ATL-PHYS-PROC-2012-307

V) 17 December 2012

©

PROCEEDINGS

OF SCIENCE

Tracking, Vertexing and b-tagging Performance in
ATLAS

Mark J. Tibbetts*

On behalf of the ATLAS Collaboration
Lawrence Berkeley National Laboratory
E-mail:nj ti bbetts@ bl . gov

Reconstruction of the trajectories of charged particled #re identification of their points of
origin form a vital componant of the ATLAS experiment physfrogram at the LHC. The result-
ing reconstructed tracks and verticies can be used to fglgats originating from heavy flavour
through the use of b-tagging algorithms. An overview of therent status of these techniques at
ATLAS is presented.

36th International Conference on High Energy Physics,
July 4-11, 2012
Melbourne, Australia

*Speaker.

(© Copyright owned by the author(s) under the terms of the Cre&ivmmons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/



Tracking, Vertexing and b-tagging Performance in ATLAS Mark J. Tibbetts

1. Introduction

The ATLAS experiment [1] records data from collisions produced bylLitwge Hadron Col-
lider (LHC) [2] at CERN. In proton-proton collisions hundreds of prigmand secondary stabile
charged particles are produced and accurate measurement of thenakicethrough track recon-
struction is essential in all physics analyses. Vertex identification usiranséicted tracks is
important for determining the position of primary interactions as well as thodsplaced particle
decays and material interactions. Multivariate b-tagging algorithms combioeriation based on
the properties of reconstructed tracks and displaced vertices origirfedimghe decays of heavy
flavour hadrons to identify jets originating from heavy flavour partonséttird scatter and result-
ing parton shower. Tracking, vertexting and b-tagging performaneel@termined by comparing
the response of algorithms in data to the response of the same algorithms inddeiaiiite Carlo
(MC) simulations of the ATLAS detector.

2. Track and Vertex Reconstruction

The ATLAS Inner Detector (ID) tracking system surrounds the interacgoint and con-
sists of three sub-detectors: innermost is a silicon Pixel detector, thisrmusdied by a silicon
microstrip detector (SCT) and the combined silicon system is surroundedtiaysition radia-
tion tracker (TRT). The ID is immersed in a 2T axial solenoid field and previceverage to
In| < 2.5%. Track reconstruction uses combinatorial Kalman fitter pattern recognifgamitams.
Most primary tracks are reconstructed with an inside out algorithm extgrsdieds from the silicon
detectors out to the TRT [3]. Recovery of secondary tracks froversions, material interactions
and long-lived particle decays is achieved through a back-trackingitigotaking TRT based
seeds and extending inwards.
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Figure 1. Vertex position resolution in data (black) and MC (red) [SThe resolution is shown for the
transverse coordinate as function of the number of trackisarvertex fit.

Primary interaction vertices are reconstructed by iteratively fitting tracksistent with the
interaction region using &2 based algorithm with a beam spot constraint [4]. Due to multiple

1Stable refers to charged particles with> 3 x 10 s, je., pions, kaons, protons, electrons and muons.

2ATLAS uses a right-handed coordinate system with its origin at the nomitebiction point (IP) in the centre of
the detector and theaxis along the beam pipe. Theaxis points from the IP to the centre of the LHC ring, and the
y-axis points upward. Cylindrical coordinatésg) are used in the transverse plageyeing the azimuthal angle around
the beam pipe. The pseudorapidity is defined in terms of the polar &rege = —Intan(6/2).
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proton-proton interactions in a single bunch crossing (pileup) eventb@as more than one re-
constructed primary vertex. The primary vertex identified as the hard sgatibysics analyses is
by default the vertex with the highegtp% of tracks associated to that vertex; however, analysers
have the option to redefine that choice of vertex through physics olgsocetion. The recon-
structed hard scatter vertex becomes the reference point for impaanhetar and flight length
measurement b-tagging algorithms. Primary vertex resolution in data is mdagitinea split ver-

tex technique [4]. Figure 1 shows the primary vertex resolution in trassveoordinate as a
function of the number of tracks associated to that vertex in 8 TeV collisiten @#lected during
2012. It can be seen that the MC simulation reproduces the resolution re@asdata for all track
multiplicities.

3. Impact of Pileup
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Figure 2: Luminosity-weighted distribution of Figure 3: Average number of reconstructed pri-
the mean number of interactions per crossing for mary vertices as a function of average number of
the 2011 and 2012 data [6]. This shows the full pp interactions per bunch crossing measured for
2011 run and 2012 data taken between April 4th 2011 data [5].

and June 18th.

Pileup presents a significant challenge for tracking and vertexing algwigt ATLAS. Figure
2 compares the average number of interactions per bunch crogsimng,5.2 fot of 7 TeV data
collected in 2011 to 6.3 fb' of 8 TeV data collected in 2012. The mean of this distribution is seen
to more than double from 9.1 in 2011 to 19.5 in 2012. Figure 3 shows the nuohlpeimary
vertices as a function oft comparing 2011 data to simulation which is seen to reproduce the
observed data distribution.

Pileup causes high occupancy in the ID which increases the rate of fakereconstruction
due to random combinations of tracking detector hits passing the recdimtratgorithms. This
in turn leads to fake tracks contributing to primary vertex reconstruction andigher pileup, a
non-negligible presence of fake primary vertices whose associatdd @ae dominated by fakes.
In 2012 data reconstruction, to mitigate these effects, a more robust &bedtisn for primary
vertex reconstruction has been developed. In simulation this is shown ttleadoderate drop in
primary vertex reconstruction efficiency of no more than 5% while signiflgarducing the fake
track fraction in primary vertices from around 30% to less than 10% arnidge& negliglible rate
fake vertex reconstruction up 10=40 [7].
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Figure 4: Transverse impact parametds, core width for data (black) and simulation (red) as a fuorcof
1/pr+v/sin@ for tracks with 0< n <0.25. The core width is computed from a Gaussian fit to cenégibn
of thedp distribution [8].

For increased pileup a high density of charged particles in the Pixel detagtaesult in a
single reconstructed cluster of hits originating from more than one chageidle interaction. At
ATLAS pattern recognition from an artificial neural network (ANN) bdszustering algorithm is
used to identify and separate such merged clusters into distinct sub-slustes has the advan-
tage of improving the pixel hit resolution resulting in an excellent impact paemeeasurement.
Figure 4 shows the transverse impact parameter resolution as a functiaelokinematics in the
central tracking region for 2011 data and simulation [8]. The high pretisiahe resolution in
data is well modelled by the simulation.

4. Detector Alignment
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(a) Before alignment update. (b) After alignment update.

Figure5: Invariant mass distribution of 2 upu decays, where the mass is reconstructed using ID parameters
of muon candidates only. Ideal alignment performance in Bl€oimpared to observed performance of data
before and after application of updated alignment calibref9].

Critical to the performance in measuring track parameters is accurate lagevtd the 1D
alignment in the reconstruction algorithm. The alignment must be understodiffeaent lev-
els: the global alignment of the ID detectors, the alignment of barrel addags, the alignment
layer by layer and the alignment of individual modules. This is achievedrafA8 through x?2
minimisation of track-hit residuals; however, misalignment weak modes [9] wkich cannot be
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constrained by the track residual method. Instead constraints aredémm analysing system-
atic bias in the invariant masses of well known particles reconstructedgeora of opposite sign
tracks (|<g, JIp, Z) as well as from the ratio of reconstructed electron energy meagsutbd AT-
LAS calorimeters to the corresponding momentum measured in the ID [9]. uvrasnts of ID
misalignment are propagated to the reconstruction geometry; Figure 5 #tmingpact of updated
alignment description on the Z mass resolution in 1:2fbf 2011 data, a significant improvement
is observed.

5. b-tagging Algorithms
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Figure 6: Light-jet rejection as a function of the b-tagging efficigrio top pair MC simulation for all
algorithms calibrated in 2011 data [11].

Many algorithms have been developed at ATLAS to identify jets originatingy fleeavy
flavour partons. These take advantage of the properties of recotestriiacks from heavy flavour
hadron decays by either directly reconstructing displaced seconddiges or by exploiting the
larger average impact parameter typical of such tracks with respect mithary vertex. Figure 6
shows the performance of various ATLAS b-tagging algorithms in top MC sitiamla The most
commonly used algorithm in physics analyses is MV1, an ANN whose resgsrigined using
both secondary vertex and track impact parameter properties as inputhisthe largest light jet
rejectior? for a given b-jet efficiency [10, 11].

6. b-tagging Performance

The performance of b-tagging algorithms is evaluated by measuring thieedfjcto correctly
identify jets originating from b partons in data as a function ofggt Physics analyses then are re-
quired to correct the equivalent MC efficiency to match this measuremenawiippropriate scale
factor (SF). Efficiency measurements are performed primarily with two camgatéary methods

3Light jet rejection is the reciprocal of the fraction of jets labelled as light Wigiass the b-tagging algorithm [10].
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(b) SFs from top based methods [12].

Figure 7: Comparison of b-jet efficiency SFs measured in 2011 datehtoMV1 70% b-tagging operating

point

using tagged jets containing muons [11] and then cross-checked with mesingseconstructed
top pair candidate events in the lepton plus jets channel [12]. Both the muanedbp samples
have enhanced b-jet purity allowing efficiency measurements with anaycof 5 to 20% de-
pending on b-tagging algorithm and jpt. Figure 7 compares the measured SFs from all b-jet
efficiency methods in 2011 data for tagged jets identified using a MV1 opeadimt correspond-
ing to 70% average b-jet efficiency in top MC events. It can be seen titl@ihwincertainty the
measured SFs are consistent with unity and that all methods are consigtertioh other. The
muon measurements are combined, accounting for correlations betweeratyxges, to provide a
more accurate efficiency measurement.
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Figure8: c-jet efficiency SFs measured with thé Dethod for the MV1 70% b-tagging working point [13].

In addition to b-jet efficiency, the algorithm efficiencies for jets originatirogf ¢ quarks and
the mistag rate for light jets are also measured in data. For the former a sanjgige abntaining
exclusively reconstructedTrandidates provides efficiency measurements with accurac 5%
[13]; for the latter two methods using inclusive jet samples are employed vghiolv reasonable
agreement and have uncertainties up to 100% depending on jet kinematizcgagging algorithm
operating point [14]; such uncertainties are managable due to the highjdigtgjection of b-
tagging algorithms. Figure 8 shows the measured SFs-jets and Figure 9 the SFs for light jets
when calibrating the same MV1 70% operating point; again consistentcy ofRhevish unity is
observed within the uncertainties.
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Figure 9: Mistag rate SFs measured in 2011 data for the MV1 70% b-taggperating point for negative
tag method which reverses tagger requirements to enricligihiejet sample and for a template fit method
used as a cross-check [14].

7. Conclusions

ATLAS is maintaining excellent understanding of tracking, vertexing arnddging perfor-
mance in the large integrated luminosities of proton-proton collisions recand2@il1 and 2012.
The impact of high pileup on tracking and primary vertex reconstructiorbban studied and tech-
niques implemented to maintain manageable fake rates are well described bytisimieasure-
ments of misalignment in the tracking detectors have been used to significantlyvenpinysics
performance. Multivariate b-tagging algorithms with excellent light jet rejectiave been cal-
ibrated with the full 2011 data set and the first efficiency measurememtstbp events in 2011
data have been presented at this conference. Good consistenagrigealdsetween complementary
methods for measuring the efficiencies and mistag rates of such algorithmsiin da
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