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Studied channel  

• What are we looking for: 

 

 K- + p --> L*(1405) --> S++p- 

            

p + p0 

g + g 

Since the S+ almost immediately 

decays, p and p- are associated to the 

same vertex 

p 

p- 
g 

g 



Previous results 

- Standard KLOE vertices and variables 

- Signal / Background separation 

- Internal Conversion Hypothesys 

- Final S+p- spectra with 2929 events in DC Wall 

- 2 momentum components as in S0p0  

Total 

Signal 

Background 



What’s new 

A new (more accurate) analysis has been performed, leading to 

 

1.  Improved statistics and hadronic background rejection 

2.  Confirmation of  internal conversion hypothesis 

3.  Deeper comprehension of  the involved processes (in-flight, at-rest,    

resonant, non-resonant, ecc…) 

4.  Carbon Target 2012 data preliminary analysis 

 

 

In this talk the analysis procedure and the major 

improvements are presented; for further details wait 

for I. Tucakovic’s talk !!!! 



New analysis 

In the new analysis, the good event selection is done, for each event, via 

the following steps: 

 

1.  Search for the best 4 p p- couples in terms of  distance at PCA 

2.  Search, for each selected couple, of  2 g in time from the PCA and 

selecting the 4 best p0 in terms of  c2
t and c2

m 

3.  For each of  the 16 possible p p0 couples, the c2
m on the S+ mass is 

calculated 

4.  The final triplet is chosen via the minimization of  the 3 c2 

5.  L(1116) are rejected using the p p- CM momentum 

6.  Signal and background separation 

7.  Study of  the background 

8.  Internal conversion hypothesis 

 



1 ) p  p-  vertex reconstruction  

For each event, the best 4 p-p- 

couples are selected using a 

procedure searching for the point 

of  minimum distance between the 

tracks (PCA). 

A cut value is chosen via an 

estimation of  the S/B value in 

the XY vertex position plot.   

Data 

S+ p-  (MC)   
 



2) p0 reconstruction 

Data 

S+ p-  (MC)   
 

Data 

S+ p-  (MC)   
 

For each p p- couple, the best 4 p0 are searched looking for 2 

photons in time from the PCA and minimizing a mass c2. 

 

 



3) S+  reconstruction  

For each possible p-p0 couple, the invariant mass 

is reconstructed and a mass c2 is calculated 

Data 

S+ p-  (MC)   
 



4) Final triplets 

For each event, the final (p p- p0) triplet is selected minimizing the 

quantity: 

 

Data 

S+ p-  (MC)   
 



5 ) Excluding  L1116 

Data 

L p0  (MC)   
 

Data 

S0 p0  (MC)   
 

Principal hadronic background sources can be 

rejected setting a cut on the p-p- CM 

momentum; the cut value is obtained from 

MC simulations. 



6 )Signal and Background identification 

Signal and background components 

can be separated from the p-p0 CM 

momentum. 

In case of  a real S+, this momentum 

should be  peaked at the nominal 

PDG value (189 MeV/c) 

 

Data 

S+ p-  (MC)   
 

Total 

Signal 

Background 

S+ p-  (MC)   
 



S+ p- in DC Wall 



New results: 6099 events in DC wall 

Total 

Signal 

Background 

- Statistics is improved of  a factor 2 

     (and we can even go further…) 

 

- Double structure in momentum spectrum is 

confirmed, but… 

 

     NOW WE KNOW WHAT IT IS: Hydrogen! 

     (see I. Tucakovic’s talk) 



S+ p- momentum correlations 

In-flight reactions on H 
In-flight reactions on H 

In-flight and at rest interactions on 

Carbon 

In-flight and at rest interactions on 

Helium 

In-flight and at rest interactions on 

Beryllium 
In-flight and at rest interactions on 

Aluminum and Beryllium 



S+ p- momentum correlations in DC wall 

In-flight reactions on H 

In-flight reactions on C 

At-rest reactions on C 

See I. Tucakovic’s 

talk for further 

details 



S+ p- in Carbon Target 

2005 data 

2012 data 



S+ p- in Carbon Target 

No in-flight component 



7) Hadronic background evaluation  

Comparing MC simulation in the DC entrance wall, an estimation of  the two 

hadronic background components can be obtained 

Lp0 /  S+p-  = 0.84 ± 0.02 %  

S0p0 / S+p-   = 5.4 ± 0.1 % 

NOT NORMALIZED 

!!! 

The new analysis provides a 

bigger hadronic 

background rejection! 

 

The internal conversion 

component is still present 

and confirmed! 



8 )Example of  internal conversion in 9Be  

• Possible explanation: S+ internal conversion on neutron 

 

 K- + p + 8Li -->  S++p- +(3p+5n ?) 

            
L(1116) + p -->  n + p0  + p         

g + g 

+ n 

Similar final states: 

K- + p + 8Li --> p +p- + g + g + 8Li     (Signal) 

K- + p +8Li --> p +p- + g + g + (3p+5n ?)  (BG) 

 

 



E( 8Li) = 7471.64 MeV/c2 

E(3p+5n)=7512.64 MeV/c2 

Internal conversion in 9Be 

Inner Beryllium layer is 

~ 99% pure Beryllium 

New analysis allows the investigation of  this 

processes in the beryllium layer !!! 



E( 11B) = 10252 MeV/c2 

Internal conversion in 12C 



Internal conversion ratios 

DC wall: 

89 %C(Z = 12) 

11%H(Z=1) 

 

Pure Be 

Z = 9 

90.5 % C + He  

9.5 % H 

62 % Be (Z=9) 

38 % Al (Z=21) 

Signal 

BG 

Signal 

BG 

Signal 

BG 

Signal 

BG 



New perspectives 

• Refined analysis of  Carbon target data 

• Possibility to separate different components 

• Improve statistics (both 2005 and 2012) 

• MC simulations of  all possible backgrounds 

• Acceptance correction 

• Fit the final invariant mass and momentum including 

all components 

• Possibility to measure the different branching ratios 

 



Thanks for your attention 



Internal conversion hypothesis:  

missing mass spectra 



S+ p- momentum correlations in DC wall 

In-flight reactions on H 

In-flight reactions on C 

At-rest reactions on C 

See I. Tucakivic’s 

talk for further 

details 


