
+
pK-e+ne 

Umiss 

Lc
+
S0p0e+ne 

Lc
+
S+p-e+ne 

Umiss 
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No absolute branching fractions have been measured/calculated 

Very limited knowledge on their decays 
We have opportunity to firstly fill up the decay tables 

From Lyu Xiao-Rui 
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                         BFs of Cabibbo-allowed decays 

         RQM      Pole       Pole     RQM     Pole      Pole (in units of %) 

From Lyu Xiao-Rui 
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Decay asymmetry a for Cabibbo-allowed decays 

    Longitudinal pol. of daughter baryon from unpol. parent baryon 

         ⇒ information on the relative sign between s- and p-waves 

From Lyu Xiao-Rui 



41 

Charm-flavor-conserving weak decays 

Br(Xc
0Lc

+p-)  = 2.910-4 

Br(Xc
+Lc

+p0) = 6.710-4 

can be firstly explored at BESIII 

 Light quarks undergo weak transitions, while c quark behaves as a “spectator”   
e.g.  Xc Lcp.  Can be studied using HHChPT.  

Cheng, Cheung, Lin, Lin, Yan, Yu (’92) 

Semileptonic decays 

|→         NRQM         | RQM LFQM      QSR                QSR 

in units of 1010 s-1 

From Lyu Xiao-Rui 
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Lc
+ Ll+nl  decays 

 In 1991,  ARGUS reported the first measurement of Lc
+
Ll+nl with 

477 pb-1 Ƴ(1S), Ƴ(2S) and Ƴ(4S) data   

 In 1994,  CLEO improved the measurement with 1.6 fb-1 Ƴ(4S) data   

Phys. Lett. B 269, 234 (1991). 

Phys. Lett. B 323, 219 (1994). 

 Based on above two measurements , PDG extracts BF for Lc
+
Ll+nl 

with t(Lc
+) and the assumption of form factors 

Not direct measurement! 


