Acceptance study of bbbar production process

Introduction

Since the DØ detector only has limited acceptance for detection of the decay products in the bbbar production process, one has to know exactly how many events fall outside this acceptance to be able to accurately measure the b-jet cross section. In this study we look exclusively at the b→μ decay channel of the b-quarks, and measure the number of events in which both the b-quark and the muon fall into the acceptance of the detector. This is solely a Monte Carlo study; smearing and inefficiencies caused by the reconstruction are taken into account when the reconstruction efficiency is determined. All results in this document are based on 5000 inclusive bbbar events, generated with Pythia without any cuts. 

Acceptance of the DØ detector

The calorimeter has a coverage up to |(| < 4. However, because of high occupancy and low reconstruction efficiency in the region 2 < |(| < 4, we consider only b-quarks with an |(| < 2 to be within acceptance. Also, the b-quark needs high enough pT to create a jet in the calorimeter, and thus we only consider quarks with a pT greater than 5 GeV/c to be within acceptance.

The b-quark is required to decay to a muon (either directly through b→μ + X, or indirectly by b→x + X’, x→μ, where x can be c, π, K), which is also required to be within acceptance. Since the muon spectrometer covers the region |(| < 2, we require the muon from the b-quark decay to have an |(| < 2. Moreover, since a muon needs a pT  greater than 1.5 GeV/c on average to penetrate the calorimeter, only muons with a pT greater than 1.0 GeV/c are considered to be within acceptance. 

	MC Particle
	Acceptance requirements

	b-quark
	|(| < 2

	
	pT > 5 GeV/c

	muons



	Coming from direct or indirect b-quark decay

	
	|(| < 2

	
	PT > 1.0 GeV/c


Table 0‑1: Acceptance requirements on MC particles

Impact of acceptance requirements

Each acceptance requirement that is placed on the b-quarks and the muons will diminish the number of b-quarks within acceptance. To analyze the impact of each acceptance requirement in detail, distributions in (, (, P and pT are made for the b-quarks and muons within acceptance after each acceptance requirement is made. 

The requirement on the decay of the b-quark to a muon cuts away 79.1% of all b-quarks, as can be seen in Figure 0-1. The total number of b-quarks is 10022, of which 2092 decay to a muon (20.87%). The requirement for the b-quark to be within |(| <2 removes 36.7% of these muons (1325 b-quarks within acceptance), as can be seen in the purple histogram in Figure 0-2. The last requirement for the b-quarks, to have a pT > 5 GeV/c, leaves 1161 b-quarks within acceptance.
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Figure 0‑1: Distributions of all b-quarks (in brown), and b-quarks that decay to a muon (in green). The green histogram has 2092 entries. 
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Figure 0‑2: Distribution of all b-quarks, decaying to muon, shown in green; shown in purple the subset that passes the |(|<2 cut (1325 entries); shown in blue the subset that also passes the pT > 5 GeV/c cut (1161 entries)
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Figure 0‑3: Distributions for all muons (in brown) and muons coming from b-quark decay (in green). The green histogram has 2238 entries.

In these 5000 events, 6496 muons are present. Most of these muons are the decay product of π or K decay; 2238 muons are from direct or indirect b-quark decay. The distributions for all muons and muons from b-quark decay are shown in Figure 0-3. It is apparent that muons from b-decay tend to have a higher momentum than muons from π or K decay. Figure 0-4 shows the effect of the ( and pT cuts on the number of muons within acceptance. From the 2238 muons from b-decay, 1489 are within the ( acceptance (purple histogram). Of these muons, 776 also pass the pT > 1 GeV/c cut (blue histogram).
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Figure 0‑4: Distributions for muons from b-decay (green), which are passing the |(| < 2 cut (purple, 1489 entries) and which are also passing the pT > 1 GeV/c cut (blue, 776 entries)
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Figure 0‑5: Distributions for b-quarks decaying to muons in green, with in red the distributions for b-quarks which pass all (b-quark and muon) cuts. The red histogram has 611 entries.

When the requirements for b-quarks and the muons are combined, 611 b-quarks are within acceptance, as is shown in Figure 0-5. Figure 0-6 shows the distributions for the muons which are the decay product of these b-quarks.
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Figure 0‑6: Distributions for muons from b-decay in green, with in red the distributions for muons which pass all cuts, coming from b-quarks that pass all cuts.  The red histogram has 611 entries.

Conclusion

From the 10022 b-quarks that are present in 5000 inclusive bbbar events, 611 are within acceptance and decay to a muon that is within acceptance. This is 6.1% of all b-quarks produced.

	Acceptance cut
	Number of b-quarks

	None
	10022

	b-quark decays to muon
	2092 (20.9%)

	b-quark within acceptance
	1161 (11.6%)

	Muon also within acceptance
	611 (6.1%)


Table 0‑2: Number of b-quarks within acceptance after each cut

PAGE  
7

