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ABSTRACT  

 Strange particles were first discovered in cloud chamber using the cosmic showers. 
These particles are neutral and decay to charged mode. The charged particles showed a V-shape 
in the cloud chamber. These particles were further studied and found that they are generally 
produced in strong interactions but decay by weak interactions. In this article we are going to 
present a technique which can be used for reconstruction of strange particles.  
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I. INTRODUCTION 

  Neutral strange particles are electrically neutral particles and leave no track in the 
detector even they travel several meters in the detector volume. But these particles decay in two 
opposite charged particles. These particles are named as Vo, because of V-like shape of their two 
daughter particles after decay. The two daughter particle tracks associated with these neutral 
strange particles could be seen in Time Projection Chamber (TPC) originating from the same 
space point without any incoming track associated with these two tracks because neutral parent 
particles cause no ionization in the TPC gas. These particles can be reconstructed from there 
daughter particles using the invariant mass distribution. By searching two oppositely charged 
particles with V-like shape, the following particles can be reconstructed: 
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 These particles are weakly decay neutral particles with larger lifetime ( cτ values are 
2.67cm and 7.89cm respectively). Their decay vertex is usually displaced from the primary 
vertex. 

 V0-Finder[1] algorithm is the last step in the reconstruction chain. It is implemented 
when all the global tracks and vertices have been reconstructed and fitted. In this algorithm, all 
tracks are considered either they belong to primary vertex or any other vertex. Then positive and 
negative tracks combinations are formed from these tracks and considered as possible 
candidates of V0 decay.  

2.Monte-Carlo Simulation of Detector and Event 

  The main purposes of the Monte Carlo simulations are to determine the geometric 
acceptance, reconstruction efficiency, the interaction trigger efficiency and tracks selection cuts 
corrections. These are weakly model dependent.  

  The neutral strange particles are tracked using the simulated Time Projection 
Chamber(TPC)[2,3,4,5]. The TPC detector is used for the 3-dimensional tracking and timing of 
tracks coming from the interaction of the beam on the target. The target material is considered 
Bismuth and the proton having momentum +58GeV/c is considered as incident beam.  

  For the event generation, FLUKA2006 [6, 7] hadron production model has been used 
for an interaction of hadrons in thin nuclear targets as the event generator. The GEANT3 [8] 
has been used for the propagation of the particles through the TPC detector and reconstruction 
of particle trajectories and events. The spatial and momentum distribution of the incident beam, 
the momentum resolution for the secondary charged particles, and the spatial resolution of the 
particles trajectories in TPC were simulated.  

3.Algorithm 

  V0-Finder algorithm is the last step in the reconstruction chain. It is implemented in the 
software, when all the global tracks and vertices have been reconstructed and fitted. In this 
algorithm, all tracks are considered either they belong to primary vertex or any other vertex. 
Then positive and negative tracks combinations are formed from these tracks and considered as 
possible candidates of V0 decay. The following cuts have been developed and applied to all V0 
combinations to increase the signal to background ratio and get more number of neutral strange 
particles . 
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3.1Distance of Closest Approach (DCA) 

 Distance of Closest Approach (DCA) is the minimum distance between two tracks in 
XY-plane. For each V0 combination, DCA is calculated in X and Y direction by stepping along 
Z co-ordinate upstream towards the target. If the DCA between two oppositely charged tracks 
are found less then 1cm, then this will be considered as the possible V0 candidates for the 
neutral strange particle analysis. The efficiency for this selection cut is found approximately 80% 
for +58GeV/c beams interaction with nuclear target. 

3.2 ZDCALO 

  ZDCALO is defined as distance between longitudinal ZDCA space co-ordinate and 
primary Zvtx vertex for each V0 combination. Fig. 1 shows the ZDCALO distribution for 
signal and background. In this figure, we are getting a high spike of ZDCALO value at zero for 
background distribution as well signal distributions. This mean that most of charged particles of 
V0 combinations belong to the primary vertex or very close to the primary vertex. V0 
combinations from these tracks have minimum value of DCA at primary vertex and there 
ZDCALO value is zero or tends to be zero for these V0 combinations. For the signal 
distribution, zero value of ZDCALO implies that these neutral strange particles decay very near 
to the primary vertex. ZDCALO has been calculated  in the TPC volume region.  

  To reduce the background from the signal distribution, we have selected the V0 
combinations whose ZDCALO is (2-140) cm region. This track selection cut is very effective to 
reduce most of the background V0 combinations which simply means that these tracks are 
coming from the primary vertex. 

 Figure: 1 ZDCALO distributions for signal and Background 

3.3 Impact Parameter of V0 (IP) on Primary Vertex 

  V0 particles are neutral particles and they will move in the straight line under the 
magnetic field. A new selection cut corresponds to the perpendicular distance of the V0’s 
momentum vector on the primary vertex. This cut is named as Impact Parameter of V0 on 
primary vertex. Therefore, Impact Parameter of V0 is the perpendicular distance from the line 
of flight of V0 on the primary vertex. Fig. 2 shows systematic view of the impact parameter of 
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V0. We have selected the V0 combinations whose impact parameter on primary vertex is less 
than one cm. 

 

Figure: 2  Shows systematic view of the impact parameter of V0 

3.4 Impact Parameter of a track on Primary Vertex 

Perpendicular distance from the primary vertex to the charged track is calculated and 
named as Impact Parameter of a track. Fig. 2 shows the systematic view of the Impact 
Parameter of charged track on the primary vertex. In ideal case, the Impact Parameter of a track 
would be more if it belongs to the neutral strange daughter charged particle track because these 
particles don’t belong to primary vertex, otherwise the Impact Parameter of a track would be 
small. We have used impact parameter cut of 0.2 cm on all V0 combinations i.e all V0 
combinations are rejected whose impact parameter is less than 0.2 cm. 

3.5 Decay Time Probability of K0S 

The neutral strange particle lifetime distribution decreases exponentially with time and 
the probability (Pd) that a particular particle of momentum p, decays within a decay length “d” 
is given by  

Here βγ is the time dilation factor. It is expected that the equal bins of Pd distribution 
would contains same number of neutral strange particles. But we are getting a very sharp drop in 
the decay time probability from 0 to 0.2. This might be expected due to the neutral strange 
particles which decay very near to the primary vertex and are rejected by the ZDCALO cut. 
Therefore, only those V0 combinations are selected whose decay probability is in the range of 
0.2-0.98. 
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3.5 V0-Finder’s Cuts Efficiencies 

V0-Finder’s cut efficiencies for signal and background are estimated from Fluka MC 
sample. Table 1 shows the V0-Finder’s cut efficiencies for an interactions of +58GeV/c beams 
with Bismuth target for signal and background MC data sample. 

Table 1. Cut efficiencies for V0-Finder  

V0-Finder’s Cut Signal 
Efficiency, %  

Background 
Efficiency, 
% 

DCA 81.45 48.90 

ZDCALO 80.36 50.67 

Impact Parameter Of V0 82.11 14.25 

Impact parameter of Track 98.90 71.01 

Decay Probability 91.50 54.02 

The table shows that overall cut efficiencies for signal and background. The impact 
parameter of V0 combinations on primary vertex for background shows huge difference for 
+58GeV/c beams. The reason for these differences is due to more beam spread for +58GeV/c 
beam species. 

II.CONCLUSION 

In this paper we have presented the V0-finder algorithm which helps us to reconstruct 
the neutral strange particles which decay in charged mode. This Algorithm is very efficient for 
reconstruction of the neutral strange particle  and specially used for those tracking detectors 
which has poor secondary vertex resolution. The overall cut efficiency for this algorithm is 40%.  
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