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Abstract

In order to perform a mass determination of the top-quark, a so-called tt-event is
analyzed. The tt-event is a type of event that can occur at the ATLAS experiment
at the Large Hadron Collider (LHC) at CERN, which produces two top-quarks that
rapidly decay into further decay products, which are finally visible as jets inside the
calorimeters'. For the mass determination, in order to reconstruct the original top-
quarks, these jets need to be correctly identified and attributed to certain processes
using a jet reconstruction algorithm.

In this analysis three jet reconstruction algorithms are investigated and evaluated
in terms of reconstruction efficiency and suitability for the purposes of the mass
determination. The identification of a specific pair of ‘light jets’ produced by a W
boson decay in the tt-event proves to be a very important concern, as an additional
W boson reconstruction is necessary for the reduction of systematic uncertainty.

The assumptions made by a ‘pp-max’ method and a ‘AR’ method prove to be
very effective in top mass reconstruction, but are limited in effectiveness concern-
ing light jet identification. A ‘my-match’ method proposed in 2011 is specifically
designed to be effective in W boson reconstruction and thus is significantly more
effective than the other methods, although still leaving room for improvement.

Furthermore, a set of angle cuts based on the assumption of the ‘AR’ method
is evaluated. These are shown to significantly enhance jet reconstruction efficiency.
However, only some of the angle cuts applied appear to be useful to the performance.
The use of the angle cuts is recommended, but the methods involved require refine-
ment.

It is hence determined that the ‘myy-match’ method together with the angle cuts
is the most suitable jet reconstruction algorithm of those considered.

287 words.

'In particle physics a calorimeter is a measuring device that can measure the energy of particles.
There exist various types and designs with different purposes within the ATLAS experiment.
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1 Introduction

At the LHC at CERN, protons are accelerated to very high energies and collided with
each other inside particle detectors like the ATLAS detector. These energetic collisions
may produce interesting quantum mechanical interactions, including the production of
the top-quark. As quarks are highly unstable, they quickly form decay products in the
form of a jet, which are collected inside calorimeters in the detector. Many interesting
analyses can be made by studying the jets, including top-quark mass determinations.

Jet reconstruction algorithms are an essential component of many analyses in par-
ticle physics as they constitute the only connection between the quantum mechanical
interactions of quarks and the data collected by particle detectors.

The events inside the detector often produce jets resulting from quarks produced by
quantum mechanical interactions. Jets can be added together in order to compute the
mass of the original quarks. This is extremely useful for any hadronic decay into quarks,
rather than into leptons. However, to perform this effectively the various jets emitted
in the event must be correctly identified using directional and energy information only.
Due to this limitation, the identification process requires the application of complicated
techniques which work on various assumptions. Various different algorithms exist, each
with a different degree of effectiveness.

In this paper, three jet reconstruction algorithms are investigated for a top-quark
mass determination. The methods use different properties and assumptions about the
events of interest at the ATLAS detector, the tt-events, in which the top-quark is pro-
duced, and use different techniques to identify jets. These algorithms are evaluated for
quality taking into consideration the top-quark mass determination methodology.

Hence, my research question is: Which jet reconstruction algorithm is the most
suitable for this top-quark mass measurement procedure?

2 Method used for measurement of the top-quark mass

In [1], the prospects for a measurement of the top-quark mass myp are presented. The
procedure of this mass determination will be the focus of this analysis. Jet reconstruc-
tion algorithms do not just represent a critical component of this process, but must be
analyzed in a fashion that takes the rest of the process into consideration. Here, the mea-
surement process of [1] is summarized and points that must be taken into consideration
are described.

2.1 tt-events

To find the mass the top-quark, it must first be produced in a particle interaction. Un-
fortunately, quarks have very short lifetimes, making them impossible to detect directly.
Instead, they decay into various other particles which in turn decay into more particles,
and so on. Eventually, these are visible as a jet of particles when measured by the de-
tector. These measurements can then be reconstructed to gather information about the
original jets, and finally the original quarks.
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The top-quark mostly appears in a process called a ‘tt-event’. This event will be
the focus of this analysis. A top-quark t and its antiparticle, the anti top-quark t
are produced mostly in a gluon-gluon interactions. The most likely decay path for these
particles is a bottom-quark b and a W boson [2]. The W boson further decays into either
two lighter quarks g or a lepton and its corresponding anti-neutrino. This analysis will
focus on events where one of the W bosons decays leptonically (i.e. into a lepton and
neutrino) and the other into quarks. The detector finally measures a total of four jets
from the light quarks and b-quarks, the lepton and a missing transverse energy? from
the neutrino. To further narrow the selection only the electron channel®, that is, where
the W boson decays into an electron e and an electron anti-neutrino 7, is considered.
See Figure 1.

Figure 1: Example of a Feynman diagram-like schematic of a tt-event of the variety that will be
considered in this analysis. The direction of the lines indicates particles and antiparti-
cles. Doubled lines represent jets produced by decaying quarks. Curly lines represent
gluons, wavy lines W bosons, and dashed lines the invisible neutrinos. The event where
the W7 decays leptonically and the W~ hadronically is also considered.

4Being particles that only perform the extremely rare weak interactions, neutrinos are impossible to
measure inside the ATLAS detector. However, they can be identified by the fact that a component will
be missing from the otherwise zero transverse energy, calculated from the other measurements.

®Data from particle detectors are divided into channels, which are simply data resulting from different
processes. One can refer to a tt-event channel containing all tt-events, or more specific channels like the
electron or muon channels for the tt-event.
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2.2 Jet reconstruction procedure and mass computation

The ATLAS detector’s measurements are combined into jets using a cone algorithm®
[2]. This provides easy access to reconstructed jet information. Since a wide variety
of events occur at the LHC, various event selections are made to the event data based
on this information in an attempt to remove as many background (i.e. non-tt-events)
events as possible. These selections are identical for all reconstruction algorithms later
to be analyzed, and are described in detail in [3]. They include measures to ensure the
presence of exactly one electron, one neutrino, a sufficient number of jets, as well as the
proper isolation of jets from each other. A selection criterion that will be omitted from
this analysis is the W boson mass window, which removes events where the computed
W boson mass is outside a certain range. The reason for this is that the W boson
mass reconstruction efficiency is a criterion for the effectiveness of the jet reconstruction
algorithms.

Once an event has passed initial event selection it is treated as a tt-event, even though
some background events may still be present. The jet reconstruction algorithms then
use the information available to determine which of the four jets present corresponds
to the light quarks emitted by the W boson and the two b-quark jets. This way, the
reconstructed mass of the top-quark mgg” and the reconstructed mass of the W myg™
can be computed for an event.

In a calorimeter, not all incident energy is collected. The Jet Energy Scale (JES) is a
process that scales the energy of each jet from the value picked up in the calorimeter to
the expected input energy. Much of the systematic uncertainty of this analysis originates
from the uncertainty of the JES. In order to mitigate this, a new stabilized top mass
mig%b is computed from the measured values. By computing a ratio between the two
reconstructed quantities to which the JES is applied, mig > and my®, the effects of the
JES uncertainty should largely cancel. In order to bring the ratio back to a value similar
that of myep, it is multiplied by a literature value of the W boson mass.

reco

mstab _ Miop
top mFeco
%%

Although this technique has been shown to eliminate much of the systematic un-
certainty [1], it requires the correct identification of the light jets by the reconstruction

methods in order to compute myy™ in addition to just migy’.

2.3 Parameterized curve fits on monte-carlo data

In order to perform a measurement of the top-quark mass, the individual jets must
be reconstructed from the particles in the detector, identified, and properly combined.
However, the result of performing this procedure will yield a distribution of masses,

SA cone algorithm, as opposed to a clustering algorithm, attempts to place a conical shape around
each jet and adds up everything within it. Clustering algorithms, like the anti-k; algorithm, instead
focus on the addition of component particles that are close to each other until a certain stopping point
is reached.
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rather than a single value, partly due to the probabilistic nature of quantum mechanics
but mostly due to the measurement uncertainties. The invariant mass of the top-quark,
however, is a single value, namely the peak of the probability density function of the
measured top-quark masses. To find this value, the analysis is first performed on data
generated by a Monte-Carlo procedure’, where various values of Miop can be entered.
Then, parameterized curve fits are performed, and the fit parameters matched to the
specified value of the top-quark mass. Finally, the curve fit is performed on data collected
at ATLAS, and the real-world myp is computed.

This has two consequences on jet reconstruction algorithms. First, it provides an
environment suitable for testing an algorithm’s efficiency, as the actual identities of the
jets are known in the format of so-called truth jets. Secondly, these parameterized
curve fits partly compensate for background events, as the background elements of the
distribution are identical for different values of myq, and hence will not affect the fit
parameters much.

Since the focus of this analysis is jet reconstruction, the parameterized curve fits
affect the criteria but will not be performed on the resulting distributions.

3 Approach for analysis of algorithms

This section presents the method used for the analysis of the individual jet reconstruction
algorithm and compares the results and establishes a set of criteria.

3.1 Summary of methods

In this investigation the three jet reconstruction methods will be analyzed. The first
two were proposed in 2010 [1]. In 2011, another algorithm that uses a slightly more
sophisticated method was proposed, which makes use of some of the developments since
the last year, including larger amounts of data available from ATLAS.

The ‘pr-max’ Method identifies the top-vector by finding the permutation of three
jets that maximizes transverse momentum pp. This is expected to discard the b-jet
emitted by the leptonic top-quark, as it usually travels in the opposite direction.
Then, the two jets with closest angle in between them will be assumed to be the
light jets emitted by the W boson. This process works best if the top quarks are
emitted perpendicularly to the central axis of the detector. If it is not so, then
transverse momentum is not fully indicative of direction.

The ‘AR’ Method makes the simple assumption that the two jets with the highest
pr will be the b-jets, and the two remaining jets will be the light-jets. The b-jet of
the hadronic top is assumed to be closer to the reconstructed W-vector than that
of the leptonic top. It is heavily reliant on angle cuts, which are described below.

"Monte-Carlo procedures are simulations of processes that are well explained in theory, and utilize
random numbers to generate results. Here, they create data that are very similar to those from the
ATLAS detector, but of course here the mass of the top-quark can be specified in the simulation.
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The ‘mp-match’ Method is a method that uses the fact that we have very precise
measurements of myw available. It computes the pair of jets with the highest
probability of being the two light jets by applying a scale function to each of
the jets combined and comparing the resultant mass to that of the W boson. A
constraint is applied to the scale function based on the width of a jet distribution.
These factors are integrated into a y? formulation®. Then, the b-jet is identified
using a method similar to the pr-max method.

Since the scale function resembles the purpose of the Jet Energy Scale (JES),
computation of mig%b makes little sense here. As the values of the jets from the
scale function are expected to be more representative of the actual jet energies than
those from the JES, the computation of the reconstructed masses should utilize the
computed scale factors. In this analysis however, it is the combinatorial efficiency
that is of interest, and thus the my -match method’s x? minimization will be used

for jet identification only.

Angle cuts are an additional element of the AR method that can also be applied to
other methods. They eliminate events based on the light jets being too far apart or
the b-jets being too close together, using the same assumption-based identification
process as in AR method.

3.2 Criteria of analysis

The most significant criterion for the evaluation of algorithms is how many events are
correctly reconstructed. Depending on exactly what jets are misidentified, there will
be false values of the stabilized top mass mﬁg"i‘)b that appear close to the signal region.
If the number of incorrect events is large, the perturbations will be significant in the
parameterized curve fits. The difficulty of avoiding this is enhanced by the fact that in
order to compute mig%b, both mig?” and myy™ must be correct.

Since events within sidebands, i.e. events outside the signal region, may originate
from both incorrectly reconstructed events and background events, the parameterized
curve fits will be to some extent capable of compensating for uncertainties causing a
large change in the measured value. Consequently, the most significant incorrect recon-
structions are those in the signal region, i.e. with mass values close to mgop. Incorrect
sideband reconstructions can largely be ignored, so long as they are not so numerous
that they shift the position of the mean.

Performance in W mass reconstruction is not only important in the computation of
ig?)b, but also as a means of identifying background events. This makes this criterion
important for the mpy-match method as well, which does not necessitate mfg%b,
practice it uses the scale factors computed by the x? minimization directly.

A final consideration is that not too many signal events are eliminated by any cutting

procedures, as these may result in a bias.

m
as in

8A x? minimization is a statistical technique used commonly for fitting parameters to a data model.
A x? formulation expresses the deviance of the fit from the data in a Gaussian fashion. This x? term is
minimized for the values of the parameters which produce the best fit.
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3.3 Procedure of analysis

In order to compare the effectiveness of jet reconstruction methods, the degree to which
they fulfill the criteria must be expressible in a concrete numerical metric. What is
formulated here is the reconstruction method’s ‘efficiency’: the percentage of events in
the signal region where jets were identified correctly.

Methods are applied to about 1 200 000 events from a Monte Carlo simulation using
various algorithms as described in [1], containing only tt-events. Particles detected in
the simulated environment will be reconstructed into jets using a cone algorithm. The
result will be an array of jets represented by four-vectors®. This data format is similar
to that provided by ATLAS. In addition to detectable data, however, the simulation also
yields correct matched jets for each of the quarks emitted by the tt-events.

First, the event selection procedure, which is identical for all algorithms will be
applied to all event data. The requirements are as described in section 2.2. Then angle
cuts are applied. The W and top vector are reconstructed using the respective algorithm.
Matched jets are also reconstructed accordingly. The resulting match W and top vectors
are compared to the reconstructed vectors. If the angle between the vectors is less than
0.2 radians, and 80% of matched jet energies are less than the reconstructed jet energies,
then the reconstruction is considered correct [2]. Reconstructed jet masses are filled into
separate myy® and mig’ histograms.

Reconstruction efficiency is judged using analysis of the histograms, as well as a
metric for efficiency. Since correctly identified events are very close to the mass in
question, a Gaussian fit is applied to the histogram of correctly identified events. A
mass region of +3¢ is considered to primarily consist of signal data. Inside the signal
region, the ratio of correctly identified events IN; over total events IV; is used to compute
a % efficiency. Error § of this quantity is computed according to [2]:

Y0-5)

Ny

4 Evaluation of jet-reconstruction algorithms

This section addresses the advantages and disadvantages of each of the jet reconstruction
algorithms in turn, and then investigates angle cuts. For the initial analyses, 2.5 radians
is the maximum angle between light jets and also the minimum angle between b-jets.
These values were chosen in accordance to the recommendation in [3].

4.1 ‘pr-max’ method

The pr-max method first identifies the top-quark by finding the sum of three jets out of
the four jets total that maximizes transverse momentum, essentially removing the b-jet

9Lorentz vectors or four-vectors represent vectors that describe both directional and energetic infor-
mation. A description of the coordinate system is available in [1].
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from the leptonic top. The light jets are taken as the pair of jets with the smallest angle
between them within the jets selected by transverse momentum maximization.

Results of a simulation with all events is shown in Figure 2. Entries are scaled to an
integrated luminosity'® of 100 pb™!, as are all later histograms.

m{glc’o - algorithmic m_top_reco_h m‘rﬁco - alg—|orithmic W Teco_h

Entries 8114 Entries 8114

g 22 Mean 170.9 3 Mean 66.53
= c RMS  61.25 510' RMS  19.77
S20F 3 |
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F D Selected Top Masses r Selected W Masses
16 8-
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Figure 2: Histograms of pr-max method reconstructions of mig:> and mig ™. Events with cor-

rect top and W vector reconstructions are shown in blue, incorrect reconstructions
in red. Total reconstructions are in black, and are the sum of the correct and incor-
rect reconstructions. Cut events are not shown. This scheme extends to all following
histograms. 8114 events passed the event selection and angle cuts. However, due to
luminosity scaling, the number of entries in the histogram is fewer.
A few things are evident from these histograms. First, the m{g > reconstructions
appear to be very satisfactory, with a 75.2% + 4.0% efficiency, and the vast majority of
the peak region correctly reconstructed. This makes sense, as for mig” the operation
requires nothing more than the correct elimination of one jet: the b-jet from the leptonic
top. Not only is the number of incorrect reconstructions small, but many of these are
also in the sideband region which is negligible. Incorrect reconstructions that are closer
to the peak at ~120 GeV are a greater concern. Since previous measurements of mgop
yield ~173 GeV [1], this may result in a bias. However far from perfection the top-quark
reconstruction is, the effects are not very severe.

Concerning mig°, the number of incorrectly identified events is striking. Not only
is the number of incorrectly reconstructed events in the signal region greater than that
of correct reconstructions, but the peak of incorrect reconstructions at ~60 GeV makes
even the presence of a ’signal region’ as defined in Section 3.3 questionable. Histogram
mean is 66.53 GeV, far off from my = 80.426 GeV [4]. Since correct reconstruction of
m{}%co

is essential for computation of mig%b, this result is extremely unsatisfactory, as a

OTntegrated luminosity is the number of particles delivered by a particle accelerator per unit area
integrated with respect to time. Picobarn (pb) are a unit of area.
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large proportion of the correct mig” reconstructions will be scaled incorrectly.

Conclusions to be drawn from this is that the py maximization, which is only used
for the computation of mig?”, is highly effective for this purpose. However, the method
of identifying the light jets must be strongly refined.

4.2 ‘AR’ method

The AR method sorts the four jets by pr, and assumes the two with highest pr to be
the two b-jets, and the lowest two to be the light jets. Then, the b-jet with the smallest
angle to the W vector is taken as the one from the hadronic top. Note that, contrary to
the pr-max method, this technique finds the W vector first, unlike the inefficient msg™
reconstructions of the pr-max method. Histograms from identical data as in Figure 2
are shown in Figure 3, here using the AR method.

reco m_top_reco_h m'eco m_w_reco_h
Entries 8114 I—“d Entries 8114
g 2aF Mean 155.4 8 r Mean 75.4
= F RMS  28.24 = | RMS  20.86
22 10—
(3] F [ -
20 *® 1
18 E_ D Selected Top Masses 8 '_ Selected W Masses
16 :_ |:| Matched Top Masses : D Matched W Masses
14 ;_ D Incorrect Top Masses 6 |:| Incorrect W Masses
12f L
10f i
8F i
5 oL
4 i
2F r
E a% o I
00 100 200 300 400 500 600 700 ; e85(‘;0 900 0 50 100 150 200 250 300
mlop GeV m{,ﬁ” GeV

Figure 3: Histograms of AR method reconstructions of mgg’> and myg°. Negative event magni-
tudes originate from the Monte-Carlo program’s means of dealing with negative terms
in higher-order Feynman diagram evaluations: events are assigned a weighting that
may be negative in some cases. With large amounts of data, these negative totals
should never appear. However, in sideband regions where there are very few events,

these can result in negative event counts.

Performance in computation of m” of the AR method is comparable with that

of pr-max, them being the same within uncertainty. However, the mean of the mig>
histogram in Figure 3 is 155.4 GeV, further away from my,, ~ 173 GeV [1] than that
of the pr-max technique where the mean was 170.9 GeV. This is due to a similar peak
structure of incorrect reconstructions as in Figure 2, just more pronounced as it lacks
the additional high-mass sideband reconstructions.

Effectiveness in W boson reconstruction continues to be very low. In this context

however, the failure of identification implies that the assumption fundamental to the AR
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method, namely that the jets with lowest pp are the light jets, is correct less than half
(42.1% + 4.5%) the time. The effects of this have a fairly high chance of being corrected
in the computation of mig”: Since it is not likely that both b-jets have less transverse
momentum than the light jets, incorrect light jet identifications will usually include one
light jet and one b-jet. Especially if the b-jet was from the hadronic top-quark, the jet
selected for closest angle to the W vector will be the other light jet, resulting in a correct
top reconstruction from a false identification. Regardless of the lack of reliability in the
central AR assumption, it still outperforms the pr-max method in W reconstruction
slightly, not because of a higher efficiency, but rather because of a mean mi5°® = 75.4
GeV closer to the correct my = 80.426 GeV [4], as the distribution of incorrect events
is closer to the center.

As before, the main source of concern is the reconstruction of the W boson. Neither
the pr-max nor AR techniques can identify it with a sufficient reliability. With the
AR method however, the effectiveness of the main assumption in the computation of
miep originates only from the high probability of its misidentifications being corrected
by chance. This must be taken into account when evaluating angle cuts, which are based
on this same assumption.

4.3 ‘mw-match’ method

The my-match method addresses the issue of light jet identification most directly. For
each permutation of two jets in the four, it performs a x? minimization using the TMinuit
library [5]. In order to do this, it applies two scale factors to the light jets in question,
denoted by a1 and ap. TMinuit adjusts these factors to minimize y2. Then the jet pair
with minimum y? is selected for My .

The x? formula takes into account two criteria. It has been shown that the W boson
appears as a Breit-Wigner distribution'! when measured, with peak mass my = 80.426
GeV and a distribution width I'yy = 2.150 GeV [4]. In this analysis this is approximated
by the Gaussian distribution that y? creates, with the parameters of the Breit-Wigner
distribution, hence the first term of the formula. The second two terms are used to
prevent the scale factors from simply adjusting the jets to perfection, by comparing the
scaled jet energies to the original energy of the jets. Distribution of jet energies of the
individual jets is also assumed to be Gaussian, with a width assumed to be 50% of the
jet energy, which roughly agrees with the observed width [ ]. With the scale factors
denoted by a; and ay and the jet four-vectors by j; and js, and M (Z) and E(Z) the
mass and energy respectively, the formula is:

- - 2 - - 2 = = 2
o [ M(aaj1 + azja) — mw E(j1) — E(a11) E(j2) — E(a2j2)
o < T ) " < LEG)) ) ’ ( LB () )

Results of a simulation with all events is shown in Figure 4. Although all recon-
structed masses collect around the peak, making the mean 81.85 GeV, as would be

1A Breit-Wigner distribution is a probability density function similar, but not the same in shape to
a Gaussian distribution. It is often used in particle physics.
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Figure 4: Histograms of my-match method reconstructions of mig’> and mig®.

expected an algorithm of this nature, still a significant fraction of them are incorrect:
efficiency is 56.1% =+ 4.3%. Since the nature of the distribution can be compensated for
by parameterized curve fits only in top mass distributions, it is mainly this raw frac-
tion of efficiency that is of interest. However, the mw-match method is a significant
improvement over the other algorithms in W boson reconstruction, but still contributes
significant systematic uncertainties. m{g’ computation performance is comparable to

the other two algorithms.

4.4 Applied angle cuts

The angle cuts were originally a component of the AR method, and use the same as-
sumption about the ordering of jet pr to identify the b and light jets. They can easily be
applied to other algorithms. Although the inaccuracy of the main assumption was shown
in section 4.2, they have still proven to significantly improve efficiency, see Figure 5. Here
it is visible that the largest benefits are for the top reconstruction.

This benefit in efficiency is very desirable. However, if the cuts affect signal data
in a fashion that may create a bias in the mass determination they still should not
be included. In order to test this, cut events have been collected into an additional
histogram superimposed on output from a AR method based reconstruction, so that the
effects of the cut can be visualized. This is done separately for the light jet and b-jet
conditions. See Figures 6 and 7.

In Figure 6 it is visible that cuts occur in a distribution similar to that of the non-
cut events, implying that it is unlikely that a bias is caused by this procedure. Some
additional events are cut in the sidebands, which is also a benefit. However, with the
amount of data available, this is hardly a problem. Already this procedure alone has
increased the top reconstruction efficiency from 54.9% =+ 2.4% to 73.8% + 3.1% and the
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W reconstruction efficiency from 33.2% =4 2.4% to 41.8% =+ 3.7%.

In Figure 7, which displays output with the condition of a maximum angle between
light jets, one can see that in both cases the majority of cut events are located at one
side of the overall distribution. This is a clear example of bias, as the cut events move
the mean of the reconstructed masses to the side of higher mass, especially with the
W reconstructions. Also, the efficiency improvement is absolutely minimal and within
uncertainty of reconstruction efficiencies without this condition. The reason for this lack
of performance is due to the inability of the AR method assumption to identify light
jets reliably.

This analysis reveals that the main source of improvement due to angle cuts is due
to the condition of a minimum angle between b-jets. It is suggested that the angle cut
on light jets be revised in terms of cutoff angle and identification method, or omitted
completely.
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Figure 5: Comparison of efficiency improvement due to angle cuts for different jet reconstruction
algorithms.
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Figure 6: A AR method reconstruction showing events cut by a condition of a minimum angle
of 2.5 radians between b-jets in addition to the masses and combinatorial efficiency of

non-cut events.
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Figure 7: Diagram same as in Figure 6, but with a cut condition of a maximum angle of 2.5
radians between light jets instead of a cut on the angle between b-jets.
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5 Conclusion

In the analysis of the three jet reconstruction algorithms, all methods showed advan-
tages in some areas. The pp-max method proved to have a very reliable assumption
that the b-jet from the leptonic top can be eliminated by choosing the set of jets that
maximized pyr. The AR method was capable of achieving a similar performance in top
reconstruction with a much simpler assumption, that showed to create less bias in W
boson reconstruction. However, the main problem that the approaches faced was that
of correct identification of light jets, a task that is critical for the computation of mig%b.
Even in the mp-match algorithm, which does not make use of the mig%b, W boson
reconstruction is very useful for the elimination of background events.

The myy-match algorithm is the most effective in the computation of mi5®, while
bringing equal efficiency in that of m¢g’, namely one of 77.8% + 3.8%, with minimal
bias. Even so, with only 56% +4.3% efficiency in W boson reconstruction, the technique
applied in the method should be refined, possibly using a likelihood technique!?.

The angle cuts are shown to bring significant improvement to reconstruction efficien-
cies. However, the b-jet cuts are the main source of this improvement and the light jet
cuts make little contribution and even add bias. This is attributed to the inefficiency of
the AR method’s central assumption. It is thus recommended that the application of
the b-jet cuts alone be considered, or, more preferably, that a different assumption than
that of AR is used for angle cut jet identification.

Disregarding the further analyses to be made on improvements on statistical tech-
niques and angle cuts, the my-match method with use of angle cuts gives the highest
performance in jet reconstruction and is hence the most suitable algorithm of the ones
investigated for this top-quark mass determination.

12)\[aximization of a likelihood function is an advanced statistical technique that is not constrained to
a Gaussian probability distribution like the x? minimization, and would thus be capable of integrating
the precise shape of the Breit-Wigner and jet distributions.
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