Detector Occupancy

The occupancy of the each layer is calculated by using a GEANT model of the VTX detector integrated into the standard PHENIX simulation program, PISA. We use HIJING event generator to generate central Au+Au collision event, and feed the generated events into PISA with the VTX detector. In the simulation, we use a simplified model of the VTX signal generation. Charge sharing among the pixels and strips is accounted by the length of track segment projection onto the pixel or strip area. In this simplified simulation, no effect from charge diffusion in the sensor is taken into account. Since the size of charge diffusion (~ 10 m) is much smaller than the strip width (80 m), the dominant part of charge sharing effect is included in the simulation.

Table 1 Occupancy of the VTX layers for central Au+Au collisions at 200 GeV. HIJING event generator and a GEANT model of the VTX detector is used to calculate the occupancy.

	Layer
	radius
	Detector
	Occupancy

	Layer 1
	2.5 cm
	Pixel
	0.53 %

	Layer 2
	6.0 cm(5.0)
	Pixel
	%

	Layer 3
	10.0 cm
	Strip
	4.5 % (x-strip)
	4.7 % (u-strip)

	Layer 4
	14.0 cm
	Strip
	2.3 % (x-strip)
	2.4 % (u-strip)


The result of the simulation is summarized in Table 1. The occupancy is lowest at about 0.5% for the two pixel layers. The third layer, or the first strip layer, has the highest occupancy of about 5%. The calculated occupancy is about twice the value if there were no charge sharing effect.

The physics observables discussed in this proposal use hits from the VTX in two ways. 

1. Tracks from the central-arm are projected to the VTX layers are hits are associated with the track. The accurate VTX hit information is then used to refit the track and a DCA is calculated to the collision vertex.

2. In standalone tracking, hits from the four VTX layers are collected and used to form track segments.

The tools to associate hits with tracks and refit are reasonably well-developed and will be described below, while the stand-alone tracking is in early stages of development.

Central Track – VTX matching

In order to make full use of the VTX capabilities, tracks reconstructed in the central arms have to be matched to hits or track segments in the VTX. We use the known magnetic field to project to each of the layers in the VTX. Figure x shows the residual between track projection and hit location in  and z for the inner most pixel layer. This simulation is for 1~7 GeV/c pions. The distributions are centered at zero and have a width of 5 mrad and 0.05 cm.  Similar residual distributions are found for each of the four VTX layers.

Kalman Track Projection Residual of Primary Pions Before Fitting
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Figure xx, The residual between track projection and hit location in  and z for the inner most pixel layer. This simulation is for 1~7 GeV/c pions.

It is important to choose the matching criteria for hits to central arm tracks to be broad enough to include tracks from open charm and beauty. Since the non-VTX central arm tracking presumes the track from the collision vertex, the VTX hit information is likely to be displaced from the projection from the central-arm track. This is shown in Figure xx for the residuals for tracks from the D=>Kdecay for the inner layer of the VTX.  The residuals are broader than for primary tracks. 

Kalman Track Projection Residual of Decay Tracks from D Before Fitting
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Figure xx, The residual between track projection and hit location in  and z for the inner most pixel layer. This simulation is for D=>Kwhere D pt = 1~7 GeV/c.

A starting algorithm for hit-association is to assign the hit closest to the track projection for each VTX layer. If there is no hit within a certain window centered at the projection, then no hit is associated to the track for that layer. Currently the size of the window is taken to be 15 mRad in and 0.06 cm in z for the pixel layers, i.e. several times the widths of the residuals found in the D=K decay shown in Figure xx. This changes to 10 mRad in and 0.15 cm in z for the strip layers. A future development will be to use a momentum dependent matching window.

To estimate the performance of this algorithm in a high-multiplicity environment, we have simulated a central Au+Au collision and find that less than xx% of the central arm tracks are assigned at least one VTX hit that originated from a different particle. The extent to which this mis-association distorts the DCA distribution is discussed below.

Once associated to a track the hit information is then used to refit the track. We use a Kalman algorithm [reference] for the track model since this weights the hits from the VTX inversely proportional to their precision. For now the precision is taken to be the rms of single pixel or strip cell for the different layers. The Kalman track model does not presume the track comes from the collision vertex and can calculate the DCA from the refitted track to any known point, e.g. the collision vertex. 

A DCA distribution for primary pions pt = 1~7 GeV/c is shown in Figure xx. At least three hits from the VTX are required for each track. The DCA is calculated in three dimensions and has an rms of 140 microns.
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Figure xx,  Three-dimensional DCA distribution for primary pions pt = 1~7 GeV/c and for the D=K decay pt = 1~7 GeV/c

For comparison Figure xx also shows the DCA distribution for D=K decays. These decays have a broader DCA distribution as expected.

To evaluate the extent to which hit mis-association broadens the DCA distribution in high-multiplicity events we have run a full Au+Au simulation. Figure xxx shows the DCA distribution for primary pions with 0.9< pt < 1.1 GeV/c. The rms of this distribution is xxx microns and hence is xx% broader than for 1 GeV/c pions that were single-isolated tracks (Figure xx). [However the DCA distribution in Au+Au is still narrower than the distribution of track from charm decays so a DCA cut to separate out charm events will still be effective in the high-multiplicity environment at RHIC.]

Figure xx,  Three-dimensional DCA distribution for primary pions 0.9< pt <1.1 GeV/c within an Au+Au collision. 

