3.2 Photon and jets measurement in polarized p+p

Direct photon is the key process in measurement of gluon distribution of nucleon and the polarization of gluon. At RHIC energy, quark-gluon Compton scattering, q+g ( q+ is the dominant parton-level process in the production of the direct photon. The cross section of this process in pp collision is directly proportional to the quark and gluon densities multiplied by the pQCD cross section. Thus measurement of the direct photon together with the recoil jet is the direct and the cleanest way to measure gluon density and gluon polarization as function of x. In the present PHENIX, we can measure direct photon in p+p collision with our very finely segmented EM calorimeter. However, due to the limited coverage of the central arm tracker, most of the recoil jet can not be measured. This means that we can only measure the direct photon averaged over the recoil jet kinematics.

In p+p, p+A, and light ion collisions, the VTX detector works as a stand-alone, large solid angle charged particle tracker. The expected momentum resolution by the VTX detector alone is about 10% for 1 GeV/c track. With the VTX detector, we can reconstruct the recoil jets in wide rapidity range (||<1). This will improve our ability to constrain the initial kinematics  (x1 and x2) of incoming partons in the direct photon event and to determine the gluon density and polarization as function of x.

We performed PYTHIA simulation to study how much improvement is expected from the recoil jet measurement with the VTX detector. In the simulation, the direct photon events have been generated using PYTHIA event generator. The recoil jet is then reconstructed from the charged tracks within the VTX detector acceptance (||<1.2) and in the opposite direction of the direct photon by the following algorithm. First, the tracks with momentum greater than 1 GeV/c at the azimuth opposite to the direct photon (| – | > /2) are selected. Then, the direction of the jet is estimated as the momentum weighted average of the selected tracks, as
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Then, the tracks with momenta above 1.0 GeV/c and within the cone of radius 
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are selected. At the second iteration of the recoil jet axis is corrected with the same algorithm, using the tracks within the cone, which have been selected at the previous iteration. This process is repeated until there is no change in the jet axis.
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Figure 16 In each panel,  the green histograms show pseudo-rapidity, q-distributions of the final hard scattered partons, which initiated the recoil jets; blue histograms show q-distributions of recoil jets within the barrel VTX acceptance; red histograms show the (jet -q)-distributions, where jet is for the pseudo-rapidity of the reconstructed recoil jets. Different panels are for the event samples with direct photon transverse momenta within the indicated ranges.
Figure 16 illustrates how well the direction of the recoil jet is determined by this simple algorithm. In the figure, the pseudo-rapidity q of scattered quark (obtained from the event generator) are plotted as green histogram. The blue histograms in the figure show the distribution of q for the events the recoil jet is reconstructed within the VTX acceptance. The red histograms show the difference q - jet between the true pseudo-rapidity of the recoil quark and that of reconstructed jet. The large uncertainty of the recoil jet kinematics, as seen from the wide distribution of q , is much reduced by the reconstruction of the recoil jet direction.

From the measurement of jet and the transverse momentum pT of the direct photon, the kinematics of the initial partons can be determined.  Under the assumption that the pT of the direct photon and the recoil jet is the same, the fractional momenta of initial partons x1 and x2 are determined from the following relations:
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Thus x1 and x2 are calculated as
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Figure 17 Correlation between x reconstructed and true x-value from PYTHIA. In the plot on the left, 
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 and no jet information has been used. The plot in the right panel is obtained, using the reconstructed jet axes in the barrel VTX.
The bottom two panels of Figure 17 shows the correlation between the reconstructed x in this way and the true value of x from the event generator. There is a very narrow correlation between the reconstructed x and its true value. This distribution should be compared with the significantly more broad distribution shown in the left frame, where the correlation between the true parton x-values, x(true), and the estimates for x(reconstruct) from the knowledge of direct photon PT alone are plotted. 
How well kinematics of the intial partos, x1 and x2, can be determined by the recoil jet measurement is summarized by Figure 18. Here, the widths (RMS) of the relative distributions for x(true) – x(reconstruct))/x(true) are shown. In the range of x>0.04, the x-values are determined at the accuracy of ~20%. The respective accuracy for the measurements with no jet axis reconstruction is worse by a factor from ~2 to 3.
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Figure 18 The relative widths (RMS) of the (x(true) – x(reconstruct))/x(true) distributions, using the reconstructed jet axes in the barrel
3.3 Improved momentum resolution and pt resolution

In the present PHENIX detector, the momentum of a charged particle is measured by the Drift Chamber that is located outside of the central magnet. Since there is little magnetic field, the trajectory of a track in the DC is almost straight line. The momentum a track is determined from its bending angle  from the radial direction inside the DC. The value of  is approximately 90 mrad/p for track with momentum p (in GeV/c) for the present PHENIX.

The momentum resolution of the central detector will be much improved with the VTX detector. This is because in the present PHENIX central arm spectrometer uses less than half of the total magnetic bending of the track for the momentum measurement. The central magnet has about 0.7 Tm of field integral with single coil, and about 1.0 Tm with ++ configuration of the two coils of the magnet. Therefore the total magnetic bending angle  of a track with momentum p is approximately 300 mrad/p with two coils. By measuring the initial direction of the track with the VTX detector, total bending angle  instead of the angle can be used for momentum determination, and this will improve the momentum resolution by factor of  300 mrad / 90 mrad ~ 3.
The higher momentum resolution with the VTX detector will help for high pT measurement. In the present PHENIX, the momentum resolution of about 1%/p has been achieved. With the VTX detector, the resolution of a 30 GeV/c track is reduced from 30% of the present PHENIX to about 10%. In addition, the track confirmation at the VTX will eliminate the decay and conversion background at high pT, which is the main limitation of the high pT measurement (pT>10 GeV/c) in the present PHENIX.

The improved momentum resolution with the VTX can also help in the higher e+e- mass region for separation of the members of the ( family of resonances , (1S (9.46 GeV), (2S (10.02 GeV) and (3S (10.36 GeV). As shown schematically in Figure 19, the vertex detector barrel can improve the resolution from ~170 MeV to ~60 MeV for the e+e- channel, thus allowing studies of  the separated ( states (although it is a significant challenge to reach sufficiently high luminosities to make these measurements).
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Figure 19 - Separation of Upsilon states for their di-electron decays  with a vertex detector (yellow) and without (black). The number of (s in this plot represents our expectation for a ~1 nb-1 of effective luminosity of Au-Au run
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