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We present a measurement of the inclusive and dijet diffexlesross sections of jets containing
ab-hadron in proton-proton collisions gts= 7 TeV using data collected with the ATLAS de-
tector. Jets are reconstructed using the kndilgorithm with jet radius paramet&= 0.4. The
presence of a displaced vertex from the decay of long-liadtdns, or the presence of a muon
with significant transverse momentum relative to the jesais used to select a jet sample en-
riched inb-jets and the invariant mass of the charged particle tramkaihg the vertex is fitted
to extract the fraction of jets frot-quark production. The inclusive cross section is measased
a function of the jet transverse momentum, in the range: 28 < 260 GeV, and of rapidity, in
the range & |y| < 2.1, such that jets are fully contained in the tracking deteatdé ATLAS. The
dijet cross section is measured in the same rapidity rangdwasction of the dijet invariant mass,
extending up to 670 GeV. The resulting cross sections argoaced with next-to-leading-order
QCD predictions.
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1. Introduction

The measurement dfquark production cross sections at the LHC provides améastest of
perturbative QCD predictions at the energy frontier. Claltons of theb-quark production cross
section have been performed at next-to-leading order (NMajching these calculations to parton
shower models produces final states that can be comparegéoirental data. Experimentally,
this can be assessed by measuring jets that contalmadron, in the following referred to &gets.
This note discusses the measurement of the inclisjeecross section in the range 20pt < 260
GeV and thebb dijet cross section extending up to a dijet invariant mas§7éf GeV measured
with the ATLAS detector [1] in proton-proton collisions agts = 7 TeV. The measurements are
compared to predictions using Pythia [2] using the ATLAS MQG0ne [3] and NLO predictions
using POWHEG [4]. Further details of the analysis can be doar{5]. Results presented in this
document are based on data collected between March and 2@ at the ATLAS detector and
correspond to an integrated luminosity of 3.0"pbThe uncertainty of the integrated luminosity is
3 % [6].

2. Event selection and reconstruction

Events were triggered using the Level-1 jet trigger, with éxception of the jets in the inclu-
sive cross section analysis with a jet-< 40 GeV for which the minimum bias trigger scintillators
(MBTS) were used. The trigger efficiency was estimated todov@ 98 % in allpr bins with neg-
ligible uncertainties. Triggered events were requiredaeeha well reconstructed primary vertex
with at least ten contributing tracks. This is essentialtfarb-jet identification which relies on
primary and secondary vertex reconstruction. The jet gnbag been calibrated to the standard
ATLAS jet energy scale [7] with a systematic uncertaintyveen 5 % and 9 %, depending on the
transverse momentum of the jet. In both, data and simulatiempr-balance method [7] was ap-
plied to test the agreement with respect to each other. Aiawlal systematic uncertainty of2%o
to account for differences in the jet energy scale betwets and light jets was found and added
in quadrature to the jet energy scale uncertainty. Due tdaihg lifetime of theb-quark, tracks
in jets originating fromb-quarks generally form a secondary vertex that is spatsd|yarated by
a few millimeters from the proton-proton collision vertekhe SVO0 [8]b-tagging algorithm used
in this analysis aims to reconstruct the displaced vertemfthe charged decay products of the
b-hadron. The discrimination betweérjets and light jets is done using the signed decay length
significanceS= L/, whereL defines the 3-dimensional distance between the recoretrpei-
mary and sencondary vertex. In this analysis, a jet is censith-tagged if it contains a secondary
vertex reconstructed with the SVO0 tagging algorithm watly 5.72, which gives an efficiency of
50 % in simulatedt events. The efficiency of thie-tagging algorithm was measured from data
with a sample of jets containing a muon, using ﬂf}% method [8]. This method makes use of the
distinctive differences in the relative transverse mygrdistribution to the reconstructed jet axis
for band light jets in the leptonic decay. Tp§3I method, however, is limited to a momentum range
before the jets become strongly collimated. This is why fghbr pr jets theb-tagging correction
factors between data and MC of the last accessiblprjdin is taken. The systematic uncertainties
for this method are dominated by the template shapes ané tagtgveen 10 to 15 %; they were



Heavy flavour Production in ATLAS Andreas SALZBURGER

doubled for thept bins that are not accessible due to jet collimation. Theagisate of the SVO
algorithm was found by template fits to the secondary vertagsand range between 0.2 and 1 %.

3. Measurement of theinclusive b-jet and bb dijet cross section

The definition of a-jet production cross section requires a definition of ehttevel b-jet in
Monte Carlo (MC). These are formed by clustering stableiglag using the antic [9] cluster al-
gorithm with a radius parameter of R =0.4. Truth-lelvgéts are then defined by spatially matching
the jet with generator-level hadrons:bget is labelled as such if at least obe-hadron is found
within a cone ofAR= /An2+ Ag? < 0.3 around the reconstructed jet direction.

In the inclusive cross section analysis, the numbdrjets in the final sample was determined
by a fit to the secondary vertex mass, using MC templates &dr, thand light quark contributions,
respectively. Figure 1 shows the SV0 mass distributions taaddifferent fitted MC templates
before and after applying thetagging cut.
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Figure 1: SVO0 mass distribution in data and simulation (Pythia MCO@hawut a cut on the SVO weight
(left) and for jets with SVO weigh® > 5.72 (right). In both plots, the MC is normalized to the numbgr o
jets in the data with at least one track passing the SVO

The double differential inclusive-jet cross section is shown in Fig. 2 (left), where it is com-
pared to results obtained with Pythia MC09 and POWHEG. B\WWHC 09 is a leading-logarithmic
parton shower generator, thus it is not expected to acdynatedict the normalization. However,
to compare the shape dependency, an adhoc scale factor2ofi@sSoeen used. This factor was
found by normalizing the Pythia MCO9 prediction to the santedrated cross section as the mea-
surement. Both Pythia MC09 and POWHEG show a reasonableagyedment with the measured
cross section, although both tend to fall more quickly witbreasingpr. Using the inclusive jet
cross section measured by ATLAS [10], a ratio of gt to inclusive cross section can be built,
which significantly decreases the systematic uncertaintlee uncertainty on the jet energy scale
is almost canceled (except for the additional assigned coewt forb-jets). The measurement is
then dominated by the uncertainties associated tdagging efficiency and purity. The results
can bee seen in Fig. 2 (right) for different rapidity bins. aftg the comparison to Pythia MCQ09
and POWHEG are added, where POWHEG shows an underestinofitiomb-jet cross section by
approximately 30 % which corresponds to a systematic effect.



Heavy flavour Production in ATLAS Andreas SALZBURGER

10"

s E _ 1 ©00=lyl<03 = 2 o4 —e— Stat. error
& 107F de'_GOpb """ Pytia § (-0.52) 20 & [ Stat + syst error
3 E Vs=7Tev ~ 7" POWHEG = o © T 1 -~ Pyhias
8 1oE —e— 00<lyl<03(x10% {3l IS 0.05F . & 1 N v
- E = —=— 0.3yl <0.8 (x10%) 15 0 el =t v - S -~ POWHEG
T 100 e —— 0.8<lyl <1.2 (x10?) T i L beefem-e —e-00<lyI<03
% E —»—12<lyl<21 L L 410 0 o b b b b b Ly
2 1095-4-. e 2 m03=lyl<08 0.1
L BE L ] 12
T 100 = [ — . i ]
 E ] . i T z 1 0.05f g 8T = ¥
10°E o4 - = . bAtacdieg b e _m-03sl1<08
105; = R 40 ok b b b b b s
S i S 'a08slyl<12 0.1
10 e ™ ol R 12
10f = i (PR H 0.05 E
E == =t i1 R :
103; e 0000 = RS T 2 v >~+”:”L”«7;fn —+08=<lyl<12
E [eeras S L L 40 Obv v b b b b by by
107 3 e=sges [0 yl<2d 0.1 o
E [e—— : ' 12 ATLAS Preliminary
10E aTLAS Preliminary  peegons R
1 stat eror w+ "T"_F-A-'fﬂ'_‘ 0.05r : i 1
E [ Stat. + syst. error i R S e LR ‘,,;,H v 12<lyl<21
10 . L 40 ol Lo b b i b L
0 50 100 150 200 250 100 200 50 100 150 200 250 300 350
Jet p_[GeV] Jetp_[GeV]

Figure 2: Double differential inclusivé-jet cross section (left). Ratio of inclusivejet cross section to the
inclusive jet cross section (right). The data are compared@ prediction of Pythia MC09 and POWHEG.
The Pythia MCO09 results are scaled by a factor of 0.52.
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Figure 3: Thebb dijet cross section as a function of dijet invariant massbfgets with pr > 40 GeV and
ly| < 2.1. The data are compared to MC prediction of Pythia MC09 and?/REG. The Pythia MCO09 results
are scaled by a factor of 0.52.

The measurement of tHib dijet cross section is also performed by estimating the rermob
events using template fits to the dijet invariant mass. 8&yatie uncertainties stemming from the
used MC based templates have been taken into account in lEstbumements, but are negligible
compared to the dominating uncertainties frortagging and the jet energy scale. Thiedijet
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cross section is shown in Fig. 3 as a function of the dijet gs®ompared to NLO predictions
from POWHEG and to Pythia MC09. The Pythia MCO09 results, ragaaled by 0.52, follow the
shape of the measured cross section quite well, while POWptEGicts a somewhat higher cross
section at lower dijet masses.

4. Conclusions

The differential inclusive and dijet cross section of ksjhas been measured at ATLAS using
the SVO0b-taging algorithm and compared to predictions of Pythiawaitd the NLO QCD calcu-
lations performed within a framework of the POWHEG genaralthe measurement agrees with
NLO prediction within systematic uncertainties that arendwated by uncertainties related to the
the b-tagging efficiency and jet energy scale.
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