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Data Analysis Steps for Physics Extraction

For each analysis we will note how the analysis step is handled for the NCC detector in our simulations of physics performance.  For all simulations we have also run the full reconstruction chain  arms that is already in use for real data analyses.  We
used the PYTHIA event generator for simulating p+p collisions and the HIJING generator for simulation Au+Au collisions, and single particle generators as described below to generate signal events in the cases when it would take a prohibitive amount of computer time to reach values of high pt.
For the π0  analysis  we assume the following analysis steps must be taken for real data and simulations.. Single π0’s used for signal extraction  particularly of high energy π0’s were thrown with a flat energy spectrum and weighted  properly weighted to give the correct  yields. The signal was then embedded into the background event. Enough information is kept so that we can trace the embedded signal throughout the analysis, since it will be the weighing of the signal assuming a particular pt spectrum and luminosity which will be applied to see the significance of the final signal.  For both the pi0 analysis and direct photon analysis, a mixture of pi0’s and direct photons are embedded into the background. This is important since there is background caused by direct photons in the pi0 sample, and vice-versa.

· A minimum bias trigger is assumed for collecting π0’s with energies below XXX GeV. A single photon trigger is implemented online to get a data set which has an  enhanced level of events with high energy π0’s  above XXX. This trigger FILL IN WITH STUFF ON TRIGGER. THIS SHOULD BE A SEPARATE BULLET. We impose the same requirements in the simulation software which will be required in the real online level 1 trigger.
· PATTERN RECOGNITION, ENERGY MEASUREMENT, PARTICLE IDENTIFICATION: For simulations, we simulate the digitization of Monte Carlo hits generated by PISA(PISA an acronym explained before) into hit pads and strippixels. For both simulation and real data an algorithm in which towers in each segment are grouped together into segments is applied..
· Pattern Recognition: and track finding is applied to obtain a sample of showers. This pattern recognition algorithm first associates groups of towers within each segment (the segments being the layers designated EM1 , EM2 and HAD). These groups are seeded by the hottest tower in the segment and nearby clusters are associated with the seed. The process gradually works though all hit towers until all hit-towers are used.  The center of gravity of each cluster is used as a point in a track reconstruction program, in which the vertex, found by the BBC/SVTX plus points in each later are used to reconstruct tracks. This process is iteratively done which can attach other clusters to the shower assuming the correct transverse shower shape for the energy calculated in the next step. Energy sharing is also assumed for nearby clusters, assuming a lateral profile. 
· Energy Calculation: Using an assumed sampling fraction  (rapidity dependent) the energy is estimated and then a new sampling fraction  is deduced which is dependent on energy and the energy is recalculated.
· Particle identification: A longitudinal chisq assuming that the track is a single EM showers is calculated using the energies in the three segments. Stripixels are then associated with each track and using both the stripixed and tower information a lateral chisq is assigned.
· the pattern recognition, track finding, and particle identification  steps are done iteratively until a consistent solution is found, e.g. when the assumed sampling fraction used to calculate the energy is the energy that comes out for the “track”.

· A final energy recalibration is used to take out any residual non-linearities. The final corrections in the data will be obtained from detailed test beam data.

· Two track pi0’s: Tracks below xxxx GeV, are used to reconstruct the two track invariant mass of pi0’s. Tracks identified as single shower EM tracks are selected using cuts on the lateral and longitudinal chisq. The invariant mass spectrum of all pairs within an event is constructed. This sample if further split into bins of pt. Asymmetry cuts are applied requiring XXXX – give cuts. A similar exercise is done using pairs of tracks from different events (of the same centrality class) to form a background spectrum. The spectra are normalized  to a region XXXXX and the background level is subtracted. We can then extract a S/B and efficiency of the pi0. For higher energy pi0’s, care is taken to make sure no signal from the background hijing or pythia events contribute to the signal since we will be weighting the events according to the embedded signal. 
· “Single track pi0’s are formed using EM showers with energy greater than XXX. The hadronic contribution to such showers is shown to be less than XXX. The stripixel profile is first tested to be consistent with a two photon hypothesis. Using the total energy of  track, the opening angle given the center of gravity of the two photons as taken from the PS and SM detectors, and the asymmetry of the energies of the two photons we can calculate an invariant mass. This is done, again as a function of pt.. Within the pi0 peak there will be some contamination of single photons.  A weight will be assigned to events in the pi0 peak depending on the mass and chisq of the shower. In the data, such weights will be taken from detailed test beam data of pi0’s, photon, electrons, pions and protons. For the simulations we produce such weights using simulated data. This will then allow us to obtain the S/ B. and efficiency for pi0’s of a particular momentum. Using the correct weights  and assuming a luminosity we can then calculate the error bars on an assumed spectrum..
· Using pi0’s obtained from both the two track and single track events,. Corrections are then made for acceptance and efficiency. In the real data a pt spectrum can be measured. In the simulations, as assumed pt spectrum can be appropriately reconstructed using the appropriate weights in each pt bin, assuming a particular luminosity. 
· Both statistical and systematic errors can then be assigned. Systematic error will come from a variety of sources including XXXX. (see section XXX).
· The analysis is done for pp events, dAu events, and AuAu events of various centralities. For AuAu events, the lower pt reach depends on the rapidity. 
· R_AA is then formed in bins of centrality.
For direct photons the following analysis steps are assumed. Both direct photons and pi0’s are embedded as in the case of pi0’s.  The direct photon starts by reconstructing the pi0 spectrum as above, using the same methods. In fact the entire pi0 spectrum is a prerequisite to the direct photon analysis. We follow a well established method used in the central EMCal.
QUESTION – how do we handle hadronic bkg? We know which showers are hadronic but when we produce the pi0- photons in the simulation, how are the hadrons handled? They certainly change the acceptance since they effectively kill some of the towers.
Answer from Takao: I think we could first test if the acceptance really changes by hadronic bkg, using PYTHIA, and if not, the contamination can be estimated by BRAHMS data; we can fit the data with an arbitrary function, and throw hadrons according to the fit function, together with pi0/photons.
· An inclusive photon spectrum is produced using all EM showers with cuts XXXXXX. For AuAu events we limit the rapidity to XXXX for X<pt<XX and XXXX  for XXX<pt<XXXx. Again as mentioned above, the hadronic contribution is small, <XXX. 
· We used the measured pi0 spectrum to produce a photons spectrum using simulated data.

· We then estimate other sources of photons (eta’s using the measured eta/pi ratio, omega. Etc – this needs to be clarified)
· For bins of pt, we produce the ratios  
· 
· []measured / [background  ( measured/background
· Where the excess above 1 in the second ratio, is the direct photon signal
· For the simulations we can scale and weight to the appropriate luminosities and pt distributions. For the pi0’s the standard energy loss from hijing is assumed (i.e. the pt spectrum is assumed to follow the same function as used in the central arm analysis The function to fit pi0 spectra is usually, a combination of Hagedorn power-law (i.e., A/(p_0+p_t)^n) and pure power-law (i.e., A/p_T^n) with a Woods-Saxon type connection function . The direct photons are scaled according to binary scaling.

· For the dAu and AuAu cases using the pp as a reference we can once again construct the physics plots (R_AA). When comparing to models, the appropriate weighting is used to get the correct error bars assuming the yield from the model.
A_LL of direct photons is produced using the following steps.  

· For the simulations,  500 GeV minimum bias pp events and 500 GeV direct photon events are produced using pythia. These are produced with hard scattering ranges in various pt bins from0 to 100 GeV, which can then be appropriately weighted. 

· An identical analysis using the steps above is used to produce a pi0 and then direct photon spectrum. The difference of course in the simulation is that the signal is no longer embedded, but is taken directly from pythia.  A pi0 and direct photon spectrum can be produced with the appropriate error bars weighted for the assumed luminosity. These spectra will the denominator for A_LL
· For the simulations, this analysis can then be reweighed using weighting functions for spin polarized collisions taken from a variety of models using the known kinematic values from pythia and PDFs taken from ???? GRS A.B,C)

· A_LL can then be formed both for pi0’s and for direct photons assuming various models for the Gluon structure functions. 

In the case of the real data, once A_LL has been constructed, a NLO PQCD analysis will be done to extract the actual gluon structure function by a combination of experimentalists and theorists.
These are some additional sentences from Ken. I will incorporate these

We do not have a polarized event generator, but can use PYTHIA and construct histograms corresponding to A_LL = [N+--N++]/[N^(++)+N^(++)] as we have access to the reaction kinematics in PYTHIA. We construct A_LL then from dividing a difference histogram that contains the spin information with the summed histogram which contains the yield. The weight is calculated as, e.g. r = Delta q * delta g * a^hat_LL. We then create two histograms vs p_T weighted by r and 1 and divide the two to plot A_LL. This can be done for different parameterization of Delta G after PISA generation. We plan to start with GS-A,B,&C as GSC is a case where the contribution is most pronounced at low-x, and do not have sensitivity with the central arms only. We may also run additional parameterizations such as GRSV. A_LL can be constructed for anything we choose: inclusive photons, neutral pions, or correlations between jets or particles in different kinematic regions. In the experiment, these p_t distributions will be input to a NLO global analysis, which will allow the most precise determination of Delta G(x). 

A second method of extracting Delta G is by reconstructing, on an event-by event basis, the direct photon and jet kinematics which can be done to LEADING ORDER.  In practice, even the Jet+photon data will be done by a combination of experimentalists from PHENIX and theorists  to do NLO fit to the data since in a NLO framework, one cannot  define a unique set of kinematical variable (e.g. x_1 and x_2) for an event.

· This analysis is different than the direct photon analysis described above since one hopes to obtain direct photons on an event by event basis. First we limit the direct photon candidates to rather high pt (>XXX)  where contamination from the multiphoton decay of hadrons  is small (<XXXX). The pi0 spectrum can be taken from measurement as described above. The unique capability to give a single track (EM shower) in the calorimeter a probability of being the result of a single photon is used to select candidates for direct photons. 
· The direct photon spectrum measured in this way at high pt can be cross checked with the spectra calculated in the previously described method.

· In each of the events with an identified direct photon a jet algorithm is run to find the high energy jet. For the present simulations we use a simple cone algorithm described briefly here and in more detain in section ????
· Find the highest ET tower (the “seed”).  This is the best guess at the initial axis of the jet.
· Sum up all the towers in the cone radius  R ( ((((2+((2) < 0.5, treating each tower as a vector, and calculate the new jet axis. ,
· Repeat previous step  until we reach convergence, ie, the jet direction is stable.
· An  angular resolution of ~7 degrees and energy resolution of 120%/sqrt(E). is obtained for the jets. from simulations
· Use the following relations to get the kinematical variables,  where y_3 refers to the photon and y4 refers to the jet. M_T is taken as the pt of the direct photon. Note that only the direction and not the energy of the jet is used. 
· 
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· Now calculate Delta G(x) – At lower accuracy, we can directly reconstruct delta G(x) in a leading order framework. This can serve as a cross-check of the input parameterizations of delta G for the NLO analysis. We can also do this in simulation. First, the weight r is calculated as above. Then, for photon-jet, e.g., a new weight for Delta G can be calculated as s= r/(a1p*a^hat_ll). We then can construct one histogram vs reconstructed x weighted with s and one weighted with 1. Our sensitivity to delta G through this leading order picture is then given by dividing the two histograms.
For the C decay to a J/psi and a photon with the J/psi further decaying to dimuon . The following analysis steps are assumed. For the simulations a sample of chic’s and single J/psi’s were embedded into backgrounds from pp,  dAu, and AuAu events. A parameterization of the chic and J/psi yield was used which was provided to us by Ramona Vogt (see reference….) Care was taken in embedding j/psi’s and chi’s in pp events that the associated multiplicities and spectra of other particles were similar to that provided by pythia  chic and jpsi events so that any energy bias was taken into account. Pythia chic and j/so events were not used directly for the pp comparison for R_AA since we wished to make sure the j/psi and chic spectra were identical. A suppression of J/psi was included in the final weighting scheme consistent with present PHENIX data, where a feed down to the J/psi from chic was XXXX%.   In this simulation no separate special suppression was used for the chic
· The first few steps are taken directly from the work of the FVTX detector. Since we have mature real data analyses of J/ signal extraction from AuAu data sets, we know the real performance of the muon system for extracting J/s, understand what the background levels are, and have verified that our Monte Carlo models the detector well, so we just need to simulate the additional enhancement that we get from adding the FVTX detector.  The enhancement that the FVTX detector provides is to improve the mass resolution of dimuons by accurately measuring the opening angle of the muon pair.  The FVTX also enhances background rejection by allowing rejection of hadron decay muons, exactly as we do for the open heavy flavor analyses.

· A dimuon trigger is implemented online/offline to get a reduced data set which has an enhanced level of dimuons with invariant mass > 2 GeV. 

· Track finding and fitting are performed in the muon and FVTX systems. Track matching between the two are performed so that muon track reconstruction can be improved with the addition of FVTX data points to tracks and so additional background rejection can be implemented.  For simulations, the ability to match tracks between the FVTX system and the muon system was studied by embedding signal events into HIJING events.

· Cuts are placed on single tracks to reduce the combinatorial background component that comes from hadrons decaying to muons.

· Background dimuons are subtracted from the unlike sign dimuon spectrum using event mixing to determine the background dimuon distribution.  The remainder is fit to a dimuon peak plus residual background from heavy flavor and Drell-Yan (which are real unlike-sign backgrounds).  The level of background events is based on real Au+Au data. The mass resolution matches the mass resolution observed in real muon arm data with no FVTX.  Including the FVTX detector hits into the muon momentum reconstruction narrows the mass resolution, making the extraction of the  peak more accurate.  

· Physics plots are made by counting the number of events in the dimuon peak, and correcting for efficiency loss using Monte Carlo simulations to calculate the reconstruction efficiency. 
· Photons are reconstructed as in the pi0 analysis.
· To select photons we made the following cuts. The chisq<XXX is chosen for the identification of EM showers. In addition, a cut of XXXX was applied to preferentially choose EM showers which were identified as coming from a signal photon instead of multiple photons. No cut was used in this simulation to reject electron background..
· Muons within the J/psi peak are then combined with photon candidates to make an invariant mass plot. Mixed events of the same centrality class were used to form a background spectrum.

· In AuAu events, the rapidity regions was limited to 1<eta<2 for XXX and
· 1<eta<1.5 for XXXX.

· The sample was divided into bins of pt

· The mixed event background and the same event invariant mass were normalized by XXXXX and the background was subtracted yielding the signal.  

· Systematic errors were assumed to be XXXX  explain here
· Assuming a luminosity of XXX we then scaled up these results, with an additional background taken from the S/B of the J/psi  from the J/psi analysis.

· Weighting the data for the appropriate luminosity, The S/B and efficiency could then be calculated, yielding then the pt spectrum and the error bars.
· At this point  physics plots (R_AA) can the be produced
· Fits were then done to pt spectra assuming a Xxxx – power law(?)  and a  yield was calculated at each centrality  R_AA could then be calculated vs centrality. 
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