3.2 Open Charm and Beauty Measurement

Open Charm measurement from semi-leptonic decay

Open charm and beauty spectra and yields are a sensitive probe of the early stages of heavy-ion collisions, and are keys for the physics goals of gluon spin structure and for structure function studies in pA reactions. For heavy-ion collisions, the goal is to improve the accuracy and precision of the charm measurement and to extend the reach to higher pT to measure the energy-loss of open charm. The yield of beauty in heavy-ion collisions should be dominated by the initial hard collisions and hence will serve as a critical benchmark for the first stage of reaction.

For open charm our strategy is to use semi-leptonic decays to electrons in a wide pT range and to complement this at high pT with hadronic decay channels. The four layers of the central silicon barrel provide an accurate measurement of the trajectory and impact parameter of tracks near mid-rapidity. Single electrons at different momenta were simulated and tracked through the GEANT implementation of PHENIX including the straw-man vertex detector. The simulation was run assuming zero magnetic field. The hits from the electrons were tracked back to calculate the transverse distance-of-closest approach (DCA) to the known point-of-origin. For all cases the DCA resolution is better than or comparable to the c of charm and beauty decays. 

The power of this resolution is seen by comparing the distribution of DCA from charm, beauty and Dalitz decays of 0 in Figure 1. The spectra were generated from p+p events (PYTHIA) passed through GEANT. The design thickness for the inner pixel layer is 1% of radiation length (X0) and for the outer barrel layers is 1.7% X0. Hence for these simulations we bracket the range of possibilities by running simulations with either 1% or 2% X0 per layer. In the bottom panels of Figure 1 are the DCA distributions for electrons above 1 GeV/c. A DCA cut of 200 m removes the majority of Dalitz contribution from the electron yield. Note that this is the momentum of the electron and given the large Q-value of the D-decay, these electrons predominantly come from low-momentum D’s. Since beauty decays have longer lifetimes, the electrons from B decays dominate at large DCA values. By fitting the full DCA distribution with the expected shapes from the different c we should be able to simultaneously extract integrated charm and beauty yields for electron momenta above 1 GeV/c. 
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Figure 1 DCA distribution for electrons from Dalitz, charm and beauty decays simulated through four 1% Si layers on the left and four 2% layers on the right.

Below 1 GeV/c the extraction is more difficult, but even down to 500 MeV/c charm dominates the DCA distribution above 200 m for a thickness between 1 and 1.5% of a radiation length. In particular, the vertex detector will provide a dramatic improvement over the previous measurement15, which was limited to 40% systematic error resulting from the uncertainties in the background subtraction. Figure 2 shows the “signal to noise” for the optimistic (1% X0) and pessimistic (2% X0) cases compared to the measurement without the vertex detector available. This should allow a much cleaner extraction of the background-subtracted electron spectra for pT>0.4 GeV/c than was previously available, including the charm-specific d2Ne/dydpT for electrons up to about 2.5 GeV/c.
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Figure 2 Signal to Background ratios as a function of minimum electron pT cut. The signal corresponds to detached electrons from charm decays using a DCA cut of 200m (circles) or no DCA cut (diamonds). The background corresponds to electrons from Dalitz decays and photon conversions which pass the corresponding DCA cuts, assuming four layers of Silicon with 1 or 2% of a radiation length per layer. 

Figure 3 shows that there is a useful correlation between the pT cut applied to the electrons and the pT of the parent D meson. The points represent the most probable value of the parent pT while the error bar represents the FWHM spread. Using the correlation, one can, for example, determine the pT distribution of the parent D-meson from the decay electron spectrum. 
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Figure 3 Correlation between the transverse momentum of the D mesons and the minimum pT cut applied to the electrons (using a DCA cut of 120m). The points represent the most probable value of the D meson pT while the spread represents the (asymmetric) full width at half maximum. 

Direct Measurement of D0(K-+ at high pT
For higher values of the electron pT, electrons from B-decays dominate those from D-decay and the extraction of the charm contribution becomes difficult. This can be overcome by a direct measurement via hadronic decay channels, which only becomes possible only at high pT because of the small solid angle of the central arm spectrometers of PHENIX. 
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Figure 4 The DCA distributions in cm for pions with the inner pixel having 1%X0 thickness. On the left is the DCA for direct pions with pt >1 GeV/c and on the right is the DCA for pions from D0 decay. 

We have simulated D0 production using p+p PYTHIA events and tracked them through GEANT as described above. The decay pions and kaons where then compared to those directly produced in a central Au+Au background event. Figure 4 shows the DCA distribution for directly produced pions with a pT cut of 1 GeV/c compared to the DCA distribution for pion daughter particles from D0 where the parent hadron has pT  above 2 GeV/c. The pions from D0 have a broader DCA distribution than directly produced pions. Clearly a DCA cut will remove a larger fraction of the direct pions than pions from a D0 decay. 

We have estimated the signal/background for a D0 analysis for central Au-Au collisions were it is the smallest. In this study only D0s with pT above 2 GeV/c are were used to better match the opening angle of the daughters to the PHENIX acceptance. We require that both the pion and kaon from the decay fall into the acceptance and that they do not decay before reaching the detectors. We also assume that kaons are identified by one of the PHENIX PID detectors, an aerogel plus TOF detector covering the full acceptance of the west arm, and the existing TOF detector in the east arm.  Lifting this requirement will deteriorate the signal/background by roughly a factor of 5, depending on the pT of the kaon and the centrality of the event. 
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Figure 5 The invariant mass distribution for background pairs from central Au+Au events. Each pion+kaon pair has a pair pT > 2 GeV/c.
Figure 5 shows the invariant mass for combinatorial background from pions kaons pairs that have a pair pT > 2 GeV/c. Only a few percent of the combinatorial pairs have an invariant mass near the D0 mass of 1.86 GeV. We count the background in a (40 MeV window around 1.86 GeV. The window corresponds to (2times the rms mass resolution, which is 1% calculated from the known momentum resolution of the PHENIX tracking.   

To count the signal we scale the number of reconstructed D0's in the PYTHIA events by the number of binary collisions for a  central Au+Au events. The  signal/background (S/B) is then studied as a function of a simultaneous DCA cut on the pions and kaons. Figure 6 shows the S/B for different DCA cuts on pairs detected in the west-arm. The left- and right-hand panels are for simulations with 1% X0 and 2% X0 per layer. With no DCA cut the S/B is less than 0.1%, placing a DCA cut of 100m increases the S/B to a level 2-3%. This S/B should be further improved by requiring that the parent particle point back to the collision vertex.

The statistical significance of the signal can be estimated by 
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. This ratio can be interpreted as the number of sigma of the extracted counts in the signal over the fluctuating background. It increases with the square root of the number of events. Using the run assumptions described in section 3.5, we will approximately collect 200M central Au+Au events within a (10 cm collision window in a running period. Under these assumptions the combined (D0+(D0) S/(B for different DCA cut strategies for pairs detected in the west-arm of PHENIX is shown in Figure 7. 
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Figure 6 The S/B for D0(K with a pt >2 GeV/c for central Au+Au events into the west-arm of PHENIX. On the left is the simulations for 1%X0 thickness per layer. On the right is simulations for 2%X0 thickness per layer .
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Figure 7 The S/(B for D0+(D0->K with a pt >2 GeV/c for central Au+Au events into the west-arm of PHENIX. On the left is the simulations for 1%X0 thickness per layer. On the right is simulations for 2%X0 thickness per layer .

From Figure 7, we can conclude that the D0 peak for particles above pT > 2 GeV/c can be extracted robustly. This is the worst case for the most central collisions where the combinatorial background is largest. Requiring the parent to point to the collision vertex can further reduce the background. 

Open Beauty Measurement

B meson production, while more rare than D production, is somewhat simpler to measure with the VTX detector because of the larger c. The main challenge is the relatively low rate. We have at least two methods to measure B with the VTX detector:

· Semi-leptonic decays: Since beauty mesons have a larger lifetime than charm mesons, it is possible to extract the beauty yield at low transverse momentum from the distribution of decay distances. At large transverse momentum beauty decays dominate the DCA distribution.

· The decay channel B ( J/produces J/ that are displaced from the collision.
For momenta greater than 3 to 4 GeV/c electrons with displaced vertexes are dominated by beauty decays. This is clearly seen in Figure 8. By placing a DCA cut on the order of 150 m we should be able to cleanly separate electrons from beauty from all other sources. Note however that this clean separation is only possible with the VTX detector even in this high pT region. Although the high pT region is dominated by beauty, there is a significant contribution from charm component, and the separation of these two components is possible only with the DCA measurement. With an accurate determination of the b component, the charm component will also accessible up to 6 GeV/c using a simultaneous fit of the DCA distribution. As discussed in the previous section, the high pT charm component will also be measured directly in D(K decay.

The signal to background ratio for beauty decays at high momentum is shown in Figure 9. The effect of the DCA cut is even more favorable than for charm.
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Figure 8  DCA distribution for electrons from Dalitz, charm and beauty decays simulated through four 1% or 2% Si layers

[image: image13.wmf]Title:

beautybkgd.eps: beauty

Creator:

ROOT Version 3.05/07

Preview:

This EPS picture was not saved

with a preview included in it.

Comment:

This EPS picture will print to a

PostScript printer, but not to

other types of printers.


Figure 9  Signal to Background ratios as a function of the minimum electron pT cut. The signal corresponds to detached electrons from beauty decays using a DCA cut of 200m (circles) or no DCA cut (diamonds). The background corresponds to electrons from Dalitz decays and photon conversions which pass the corresponding DCA cuts, assuming four layers of Silicon with 1 or 2% of a radiation length per layer 
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