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Introduction

In 1995 the top quark was discovered at Fermi National Accelerator Laboratory. Ten years later
physicists still produce a remarkable effort to measure its mass. Why is this measure so impor-
tant? And which techniques are employed?

To understand these topics, the candidate attended a three-weeks training in Fermilab, super-
vised by physicists of INFN (section of Pisa) and JINR (Dubna), where he got in contact with the
CDF detector, the physics program and the offline analysis resources at CDF. Then he carried on
different tests on a particular selection, called “cleaning”, that could be used in top mass analysis
involving the so-called template method, using a set of Montecarlo simulated events. The aim of
these tests was to check the effects of cleaning, particularly to know how much the top mass re-
solution is improved, and how often the event is interpreted in the proper way. If cleaning events
improved the fraction of correctly reconstructed masses or the resolution on the top mass, it could
be useful in the study of top candidate events which do not show some crucial features, such as
the identification of jets als-jets.

This report presents the preliminary results of such test, showing how they are unsatisfactory
about reduction of the spread of the mass distribution but encouraging in terms of “topological
matching” and parton-to-jet assignment.



1. The Top Quark

1.1 The Top Quark in Standard Model

The top quark, first seen as an evidence in 1994 and later confirmed as a discovery at the Fermi
National Accelerator Laboratory in 1995, is one of fundamental constituents of matter and is
believed to be the last of the 6 existing quarks. According to the Standard Model, all matter is
composed of 12 spié particles (fermions): 6 quarks (carrying fractional charge) and 6 leptons
(carrying integer or zero charge). Each fermion is associated to its antiparticle, carrying opposite
charge and magnetic moment, but with the same quantum numbers and mass.

As soon as it was understood that the narrow resonances of-m8$sGeV discovered at
Fermilab in 1977 in qu pair production experiment were bound states of a fifth quarly therk,
it appeared clear the its partner in a weak isospin doublet ought to exist. Experience shows that
weak decays of the second doublet quarks (strange and charm quarks) are dominated by charged
current (charge-exchange) decays. Flavour Changing Neutral Current (FCNC) decays like
or ¢ — u are strongly suppressed. This is explained in the Standard Model by a compensation
of decay contributions to the weak doublet eigenstates which mix into physical mass eigenstates.
The occurrence of weak eigenstates as doublets is essential for this mechanisnitb Werks
soon observed that even in thejuark decay FCNC were suppressed: dnhs c decays were
observed. As a consequence, thguark ought to be the lower member of a third doublet.

In the 80’s electron-positron annihilation experiments at the PETRA storage ring (DESY,
Hamburg) showed a clear forward-backward asymmetry irbbhignal state jets polar distribu-
tion. A cosB term is indeed expected in the center of momentum system angular distribution
of this process with coefficient proportional to the third component of the weak isospin bf the
quark?. A fit to the data indicatetf = 0.54-0.05%). Theb quark was thus proved to be a mem-
ber of a weak doublet. However, there was no value imposed by the SM to the top quark mass.
Indirect information was obtained by fits to a number of observables whose value is sensitive to
virtual top quark exchange loops. In 1995 a value around 175 GeV was indicated.

(A clear explanation of FCNC suppression and GIM mechanism can be found in [PER].
(2More details on this dependence can be found in [PDG].
@12 is thez-axis component db-quark weak isospin.
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4 The Top Quark

1.2 Why an Accurate Measurement of the Top Quark Mass?
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Top exchange loops affect the physigélmass to an extent which depends on the square of the
top mass. Through the same mechanism (although with logarithmic t&dps)epends also

on the Higgs boson mass. Within the SM on compaifg versusM; one can thus obtain an
indirect information on the Higgs boson mass. Direct searches for Higgs production at LEP2
have excludedMy < 1144 GeV at 95% confidence level. While waiting for the discovery of
the Higgs, information on the upper limit My is the best possible progress in determining this
basic parameter of the SM.
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Figure 1.1: Relations linking M, My and My, comparing LEP2 results, CDF and D&
results, and Tevatron RUN Il expectations; LEP 1 spot is not symmetric because M; was
only indirectly determined (See Figure 1.2).

At the end of RUN I in 1997 the top mass was measured, by adding CDF and D@ information,
asM; = 178+ 4.3 GeV. The derived information ddy is interesting but still numerically rather
poor:



Status of the Measure of the Top Quark Mass 5

My = 1178 GeV= My < 251 GeV (95% CL) (1.1)

In RUN II both CDF and D@ are expecting to integrate a luminosity — see (2.1) — from 4 to 6
fb~1. Already with~ 2 fb~! the uncertainty on the top mass is expected to be reduced (as allowed
by the systematic errors) to about 2 GeV, providing a much more significant informatidiy on

As the top is the only fermion with mass of the same order of magnitude as the magéesof

Z, which are the mediators of EW interactions, there is the hope that some top parameters, or
some of its production or decay properties, will deviate from SM predictions. As it will be shown

in Section 4.4, in order to derive the top mass one must reconstruct the complete kinematics of
thett final state. This is done under several SM dependent assumptions, in particular assuming
dominant — W bdecay with width:

3
M(t —Wb) ~ 170 MeV- <ﬂ) . (1.2)
Mw

The predicted top width depends strongly on the top mass and implies a top lifetinkd 24 s,

an order of magnitude lower than the hadronization tigep ~ 1023 s. One concludes that

the top quark will decay as a free particle, before being bound in a physical hadron with other
lighter quarks. This would allow to measure its mass directly, while this is impossible for all
other quarks. Anomalies in the reconstructedtates can shed light on the extent to which this
unique prediction is valid and possibly give indications on whether the top width is related to
its mass precisely as predicted by the SM. Finally, by fully reconstructintt aeents one will

get detailed information on its production and decay kinematics, such as its polarization, to be
compared with SM expectations.

1.3 Status of the Measure of the Top Quark Mass

At the end of RUN I, the top mass was determined using a maximum likelihood pro&Bdure
There were 91 candidateevents but only 77 with exactly 4 jets selected. Only 22 out of those
passed a cut on background probability, with a meashked 1780+ 4.3 GeV.

CDF people carried on three independent analyses on the dilepton channel, obtaining consi-
stent results. Unfortunately this channel has few statistics and is underconstrained, which leads
to request in a dileptott candidate event a great amount of missing energy. Imposing some
reasonable constraints (such as assuming different validsarid computing the probability of
the event, scanning the azimuthal distribution of fitted neutrinos or imposingahadt have null
total momentum) the result wakt = 168 130(stay + 8.6(sys GeV [VEL].

The main way of measuring thhemass is the template method, where events with more than
4 jets are allowed. At least 4 jets must hdse > 8 GeV andb-tagging is required. Then kine-
matical constraints are applied, and a kinemgfiégs minimized takingVl; as a free parameter.
Then templates are built from Montecarlo samples generated with different top mass as input
and considering background too: the reconstructed from data mass is compared to the templates

@Many technical aspects of this Section are explained in Sections 3.1 and 4.4.



6 The Top Quark

results and a likelihood fit is then applied. The top mass measured with 28 carloid@ged
tt events wasvly = 174971 (stap + 6.5(sys GeV. If two tags are requested, the result is (11

events)M; = 180975 (stay +5.8(sys GeV.
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Figure 1.2: Evolution in time of the known value of M;, from indirect evaluations — before
1994 — to direct measurements [VEL].

Combining all these results of the “standard” template method analysis, one didkains
176,775 (stay = 6.6(sys GeV. The multivariable method is another template method used at
CDF. The candidatt event must bé-tagged, but energy scale is not fixed (in fact it changes ac-
cording toW — gq reconstruction) and the most probably jtfds associated to a correct parton-
to-jet assignment, the heavier the weight of the template is. This VMN@.l?Q.Gfg:g(StaD +
6.6(sy9 GeV was obtained [VEL].

D@ collaboration studied top mass in the lepton plus jets channel with arged missing
Er, always without anyp-tagging operation but with a geometrical discriminant. The result of all
D@ studies (191 candidate) gavk = 177.5+ 5.8(sta + 7.1(sys GeV [VEL].



2. The Tevatron Collider and CDF

2.1 The Tevatron

The Tevatron is at present day (year 2005) the highest energy particle accelerator. It is housed in
the Fermi National Accelerator Laboratory in Batavia, IL, about 50 km west of Chicago, USA. In
this collider, protons and antiprotons are accelerated in opposite directions in a 1 km radius ring
and are brought to head-on collision in two points (called BO and DO) where the CDF and D@
detectors are located, at an energy in the center of momentum system of 1.96 TeV. In a previous
run ended in 1996 (RUN I) the collision energy was slightly less, 1.8 TeV.
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Figure 2.1: Accelerator Chain at Fermilab during Tevatron RUN II.

The current operative phase of the Tevatron is the so-called RUN II, which started in 2001
after a period of upgrades of the accelerator, CDF and D@ detectors. The beams of protons and
antiprotons are structured in “trains” of 36 bunches rotating at a frequency of 47.7 kHz and pro-
ducing at the collision points BL0° bunch-bunch crossings per second with 392 ns separation
between crossings. Each bunch contains typically08! protons or 310° antiprotons. A con-
tinuous effort is being made to increase these numbers, in particular the current in the antiproton
beam, since they determine the collider luminosiff) and the interaction rateNydt for any

D] =L2.T7L



8 The Tevatron Collider and CDF

process of interest. If a process has cross sectitre event rate/dt is then:

dN
5 (0 =0"L(1 (2.1)

The collected data samples are proportional to the time-integrated luminbisitly [(L(t)dt).

Data are collected during runs of typical duration of 10 to 20 hours, with maximum instantaneous
luminosity at injection and decreasing luminosity with time. At the end of a run the luminosity is
reduced typically tov 10% of the initial value. At present (29th April 2005) the record Tevatron
instantaneous luminosity has befgcorg >~ 1.26- 1032 cm™2 s 1 [TEV].

While large currents of protons are easily produced, production of antiproton beams is a very
difficult task. The 120 GeV proton beam of the Fermilab Main Injector is extracted and directed to
a “source target” where antiprotons are produced, collected at 8 GeV and “cooled” (compacted in
phase space) in a system of three rings (debuncher-accumulator-recycler). When enough current
is stored and cooled, the antiproton beam is extracted, accelerated to 120 GeV and injected into
the Tevatron where it is accelerated together with the opposite proton beam to the collision energy
of ~ 1 TeV. A detailed description of this system will not be given in this report. A schematic
layout of the proton and antiproton sources and of the beam transport system to the Tevatron is
shown in Figure 2.1.

2.2 The CDF RUN Il Detector

CDF is a general purpose full-coverage particle detector surrounding the Tevatron vacuum pipe
at the BO collision point. It is composed by an approximately cylindrical multi-layered silicon
tracker just outside the pipe, a cylindrical drift chamber (Central Outer Tracker) at a radial distan-
ce from 30 to 150 cm inside a solenoid magnet providing a longitudinalBeidl.4 T. Around

the COT and just inside the solenoid coil is located a layer of time-of-flight plastic scintillation
counters. Electromagnetic and hadronic calorimeter structured in projective towers are arranged
outside the magnet coil and backed by muon detectors. A 3D section of CDF is drawn in Figure
2.6.

Silicon Tracking System

The CDFllI silicon tracking system consists of three sub-units: an innermost silicon detector single
layer glancing the Tevatron pipe, called Layer 00, a five-layered approximately cylindrical Sili-
con Vertex Detector (SVX 1), and a double-layered Intermediate Silicon Layers (ISL). Figure 2.2
shows the cross section of the full silicon tracker. SVX Il is structured in three longitudinal bar-
rels of total length 96 cm, covering tracking rangenif< 2(2). As only the|n| < 1 region is fully
covered by the COT, tracking atd |n| < 2 is obtained by the double-layered ISL. The innermost
layer LOO has radius- 1.5 cm and the outermost ISL layer is 28 cm far from the beampipe. The
precision of position measurements of this apparatus is excellepmi®dr SVX Il and 16um

for ISL (both values are given for measurements on the axial direction), allowing all together an

(@) is the so-called pseudorapidity, defined-a(tan(8/2)), where8 is the polar angle with the-axis collinear
with the beampipe.
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impact parameter resolution for energetic tracks-@fO um [TDR].

-—— - Gdecm——m»

Figure 2.2: Silicon Tracker cross section.

Central Outer Tracker

The COT is a cylindrical open cell drift chamber covering the pseudorapidity rapge 1. It
provides 96 points between 44 and 132 cm with a resolutionr @40 um in the @ direction
(normal to the radial direction). The total number of wire layers is 96, grouped 12 by 12 in 8
superlayers. The electrical field in the drift cells is inclined with respect tgtligection in order

to allow the ionization electrons, produced in the gas mixture (Ar-Ethang;@¥drift in this
direction under the combined effect of the electrical field and of the solenoid magnetic field.
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Figure 2.3: Wires layout in a COT Superlayer 2 cell.



10 The Tevatron Collider and CDF

A Time of Flight Detector (TOF) is placed in the few centimeter clearance just outside of
the COT and inside the magnet coil. It is a single layer of plastic scintillator bars viewed by
photomultipliers at both ends. The time resolutior-i420 ps [TDR].

Calorimetry

The tracking system (Silicon plus COT) and the solenoid providing the magnetic field are sur-
rounded by the central calorimeter, and closed at the ends by two end-plug calorimeters. The ma-
gnetic flux is returned through the end-plugs and through two poles behind the central calorime-
ters, in such a way that this calorimeter is outside the magnetic circuit. At all angles the calorime-
try is split into two longitudinal compartments, a front Pb-scintillator sandwich electromagnetic
compartment and a rear Fe-scintillator hadronic compartment. The central calorimeter is divided
into 24 azimuthal wedges containing 9 projective towers each, which cover Oj4[L ifhe end

plug calorimeters are also structured in projective towers in a similar way [TDR].
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Figure 2.4: End Plug Calorimeter.

Muon Detectors

Large transverse momentum muons are as important as electrons in top studies. The CDF
calorimeters are surrounded by muon tracking chambers and trigger scintillation counters up to
In| < 2.4. These are large systems composed of several structures covering the outer detector as
well as possible [TDR].
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Figure 2.5: Structure of a Muon Detector.

CDF Trigger

At the Tevatron collider the top pair production cross section &pb [TXS], to be compared to

the total inelastic cross section 8f60 mb [PDG]. An efficient and selective trigger is therefore

vital in searching for top events among at4targer rate of mostly uninteresting events. CFD
performs studies of a large variety of physics besides top, by employing over 50 different trigger
channels tuned to select processes of specific interest (multi-jet events, beauty hadron produc-
tion...). Each trigger chain is allowed to run at a maximum rate (its allocated “budget”), in such

a way that the overall dead time of the data acquisition system is small and the most interesting
channels are collected with nearly full efficiency. The RUN Il DAQ electronics can collect events
at~ 75 Hz, with a dead time limited te 5% [TRI], [TDR].

Figure 2.6: Scheme of CDF RUN Il Detector.



3. Features oftt Events

3.1 The Lepton plus Jets Channel

In a pp collision, a primarygq pair can annihilate 85% of cases) or gg pair can fuse{ 15%
of cases) producingt pair. As each top quark decaystas> W b, thett pair will end into three
different final states depending on the decay modes of th&\fwo

« the dilepton channel, when boiti decay leptonicallyW — ev orW — pv):
* the lepton plus jets channel, when aiedecays leptonically;

« the full-hadronic channel, when boitt decay hadronically into two quarks.

The following study addressed the lepton plus jets ;
channel as a compromise between a fair branching ratio ?/

(~ 30%) and limited background. The decay chain lea- _ @'/

ding to a final state of this kind is: e

pp — tt + “underlying event”
t— bW —b+aq— jet, +jety +iety  (3.1)
t— bW~ — jety+ vy

whereq and q are ud or cs pairs and/ is an electron
or a muon (the roles dfandt can be exchanged). In the 7
dilepton channel botWW decay in+v so that the system ﬁ \{
of equations to solve to reconstruct the event is undercon- -

strained, and needs fitting the directions of both neutri- é

nos that escape from the detector. In the lepton plus jets

channel there is only one not measured final state veatggjure 3.1: The lepton plus jets
and the event kinematics can be fully reconstructed — sgginnel.

Section 4.4 [VEL].

3.2 Jets intt Events

The final state quarks in top decays manifest themselves as “jets” of hadrons, which are narrow
bunches of energetic particles produced by the “fragmentation” of a quark around its direction of
flight. They are identified and reconstructed from information provided by calorimeters, so that
another way to think about jets is, in fact, to refer to them as fluxes of energy in a precise region
of space.

(D1 leptons are difficult to detect and are not considered in this work.
12



Jets intt Events 13

Reconstruction of Jets

Several algorithms have been developed at CDF to reconstruct jets: the main one, which gives
better resolution in clustering, and which has been adopted for this study, is dab@¥d . In

JetClu the jet is defined as a flare of energy within a cone innfhe@ space whose size is
defined by its radius as

R=\/AN2+ A2 (3.2)

Cone sizes currently used at CDF &e {0.4, 0.7, 1.0}, depending on the type of analysis. In
multijet events like top candidates the default radiuR is 0.4.

In order to find jets in an event, calorimeter towers which returned a transverse &xnergy
GeV? are selected and classified as possible seeds of a jet. Towers abov&sdmeshold
(0.1 GeV by default) around a seed are grouped in preclusters, except for towers outside a 7
rectangle at whose center the seed is. Towers outside a precluster are used to build a new one. The
centroid of a precluster is found via a weighted mean &eiand the cone is then defined around
that centroid. Then a new centroid of the cluster is computed taking into account only towers
included in the cluster, and the algorithm iterates until the list of tower assignments remains
unchanged. Jet parameters are recomputed after all towers are uniquely 4343BEE]

Tagging of b Jets

In the lepton plus jets channel, as in (3.1), two out of four jets are the result of the fragmenta-
tion of ab and ab. It is very important to identify these jets and distinguish them from light
guark and gluon jets sindejets are relatively less likely in background events. Moreover, since
identifiedb jets are not considered as possible prongs Mémdecay the number of jet-to-parton
combination¥” to be analyzed in the event reconstruction is reduced (in fact, the misidentification
probability is in average- 0.7% [TXS], [TAG]). The identification ob jets is calledb-tagging.

The twob-tagging algorithms used at CDF in the top analysis are the Soft Lepton Tagger (SLT)
and the Secondary Vertex Tagger (SECVTX). SLT looksefor u leptons of relatively larger

(pr > 2 GeV) within the jet cone as they are likely to be produced in the dec8yhaidrons in

the jet. SECVTX looks for vertices with at least 2 tracks originating in a point, called “secondary
vertex”, whose distance from the primary one is much larger than the uncertainty in the position
reconstruction, as in Figure 3.2.

@Er = Y Eisin6;, where®; is the angle between the beampipe axis and the line linking the nominal interaction
point to the centroid of a calorimeter tower.

®)One tower should not be assigned to two or more jets.

4See Section 4.4.
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Figure 3.2: Example of secondary vertices found by SECVTX algorithm: [L] run 167551,
event 7969376; [R] run155145, event 132579. IP is the interaction point (the primary
vertex), MET is the missing Et (see Section 4.4) and b-tagged jets are drawn in red
[YOR].



4. Study of the Performances of Cleaning

4.1 Goal of this Work

The uncertainty in the top mass can be reduced if a sample with a better signal to background ratio
is selected with a limited loss in statistics. An example of such a method is to require that one jet
in the event should ble-tagged. For this report, the candidate was given the task of looking for an
alternative method of improving the top fraction by using a particular kinematical selection based
on jet shap€®. This method, named “event cleaning”, will be presented and its preliminary
performance will be reported below.

4.2 Description of the Analysis Strategy

The study was limited to the lepton plus jets channel, testing on simulated events if a “cleaning
process” of events, if added to selections already used at CDF, can improve analysis perfor-
mances. These improvements can be seen in three ways: a decreasing of systematic errors, a
better consistence with the “real mass” of the reconstructed one and a better interpretation of jets
in selected events.

As a start, from Montecarlo simulations one determines the cuts to select events which have
the requestett topology. By making use of some additional information when available, such as
if some jet isb-tagged, the events are reconstructed irtthgpothesis. Events in the lepton plus
jets sample are selected from the lapgeelectron and muon trigger streams. The most important
analysis cuts for top mass studies are:

1. Lepton isolation, which means that, considering a cone Rith0.4 in then — ¢ space
centered on the leptofm, @), the total momentum of other charged tracks inside the cone
should be less than 5% of the lepton momentum;

2. Leptonpt > 20 GeV,
3. Bt > 20 GeV?;
4. Number of jets> 4, as the study is addressed to the lepton plus jets channel;

5. JetEr > 15 GeV,

(MSimilar tests were carried on for RUN | by Stefano Bettelli in 1996 [BET].
The quantity is the so-called “missingr”, defined at = — ¥; pri (from the conservation of total momen-
tum, which is null).

15



16 Study of the Performances of Cleaning

6. Jet centroid should hayg| < 2, which is the coverage of ISL.

As this work is not a measurementdf but only a preliminary study of cleaning performances,
only cuts number 4 and 5 were applied according as described in Section 4.5.

The events are reconstructed in thlypothesis by assuming that the four more energetic (in
Et) jets correspond to the four top decay part®ngrom energy-momentum conservation, one
can write down 20 scalar equations with 18 unknowns onc&\tmeass is assumed to be known
and the mass of the two final statandt are assumed to be equal:

P = ++p

o — % B

Pps = Pt o

Pws = pq+pﬂ (4.1)
(v5,0,0,00 = pt'+pE+py

M, = Mp

My = 804 GeV

After defining the event agp — tt + X, whereX is the additional system (“underlying event”) to
the sixtt decay vectors, and making use of the constraints on masses, these equations reduce to
six effective scalar equations:

pre+pri+prx = 0

M\ZV* = p'pu(f+V)

MWJF = pH pu(letq +jetcT) (4.2)
MZ = pHpu(W™ +jety) '
MZ = pHpu(W- +jetp)
prv = FEr

Since the not measured quantities are four (the top mass and the three components of the neutrino
momentum), the system is over-constrained and can be solved by a two-dimexgioniai-

mization as a function of the top mass and of the longitudinal momentum of the neutrino (with

its sign).

In a lepton plus jett event, there are at least 4 jets, which should be assigned, at a calorimeter
level, to their “parent” partons (called primary partons) according to 12 different combirf&ions
All possible assignments of the 4 jets to the 4 partons are tried. If ondyeagged, itis assumed
to be ab-jet and the combinations are reduced to 6. If two jetdata@gged, the combinations are
2. The fitted neutringp; can assume two values, according to the previous paragraph, so that the
total number of combinations is 24 (12 or 4 if the evertt-t;gged). The reconstruction bf; is
done starting from the conservation of energy, according to whom the folloyfirtg.3)° can

()Montecarlo studies indicate that, while being the best assumption, it is correct enl§086 of cases [TCS].

“The total number of combinations is 424, but to reconstrudt} the jets deriving from light quarks can be
exchanged without differences in the ressit 41 /2 = 12.

®)Capital letters refer to fitted or already known values, lower-case to reconstructedkoisese non clustered
energy (“underlying event”)y are uncertainties on measured energies, Wwhiee Breit-Wigner widths of particles
(FT'w =~ 2 GeV is measured [PDG], blit =~ 1.5 GeV is assumed by theory [WID] — See Section 1.2).
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be assigned to eathmass reconstructed in a particular combination:

@ = 06) o mes(S5am) o (M) o () () ()
(4.3)

Each fit returns one value for the top mass and for the square of the longitudinal neutrino
momentum. Only solutions with an acceptaffeare retaine®), and the mass returned by the
solution with the lowesg? is taken as the event mass and entered into a mass distribution. The
experimental top mass is obtained by a two component maximum likelihood fit to this distribu-
tion in terms of simulated signal and background “templates”. The signal template depends on
the assumed top mass and the one which fits the distribution best gives the measured top mass,
while the associated width of the distribution gives the measurement error.

As stated before, the aim of this work is to see which improvements a “cleaning process” can
give. This kind of selection starts with ordering all jets in decreagingthe first 4 are called
“leading jets”. This is done for jets witR= 0.4 andR = 0.7. Then each 0.4-jet is matched to the
closest (in the) — @ space with a distance defined &R = /An2 + Ag?) 0.7-jet; if the leading
jets are matched one to each other, respecting the order (the first in the 0.4 list is matched to the
firstinthe 0.7 list, and so on .. .) the event is called clean. The aim of cleaning is to select events
with well-separate jets and with the lowest number of interfering particles. It can be seen as a test
of the “goodness” of the reconstruction of jets too. As leading jets are supposed to be those in
which primary partons fragment, tletagging takes the form of a request of at least one tagged
jet, that must be one of leading ondstagging is referred to 0.4 jets).

4.3 Why to Clean Events

A major source of errors in the top mass obtained by this process is due to the wrong jet-to-parton
assignments that are chosen as best solutions. These errors are born both because a gluon radia-
tion jet may enter among the 4 leading jets, and because a wrong combination of the right jets
may be chosen by the begt criterion. Byb-tagging the jets and forcing the assignment of a
b-tagged jet to d-parton in the fit one reduces the second source of errors, however, it would
be important to reduce also the first one. This is the attempt carried out with this work. We
have studied on simulations whether by requesting the jets in the event to be well separated and
uniquely defined (independent of the adopted cone size) would make it more likely that the four
leading jets are those generated by the four final state partons tifgiigtem. This “cleaning”

is made before assigning an order of jet-to-parton assignment and therefore can be applied to the
b-tagged events as well. However, it would be particularly important for O-tags events where the
combination errors are maximal, and the study was tuned to this sample. Improvements obtained
by cleaning would be gauged eventually by reduced systematic errors and by smaller spread of
the values of the reconstructed mass. However, a better selection of the 4 jets attributed to top
decays would be a first step towards that goal.

©®)The acceptablg? range is loosely defined. Simulations indicate that a cy£at 10, which was used for this
work, accepts nearly 100% of the correct combinations [BRU], [ZT2].
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4.4 Study of HERWIG tt Events (M; = 175GeV)

To simulatett events the HERWIG generator is commonly used at CDF (Hadron Emission Re-
actions With Interfering Gluons [HER]). A sample of 10955 events with ifgut 175 GeV

was generated, on which the effects of cleaning were tested. All tests were performed on three
different samples: the pretagged sample, the tagged sample and the 0-tags sample.

« The pretagged sample contains all events with at least 4 jets per deséfi{besause we
are dealing with HERWIG lepton plus jets events) reconstructeded@lu  algorithm:
these jets must haver > 15 GeV, which is a “standard” selection used at CDF, from MC
studies.

» The tagged sample contains those pretagged candidates where at least one leading jet is
b-tagged by the SECVTX algorithm inR= 0.4 cone. As the tag probability in gluon or
light quark jets is very small{ 1% per jet [TAG], [TXS]), in the event reconstruction the
b-tagged jet is assigned tobequark by default. In this case, the mass of the event can be
not the lowesty? one, or can have @ > 10 (in this case the event is rejected). The test on
the tagged sample will be treated in Appendix A.

» The O-tags sample is the complement of the tagged sample: it is composed by pretagged
events which show nb-tags at all, and masses are selected as in the pretaggéd.case

4.5 Description of Tests

The tests were carried on the main sample and on sub-samples obtained after applying a number
of additional selection cuts, each one stricter than the previous one. The basic selection (labeled
BC, and understood if label is omitted) keeps all HERWIG events which allow at least one recon-
struction withx? < 10 within those featuring at least 4 jets (Wkk > 15 GeV) per description.

The BC selection is found to be 84.4% efficient and is common to all sub-samples. All efficien-
cies will be quoted relative to tHRC sample in the following.

The 4 “semi-exclusive” jets selectiodgXJ) adds toBC the request of having 4 and only 4
jets in the 0.4 description witkt > 15 GeV. The 4 exclusive jets selectiofXJ) adds todsXJ
the request of having no jets in t@ 15) GeV Et region. These additional selections are chosen
such as to help cleaning which would follow. However, such cuts will cause a loss of statistics:
one must account for this loss for a fair evaluation of the effects of cleaning. A parallel selection
can be applied while studying MC events: the “4 partons matched” selediéq)( This is a
topological request on the decay tree of the event: all the primary partons must have a direction
in then — @ space compatible with the direction of a leading jet; in a figure-like explanation, the
parton must be “inside” the jet, so that the request to have a match iAien0.4, and each
parton must be matched to a different leading jet (0.4 jets were used)4B¥thand4XJ selec-
tions hope to reduce the number of events with radiating gluons MAteselection is a way to

(™n this work it can be eitheletClu R=0.4 orJetClu R=0.7.
®)There are events with more than 4 lafgejets with ab-tag in a non-leading jet. This sample deserves attention
and could be considered in future studies.
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test if 4sXJ and4XJ achieve their aim.

The last kind of selection is the “fitter selectior)( which keeps only events where the jet
configuration (which is the result of parton-to-jet assignment) that gives the selected mass is the
same reconstructed “by hand” looking at the decay tree and assigning the jet to the closest parton:
this procedure of matching is the same of Méqg. The difference between the two selections
is thatF requests the partons to be matched in the correct order, Mditedoes not care about
the parton-to-jet assignment configuration. All the templates of these selections were compared
to the one restricted by cleaninG)to see the effects of cleaning itself.

Three kinds of parameters have been used to evaluate the effects of cleaning on simulated top
events:

1. efficiency of the cuts defining the sample to be cleaned;
2. frequency of jets matching to the top primary partons, before and after cleaning;
3. width of the top mass template before and after cleaning.

The absolute efficiency(E f) is the ratio between the number of events that pass the particular
selection and the number B8IC pretagged events; thelative efficiency (rE f) is the ratio be-

tween the number of events that pass the particular selection and the number of pretagged events
in the specific selectiorBC, 4sXJ, 4XJ without applyingC): this parameter is basic to evaluate
effects of cleaning, particularly if compared witktagging, which is the main tool in top mass
studies. Thgood match fraction (GM) is the ratio between the number of events in the particu-

lar selection while applyind/14q, in which the four leading jets match the primary partons, and

the number of pretaggdsiC events; theelative good match fraction (rGM) is the fraction of

events passing thé4q cut after an additional selection is made. Titter efficiency (fEf) is

the rate of events where the parton-to-jet assignment is correct (or better, the one corresponding
to the selected mass is the same reconstructed “by hand”). The most significant information in
the reconstructed top mass distributions is its RMS: the narrower the distribution, the better the
measurement is. It is also desirable that the mean of the distribution be close to the input mass,
although this is not essential as long as the correlation of the output to the input mass is linear and
known [ZT1], [BRU].

4.6 Pretagged Sample

In the pretagged sample the good match fractM] is 58.0%. The number df events corre-
sponds to a fitter efficiencyf E f) of 31.8%. The mass distributions in the full sample and in its
correctly fitted events are shown in Figure 4.1. The width of the distribution is reduced apprecia-
bly by F, from 34.8 to 28.9 GeV. The average mass is shifted by less than 1 GeV.

If cleaningC is applied, the good match ra@M is increased from 58.0% up to 63.6%. Ho-
wever, theC efficiency is 42.6%. The correct ordering rdte f found by the fit increases from
31.8% to 35.9%, with & efficiency of 48.0%. The mass distributions for the full sample and for
F events after cleaning are shown in Figure 4.2. One observes an improvement in the width from
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28.9 GeV to 26.5 GeV in thE sample, but no improvement in the full sample.
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Figure 4.1: [L] t mass distribution relative to pretagged BC events; [R] t mass distribution
relative to pretagged BC+F events.
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Figure 4.2: [L] t mass distribution relative to pretagged BC events; [R] t mass distribution
relative to pretagged BC+F events. In both cases, cleaning is applied.
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Figure 4.3: [L] t mass distribution relative to pretagged 4XJ events; [R] t mass distribution
relative to pretagged 4XJ+F events.
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Figure 4.4: [L] t mass distribution relative to pretagged 4XJ events; [R] t mass distribution
relative to pretagged 4XJ+F events. In both cases cleaning is applied.

pretagged
set| #events| Ef rEf | GM | rGM | fEf | M (GeV) | RMS (GeV)
BC| 9249 | 1.000| 1.000 173.7 34.8
BC+C| 3936 | 0.426| 0.426 177.7 34.1
BC+F | 2942 | 0.318]| 1.000 0.318| 1755 28.9
BC+C+F| 1412 | 0.153]| 0.480 0.359| 176.5 26.5
M4q | 5364 | 0.580| 1.000| 0.580 171.8 29.7
M4g+C| 2503 | 0.271| 0.467| 0.636 173.8 28.1
M4qg+F | 2480 | 0.268| 1.000| 0.843 0.462| 175.4 27.6
M4g+C+F| 1232 | 0.133] 0.497| 0.873 0.492| 175.9 25.5
4sXJ| 3077 | 0.333| 1.000 172.8 33.2
4sXJ+C| 1597 | 0.173| 0.519 176.3 33.4
4sXJ+M4qg| 2035 | 0.220| 1.000| 0.220| 0.661 172.1 29.3
4sXJ+M4qg+C| 1134 | 0.123| 0.557| 0.288| 0.710 173.5 28.2
4sXJ+F| 1053 | 0.114| 1.000 0.342| 1749 28.0
4sXJ+C+F| 599 | 0.065| 0.569 0.375| 176.1 25.9
4XJ| 1692 | 0.183| 1.000 173.7 30.9
4XJ+C| 1009 | 0.109| 0.596 175.1 29.6
4XJ+M4q| 1300 | 0.141| 1.000| 0.141| 0.768 173.1 27.4
4XJ+M4g+C| 802 | 0.087| 0.617| 0.204| 0.795 173.1 25.5
4XJ+F| 672 | 0.073| 1.000 0.397| 175.9 25.9
4XJ+C+F| 413 | 0.045| 0.615 0.409| 175.7 23.4

Table 4.1: Effects of cleaning in the pretagged sample of a 10955 HERWIG tt (175 GeV)
lepton plus jets events.

Since theF sample cannot be obtained by a cut on the data, the hope for progress must
be moved to thelsXJ and to the4XJ samples. For sake of brevity, ordyXJ results will be
explained. The mass distributions f4KJ events and fodXJ+F events are shown in Figure
4.3 The same samples after cleaning are shown in Figure 4.44Xheelection applied to the
pretagged sample has an efficieng&yf] of 18.3% (1692 events out of 9249). TReselection
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on the4XJ sample has an efficiencyH f) of 59.6% (1009 out of 1692). In théXJ sample
cleaning gives a just appreciable improvement in resolution, since the distribution width changes
from 30.9 GeV to 29.6 GeV — see Section 4.7. The effect is more significant in the m&tched
sample, since the width decreases from 25.9 GeV to 23.4 GeV after cleaning. The improvement
in matching is now given byGM, whose change is from 76.8% to 79.5%, while the efficiency

of the fitter fE f changes from 39.7% to 40.9%. All results (including thosdsXJ events) are
summed up in Table 4.1.

4.7 0O-tags Sample

The 0-tags sample contains 3494 events, the 38% of the total. This is an important fraction which
justifies the effort to make good use of it. The mass distributions for this sample and for its
matchedF events are shown in Figure 4.5. Figure 4.6 shows the same distributions after clea-
ning. The efficiency of cleaning is 42.7% (1492 events out of 3494), and the resolution improves
minimally from 35.8 to 34.8 GeV. Simulation shows that cleaning performs better in the matched
F event sample, where the width improves from 28.4 GeV to 24.9. All together no significant
improvement is predicted in this sample. There are improvemerft8 in(which increases from
31.5% to 36.7%) an&M (from 54.1% 61.5%). The next step should be to study the exclusive
4XJ events in the 0-tags sample.

Within the 3494 events of the 0-tags sample there aredRvents (17.6%). The mass
distributions fordXJ and for4XJ+F events are shown in Figure 4.7. The same distributions after
cleaning are shown in Figure 4.8. Cleaning improves the mass resolutiond{dreample from
32.6 GeV to 31.1 GeV. We have not studied the uncertainties on the mean and the RMS of the
distribution in detail, but they are of the order of 0.5 GeV and this small improvement is signif-
icant. The predicted improvement in tkesample is very similar, from 26.9 GeV to 25.3 GeV.
fE f increases from 43.9% to 46.3% ar@M from 77.3% 81.2%.
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Figure 4.5: [L] t mass distribution relative to 0-tags BC events; [R] t mass distribution
relative to 0-tags BC+F events.
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Figure 4.6: [L] t mass distribution relative to 0-tags BC events; [R] t mass distribution
relative to 0-tags BC+F events. In both cases cleaning is applied.
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Figure 4.7: [L] t mass distribution relative to 0-tags 4XJ events; [R] t mass distribution
relative to 0-tags 4XJ+F events.
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Figure 4.8: [L] t mass distribution relative to 0-tags 4XJ events; [R] t mass distribution
relative to 0-tags 4XJ+F events. In both cases cleaning is applied.
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O-tags
set| #events| Ef rEf | GM | rGM | fETf | M (GeV) | RMS (GeV)
BC | 3494 | 0.378| 0.378 173.3 35.8
BC+C| 1492 |0.161| 0.161 177.6 34.8
BC+F| 1101 | 0.119]| 0.374 0.315| 174.6 28.4
BC+C+F| 548 | 0.059| 0.186 0.367| 175.6 24.9
M4q | 1891 | 0.204| 0.353| 0.541 171.6 29.6
M4g+C| 917 | 0.099| 0.171| 0.615 173.9 28.5
M4g+F| 888 | 0.096| 0.358| 0.807 0.470| 1745 25.9
M4g+C+F| 462 | 0.050| 0.186| 0.843 0.504| 175.0 23.8
4sXJ| 1160 | 0.125| 0.377 172.9 34.4
4sXJ+C| 607 | 0.066| 0.197 176.3 32.8
4sXJ+M4q| 743 |0.080| 0.365| 0.213]| 0.641 173.1 30.5
4sXJ+M4g+C| 424 | 0.046| 0.208| 0.284| 0.699 174.6 29.3
4sXJ+F| 422 | 0.046| 0.401 0.364| 176.0 29.2
4sXJ+C+F| 248 | 0.027| 0.236 0.409| 176.0 24.9
4XJ| 618 | 0.067| 0.365 175.1 32.6
4XJ+C| 361 |0.039|0.213 176.3 31.1
4XJ+M4q| 478 | 0.052|0.368| 0.137| 0.773 175.1 29.4
4XJ+M4qg+C| 293 | 0.032| 0.225| 0.196| 0.812 175.6 28.3
4XJ+F| 271 | 0.029| 0.403 0.439| 177.3 26.9
4XJ+C+F| 167 | 0.018| 0.249 0.463| 177.2 25.3
AT+4XJ+C| 361 |0.039|0.213 176.3 31.1
AT+4XJ+C+F| 167 | 0.018| 0.249 0.463| 177.2 25.3

Table 4.2: Effects of cleaning in the O-tags sample of a 10955 HERWIG tt (175 GeV)
lepton plus jets events set.

A sort of “artificial tagging” AT) was attempted: in clean adJ events the leading jet was
forced to be tagged, with the additional request that the ratio bet&eear the first leading jet
and the fourth one ought to be greater than 2 (from MC studies), and the mass selection was done
as for the tagged sample. Nothing changes fd(d+C events: the number of selected events is
the same, and the mass distribution too. This means that the combined selXtilof) selects
events where the lowegf mass corresponds to the “first leading-to-primahassignment. All
results (including those afsXJ events) are summed up in Table 4.2.



5. Concluding Remarks

5.1 The Problem of Statistics

We have addressed the possible improvements obtained with cleaning and found a small progress
in the4XJ sample. However, théXJ selection shows a great loss in statistics, reducing the sam-

ple of a factor of~ 5. If cleaning is then applied, the reduction of the sample is very different in

the full set of events and #hXJ events: in the first case cleaning rejects 56-57% of events, but in
the second case it rejects only 39-42% of events.

The 4XJ sample is the one where cleaning has better performed, and it has been used as a
“starting sample” for top mass studies. As #€J selection rejects a very significant fraction
of events £ 80%), a “clean sample” could be an alternative starting point if other selections less
expensive than théXJ are found. For any selection rejecting a fraction of events to be worth,
the loss in statistics should be more than compensated by an improved sample quality, so that the
measurement can can lead to a better result.

The method in its present version looks unsatisfactory in terms of top mass resolution. We
can hope to be able to find a positive conclusion because cleaning causes a progress in a number
of significant parameters:

* the topological matching is increased in all the samples, particularly in the 0-tags sample,
where &8M — 1137% (in pretagged and tagged events it is, respectiveB;7% and
+6.0%), which means that radiating gluons phenomena in the fragmentation of primary

partons is minimized,;

* the rate of correct parton-to-jet assignments is increased in all the samples, with an again
excellent performance on 0-tags events, wr%@c = +16.5% (in pretagged and tagged
events it is, respectively;12.9% and+8.9%);

Table 5.1 sums up the relevant changes in fundamental parameters of goodness, including
those of tagged events.

25
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changes in relevant parameters
sample| pretagged tagged| O-tags

BC

rGM 0.580 | 0.648 | 0.541
rGMwithC | 0.636 | 0.687 | 0.615
fEf 0.318 | 0.506 | 0.315
fEfwithC | 0.359 | 0.551 | 0.367
4XJ

rGM 0.768 0.794 | 0.773
rGM withC | 0.795 0.811 | 0.812
fEf 0.397 0.587 | 0.439
fEfwithC | 0.409 0.608 | 0.463

Table 5.1: Changes of relevant parameters to evaluate the effects of cleaning on a HER-
WIG tt single lepton events sample.

5.2 Possible Refinements

The next step of this work will be a revision of the software used for the analysis. This step
will be made in order to understand if some problems encountered while doing tests were due to
computing reasons or to physical ones.

A problem that was not addressed in this work was how kinematical selections like cleaning
affect background events. Particularly in the 0-tags sample, where background is expected to be
50% [ZT2], kinematical selections will be aimed primarily to improve the signal to background
ratio. BesidesiXJ, a number of kinematical selections can be tried addressing the energy dis-
tribution of jets and their angular correlations, which might be not as expenséXJk s terms
of statistics. By applying cleaning one might find a much more significant progress in a realistic
signal plus background sample than found in our study of a fhs@mple.

A separate line of research will addrdstagged events. The impact of cleaning on tagged
top events has already been quickly looked at and is reported in Appendix A. While cleaning was
originally conceived to extend the event sample for the top mass measurement, it might turn out
to be more important as a means to improve the sample purity and event qualitybHtattpged
sample.



A. Study of Tagged Events

A.1 Tagged Sample

As theb-tagging is one of main tools in top events identification and in top mass studies, here the
test are done over the tagged subset of studied events. The considagegfing is the SECVTX

one, and the masses are selected out of those wheketthgt assignment is correct (theis

assigned to thé-tagged jet). In this case the selected mass may be not the Igtvesie and

this X2 may be greater than 10. If one thinks in terms of configurations instead of events, the
tagged sample is not a strictly contained subset of the pretagged sample, but they overlap only
when the selected mass is the same. This behavior can explain some inconsistencies, such as the
followings:

« if the number of O-tags candidates is summed with the number of tagged candidates the
total is very lower than the number of pretagged candidates;

« if the number of events with a correct parton-to-jet assignmienin the tagged sample
is summed to the one of the 0-tags sample one gets a number greater than thd=one of
pretagged events.

The results of these studies have already been anticipated in Table 5.1.

In BC tagged events theM fraction is 64.8% and the computdé f is 50.6%. As thd-to-
b-tagged jet assignment is forced, the f is sensibly greater than in the previous cases.Ghe
is greater too, but the difference is smaller. After cleaning,ftBé is increased from 50.6% to
55.1%, and th&M is increased from 64.8% to 68.7%. Also in this case the fractions are greater
than those of the pretagged and the 0-tags samples. The mass distributiBs deents and
BC+F events are reproduced in Figure A.1. The same distributions after cleaning are reproduced
in Figure A.2.

As for pretagged and O-tags events, the test was performdXdmrevents too. In this case
rGM, when cleaning is not requested, is 79.4% didf is 58.7% (both values are once more
greater than in pretagged and 0O-tags events). If the request of havingdldaavents is made,
rGM increases from 79.4% up to 81.1%, ah@ f is still greater than in merelgXJ events:
60.8% instead of 58.7%. The mass distributions4d events and fodXJ+F events are repro-
duced in Figure A.3 (before cleaning) and in Figure A.4 (after cleaning). All results (including
those of4sXJ events) are summed up in Table A.1.
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Figure A.1: [L] t mass distribution relative to tagged BC events; [R] t mass distribution

relative to tagged BC+F events.
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tagged
set| #events| Ef rEf | GM | rGM | fEf | M; (GeV) | RMS (GeV)
BC | 4963 | 0.537| 0.537 172.1 29.9
BC+C| 2192 | 0.237|0.237 174.8 28.8
BC+F | 2513 | 0.272| 0.854 0.506| 173.8 26.6
BC+C+F| 1207 | 0.131| 0.410 0.551| 174.8 25.0
M4q | 3215 | 0.348| 0.599| 0.648 1715 27.0
M4g+C| 1505 | 0.163| 0.281| 0.687 173.1 25.3
M4qg+F | 2130 | 0.230| 0.859| 0.848 0.663| 173.8 25.3
M4qg+C+F| 1048 | 0.113| 0.423| 0.868 0.696| 174.5 23.4
4sXJ| 1681 | 0.182| 0.546 170.9 28.7
4sXJ+C| 896 | 0.097| 0.291 173.0 29.3
4sXJ+M4q| 1201 | 0.130| 0.590| 0.242| 0.714 1711 26.2
4sXJ+M4qg+C| 676 | 0.073| 0.332| 0.308| 0.754 172.0 26.0
4sXJ+F| 909 | 0.098| 0.863 0.541| 172.0 25.3
4sXJ+C+F| 519 0.056| 0.493 0.579| 173.5 24.7
4XJ| 978 |0.106| 0.578 171.1 27.4
4XJ+C 602 0.065| 0.356 171.6 26.4
4XJ+M4q| 777 | 0.084|0.598| 0.157| 0.794 1711 24.4
4XJ+M4qg+C| 488 | 0.053| 0.375| 0.223| 0.811 170.8 22.5
4XJ+F| 574 | 0.062| 0.854 0.587| 172.9 23.9
4XJ+C+F| 366 | 0.040| 0.545 0.608| 172.7 22.5

Table A.1: Effects of cleaning in the tagged sample of a 10955 HERWIG tt (175 GeV)
lepton plus jets events set.

A.2 Comments

The tagged sample is not saved from the loss in statistics whetiktheelection is done. In this
case the loss in statistics is slightly less1— 2%) than in the pretagged or O-tags sample. In the
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full tagged sample, the loss in statistics duel¥ is 80.3%, and it is only 72.5% in clean and
tagged events. If one looks Btevents, the loss in statistics is 77.2% (69.7% if Gheequest is
added).

Also in this case the improvement in resolution is not great, botB@eand4XJ events, and
cannot be considered satisfactory.



B. Is Cleaning Independent from Other
Selections?

Another interesting aspect of these tests is the independence of cleaning from other selections (if
we consider separately cleaning and one or more other selections, do we get the expected number
of events if they are combined?). In the following Sections, comparisondwéfging andiXJ

are shown and explained.

B.1 Cleaning andb-tagging are Independent on Each Other

Looking at Tables 4.1 and A.1, and interpretirigyf efficiencies as probabilities, the probabil-
ity of having a clean events among pretagged is 42.6%. The probability of hawrtiggned
event (the efficiency db-tagging) is 53.7%. If they were independent, their product should give
the probability of having a clean ardtagged event, which is 22.8%, corresponding-t@110
events. The found number of tagg€devents is 2182, corresponding to 23.VE4 .

If 4XJ events are considered, the taggragf is 57.8%, and the cleaning f is 59.6%, their
product is then 34.4%, corresponding~®80 expected events. The computed number of events
is 602, corresponding to 35.2% i f.

Then, ifF events are took under exam, the taggig is 85.4%, the cleaninge f is 48.0%,
corresponding to a produdE f of 41.0%. The expected number of events is thet210, while
the computed number is 120fE(f = 41.0%).

If one looks only at those selections that are possible while studying real data, cleaning and
tagging are independent enough: in fact the differercEb in expected and “measurerE f
is not so great to state they are dependent. This very small difference vanishes in events with a
correct parton-to-jet assignmetit)( and the natural conclusion is the independence of cleaning
andb-tagging.

B.2 Cleaning and4XJ are Closely Correlated

The logic behind the following considerations is the same as in previous Section. In thidchse,

of the compound selection can be different from the one listed in summary Tables (in fact, they
are differently defined): in this Sectiok f of the compound selection should be then understood
as the “probability” of finding aXJ+C event out of those under exam. In the pretagged sample,
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as already explained, the cleanirigf is 42.6%; thedXJ relative efficiency is 18.3%, leading to
an expected efficiency (in case of independence) of 7-8%20 expected events). The computed
number of events is 1009 f = 10.9%). In theF events subset, the expected number of events
is~ 320 fEf = 11.0%), while the effective number of candidate events is 4E3 (= 14.0%).

Proceeding in the same way, in the tagged sample the expected number of cleixJand
events is~ 430 fEf = 8.7%), against a “measured” number of candidates equal tor&DR£
12.1%). In theF subsample, the expected number of events 280 (E f = 11.0%), while the
effective one is 366rE f = 14.6%). In the O-tags sample the expected number of events are,
respectively for the full sample and theone,~ 260 and~ 135 (Ef = 7.5% andrE f = 12.2%),
while the effective ones are 361 and 16E { = 10.3% andrE f = 15.2%).

In any case, cleaning atXJ are not independent selections, but they can be still comple-
mentary; moreover, relative efficiencies follow the laws of conditioned probability:

P(4XJ+C) _rEf(4XJ+C)
P(C)  rEf(C)

P(C|4XJ) = (B.1)

The computed fraction for the pretagged sample is 59.6%, it is 61.5% for the tagged one and
58.4% for the O-tags one. The mutual dependendedfandC could have been already expected
after the study of the loss in statistics duet], which was strongly lower in clean events.
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