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Our Decay Process 

p𝝅; 𝜦 

𝒑 𝝅: XYZ 𝜦  

 𝑲:𝑲; 𝝓  



Data Sample and MC Simulation 
• The analysis is performed under BOSS framework of 7.0.3 version.  

 
• Phase Space (PHSP) model is used to study                                                 . 
 
• Three kind of files used for analysis including  (signal and exlusive MC root 

file) , inclusive MC data root file and real data root files. 500 p𝑏;1 Inclusive 
data sample  of Y(4260) is  used for background analysis. Details of real data 
is given in table.  

• Signal and exclusive MC root files are generated for 100,000 number of 
events while inclusive and real data root files are generated for 1 x 109 
number of events. 
 

 
 
 
 

 
.   



Initial Event Selection 
Criteria 

• One missing charged track technique is used. For 6 charged tracks, total 
electric charge should be equal to 0 and for 5 charged tracks (for missing 
charged track) the resulting net electric charge is +1 or -1. 

• All the charged tracks are selected that lie with in the polar region of 
|cos(𝜃)|< 0.93. 

• Each charged track is required to be within the interaction point in xy plane 

𝑉𝑥𝑦 = 𝑣𝑥
2 + 𝑣𝑦

2 < 10.0 cm and in z direction |𝑣𝑧|< 15.0 cm. 

• Each track having transverse momentum  𝑃𝑥𝑦 > 0.05 GeV are selected and 

sent for further filtration. 

 



Kinematic Fitting 
 

One missing charged track technique is used for kinematic fitting. 

– For 6 (all ) charged tracks only those events are  selected that  contain  

 

– 4C fit is applied to the hypothesis                                              by applying 
conservation of  total energy and momentum. 

– On the other hand for events  having  5 (one missing) identified charged 
tracks from                                      leads to the condition  

 

– 1C fit is applied for one of the following hypothesis: 

 

 

 

 



𝝌  𝟒𝒄
𝟐  Kinematic Fit Plot 

 



𝝌  𝟏𝒄
𝟐  Kinematic Fit Plot 



Momentum Distribution  
after  4C and 1C Kinematic Fit 



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4190 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4200 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4210 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4220 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4237 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4246 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4260 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4270 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of   p𝝅; , 𝒑 𝝅: and 𝑲:𝑲; 
for (MC and DATA) of 4280 MEV  energy after kinematic 

fit and without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of p𝝅; (MC and DATA) of all 

energy points after kinematic fit and without mass, 𝝌  𝟒𝒄
𝟐  

and 𝝌  𝟏𝒄
𝟐  cuts  



Invariant mass distribution of  𝒑 𝝅: (MC and DATA) of all 

energy points after kinematic fit and without mass, 𝝌  𝟒𝒄
𝟐  

and 𝝌  𝟏𝒄
𝟐  cuts  



Invariant mass distribution of 𝑲:𝑲; (MC and DATA) of 
all energy points after kinematic fit and without mass, 

𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts  



Invariant mass distribution of p𝝅;, 𝒑 𝝅: and 
𝑲:𝑲; for (Inclusive MC) after kinematic fit and 

without mass, 𝝌  𝟒𝒄
𝟐  and 𝝌  𝟏𝒄

𝟐  cuts 



Gaussian fit to invariant mass of 𝑴𝒑𝝅−, 𝑴𝒑 𝝅+  

and 𝑴𝑲+𝑲−  for 𝜦 , 𝜦   and 𝝓 Resolution after 4C 
and 1C kinematic fit (MC) 



Optimization of 𝝌  𝟒𝒄 𝒂𝒏𝒅 𝟏𝒄
𝟐  



Final Event Selection  

• In XYZ → ΛΛ ϕ study, invariant mass of   K:K; is plotted here. To look all 
ΛΛ ϕ  events, cuts have been applied (within 3σ) on  ϕ by fitting the 
invariant mass of  pπ;and   p π: in MC. Fitting suggested the  σ value to 
be 0.006GeV . To suppress the background some other cuts have also 
been applied including   χ  4c and 1c

2 .  All the cuts with their  range that are 
applied to plot invariant mass of   K:K;is given below. 
 

• Following inclusive cuts of 𝑝𝜋;, p 𝜋: and  𝜒  4𝑐 𝑎𝑛𝑑 1𝑐
2  are used: 

|𝑀𝑝𝜋− − 𝑀𝛬 | < 0.008           ,        

      |𝑀𝑝 𝜋+ − 𝑀𝛬 | < 0.008             and  

        𝜒  4𝑐 𝑎𝑛𝑑 1𝑐
2  < 80 

 
• Following  exclusive cuts of   𝑝𝜋;𝐾;,  𝑝 𝜋:𝐾:  and p𝑝 𝜋;𝜋:are used:       

      |𝑀𝑝𝜋−𝐾− − 𝑀𝛺 | > 0.02814        ,  

      |𝑀𝑝  𝜋+𝐾+ − 𝑀𝛺 | > 0.02814        and    

      |𝑀𝑝𝑝  𝜋−𝜋+ − 𝑀𝐽/𝜓| > 0.00777  



𝐊:𝐊; Invariant mass distribution of data under   
|𝐌𝐩𝛑−  − 𝐌𝚲 | < 0.008, |𝐌𝐩 𝛑+  − 𝐌𝚲 | < 0.008,    𝛘  𝟒𝐜 𝐚𝐧𝐝 𝟏𝐜

𝟐  < 80 ,  

|𝐌𝐩𝛑−𝐊− − 𝐌𝛀 | > 0.02814,  |𝐌𝐩  𝛑+𝐊+ − 𝐌𝛀 | > 0.02814  and  

|𝐌𝐩𝐩  𝛑−𝛑+  − 𝐌𝐉/𝛙| > 0.00777  cuts 



𝐊:𝐊; Invariant mass distribution of data under   
|𝐌𝐩𝛑− − 𝐌𝚲 | < 0.008, |𝐌𝐩 𝛑+  − 𝐌𝚲 | < 0.008,    𝛘  𝟒𝐜 𝐚𝐧𝐝 𝟏𝐜

𝟐  < 80 ,  

|𝐌𝐩𝛑−𝐊− − 𝐌𝛀 | > 0.02814,  |𝐌𝐩  𝛑+𝐊+ − 𝐌𝛀 | > 0.02814  and  

|𝐌𝐩𝐩  𝛑−𝛑+ − 𝐌𝐉/𝛙| > 0.00777  cuts 



Background Analysis 
After making the final event 
selection of  invariant mass 
distribution of K:K;, it is necessary 
to  investigate the possible 
background events still affecting the 
signal region. For background 
analysis we have used 500 p𝑏;1 
inclusive MC data beside some 
exclusive MC sample generated 
using phase space generater. The 
possible background suggested by 
mclist is given in the table. From all 
the background decay channel given 
in table, exclusive cut of  one 
prominent background decay 
channel has been applied in the final 
event selection. 



Detection Efficiency 

• In order to check the detection efficiency of a detector, a signal 
MC root file is generated using phase space (PHSP) generator. 
The detector was able to detect 285,504 events out of 
900,000. 

• Percentage of detection efficiency =  
𝑁𝑀𝐶(𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑)

𝑁𝑀𝐶(𝑡𝑜𝑡𝑎𝑙)
  x 100 

                    = 
285,504

900,000
  x 100 

                    =  31.7226 % 

• Where  𝑁𝑀𝐶(𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑) and  𝑁𝑀𝐶(𝑡𝑜𝑡𝑎𝑙) is the number of 
signal monte carlo events detected and total number of signal 
monte carlo events generated using phase space (PHSP) 
generator respectively. 



Cross section Calculation of 
XYZ→ 𝚲𝜦 𝛟  



Systematic Uncertainty Estimation 

Statistical significance of 𝛟 signal 



Summary and Analysis 
Results 




