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The ability to identify jets containinf-hadrons is important for the higbr physics program of
a general-purpose experiment at the LHC such as ATLAS. Bhis particular useful to select
very pure top samples, to search and/or study Standard Modeipersymmetric Higgs bosons

g which couple preferably to heavy objects or are producedsociation with heavy quarks. After
% a review of the algorithms used to identifyjets, their anticipated performance is discussed as
8. well as the impact of various critical ingredients such a&srésidual misalignments in the tracker.
8 . The prospects to measure the¢agging performance in the first few hundreds pbf data with
% § di-jet events antt events are then also discussed.
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1. Introduction

The identification ofb-quark jets f-jets) is an important task at a multi-purpose experiment
like ATLAS, where many interesting processes giving risbjets in the final state will be pro-
duced in the collision of the 7 TeV energy proton beams delivered by the &¢t€lerator. An
efficient and accurate identification of thequark jets will help to differentiate between the inter-
esting physics and the backgrounds, the latter often being dominated 8y ands-quark jets.
Examples of such interesting processes are: the productitirpafrs, Higgs boson decays into a
pair of b-quarks (e.g.pp — ttH with H — bB), Higgs associated production in supersymmetric
models pp — bbH/A with H,A — 1+17), processes involving charged Higgs bosdds (— th
ort — H™b) and some exotic scenarios, like the decay of a heavy new particlebﬁntdl'wo
main signatures are available to sepalajets from jets generated by the fragmentation of lighter
guarks (1,d,s): a spatial signature, relying on the lifetime lothadrons ¢r ~ 0.5 mm), whose
decay products form a secondary vertex which is typically displaced esfect to the interaction
point by several mm, and a lepton based signature, relying on the semileghéaaig of eb-hadron
or subsequerd-hadron into a muon or electron.

The spatial signature is exploited by the following two classes of algorithhmzact Param-
eter based algorithms, relying on the (in)compatibility of the individual tracks in avjei the
primary interaction vertex of the event aBgcondary vertexbased algorithms, explicitly requir-
ing the determination of b-hadron decay vertex.

Based on the jet direction, the reconstructed charged particles trac&ssarciated with the jet
to be tagged ifR(Track Jet) < 0.4. The track hit resolution in the innermost pixel layers — in the
barrel region= 10umin r¢g and~ 115umin z — determines the impact parameter resolution for
high pr tracks. A degradation is expected for lowar tracks due to effect of multiple scattering
in the detector material. The primary vertex resolutiom<id5um in the transverse plane and
~ 50umin the longitudinal plane, depending on the topology of the eVént [1]. Téwtiiication of
the signal vertex in the presence of additional overlaid interactions duketapevents is crucial
for b-tagging algorithms.

2. Impact parameter basedB-tagging algorithms

The impact parameter significance of all trackg, = % (intherg plane) ands, = % (in
the z-coordinate), are used as input. For each track a sign for the impachptar is determined,
according to whether the track is compatible with having its origin in a vertex m fvo behind
the primary vertex (with respect to the jet direction).

The distribution of signed impact parameters in the transverse plane is ahéig [J sepa-
rately forb-, c- and light-jets. These distributions define the probability density functiebs-6)
for single tracks. These are then combined into a single discriminatojettieeight using the
likelihood ratio formalism:WJE1 = S acks!00 (%). To combine the transverse and lon-
gitudinal impact parameters information two-dimentioR&IFs (PDF(S;, S )) are used, taking at
the same time their correlations correctly into account (the correspondimgight is shown in

Fig.[2).
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Figure 1: Signed transverse impact parameter sig-Figure 2: Jet weight distribution based on both
nificance distribution. transverse and longitudinal impact parameters.

Simpler algorithms, not relying on any assumption of the impact parameter signuifiais-
tribution in b-jets are also available, such as simply counting the number of tracks with impact
parameter significance above a predefined threshold or evaluatingotbegbpity for the tracks in
a jet to originate from a light-jet. These will be particularly important for the cominigng of
b-tagging algorithms during the early data taking phase of ATLAS.

3. Secondary vertex base®-tagging algorithms

Two strategies to detect a secondary decay vertbyéts are implemented in ATLAS: a fully
inclusive approach relying on the reconstruction of a single displaced vertex aoploéogical
approach which attempts to explicitly reconstructve— B — D decay chain.

3.1 Inclusive secondary vertex reconstruction

First the displaced tracks to be used in the secondary vertex fit are idenkifi considering
all possible displaced two-track vertices. Tracks corresponding twesrcompatible withs, A
decays, conversions or hadronic interactions are removed. The sackiving this selection are
used as an input for the vertex fit (as implemented intKalVrt package[J4]): incompatible tracks
are iteratively removed from the fit. A likelihood function is definedlberand light-jets, based on
the fraction of jets with a reconstructed secondary vertex, the invariasg nfahe charged parti-
cles assigned to the secondary vertex, the fraction of charged paetiwegy in the reconstructed
secondary vertex with respect to all charged particles in the jet and thbarwf good two-track
vertices. Ajet weightis then defined using the likelihood ratio of theand light-jet hypotheses,
Wi = log (t—?) A combined secondary vertex and impact parameter basagging algorithm

is then easily formed by adding their respective jet weighigT = WJET + W5
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3.2 Topological reconstruction of thePV — B — D decay chain

The fragmentation of bB-quark results in a decay chain composed of a secondary vertex from
the weakly decayindp-hadron and typically one or more tertiary vertices frofhadron decays.
These vertices are very difficult to separate efficiently. In this algorithenasumption is made
that the transverse momentum of tttbadron with respect to thehadron flight direction is neg-
ligible with respect to the overatl-hadron momentum, so that the primary vertex and the decay
vertices of theb- andc-hadrons in the decay chain lie on the same line. A vertexing algorithm
based on this principle (first adopted by SLD in iieost track algorithrf]]), has been imple-
mented inJetFitter[§] using an original extension of the Kalman Filter formalism commonly used
for vertexing []: an arbitrary number of vertices with one or more tracs be fitted efficiently,
constraining them to lie on a commarhadron flight axis whose origin is the primary vertex.

Afirstfitis performed initializing the flight axis with the jet direction and consiag all tracks
in the jet to form single-track vertices along this axis. A clustering proeeduthen performed,
merging the vertices two by two in decreasing order of probability, until destanfiguration is
reached. Considerinigrjets simulated int andttjj Monte Carlo events the topological approach
obtains asingle multi-track vertex in ~ 50% ofb-jets, asingle multi-track vertex plus an ad-
ditional single-track vertex from a second vertex i 16% of caseswo multi-track vertices in
~ 5% of cases antvo single-track verticesin ~ 5% of cases.

A likelihood function and a jet weight is then defined analogously to the fatljusive ap-
proach but including the additional information about the identified decay chainlaggpand
again combined with the impact parameter only based discriminator.

4. B-tagging performance of spatial algorithms

Theb-tagging performance was tested on a sample of fully simutataadtt jj Monte Carlo
events. Thé-tagging efficiency is defined as the fraction of identifiejets, while theb-tagging re-
jections ¢, andr.) are defined as the inverse of the fraction of light- or charm-quark jetsgugisth
asb-jets. The light-quark rejection as a function of theagging efficiency is shown in Fig] 3
for variousb-tagging algorithms, together with a table showing the light-quark and charmk-qua
rejections at a fixet-tagging efficiency of 50% and 60% for the three most important algorithms.

An ideal geometry and a pixel single hit inefficiency of 5% were assumedkisithulation
used for this study. A degradation of theagging performance is expected due to residual mis-
alignment. Recent studies show that, after a realistic alignment procetiutimgsfrom a randomly
misaligned detector with misalignments of the order of-1100 um as expected from fabrication
precision and survey measurements, a degradation of less than 25% irhtkguligk rejection is
expected. Further studies are ongoing, in particular to control gloliairdations which are only
weakly constrained by the alignment procedure.

5. Lepton basedb-jet identification

The identification otb-jets based on a muon or electron from the semileptonic decay of the
b— or c-hadron from theb — ¢ decay chain is limited by the semileptonic branching fraction
(BR(b— 1X) ~ 11% andBR(b — ¢ — I1X) ~ 10% for bothl =muon or electron). The lepton based
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Figure 3: b-tagging performance as a functiontetagging efficiency (left) and for fixed values of 50 and
60% b-tagging efficiency (right), for various algorithmdetProb(based only on the resolution function for
prompt tracks), IP2D (based on transverse impact parag)ete3D (based on transverselongitudinal
impact parameters), IP3E5V1 (based on one single inclusive secondary vertex, cagdbivith IP3D) and
JetFitter-IP3D (based on the reconstruction of ¢ — b — c decay chain, combined with IP3D).

signature is however nearly uncorrelated with the spatial signature, wiagbs the lepton based
b-tagging algorithms particularly useful to calibrate the spatial algorithms direntijata. After

a lepton candidate in a jet has been identified as muon or electron, the temswvementum of
the lepton with respect to the jet flight axigr(el) is used in order to further separate the signal
leptons from fakes or from real leptons in light-quark jets. While the muamesige is very clean,
so that a light-quark rejection ef 300 can be reached abaagging efficiency of 10%, it is much
more challenging to identify electrons in a dense jet environment, so thatctioajef ~ 100 can

be reached at brtagging efficiency of 7%

6. Measurement ofB-tagging performance on data

A lot of effort has been put into trying to ensure that the ATLAS Montel@€aimmulations
will resemble the behaviour of the ATLAS Detector with real data as closgipssible. However
the realb-tagging performance will need to be measured on data itself. Two main ssateye
been set up for this. The first is based on the use of two uncorrdietagtjing algorithms, relying
one on the lepton, the other on the spatial signature and on the selectioarnpke ©f QCD dijet
events where theb component is enriched through the online selection of a jet with a contained
muon. The second method relies on the kinematic selectithesfents in order to obtain a very
pureb-jet sample.

6.1 Measuring performance in QCD dijet events

The so calledsystem 8nethod, first used at the D@ experiment, uses two samples with differ-
ent flavour composition: the first is dijet events witBet+ Muonsignature, the second requires an
additional jet on the opposite side to be identifiedbast by an impact parameter based algorithm.

1The ATLAS electron based tagging algorithm includes the lepton impaciredea information, while the muon
based one doesn't.
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Two uncorrelatedb-tagging algorithms are used, corresponding to four possible combinations
tag, u tag, spatialtag and spatial-p tag. Applying these four combinations to the two samples
already mentioned, a system of eight equations with eight unknowns clamrbelated. The so-
lution of the system yields the flavour composition of the two samples and the geeffjiciencies
for the different flavours. An alternative method, based on the detetioinaf the flavour sam-
ple composition of the selected jets in dijet events applying templatps gf for b-, charm- and
light-jets before and aftespatial btagging is applied, has also been studigd [3].

Both theSystem &nd thepr ¢f methods are expected to be dominated by systematic uncer-
tainties already after 50 pb of collected data with a dedicated trigger. px andn dependent
measurement of thetagging efficiency with a precision of 6% up tdoget transverse momentum
of 80 GeV seems to be feasible, with larger errors up to 150 GeV. Futildies are ongoing to
evaluate the systematic uncertainty on the Monte Carlo based correctionisvhegded to account
for the bias introduced by requiring tllet+ Muonsignature and extend the method to higher jet
energies with more data.

6.2 Measuring performance intt events

Three methods have been proposed to measure-thgging efficiency irtt events[[B]. The
method based on the topological selection of one leptonic and one hadrpnidglitde briefly
described here. After a basic preselection, lifjet stemming from the hadronic top is required
to pass &-jet identification cut, while the leptonic one is left unbiased. Based on theniepto
and hadronic top mass, a signal region is defined. The backgrourgldutrio be almost purely
combinatorial, originating frontt itself: a signal free region is defined using the mass sidebands
and requiring thdo-jet from the leptonic top not to pass a very lodsgt identification cut. The
distribution of theb-jet weight (i.e. of the discriminating variable) for thget from the leptonic
top is then obtained after subtracting the background on a statistical bagikndwledge of the
b-jet weight can be translated directly intdodagging efficiency for an arbitrary cut value.

This method permits to obtain a measurement ofttjet efficiency in bins of jefpr. With
200 pb ! of data and for jets withpr > 40 GeV, a relative precision af7.7% (stat.) and:3.2%
(syst.) can be achieved.

7. Outlook

A lot of effort is being spent to further optimize the performance oftthagging algorithms.
An area which has lately attracted more attention is the specific optimization of dinen-cfuark
rejection. Charm-quark jets are more difficult to reject, because theyn&agintoc-hadrons,
which also have a detectable lifetime. However, sind®/a— B — D decay chain is expected
out of the hadronization of b-quark and typically only one decay vertex out of-guark, using
the topological reconstruction of tHeV — B — D decay chain and using dedicatB®Fs for
charm-jets it is possible to enhance the charm-quark rejection, at the fcaslexreased light-
guark rejection. Preliminary results show that at 5B%&agging efficiency an increase of up to
~ 60% in charm-quark rejection is achievable, at the cost of a decreasétiyligrk rejection of
up to= 65%. The optimal working point will clearly depend on the flavour compositibthe
background of the specific physics analysis of interest.
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8. Conclusions

The methods developed to identifijets in ATLAS have been described. In terms of light-
quark rejection, at 60%-tagging efficiency the performance achievable by various algorithms, in
order of expected commissioning As30, relying only on the resolution function of prompt tracks,
then up tox 70, using the transverselongitudinal impact parameter based algorithm, and finally
~ 150— 190, using the most sophisticated secondary vertex based algorithisifey studies
show that the residual misalignement of the Inner Detector should detjresie numbers by less
than 25%. Methods have been established to measulettgging efficiency on data to about 6%
accuracy with 100 pb' of data. Studies are ongoing to determine the mistagging rate on data, but
around 10% precision is expected from the Tevatron experience.
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