Vertex finding prior to tracking in magnetic field
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Abstract.  The "Integral mathematics model of the track pattern" allows to locate the positions of the primary intensive vertices, to subdivide the hit array into several "regions of interest" that simplify the tracking. The recognition and analysis of the jets is also possible prior to the tracking. The ideas have been successfully tested using the D0 Monte-Carlo hits data.

Mathematical model of the track pattern
  A most suitable word in the track recognition problem is, probably, DOUBT. i.e. it is not clear enough : “this hit OR that hit OR..." belongs to a trajectory. In a mathematical formalism one can express these "OR" as the sum of probabilities, that was done in the "Integral mathematical model of the track pattern"[1]

       N Mn                   

R(c)= ( (exp(-(F(zn;c)-amn)2/2(2)  (1)                            

      n=1 m=1

where F(zn;c) is the function of the ordinate z and set {c} of parameters which describe the trajectory; the {amn; m=1,…,Mn } is the set of the Mn measured hits by a detector placed at zn(n=1,…,N) where N is the total number of the detectors. In the space of the trajectory parameters {c} this function has several big maxima (the real trajectories) and a lot of small ones, which reflect a noise or/and combinatorial background. The amplitude of a "good" peak makes the junction of "K" (it is number of hits along a real trajectory {c*}) and the value of the Chi Square((2):
  R(c*) ( K - (2(c*)/2            (2)

   Thus, this analytical function of the trajectory's parameters includes in itself all the detected hits.  However, it is difficult (but possible!) to analyze this multi-extremum function. 

The vertex functions

The general rule of the definition of the vertex function is given in thepaper[1]. The case of the magnetic field was considered in paper [2] where the definition of the helix-like trajectories was chosen as follows:                   

x(z)=xo+rosin( +rosin[2A((z-zo)-(] y(z)=yo-rocos( +rocos[2A((z-zo)-(]                  

(((o;  A(eH/(2cP(cos(o) (eH/(2cPL); ro(Pc(sin(o/eH(PT(c/eH              (3)    

The function of the vertex position (xo,yo,zo) includes also all the measured hits and has the form [2]:

           Ml N Mn                   

V(xo,yo,zo)=( ( ( exp(-[(Flk-Fmn)(zo-

          k=1n=1m=1

zk)/(zk-zn)+Plkmn-Fmn]2/2(2)         (4)          

                                                                                                               where,

Plkmn(Arctg[(ylk-ymn)/(xlk-xmn)]      (5)                                                       Fmn(xo,yo)(Arctg[(ymn-yo)/(xmn-xo)].   

There is no  way to the track reconstruction in eq.4, thus the V(xo,yo,zo) is an independent description of the track pattern.     The view of the V(xo,yo,zo=32.52 cm) is shown on Fig. 1. This was for a D0 Monte-Carlo event, the zo-vertex was found, so this 2 dimensional plot (xo,yo) could be drawn. The position of the global maximum of this vertex function corresponds to the real vertex xo=0,yo=0. 
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FIGURE 1. The (x,y) view of V(xo,yo,zo=32.52 cm) (eq.3) for a D0  Monte-Carlo event. Main maximum coincides with the (x=0 y=0) vertex.

  It is the principal idea of these vertex functions: most higher maxima reflect the positions of the vertices. If the variables of the vertex function are not separated (like V(xo,yo,zo)) then only mathe-matical methods of the analysis of multi-extremum functions are to be used. If the variables can be separated or there is one variable (the beam position is known: xo=0,yo=0, thus there is one variable function - V(zo)) then the well known histogram method can be used.

  Thus the task of finding the intensive primary vertices consists in the finding of the z-position of the main maximum of the V(zo)histogram, then removing  of all the hits associated with that maximum (“a cleaning” of the vertex,- to avoid any fake vertices) for searching for a subsequent vertex.  

    Such a procedure of the “cleaning” of the vertices is demonstrated in Fig. 2: there were three Monte-Carlo vertices generated for the D0 event and all of them were successively found.

  Accuracy of the z-vertex finding

  The parameter ((zo) is determined by the detector accuracy (((, for instance), angular spreading of the particles (or longitudinal momentum PL), number of detectors (N) and multiplicity (M):

             __    __

 ((zo)((2c/eH)PL(((/(MN            (6)

We analyzed 10 Monte-Carlo events generated for the D0 experiment. The histogram method has the accuracy: –0.03+/-0.11 cm, and results are better if the fitting by Gauss-like function is applied:  0.007+/- 0.024 cm.  It is a good starting point for the following tracking.

The determination of jets

  The histogram method can be used for the analysis of jets because the kinematical parameters (eq.3) which describe a jet are separated.  When the position of the primary vertex has been determined the kinematical parameters are re-calculated and booked in the one-dimensional or two-dimensional histogram. The D0 Monte-Carlo event (Fig. 3) shows that a jet can demonstrate itself as a prominent peak in the histograms of ((,(o).

  This is a preliminary result, however it gives a way to perform a macro analysis of the jets: if the direction ((,(o) of a jet is found, then one can use a calorimeter (an estimation of the energy deposition); the (pL, pT) image of the jet gives also the estimation of the vector of the momentum (P). All these values can be used in the following precise tracking or be applied to a kind of jet trigger.

The kinematical separation

   When the parameters ((,(o) have been found then the associated hits can be booked in (X,Y;R,Z) histo-grams. It is done for each of the “sub-region” ((((,(o(().  In Fig.4 are shown the initial plot(x,y) for all the hits and three such  sub-regions. One can see that there is a more clear hit pattern in these sub-regions. This increases the reconstruction
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FIGURE 2. The determination and cleaning of the vertices of a D0  Monte-Carlo event. 
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FIGURE 3. The upper plot shows the z-vertex histogram.  The prominent peaks in kinematical parameters (Alpha; Theta) provide evidence for the existing of jets.
reliability and reduces the CPU-time. If there are “K” sub-regions for total number of hits “M”, then each sub-region has approximately M/K hits and a typical number of operations for tracking Ts((M/K)2= M2/K2 . Then the total number of operations would be less  “K2” times in a parallel computation and K times for sequential tracking: To(K((M/K)2=M2/K.

CONCLUSIONS
Tracking, itself, requires sometimes several re-analysis of whole track pattern to avoid possible fake trajectories. To reduce this problem the next plan can be applied:

  1) The determination of the position of the primary intensive vertices.

  2) To find the rest of the hits which are not associated to the primary vertex (the procedure of  “cleaning”) for the following searching for a rare decay, for instance. 

  3) To divide of the whole hits’ array into several “sub-regions” for tracking under appropriate conditions. 

For the trigger purposes this “algebra” of a track pattern allows:

  1) The global analysis of the jets.

  2) The analysis of a region of interest (in PT, for example) where the integral over this region can be examined in maximum value.  

  3) The analytical description of a chain of decays, which is searching for (in the “rest” of the hits) prior to the exact tracking.
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FIGURE 4.The upper plot shows all the hits on (X,Y) plane; the other are related to several (Alpha, Theta) sub-regions. The hit pattern is more clear in these sub-regions.

