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1. Introduction

At the LHC, the top quark will be produced mainly in pairs thgh the hard procesg — tt
(90% of the totakt cross-section) andq — tt (remaining 10% of the cross-section). The next-
to-leading order cross-section prediction foproduction iso(tt) = 833 pb [1]. Thus the LHC
will be a top factory as more than 8 milliam pairs will be produced per year at low luminosity
(corresponding to an integrated luminosity of 10%p The electroweak single top production
processes, whose cross-sections are in total approximatelthird of those oft production, give
additionally more than 3 millions of top quarks.

Even taking into account the process selection efficieneyrémaining statistics for many
physics measurements is big and doesn't limit a precisidtheoineasurements. Then final accuracy
of many LHC top physics results will be limited mainly by sgistatics effects in top quark selection
and reconstruction. For example as it was shown in [1, 2 afite year of data taking at low
luminosity the statistical precision on top quark mass mesament will be better than 100eV
whereas the systematic error will be of the order or biggan thGeV.

To exploit fully an ATLAS top-physics potential one needé&dentify all sources of systematic
errors in reconstruction chain and to use special appreachieeep them under control. Below I'll
try to present ATLAS efforts in this direction.

2. Jet reconstruction
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Figure 1: Efficiency and purity of top quark reconstruction as a fumef jetR cut for differentAR-cone sizes used
in the jet finding algorithm. Red circles and stars - caRe0.4 for complete mass scale and top mass peak
window correspondingly. Blue circles and stars - the samedoeAR=0.7.

Key issue for many top studies is a jet reconstruction. Upoiw 8 methods have been used
intensively for top quark reconstruction studies in ATLAS

1. ConeAR=0.4
2. ConeAR=0.7

3. Kiwithd=1
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Scale factor d=1 foK; algorithm makes it similar to cone algorithm wiffiR=0.7.

Full simulation [3] of "lepton+jets'tt — jjbblv channel was used to verify an efficiency
and accuracy of these jet algorithms. It was demonstraigdctine type algorithm withR=0.4
provides better purity of reconstructed sample and biggeiquark reconstruction efficiency (see
fig.1.

Another important feature of any jet algorithm is a preaisaf underlying parton direction
reconstruction especially in dense jet environment tikeThis precision affects both b-tagging
and accuracy of kinematical reconstruction. The angulauracy of different jet algorithms is
illustrated on fig.2 where a minimal distance between bjaad nearest jet itt events is shown.
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Figure 2: b-quark-Jet angular distance for different jet algorithmg events. a) K; algorithm withd = 1,
b) - Cone algorithm witlAR = 0.7, c¢) - Cone algorithm witAR = 0.4

Cone jet reconstruct ruction algorithm witiR=0.4 seems the best choice for top quark recon-
struction. Another possibility could beka algorithm with scale factod = 0.5.

3. Jet calibration

Top quark properties can be measured based on distributfciop decay products. But top
decay products are partons and leptons, and not jets. Wnaidly any detector is able to recon-
struct only jets. So one needs to estimate parton kinenh@iizameters based on jet kinematical
parameters. This step is generally a source of many systearadrs.

The most evident problem here is a parton energy estimatimedon energy detected in
calorimeter. This problem can be divided into two steps:

1. Detector based corrections
2. Physics based corrections

Detectors based corrections take into account noncomii@msa calorimeter, longitudinal
energy leakage, detector noise, cracks and nonuniforniitgsponse, dead material, etc. The
purpose of application of these correction is to have anagdd estimation of energy of all sta-
ble particles hitting the given calorimeter region. Usyalktector based corrections are rather
straightforward, although they require a lot of technicarkike dead material estimation, detec-
tor weighing, nonlinearity corrections, MC tuning, singlarticle calibration, etc.

Physics based corrections deal with energy leak outsideojed, pileup, final state radiation,
leptonic decays, etc. The purpose of this step is to estithatdirection and energy of underlying
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parton based on stable particles energy flow (obtained vatbrimeter). Some of the physics
corrections are simple (pileup), but the others are coralylaton-trivial and in many cases MC
based only. Very often they are also process and reconsmuaigorithm dependent. This makes
a task of identification of all systematic errors introduedhis stage very complicated. Below
some of systematic errors present at physics correctige stél be presented.

3.1 Semyleptonic B decays

Inside b-jets many B and D mesons decay semyleptonicallydetéctable neutrinos from
these decays take away part of jet energy and this part isnan8o semyleptonic decays in b-jets
result in

e Worsening of b-jet energy resolution (additional to catwter performance)

¢ Nongaussian and cut dependent shapes of all kinemati¢abdtfons with b-jets

Simple taking into account a mean energy loss for b-jets diginyleptonic decays is able
to restore a mean jet energy, but there is no way to restoremaahdcalorimeter) jet energy res-
olution and there is no way to correct non-gaussian shapeu# jet"-"reconstructed jet" energy
distribution.
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Figure 3: b-quark-Jet angular distance for different jet algoritimi

Taking into account the big cross-section of top quark petidn at LHC it seems possible not
to use for analysis the b-jets where neutrino is produce@av (B,D) meson decay. Such jets can
be detected by presence of lepton inside them. The actsabfagatistics in this case will depend
significantly on efficiency of lepton in jet detection and nragch 50%. But for example for top
quark mass measurement at LHC where statistics is more tiwargk, the removing of b-jets with
lepton inside may really improve systematic errors.

3.2 Jet mass

For top quark mass estimation and for measurements of angriglations in top decays the
quark parameters should be used in ideal case. In practjcdedactor gives jet parameters. Let's
assume for the moment that jet energy problem is somehowdols. jet is calibrated. Then how
well jet reproduce the parton direction?
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There is a principal difference between jet and parton.dhag a single (pointlike) particle.
Jet is a collection of particles. Lorentz boost producefediht results when applied to single
particle or particle collection. As an example one may atersa W decay. In W center of mass
frame system it's possible to use either two back-to-baakopa or two back-to-back jets with
corresponding energy normalization. There is no diffeeebetween two different descriptions
for kinematical calculations. But after translation todaditory frame system the angle between 2
partons and angle between 2 jet dxedl be different. This is illustrated in fig.4.

m=0

Figure 4: Decay of the massive particle M to massless partons andvegsts in center of mass frame and laboratory
frame.

This simple observation has several consequences. Fit of the laboratory reference
frame jet direction has a systematic shift with respect teulying parton direction and this shift
is independent on jet reconstruction algorithm. Then angshased (W,Z) jet energy calibration is
different fromR based (di-jets, Z+jets) calibration in usual masslesggpt@ach due to systematic
shift of jet-jet opening angle. All differences are at a feargent level ( for situation in fig.4
% ~1-— % ~ 2% for m=8GeV and M=80GeV ) but on LHC 1% shift of jet energy scale produce
the 0.7GeV shift in top quark mass estimation.

A natural way to take into account the jet-parton differemrc&nematical calculations with
jets is to introduce jet masses. Any particle collectior [t has the invariant mass. The jet mass
is not a well defined variable because it has a strong jet steartion algorithm dependence, but
it allows to compensate a big part of the effect. Massive pgrr@ach has lower systematic in all
kinematical estimations in comparison with massless jpt@grh. For massive jets tiie based
and mass based calibration must give the same results.

3.3 Statistical systematics in jet energy calibration

A natural way to calibrate jet energy for top physics is a W snasak intt events. Jet en-

ergy correction function can be obtained through W peaktiposshift for different jet energies
D

PDG —
R= Mvwﬁt— = /01 - 0z. Due to a hugét statistics this calibration potentially is very precise.
W

A standard way to do this calibration is a histogram apprdbiining). EitherEje (Eparton) OF
Eparton(Ejet) distributions are histogrammed and then parametrizedorEtieally both parametriza-
tions must give the same results because any of these fosdiojust the inverse of another
one. In practice the results are different. The differerecdémonstrated in fig.5 where the ra-

E_correﬂed

tio ,‘E‘Zmon is shown as a function ;e andEparton. For calculation of tth’g”e‘Ied in both cases

the Ej« (Eparton) parametrization was used.

Liet axis is determined as an averaged direction of partillection
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Figure 5: Ratio E,’;:anm obtained withE et (Eparton) parametrization. a) - the ratio is shown as functiofEgton, b)

- the ratio is shown as function &fje.

The observed dependence on parametrization choice isyrhielto a nonconstant and non-
linear jet energy resolution. Together with a nontrividl g@ergy spectrum itt events it results
in very complex leaks between different bins in calibratdistributions. As a consequence the
Ejet (Eparton) andEparton(Ejet) parametrizations are not the inverse of each other. Stspiaking
none of the calibration function obtained with simple bimmimethod is correct. And a flatness of
distribution on fig.5a) is not a guaranty that kinematicatmibutions obtained witi(mEJF’g”e‘*ed are
not systematically shifted.

On LHC in many cases jet energy calibration must be precidéwma(and better...) level. A
simple binning approach is not able to provide this levelafuaacy. Special function deconvo-
lution methods are needed to guarantee the systematicsioredn jet energy calibration at 1%
level.

4. B-tagging

For lifetime based b-tagging ATLAS is developing differéypes of algorithms. All of them
use track impact parameters of tracks in jet, but they folthfferent approaches in making a
b/non— b decision for the jet based on track information. One may fera simple track count-
ing, secondary vertex detection, probabilistic[4] applgand LogL[5] approach. The most pow-
erful ATLAS tagger is based on LogL approach and is a comhinaif track based and secondary
vertex in jet based likelihoods.

Nirack b(s )

b(lVl 5 F, N)
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hereW,q is a weight variable used for b-jet selectids,..) andu(...) are the distribution
functions for b-jets and light quark jets correspondingherformance of the combined algorithm
is quite satisfactory and is limited mainly by physics fast(gluon splitting intobb pair and jet
overlaps). In special "purified" conditions ihjj events with 6 jets in final states the b-tagging
light jet rejection may reach 2500 at 50% b-tagging efficienk typical example of the light jet
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rejection as a function of b-jet tagging efficiency is showriig.6 for different tagging algorithm
and nonpurified events.
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Figure 6: B-tagging light jet rejection as function of tagging effio@ in "lepton+jets'tt — lvj jbb channel for
different tagging algorithms

In spite of intuitively clear definition of "b-jet" and "lighquark jet" the interpretation of b-
tagging results is not straightforward. On MC data usudihiet" and "light quark" jets are labeled
based on jet-parton distance. Even in this case the b-gggrformance depends on cuts used
during labeling.

For example one may label a jet as a light quark one if disthetgeen this jet and the nearest
b-quark is bigger than 0.3. In this case a rejection of ondnefATLAS b-taggers(SV1) will be
184 and 60% efficiency. But if a definition of light quark jettisanged so that a minimal distance
with the nearest b-quark is 0.8, then the same rejectionbgilk40 at 60% efficiency. So any
definition of b-tagging efficiency and rejection is umbigaoeven on MC data if the jet-parton
distance is used for jet labeling. And at last there is no atyparton distance on real data, what
makes impossible the MC-data comparison.

The only way out is to use for b-tagging performance val@atnd data-MC comparison the
"single jet" events, or events with well isolated jets, whiave a priory known type (without any
jet-parton distance) like di-jet eventstor— |vlvbb events. Only in this case the jet type and then
b-tagging performance are unambiguous and then b-taggi@gridy be tuned on real data. The
multijet events likett — |vjjbb don’t allow a systematic free MC-data comparison and tunding
to the problems with understanding what is a "b-jet" there.

For physics measurements the b-tagging efficiency and jaghtejection are not primary.
Primary values are the "event selection efficiency" and Kgemund rejection efficiency" with b-
tagging. Even having a precise and well tuned on data estimat b-tagging performance on
single isolated jet, the propagation of this performancmtidtijet environment is not straightfor-
ward. Jets can overlap, performance of any jet reconstrucigorithm depends on jet density,
as is process type dependent, etc... Any of these reasons amgdatieers affect b-tagging perfor-
mance in multijet events. So the only way to estimate cdyréice event selection efficiency with
b-tagging in multijet events is a correct MC. There is no waytedict with good accuracy the
b-tagging performance in multijet events by using the sinet performance only.

It seems that the only systematic free at the level requivedop quark physics at LHC way
to work with b-tagging is a tuning of b-tagging software ointge jet" events (di-jet ott —
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Ivlvbb) and obtaining the required event selection and backgrogjedtion efficiencies with MC
simulation of corresponding processes.

5. Kinematical fit with constraints

Kinematical fit with constraints is a useful tool for top gka@econstruction because it allows
to improve a resolution of kinematical measurement measemés by using a priory information.
For tt system there are 3 possible constraints if top quark massnisigdered unknown, and 4
constraints if top mass is considered known. They are two &stonstraints in two top quark
decays, andl; = Mg for unknown top mass or two top mass constraints for knowmtaps. The
constraints are applicable because detector resolutibhAS case) is worse than the widths of
both W and top quark decays.

One of the problems where kinematical fit with constraintpasticularly important is a top
quark mass measurement in "lepton + jets" chatine! |v j jbb. One may easily show that from

(b+14v)? = X5, = M& +2- (b1 + V)
(I+v)2 =Mz =2-(I,v)

whereX;op is @ mass given by hadronic decay of second top in event]atsl

M

{a-(eb— B cos(@hy)) = 2 M )
E, (B —p-cos(@,)) =

W mass constraint defines only one angle between neutrinoemtomm and leptorg, what
gives an ambiguous neutrino direction. Second constréomt hass) defines another angle of
neutrino with respect to b-jet,, what makes neutrino direction nonambiguous.
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Figure 7: Result of kinematical fit with constraints application foptmass measurementtin— | v j jbb channel.
a) - mass peak before constraint fit, b) - mass peak afterreimistit andy? based selection of correct
jet assignment.

Additional benefit of kinematical constraint fit is)? information after it. Based oj? it's
possible to improve significantly a physical backgrouneéctpn and to get rid of combinatorial
background (wrong assignment of jets in top decay) becéwesddckground events have much
bigger x2 usually. The results of application of the constraint fit for- v jjbb are shown in
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fig.7. Due to the presence of neutrino in top decay an incregasesolution is not big, but a
significant reduction of combinatorial background is gaadhieved.

A simplest way to include constraints into fitting functibigito use a ¥%'-type term like
ox% = W“FizMW)z for W mass constraint. Such term provides slightly bettsolgion but it's not
very robust and works well only for ideal jet calibration. r@@ry to it a real constraint of the
typeM;; = My is significantly less sensitive to the systematic errorgiiepergy calibration. Also
the Mj; = My constraint doesn’t worsen appreciably the accuracy of thelfiseems that for
systematic-free kinematical measurements the exactraimtstshould be used and not the?"-
type terms.

6. ATLAS start-up

Due to a very big cross-section tif production even in a few first days of LHC running a
sizable amount of top quark events will be obtained. Is itspme to use these events for initial
cross-section and mass measurement and detector calit¥rati

According to the present ATLAS detector construction anghicassioning plan at the time of
the first LHC collisions detector will be as follow:

e Tracking and muon systems are not aligned

e Hadron calorimeter response is uniform due to Cs sourclera#ibn system, but not correctly
scaled

e LAr electromagnetic calorimeter response is known withvafercent precision

e Trigger thresholds are increased to reduce rates

Then initial ATLAS detector will be able to reconstruct jetgh good resolution but unknown
energy scale. Also it will be able to detect higHeptons (muons and probably electrons), but with
extremely bad momentum estimations. B-tagging most pilghaili be absent due to the absence
of the reasonable tracking.
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Figure 8: Top quark and W mass peaks obtained with a sirfpleased selection of jet

These reduced ATLAS capabilities nevertheless seem enfaugselection oftt — Ivjjbb
process which has 298 production cross section. To do this one needs to requiresepce of 4
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jets above some threshold and highepton. With a reasonable choice of cuB'?pmn > 20GeV,
Ptj‘i > 40 GeV ) a selection efficiency is 4.5%][6] what gives filafter selection. This cross
section value is very approximate because of unknown ersmag for initial ATLAS, but it gives
an order of magnitude for initial top statistics ( 11@Cfor 100 pb—! at a first few days of running).
Jet energy scale may be estimated by using W mass peak indofsdaliemselves.

Top quark mass peak may be obtained[6] by simply selecting jets with highestt =
53 ,B®. Then a selection of 2 jets with higheBt= 2 ,B/® out of already selected 3 jets
produces a nice peak of W decay (see fig.8).

The nice peaks on fig.8 can be seen only if a background leveitisery big. Main back-
ground in this case is a W+4jets process|[1, 6]. An estimaifdhe production cross section with
an Alpgen generator and the same cuts as have been usgaébection for 150b~! luminos-
ity gives the result presented on fig.9. As a conclusion ong sag that even with the reduced
capabilities of initial ATLAS detector top quark signal igtdctable in a first few days of LHC
running.
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Figure 9: Top quark and W+4jets background with 156~ luminosity
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