Tagging Bjets with PTREL
Introduction

In Run 1 it has been proven[1] that the relative impulse of the muon inside a jet can serve as a good discriminant between heavy quark and light quark jets. With the improved muon momentum resolution of the upgraded D0 detector, it is expected that this discriminant will be even more useful in Run 2.

Datasets


To get a good overview of the significance of this discriminant, we use a plethora of datafiles:

· ttbar, 2000 events, no minimum bias

· qcd, 5000 events, no minimum bias

Analysis

The PTRel distribution for QCD events, as well as ttbar events, are shown in the plots below. In these data samples, no c → μ decays occurred, which is why the plots for C-jets and BC-jets are omitted. 

[image: image1.wmf]Relative momentum of the muon versus the jet direction for light quark jets
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Relative momentum of the muon versus the jet direction for b jets

One of the more striking features in these plots is the spike at PTRel < 1 GeV. Probably this spike is caused by punch through, which is reconstructed as a muon. There are a couple of ways to analyze this:

· Vivek’s suggestion: make the same Ptrel vs jet distribution for pions and kaons (using MC?). Looking at the ratio between the distribution of muons and pions gives you a handle on fake rate

· Or, look at the MC muons: if there is no muon in the event, or is not compatible with the reconstructed muon, than the reconstructed muon can be designated as punch trough.

A thing to note at this point is that the default way to designate a jet as a b jet in bcjet_analyze does not work very well. Some jets are not associated with b quarks, while others are incorrectly so associated. A better way is to look which of the jets in an event is closest to the b quark, and take that jet as being a bjet. An implementation of this is being worked on, in the package bcjet_utilities. To show the efficiency of this new algorithm, plots have to be made of the (R between the jet, designated to be a bjet, and the b quark itself. These plots clearly show that the new ‘nearest jet’ algorithm is superior over the old ‘track in jet’ algorithm.

Making a plot of the PTRel of the muon versus the direction of the b quark that the muon is a decay product from, we get the following result:
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This is clearly unexpected. I would expect a peak around 2.5 GeV, not a huge peak below 1.5. 

However, if we only look in the transverse plane, and plot PT, μ * sin(((), where (( is the difference in phi between the μ-direction and the b quark direction, we get the following plot:
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This already looks a lot more like it has a peak around 2.5 GeV. 

November 16th, 2000

Making a new algorithm, the result for the PTRel looks as follows:
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The open histogram is background (muons within 0.7 of the jet but the jet is not a b jet), the closed histogram is the signal (muons within 0.7 of the jet, and the jet is a b jet). Note, that muons coming from c jets are counted as background…

November 17th, 2000

I found a couple of bugfixes, and ran again over the qcd_orig.root and ttbar_mu.root files. I plotted the PTRel of the MC muon versus the origin of the quark, be it a b quark, c quark, or whatever in the datafile is the ultimate source of the muon.
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The brown line is the PTRel of muons coming from b quarks, the blue line is the PTRel of muons coming from c quarks (including cascade decays), the purple line is background (non-b, non-c).

November 20th, 2000

Now doing the same, but with reconstructed jets instead of the MC quark information. A first attempt gives the following plot:
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Some things to note about this plot: 

· We miss a lot of c jets if compared with the previous plot. This might be caused by the fact that the definition we use for a c jet and b jet is now different

· The smearing of PTRel seams to be a lot worse, more then would be expected. To investigate this, we probably need to see how much the jet algorithm smears the resolution/direction of the jet. Or, as we use the direction of only the jet in the above plot, we might try to take the direction of muon + jet.

· The direction of the jet is calculated using the momentum-vector. Due to the high error on the momentum for a jet, it might be better to calculate this using ( and η. 

