Summary of talk with Arthur Maciel about b jet cross section analysis

Date: October 31, 2000

Introduction

This is an overview of the talk I had with A. Maciel about doing an analysis on the b jet cross section in Run 2. This is not intended as an official document, just as a reminder on how to set up my analysis. References to graphs 

The analysis consists of distinct blocks, which can be separately investigated. Three of these blocks were discussed:

· Triggers: Which triggers to use, efficiencies, rates and purities;

· Offline analysis: Which b tagging discriminants to use, efficiencies, purities;

· Physics: How to go from the observable to the theory

Also, shortly the implementation of the offline b tagging algorithm was discussed

Triggers

On L1, the only things we can distinguish are separate objects. Because we are going to use the muon to tag the jet as being produced by a b quark, we need to trigger on two objects: the muon and the jet. For these two objects, it has to be decided which tresholds to use. For the jet, this is straightforward: use the lowest treshold. The turn-on curve for this treshold gives an efficiency of 95% for jets of 35 GeV (see graph 1, page 1 of notes). Taking a higher treshold raises the energy of the jet for which this efficiency is reached. For b physics, we desire the jet energy to be as low as possible. Rates for this treshold should be well within the bandwith (investigate)

For the muon, this is a different story. The lowest treshold only requires an A-stub in the detector, meaning the muon had an impulse of at least 1.5 GeV. The rate of A-stubs is probably so high, that if this treshold is used, a prescale is needed. The second-lowest treshold requires a track in the B and C layer (investigate: B or C, or B and C?), meaning the muon had an impulse higher than 4 GeV. Thus, it has to be investigated which treshold is best if efficiency, purity and rates are taken into account.

For both separate L1 triggers, we also have to look at the η-range we use. Having a bigger η-range gives us better efficiency; however, the rates correspondingly increase. 

The ideal thing is to tune the ideal L1 treshold to trigger on a muon + jet. However, to investigate all this, we need the L1 trigger simulation, which is supposed to be ready in January 2001.

As L1 only looks at the two objects separately, it becomes the responsibility of L2 to look at the association of the muon and the jet, meaning that the muon has to be inside the jet. However, it seems that if L1 accepts an event with a muon and a jet, that in around 75% of the cases the muon is already located inside the jet (RunI information). Thus, for L2 it needs to be investigated how much of the muons are located in the jets. If this amount is higher than 75%, there is no need to make a separate trigger for this. However, if this amount is significantly lower, then this trigger can increase the purity of the sample. 

To calculate the efficiency, we need a sample of b → μ + X, which has a cross section of 10-3 σinelastic, and run it through the L1/L2/L3 simulator. For the rates, we also need to create ‘junk’ and run it through the same simulator.

Offline

This is probably the part that can be started immediately. The first thing to do is to recreate the Run 1 numbers. In Run 1, the b tag was done using the PTrel of the muon with respect to the jet axis. In Run 2, because of the much improved impulse resolution, this should greatly improve the efficiency of this tag. The distribution of this property for light quarks and heavy quarks is quite different (see graph 2, page 3 of notes).  A fit can be done to the sum of both distributions, from which both distributions can be derived (I do not completely understand this part → ask!). This method has small statistical error, due to the huge amount of data, but the systematic error is huge (why?). In Run 2, we can now also use a displaced vertex to tag the jet. The PTrel tag can be used to cross check the vertex tag, and a new tag can be constructed, using either PTrel and the vertex for a very clean sample, or the PTrel tag or the vertex, for a more efficient sample. A determination has to made to see how many of the sample has a displaced vertex (why? We have a biased subset of course). In the current tagging, we currently say that a jet is a b-jet or not a b-jet. However, a useful quantity in measuring the b jet cross section is the ‘b-ness’ of the jet. For example, a jet can have a b-ness of 30%. Using this b-ness as a weight, we can plot the b jet cross section too. 

One part of the offline analysis is the measurement of the single b production cross section
[image: image1.wmf]. However, after this has been measured, the b & bbar double differential cross section can be measured. In this case, one of the jets can be tagged with the muon tag, while the other can be tagged with the vertex (or any other) tag. One interesting property might be 
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, where α is the angle between the two b jets. When α ≈ π, we can reduce NLO corrections (NLO corrections, like gluon radiation, would carry momentum, which would cause the jets not to be back to back). 

Physics


When we have measured the cross section, we have an observable. However, there is still a discrepancy between the observable and the theory. Although the observable is now detector independent, to get the observable we have made some cuts in our data sample, like the η-range and a minimum PT cut for the muon, or the smearing effect of the non-measured neutrino. The theory does not take these tresholds into account, and thus to make a comparison between the observable and the theory we have to correct for our tresholds.

B Tagging

For the b tagging, it was obvious that PTrel is one of the best discriminating variables to use. PT does work for values higher than 45 GeV (see graph 3, page 5 of notes), because the muons coming from non-b decays have a too low cross section here. However, for lower values, PT does not help. Note: a high PT does not mean that the jet is more likely to be a b-jet. Light quark jets created in hard scattering processes have higher track multiplicity, and higher boost, so that more pions and kaons are created which can be decayed into muons. The boost of the pions and kaons gives the muons a higher PT. 

Because the b quark has a mass of about 5 GeV, PTrel should have a distribution around 2.5 (see graph 4, page 5 in the notes). When the b quark decays at rest, and the neutrino is neglected, both outgoing particles get 2.5 GeV. However, the neutrino smears the resolution of the outgoing particles. 

One should also look at μ-jet correlations: what is the 
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for a jet energy range between 20 GeV and 50 GeV, and what for the range between 50 GeV and 100 GeV?

How good a discriminating observable is (R, other than a cut? In Run 1, a cut was made on the (R of the muon with respect to the jet axis of 1.0. It has to be seen if the (R separation is related to the b-ness of the jet.

Data samples to use for b tagging are:

1. b → μ + X

2. b → c → μ + X

3. c → μ + X

4. π, K → μ + X

However, the question is whether a distinction can be made between processes 2, 3, and 4 using the b-tagging observables. For the last process there is an added difficulty: ISAJET does not decay pions and kaons, so they have to be decayed by another program. Information has to be gathered on this subject. To calculate the weight of these data samples, the easiest thing to do is to run ISAJET, and make it to throw away all events with no b quark in them (one could also ask for b, which is decaying to μ, but apparently this screws up the cross section calculation). ISAJET then gives a weight for each b event.

_1034522419.unknown

_1034576176.unknown

_1034522401.unknown

