Measurement of b-quark content in jets with pre-shutdown data
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Abstract

This analysis presents a measurement of the b-quark content in jets in data taken in the period September 20th until October 7th. The results of the measurement are compared with the measurement done in Run I. Statistical and systematic errors on the Run II measurement are large, and no definitive conclusion can be drawn as yet.

1. Introduction

To be able to measure an inclusive or differential b-jet cross-section, in which the b-jet is tagged with a muon, a number of goals have to be met. Two major ones are the inclusive or differential muon + jet cross section, and the fraction of this cross section that is produced by b-quarks in the jets. This paper describes a measurement of both these quantities, using the data that was taken before the shutdown with the partially completed DØ detector. The first part of this paper will describe the data set used in this analysis, the ID criteria used to identify muons and jets and finally the inclusive muon + jet cross section. In the second part of the paper, a measurement of the b-content of the sample is made.

2. Data Sample

The data sample consists of all physics runs between run 131776 and run 133023, taken in the period September 20th to October 7th, 2001. This corresponds to 3.2 million events. 

In this period, the central track efficiency was low due to a partially completed CFT. Therefore, only the muon system and the calorimeter are used to trigger on and reconstruct the muons and jets in these events.

The online selection of the events is done by requiring that the mu1cmsc_j5_fz trigger fired. This trigger consists of the following requirements:

· The minimum bias trigger of the luminosity counters fired

· A 5 GeV energy deposit in the calorimeter, in the range |(| < 0.8

· An A+C scintillating counter coincidence in the central muon system.

This trigger ran unprescaled, and fired on 816 thousand events (26% of the total number of events). The total exposed luminosity for this trigger was 742 nb-1. No L2 and L3 triggers were used for further event selection.

Offline, a further selection was made based on reconstructed objects, using reconstruction version p10.07.01. The requirements for this selection were:

· At least one tight jet

· At least one tight muon, with:

· pT( > 3 GeV/c

· |((| < 1

· (/4 < (( < 3(/4

In total 3872 events passed these criteria. The ‘tight’ ID requirements imposed on these physics objects will be explained in a later paragraph.

3. Trigger Efficiencies

The mu1cmsc_j5_fz trigger used is an AND term of the muon L1 scintillator trigger and the calorimeter L1 trigger. These triggers are not completely uncorrelated: a muon passing through the calorimeter deposits energy, which can fire the calorimeter trigger. Also, the jet contains particles that can punch through the calorimeter and toroid. However, if we assume that these effects are small, these L1 trigger efficiencies are uncorrelated, and we can define:

Total L1 trigger efficiency = (L1 Muon Trigger Efficiency) * (L1 Jet Trigger Efficiency)

These trigger efficiencies are calculated by reconstructing a minimum bias data run taken in the same period as the data sample. The trigger efficiency is then defined as:
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Number of events in which the trigger fired

Number of events in which there is a reconstructed object that should fire the trigger

This definition gives a bias in the trigger efficiency due to the non-ideal muon and jet reconstruction efficiency, but this effect is estimated to be small. 
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The L1 jet trigger efficiency measured in this way is shown in Figure 1. There is a clear turn-on curve, which flattens out above jet pT > 20 GeV/c to a trigger efficiency of around 1 ( 0.1

Measuring the L1 muon efficiency with the minimum bias sample has the problem of low statistics, as is shown in Figure 2. The top graph in this figure shows the pT distribution of the reconstructed, highest pT muon in blue, and in red the same but with the added requirement that the L1 muon trigger fired. The middle graph shows the same distributions for a sample with a reconstructed tight jet present. Finally, the bottom plot adds both previous plots. This shows that the L1 muon trigger efficiency reaches an approximate value of 0.98 ( 0.14 for pT( > 6 GeV/c. 

[image: image3.wmf]Title:

Creator:

ROOT Version 3.02/04

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.

[image: image4.wmf]
4. ID criteria
Muon ID

To be able to make a comparison with Run I data, only the muon system with |(| < 1 is used in the analysis. This range is covered by the PDT wire chambers, A-( scintillating counters and cosmic caps. In this central region, the A-layer wire chambers on the sides of the detector (octants 0, 3, 4 and 7) were noisy due to cross talk in the cables coming out of the front-end boards. Since the efficiency of the muon ID in the bottom octants is not understood as well as the efficiency in the top octants (due to the limited coverage in the bottom octants), only the top octants are used in the analysis. The muon + jet cross section is later corrected for this. This results in the requirement of (/4 < (( < 3(/4. Furthermore, a number of electronics boards in the A-layer of the top octant were connected the incorrectly, causing some PDT hits to be misreconstructed which results in an inefficiency in the muon local track reconstruction.

Since the central tracker had a low efficiency during these runs, the tracks found in the muon system only cannot be matched with central tracks. Therefore, the p​T measurement of the muon has to come from the muon system only. This requires that the muon passes through the toroid, and hits both the A-layer and the B- and/or C-layer. Typically, a muon needs pT > 3 GeV/c to penetrate the toroid. Finally, to identify a tight muon, the track found in the muon local system has to adhere to the following requirements:

· > 2 wire hits in the A-layer

· > 1 wire hits in the B- and/or C-layer

· > 0 scintillator hits in the A-layer

· > 0 scintillator hits in the C-layer

Using this definition of a tight muon, the efficiency to reconstruct a muon track is 0.35(0.08.

Jet ID

The jet reconstruction algorithm used is the Run II, 0.5 Cone algorithm. This algorithm places an inherit cut on the ET of the jet of 8 GeV/c. To suppress backgrounds to jets from hot cells and electrons, the jets are required to have:

· 0.05 < EMF
 < 0.95 

· CHF
 < 0.4

· Hot Fraction
 < 10

· n90
 > 1

No further range criteria were imposed on the jet. The efficiency of the jet reconstruction using these criteria ranges from 0.76 to 0.98, as is shown in the table below.

	Jet pT
	Reconstruction & ID efficiency

	0 – 20
	0.76 ( 0.10

	20 – 30
	0.87 ( 0.10

	30 – 40 
	0.95 ( 0.10

	> 40
	0.98 ( 0.10
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5. Reconstructed Physics Properties

[image: image6.wmf]Figure 3 shows the distribution in (, ( and p​T of the reconstructed muons in blue, as measured by the muon system only. The black line shows the bb-bar distribution from MC. The measured pT spectrum looks reasonable. The ( distribution has a significant peak around ( ( 0, with steeply falling edges. From the MC, a more flat distribution would be expected. The source of this peak can be either a hardware problem, or a property of the L1 trigger – this requires further investigation. The impact of the flipped electronics is shown by the lower statistics between –0.5 < ( < 0 when compared with 0 < ( < 0.5. The ( distribution looks fine. Again, the impact of the flipped electronics is shown by the lower statistics on the right side of the distribution.

Figure 4 shows the distribution in (, ( and ET of the reconstructed calorimeter jets in blue, with the bb-bar distribution in black. The ET looks reasonable. The ( distribution seems to have an excess at positive (, for which there is no direct explanation except that it is a statistical fluctuation. It does not seem to be the effect of hot cells: Figure 5 shows the (-( distribution of all reconstructed jets, showing no hot cells. The ( distribution shows 2 peaks that are caused by the ( requirement on the muon, since there is a physics [image: image7.wmf]Title:
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correlation between the muon direction and the jet direction in the sample. One peak is in the direction of the muon, the other is caused by the away side jet.
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6. Jet Energy Scale

The energy as calculated by the jet reconstruction algorithm needs a correction factor due to out of cone showering of particles in the jet, and energy in cells in the calorimeter taken into the jet energy but which is not a produced by the jet. This correction is dependent on the reconstruction algorithm, and especially on the cone size used. For the Run II, 0.5 Cone algorithm, this correction is 0.75 ( 0.1, i.e. the energy of each jet has to be divided by 0.75 to calculate the real energy of the jet deposited in the calorimeter. 

7. Corrections

All corrections to the inclusive muon + jet cross section are listed in table 2. Except for the final entry, the Jet Energy Scale, all corrections have an effect on the vertical normalization of the cross-section (some pT dependent). The Jet Energy Scale affects the horizontal scale. The 10% error quoted on the Jet Energy Scale results in a 20-50% error in the total cross section, due to the steeply falling shape of the distribution.

	Correction
	Value
	Estimated Error

	Muon Acceptance
	0.25
	0.02

	Flipped electronics muon chamber
	0.92
	0.05

	Muon Trigger Efficiency
	0.98
	0.02

	Muon Reconstruction Efficiency
	0.35
	0.08

	Jet Trigger Efficiency
	0.25 – 1
	0.10

	Jet Reconstruction Efficiency
	0.76 – 0.98
	0.10

	Jet Energy Scale
	ET/0.75
	0.10 (0.2 – 0.5)
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8. Muon + Jet cross section

With the data sample consisting of events with at least one jet and one muon, the muon + jet cross section can be measured, as it has been done in Run I
. The results of this latter measurement are shown in Figure 6. This cross section is measured in a smaller ( and pT range than the offline cuts mentioned in paragraph 4, and an additional spatial correclation between the muon and the jet is required:

· |(jet| < 0.6

· |((| < 0.8

· pT( > 6 GeV/c
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(R((, jet) < 0.7

Applying these additional cuts on the Run II pre-shutdown data results in the inclusive muon + jet cross section as shown in Figure 7.
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This figure does not show the error on the measurement, which is in the order of 50-100%. However, the overall normalization of the cross section seems to have the right magnitude, and the shape corresponds to the Run I MC muon + jet cross section. 

Table 3 shows the integrated cross section, integrated from a certain Jet pT. This shows that the Run II measurement is on the low side, but certainly within errors of the Run I measurement.

	Jet pT
	Run I measurement (nb)
	Run II measurement (nb)

	> 20 GeV/c
	12.9 
	9.32

	> 30 GeV/c
	4.27
	2.77


9. Measuring the b-jet content
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The next step is to extract the fraction of the cross section that is produced by b(( direct decay. The cascade decay, b(c((, is considered to be a background to this process. A useful variable to distinguish b(( decays from background (+jet events (b(c((, c(( and (/K(() is a quantity called PtRel: the relative Pt of the muon with respect to the combined (+jet direction axis, as is shown in Figure 8. The jet direction here is the direction of the calorimeter jet, thus uncorrected for the muon associated with the jet. Figure 9 shows the distribution of this variable in the data sample in the top left plot. The top right plot shows the (R between the jet and the muon. The bottom plots show the same variables for Run II Monte Carlo: In green a bb-bar sample, in red a QCD sample. The QCD sample has very low statistics due to the low QCD(( branching fraction (~0.35%). To get a proper background distribution more than one million QCD events still need to be generated and reconstructed. 

To estimate the b-jet content of the sample, the shape of the MC PtRel distributions can be used as templates to fit to the shape of the data. However, due to the low statistics in the QCD sample, this template cannot be used, and we are forced to revert back to the templates such as they are used in Run I
. These templates are shown in Figure 10. Note that these distributions break off for PtRel values higher than 2.5 GeV/c so the tail in the data distribution cannot be fitted using these templates.
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Figure 11 shows the result of the lineshape fit of the MC templates to the data. The top plot shows the Run I background template in red, and the b(( template in green, fitted to the data distribution. The bottom plot shows these two templates added. Using the ratio between these two templates, the b(( content of the data sample is estimated to be 0.65 ( 0.1, where the 10% error is coming from the error on the fit. 

10. PT( dependence of b-jet content
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From figure 6 on page 9 it is evident that the share of the cross section coming from b(( decays is increasing with increasing pT of the muon. To measure this effect in the data sample, we divide the sample in two: one with 6 < pT( < 10 GeV/c, and one with pT( > 10 GeV/c. Again, we use MC templates from Run Iii to estimate the b-jet content in the data sample. These templates are shown in Figure 11. For the high pT( sample, the 10-20 GeV/c and 20-50 GeV/c are added and normalized.
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The result of the lineshape fits to the two different samples is shown in Figure 13 and 14. For the 6-10 GeV/c bin, the b-jet fraction is 0.47 ( 0.1, while for the > 10 GeV/c bin the b-jet fraction is 0.77 ( 0.33. The errors on these values are the errors coming from the fit. 

Comparing these results with the Run I data, it seems that these values are high, but the b-jet content seems to be rising with increasing pT. 



11. Identifiying b-jets

Besides being used to measure the total or differential b-jet cross section, the PtRel variable can also be used as a tagging variable per jet. Using the Run I templates, the efficiency for certain cut values can be calculated. For example, if a cut on the PtRel is applied of PtRel > 1 GeV/c, 36% of the signal jets are rejected and 78% of the background jets are rejected. Scaling these numbers with the relative branching ratio to decay to a muon (10% for b(( and 0.35% for QCD((), the efficiency to tag any b-jet is 6.4%, while the efficiency to tag a QCD jet is 0.06%. 

The purity, which is defined as S/(S+B) with this cut is 84.3%.

12. Event Display

Figures 14 through 17 show an event display of a di-jet event, in which both jets are tagged with a muon. The PtRel of the central muon is 0.24, the PtRel of the backward muon is 0.34. These values are consistent with both signal and background jets. However, for the central muon, the secondary vertex b-tagger gives a probability of 0.07% that this muon is coming from a light jet. Therefore, this event has a high probability of being a bb-bar event.

13. Conclusions

With the pre-shutdown data it is possible to make a measurement of the muon + jet cross section, and to measure the b-jet content in the sample. This measurement seems to be in the correct range as was measured in Run I. However, no further conclusions can be drawn due to the large errors that are still part of the measurement. 

The b-jet content of the sample can also be measured using PtRel templates, but Run II MC templates need to be generated, and more statistics are needed before any real conclusions can be drawn here.
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Figure 3: (, ( and pT distributions of the reconstructed muon in blue, bb-bar MC in black (scaled)





Figure 4: (, ( and pT distributions of the reconstructed jet in blue, bb-bar MC in black (scaled)





Figure 5: (-( scatterplot of reconstructed jets, showing no hot cells





Figure 6: The Run I measured ( + jet cross section (blue dots) with ISAJET Monte Carlo shown for different  physics processes





Figure 1: L1 Jet trigger efficiency





Figure 7: The corrected muon + jet cross section in solid blue. The pink stars represent the Run I MC total muon + jet cross section, the black triangles are the data points measured in Run I.  No errors are drawn.





Figure 2: L1 muon reconstruction efficiency. Explanation of the graphs is given in the text.
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Figure 8: definition of PtRel





Figure 9: PtRel and (R distributions for pre-shutdown data (top) and MC (bb-bar in green, QCD in red)





Figure 11: PtRel lineshape fits to the data using Run I templates





Figure 12: Run I PtRel templates for different muon pT bins





Figure 13: PtRel lineshape fits of Run I templates on the data sample with pT( between 6 and 10 GeV





Figure 14: PtRel lineshape fits of Run I templates on the data sample with pT( higher than 10 GeV/c





Figure 15: b-jet content as a function of muon pT





Figure 14:Side view of a bb-bar event, showing one muon (blue+green linesegment) passing through the top of the detector, and one muon passing through the south system





Figure 15:X-Y view of the same event





Figure 16: Top down view





Figure 17: Legoplot





Figure 10: Run I PtRel templates for b((, c(( and (/K((





Table 1:Jet reconstruction efficiency for different Jet pT bins





Table 2: Corrections on the muon + jet cross section








� EMF = Electromagnetic Fraction


� CHF = Coarse Hadronic Fraction


� Hot Fraction = Ratio of energy in most energetic cell to the energy in the next to most energetic cell


� n90 = The number of cells containing 90% of the energy of the jet


� (R = ((((2 + ((2)
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