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Zusammenfassung

Im Zuge dieser Arbeit wurden Kriterien zur Unterscheidung von Hadronen, welche Beauty-
beziehungsweise Charm-Quarks enthalten, mit Hilfe von Monte Carlo Simulationen von pp
Kollisionen mit /s = 7 TeV untersucht. Diese Kriterien waren die invariante Masse der re-
konstruierten Beauty-Hadronen, ihre Lebensdauer und die Anzahl der Teilchen, die zu den
entsprechenden rekonstruierten Sekundirvertices beitragen, sowie der Stof3parameter der
Tochterelektronen. Die Analyse zeigt, dass mit Hilfe der Masse eine reine Auswahl von Ha-
dronen mit Beauty-Quarks mit einer Effizienz von (13.4 + 0.1) % erzielt werden kann. Die
Lebensdauer kann nicht alleine zur Unterscheidung von Hadronen mit Charm- oder Beauty-
Quarks genutzt werden, da Hadronen mit Charm die Auswahl zu stark verunreinigen. Die
Auswahl mit Hilfe der anderen Kriterien ist durch Hadronen mit Charm-Quarks weniger
stark verunreinigt. Fiir eine gute Auswahl miissen die drei zuletzt genannten Kriterien kom-
biniert werden. Ein erster Versuch der Rekonstruktion der Sekundarvertices und die Anwen-

dung der beschriebenen Kriterien zeigte das grof3e Potential dieses Ansatzes.

Abstract

In this thesis criteria to distinguish hadrons with beauty or charm quarks were investigated
using Monte Carlo simulations of pp collisions at /s = 7 TeV. These criteria were the in-
variant mass of the b hadrons, their lifetime, the impact parameter of the daughter electrons
and the number of particles contributing to the reconstructed secondary vertex (prongs).
The analysis showed that the mass can be used to create a pure data-set of beauty hadron
vertices with an efficiency of (13.4 £ 0.1) %. The lifetime criterion cannot be used alone, be-
cause of the high contamination of the selection by hadrons containing charm. The selection
with the number of prongs and the impact parameter criteria suffer less from contamina-
tion by hadrons containing charm quarks. Therefore the impact parameter, the number of
prongs and the lifetime have to be combined to be used in further analyses. A first test of

reconstruction and selection showed that the analysed approach is really promising.
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1. Theoretical background

1.1. The Standard Model of Particle Physics and the

Quark-Gluon Plasma
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Figure 1.1.: A schematic representation of the Standard Model of Particle Physics contain-
ing three generations of matter particles, the gauge bosons and the Higgs boson
(taken from [1]).

The basic theory of particle physics is the Standard Model. It contains three types of
particles: quarks, leptons and bosons. The quarks and the leptons are organised in three
generations, see Figure 1.1. The gauge bosons are mediating particles for the basic forces:
electromagnetic, weak and strong force. Gravity is not yet introduced into the Standard
Model. But since gravity is only a very weak force compared to the others, it has only minor
influence on most of the particle physics topics. The strong force acts only on quarks and
gluons because they carry the strong charge, called colour. There are three colours, red, blue
and green, which can be added up to a colourless state. The theory describing the strong

force is called QuantumChromoDynamics (QCD). Since we do not observe colour-charged



1. Theoretical background

particles in nature, the principle of confinement was introduced which claims that quarks
have to form colourless bound states (hadrons). Quark-antiquark states are called mesons
and 3-quark states are called baryons.

Further QCD calculations predicted an additional phase in the QCD phase diagram [Fig-
ure 1.2] in which the quarks and gluons form a de-confined medium called Quark-Gluon
Plasma (QGP).
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Figure 1.2.: The QCD phase diagram in terms of temperature and density [2]. The red line
indicates the regimes of RHIC and LHC, while the blue one shows the regime of
the future accelerator (SIS 300) at FAIR.

To form this special matter phase the energy density has to be increased far in excess of
the values for ordinary nuclear matter. Two possibilities to reach this goal are by increasing
the temperature or the density of the medium. Therefore it is difficult to create and study
the QGP, but detailed information is important to test QCD. In addition, astrophysicists ex-
pect that the early universe had been in the state of a very hot QGP within the first (~10)
microseconds and that QGP is present in the core of neutron stars [3].

To study the QGP physicists collide heavy ions (e.g. gold or lead) with an energy density
close to 1 GeV /fm? [4] or higher to create a so-called fireball which develops into a QGP.
QGP can be studied with the so-called soft and hard probes. The analysis approach via soft
probes uses particles created via soft processes, which are interactions with low and inter-

mediate transverse momentum transfer, to deduce information about the global properties



1.2. Open heavy quarks

(e.g. energy density, temperature and collective dynamics). More detailed information about
the soft probe analyses can be found in reference [5] and [6].

Another direction of investigation is to analyse the energy loss of particles going through the
QGP. But since there is not enough time to shoot a particle beam through it, the hard probes
are used as a replacement. These are particles, which are formed by initial hard scattering
processes with high transfer of transverse momentum and therefore exist before the forma-
tion of the QGP. Typical hard probes are jets, heavy quarkonia (like J/¥) and open heavy
quarks (beauty and charm quarks).

1.2. Open heavy quarks

The (bare) masses of beauty (m, ~ 4.19 GeV/c?) and charm (m, ~ 1.29 GeV/c?) quarks
are significantly larger than the QCD scale parameter Aycp ~ 0.2 GeV. Therefore their
production can be described theoretically via perturbative QCD (pQCD) over the full range of
momenta while gluon and light quarks can only be treated perturbatively at high transverse
momenta [4]. Theoretical predictions achieve reasonable accuracy because of this unique
feature of the heavy quark production. The heavy quarks are formed by initial hard scattering
processes, which are in Leading Order (LO) gluon fusion and quark-antiquark annihilation
(Figure 1.3), and Next-to-Leading Order (NLO) processes such as gluon splitting and flavour
excitation get important [4] (Figure 1.4).

M | | >w< |
b q b
Figure 1.3.: Examples for leading order Feynman diagrams. The

left diagram shows gluon fusion and right one
quark-antiquark-annihilation.

Figure 1.4.: Examples for next-to-leading order Feynman dia-
grams. The left diagram shows flavour excitation and
the right one gluon splitting.
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The open heavy flavour quarks quickly hadronise and form relatively long lived particles,
see Table 1.1. These hadrons are mostly D mesons for the charm quark and B mesons for
the beauty quark as well as A} and A_, respectively. For short hand notation these hadrons
containing beauty quarks or charm quarks are called b or ¢ hadrons, respectively, in this
thesis. By measuring the yield of b hadrons in pp-collisions the production cross-section can
be evaluated and compared to pQCD-model calculations. In addition, these measurements
provide important reference values for measurements in Pb-Pb collisions. As these hard

probes are quite rare, it is crucial to have good methods to detect and distinguish them.

Table 1.1.: Properties of hadrons carrying open heavy flavour quarks. Given are mass, life-
time, decay length c7, the dominating decay mode and its branching ratio [7]. The
related antiparticles are not mentioned explicitly.

Particle Mass [MeV/c?] Lifetime [fs] c¢7[um] Decay mode B.R. [%]
D" 1869.62 + 0.15 1040 £ 7 312+ 2 e"anything 16.07 + 0.30
panything 17.6 +£3.2
K™ 27t 9.1340.19
D° 1864.86 +0.13 410.14+1.5 123 +£1 e"anything 6.49 £ 0.11
panything 6.7+ 0.6
Kt 3.88 £ 0.05
D/ 1968.50 4 0.32 500 £ 7 150 £+ 2 e"anything 6.5+04
KK 7~ 5.49 +0.27
A 2286.46 + 0.14 200 +£6 60 £ 2 pK nt 5.0+1.3
Bt 5279.26 £ 0.17 1641 +£8 492 £ 2 1", anything 10.99 4- 0.28
B’ 5279.58 £ 0.17 151947 45542 17y anything 10.33 £ 0.28
B’ 5366.77 +0.24 1516 + 11 441 +8  Dlanything 93 +25
171, anything 9.542.7
B/ 6274.5+ 1.8 452+ 33 1364+10 J/¥ 171 anything (5.2%51) 1073
A 56104+ 0.6  1420+24 428 +7 Al janything 9.8+ 2.2

To analyse open heavy quarks electrons and muons are commonly used, because they
have some special features. First of all they can only be created via electromagnetic interac-
tions, like quark-antiquark annihilations and photon conversions, or via weak interactions.
Therefore they are not part of the initial collision material. In addition, these leptons are
the most common long-lived decay products of the hadrons carrying heavy flavour after pi-
ons and kaons. Furthermore, the branching ratios for semi-electronic decays are rather high
(see Table 1.1) compared to most of the exclusive hadrons decays. Since the b hadrons have
large lifetimes and decay at a point displaced from the collision point, an additional very im-

portant feature can be used to select electrons from these hadrons, the "impact parameter”.
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1.3. Recent approach in ALICE

The transverse impact parameter d, is the distance of closest approach (DCA) to the primary
vertex in the plane perpendicular to the beam direction, see Figure 1.5. The sign of d, indi-
cates whether the prolonged particle trajectory misses the primary vertex on the left or on
the right side and takes its curvature into account. Since b and ¢ hadrons have much bigger
lifetimes than for example neutral pions, which are a big source of electron background via

Dalitz decays, their daughter electrons have a broader d,-distribution.
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Figure 1.5.: Definition of the Impact Parameter which is the distance of closest approach
(DCA). The sign of the impact parameter is given by the side on which the particle
misses the primary vertex and its curvature.

1.3. Recent approach in ALICE

One recent way of analysing the beauty yield with the ALICE detector is to determine the
yield of electrons from semileptonic decays of hadrons carrying beauty. This analysis starts
with selecting charged particle tracks fulfilling some electron identification criteria based on
the information from the Time Projection Chamber (TPC) and the Time-of-Flight detector
(TOF). A possible choice for these criteria is the following. The first step is to reject all can-
didates which are not within 30 around the time-of-flight expected for an electron because
more than 99% of the electron signals are expected to be within this range. To improve the
purity of the sample, which is still contaminated by pions, an additional cut on the deviation
from the expected energy loss in the TPC is introduced. To obtain a sample which is as pure
as possible the usual cut is to request a deviation between 0 and 30 [Figure 1.6]. Sometimes
additional cuts based on the Transition Radiation Detector (TRD) are used to improve the
selection for transverse momenta above 4 GeV /c.

For the further analysis, a technique called "cocktail subtraction" method is used. The elec-

11



1. Theoretical background

tron sample contains electrons not only from beauty hadron decays but also from decays
of other hadrons (e.g. charm hadrons, 7Y, ,...) and from photon conversions in the de-
tector material. This background electrons are described by the so-called "cocktail". The
p,-distributions of the cocktail electrons is evaluated by simulating the decays of the back-
ground sources using ALICE measurements of their spectra. To reduce the abundance of
these background electrons a cut on the transverse impact parameter of the electron is ap-
plied. The efficiencies of this selection are calculated using Monte Carlo simulations where
the p_-distributions of the background hadron have been re-weighted to reproduce the mea-
surements used to create the cocktail. Since this method depends on data coming from other
measurements it is limited to the transverse momentum regimes covered by these. There-
fore this approach has, for example, its difficulties below 1GeV/c because D meson were
measured only above this value. This type of analysis is statistical and does not offer any
chance to really distinguish hadrons carrying beauty or charm on a candidate by candidate

basis. More detailed information about this analysis approach can be found in [8] and [9] .

1.4. Possible new selection criteria

The aim of this thesis was to check additional criteria for the determination of the b hadron
yield. Therefore characteristic properties of the b hadrons were studied to check if they
could be useful to discriminate between b and ¢ hadrons. Most of the b hadrons have a larger
lifetime than the c hadrons, therefore a displaced decay vertex is more common. If these
secondary vertices can be reconstructed by identifying the decay products of the hadrons,
the mass and the decay length could be determined. The decay length (L = [vcr) is the
distance between the secondary and the primary vertex and is proportional to the lifetime
of the particle. The pure distance between the primary and the secondary vertices cannot be
used as a separation criteria because of its additional dependence on the particle momentum.
Therefore a momentum independent quantity has to be used. The obvious first guess to divide
_ ABer T

the decay length by the momentum results in a mass dependent quantity;, % = TmBe = m

Since the real mass is not known when analysing real data the b and ¢ hadron mass has to
be reconstructed like for the mass criteria, see subsection 3.3.2.

Even though not all decay products of b and ¢ hadron decays are measurable, these two
quantities could possibly be good criteria for distinguishing them, see Table 1.1. Having a
higher mass also results in a higher energy content at the same momentum and therefore
heavier particles typically have more decay daughters in their final state. In addition, the

probability to have only very few particles created by the decay of very heavy particles get

12



1.5. Estimate of b hadron and resulting electron yield

smaller with increasing initial mass. Therefore the distribution of the number of b hadron
daughter particles is expected to have its mean at higher values than the distribution for the
c hadrons.

The new approach to analyse the b yield starts with reconstructing the secondary vertices
and uses the following criteria to select the ones belonging to hadrons containing beauty

quarks:

« number of prongs contributing to the reconstructed secondary vertex
« lifetime of the hadron which decayed at the reconstructed vertex

« reconstructed invariant mass

The first step of checking if these criteria could be used to improve the discrimination

between hadrons containing beauty or charm quarks, was the analysis using MC simulations.

1.5. Estimate of b hadron and resulting electron yield

The expected yield of a certain particle is a good criterion to decide if it is useful to study it.
Therefore an estimate of the yield of b hadrons in pp-collisions was carried out. For this cal-
culation the goal luminosity of the LHC at ALICE, £ = 103° cm 257, and the beauty produc-
tion cross-section per unit-rapidity, dg—y“; = 42.3 + 3.5(stat.) "33 (syst.) T2 (extr.) ub [8], were
used.

Rapidity (y) is an alternative way to express the velocity of a particle and was introduced to
restore simple adding of velocities even in the relativistic regime. It is defined by the velocity

(v) and the speed of light (c) or by the energy (£) and the absolute value of the momentum

(p):

v 1 E+p
—tanh (V) = 51 (52)
Y tan - 2n 7 p

In experimental particle physics rapidity is often given relative to the beam axis changing |p|
into the momentum along the beam axis (p,). In high energy physics the mass of the particles
is often negligible compared to the momentum. Therefore the concept of the rapidity gives

rise to a new quantity, the pseudorapidity 7, which is linked to the polar angle 6:
1 0
n=—=In (Zﬂ) =—In [tan (—)}
2 p—0Dp, 2

13



1. Theoretical background

In particle physics, the pseudorapidity is commonly used instead of the polar angle.

For this estimate, a runtime of 7 = 10 months with 50 % stable beam was assumed. To
convert the resulting number of b hadrons into an electron yield, the beauty to electron
branching ratio, BRy; _,. + BRy . = (20.5 £ 0.7) % [8], was used. The rapidity covered
by ALICE and used for analysis is |y| < 0.8.

T

integrated luminosity: L = 0.5 /ﬁdt ~ 6.32 x 10" ub~!

0
expected number of b hadron: Ny = /d%y"b Ldy ~ 4.28 x 10°

|yl

expected number of electrons: N, = BRy; _, - Ny ~ 8.77 X 108

To determine the number of collisions these calculations were repeated with the total inelas-
= 73.2778 + 2.6mb [10]. The resulting
= 4.63 x 102, Therefore "de-

tectable" b hadrons are created only in about every thousandth collision, ;IHE =9.25 x 1074

tic cross section determined with ALICE, o, 1.«

number of collisions for this integrated luminosity is N_;

14



1.5. Estimate of b hadron and resulting electron yield
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Figure 1.6.: The upper panel shows the deviation of the measured TOF time from the expected
electron time-of-flight as a function of the particle momentum. As an additional
information, the particle type of the different signal sources is given. The cuts
used for the electron identification are shown as black lines. After a second cut
using the TRD a distribution of the energy-loss deviation in the TPC as a function
of the particle momentum was obtained. It is shown in the lower panel indicating
very clearly why the additional cut on the deviation to the expected TPC value
is needed to reduce the pion contamination. These pictures are taken from [9].
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2. ALICE Detector
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Figure 2.1.: The ALICE detector is built up of 18 different detectors which are indicated by
their acronyms. The central detectors (left side) are mounted inside the large
solenoid magnet which had already been part of the L3 detector at LEP. The Muon
spectrometer with its dipole magnet is placed in forward direction (right side). An
additional blow-up of the innermost region, showing the Inner Tracking System,
the forward trigger and the multiplicity detectors, was added on the top right
position. This picture is taken from [11].

ALICE is one of the four main experiments at the Large Hadron Collider (LHC) at CERN.
It was primarily designed for data taking at heavy ion collisions as is indicated by the fact
that the name is an acronym for "A Large Ion Collider Experiment".
The ALICE detector has an overall size of 16 x 16 x 26 m® and a total weight of about 10 000 t
and was optimized to cope with the high particle densities expected from heavy-ion colli-
sions. It can be divided into two parts: the central-barrel detectors and the MUON spec-
trometer. The MUON spectrometer covers the range of —4 < n < —2.5 and is used for
measurements of muons, quarkonia and light vector mesons. The very heart of ALICE are

the central-barrel detectors which are covering the midrapidity region (|| < 0.9). They
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2. ALICE Detector

are embedded in the L3 solenoid magnet providing B = 0.5 T. These detectors are the In-
ner Tracking System (ITS), the Time Projection Chamber (TPC), the Transition Radiation
Detector (TRD), the Time Of Flight detector (TOF), the Photon Spectrometer (PHOS), the
Electromagnetic Calorimeter (EMCal) and High Momentum Particle Identification Detector
(HMPID) [12]. Inside the central region there are three additional detectors, the Forward
Multiplicity Detector (FMD), VO and T0. These detectors are used to determine the number
of particles produced in the collision and their spatial distribution. T0 is also used to measure
the time when the collision has taken place very precisely.

The following sections will give more detail information about the subdetectors used in this

analysis.

2.1. Inner Tracking System (ITS)

The ITS is the innermost detector system of the central barrel and is built up of six cylindrical
layers with three different types of silicon detectors. At radii of 3.9 cm and 7.6 cm, the two
innermost layers are mounted, the Silicon Pixel Detectors (SPD). These provide a very good
spatial resolution in the transverse plane (12 um) and in the beam direction (100 pm) [9].
The SPD layers are of central importance for the reconstruction of primary and secondary
vertices and for determining the deviation of tracks from the primary vertex. The last point
is essential for the current way of analysing heavy flavour hadron decays. The intermedi-
ate and outer layers consist of Silicon Drift Detectors (SDD) and double-sided Silicon Strip
Detectors (SSD), respectively. These two parts are also capable of providing particle identi-
fication information via deposited energy. The whole ITS extends to a radius of 43 cm and
provides spatial resolution information (tracking) for charged particles near the beam pipe
[9]. This contributes to the high momentum and angular resolution of particle trajectories
at ALICE.

2.2. Time Projection Chamber (TPC)

The main tracking detector of ALICE is the TPC. It provides momentum and particle identi-
fication informations. The TPC is a cylindrical drift detector with a length of 5 m, a diameter
of 5.6 m and is filled with Ne (85.5%), CO, (9.5%) and N, (4.8%). It is divided into two drift
regions by a central high-voltage electrode. Charged particles, passing through it, ionize the
gas molecules and free electrons. These electrons drift towards the end plates of the TPC

which are equipped with multi-wire proportional chambers [9]. The coordinates transverse
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2.3. Time of Flight detector (TOF)

to the beam direction are given by the signal position at the end-cap while the third dimen-
sion is reconstructed via the drift time. The TPC is one of the main detectors for particle
identification which is determined by the energy loss per unit length (%) given by the col-
lected charge.

2.3. Time of Flight detector (TOF)

The TOF is a gas detector consisting of Multigap Resistive Plate Chamber (MRPCs), a type
of detector developed to meet the requirements of time resolution and number of read-out
channels [11]. It contains about 157000 individual cells covering an area of 160 m? at a radius
of 3.7m [13]. The TOF array is an important detector for particle identification because it
measures the flight time of the individual particles between the collision and the point were
it is mounted. The moment of collision is determined by the T0 signal, if it is available [9].
Using the determined time and the momentum of a certain particle, one can determine its

mass and therefore identify the particle.
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3. Feasibility studies

3.1. Monte Carlo samples used for this analysis

Table 3.1.: Overview of the Monte Carlo simulation samples used for this analysis

Sample name Generator Collision extra information
energy
LHC10f6a Pythia 7 TeV Minimum Bias
LHC10f6 Phojet 7 TeV Minimum Bias
LHC10f7a_d Pythia 7 TeV Enhanced heavy flavour

Phojet [14] and Pythia [15] are particle generators needed to simulate the particle produced
in the collision. In the minimum bias samples the charm and beauty production cross sections
are more or less reproduced. To produce the enhanced sample, a c-¢ or b-b pair was requested
in every event. Therefore the statistics of heavy flavour hadrons are enriched. This special
data-set has to be used carefully because this enhancement of heavy flavour results in wrong
production cross sections. Hence, some features from the minimum bias Pythia samples are

not reproduced, e.g. the branching ratios.

3.2. Pre-analysis

Before using the new criteria for an analysis purpose, one has to check whether they are
expected to create pure enough samples in real data. For this purpose the selection criteria
were tested with Monte Carlo (MC) simulations of proton-proton collisions at /s = 7 TeV
fitting to data taken with ALICE during the 2010 LHC run.

But since there are several possible MC particle generators, it has to be assessed which are
working well for this analysis. Therefore the branching ratios of the semi-electronic decays
of b hadrons and the total number of daughter particles of b and ¢ hadrons were checked in
Pythia and Phojet samples (Figure 3.1 and Figure 3.2). In this thesis the particles which are

created during the total decay chain are called prongs.
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3. Feasibility studies

Table 3.2.: Branching ratios (BR) for semi-electronic decay of B mesons and A,. Given are
the PDG values [7], the values calculated with Pythia and Phojet and the associ-
ated deviations from the PDG value in units of the combined error. The related
antiparticles are included in the numbers of the respective particle.

Particle BRpp (%] BRp, ihia | /0] deviation  BRpy,je[ %] deviation
B* 10.99 + 0.28 10.89 £ 0.06 0.35 12.6 0.3 4.0
B’ 10.3340.28  11.03 4 0.04 2.5 12.8 £ 0.4 6.2
B’ 9.5+2.7 10.99 + 0.09 0.6 13.84+1.0 1.5
B/ — 12.5+0.8 — 16.7 +17.9 —
A 9.8 +2.2 10.8+0.1 0.5 129416 1.1

These two criteria showed that the particle generator Phojet should not be used for the
further analysis. One reason is that Phojet does not reproduce the expected branching ratios
of semi-electronic decays of b hadrons. The branching ratios determined with Phojet differ
from the PDG-values much more than the ones determined with Pythia. Most of the Pythia
results differ by less than 30. Since the PDG does not offer a value for the theoretical branch-
ing ratio of semi-electronic decays of B}/, it cannot be compared to the values determined
with Pythia and Phojet. But since the B}/~ is a very rare particle (Figure 3.3) only a small
effect on the analysis is expected and therefore it was excluded from the analysis.

Since higher numbers of prongs are more likely for heavier particles, the number of prongs
originating from b hadrons should extend to higher values and at some point higher numbers
of prongs should be more frequently belonging to b hadrons. In addition, the mean number
of total prongs from ¢ hadrons should be lower than the one for b hadrons. Since these
features are only observable in the simulations with Pythia, this is an important argument
against Phojet.

Therefore, Pythia6 and Geant3 [16] were used for the further analysis. Geant is a detector
simulator which contains the full information about the material and the geometry of the
whole detector and is used to simulate the interactions of the produced particles with the
detector material.

Another basic information is about unexpected features in the pseudorapidity (1) and the
transverse momentum (py) distribution for B mesons and their electron daughters because
this could lead to the need of spatial or momentum dependent treatment.

Figure A.1, which can be found in the appendix, illustrates that the spatial distributions
within the acceptance of the ALICE detector are almost flat. Therefore the only spatial con-
straint is the acceptance of the detector. The momentum distribution of the electrons and b

hadrons also show the expected distribution (Figure A.2).
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3.2. Pre-analysis

Branching ratio

0.35
0.3
0.25
0.2
0.15

BR

0.1
0.05

w
9]
(o8]
(o9)
w
(o8]
+
[9)
vy)
%)
>
o

Type

(a) Branching ratios for semi-electronic decays with Phojet

Branching ratio

0.14
0.135
0.13

% 0.125

0.12

0.115

0.11

w
o
w
w
(o9)
w

+

(9]
(o9)
(]

>

o

Type

(b) Branching ratios for semi-electronic decays with Pythia

Figure 3.1.: Branching ratios for the semi-electronic decay of the different B meson types
and A,. The upper plot shows the results using Phojet, the lower one the Pythia
results.

An additional basic information is the kinematic correlation between the daughter electrons
and the b or ¢ hadron itself, see appendix Figure A.3 and Figure A.4. If there had been no
correlation, it would be impossible to use these electrons to start the reconstruction. The
plots for the b hadrons were less clear because they are much rarer than c hadrons, therefore

the histograms taken from the enhanced sample is shown in this thesis (Table 3.1). For the
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Figure 3.2.: These plots are showing the abundance of the number of particles created during
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b or ¢ hadron decay chain. Here every particle which is created during the whole
decay chain of the respective hadron but not via secondary reaction with the
detector material is taken into account. The entries belonging to b hadrons are
shown in red and the ones belonging to ¢ hadrons in blue. The upper plot shows
the results using Phojet samples, the lower one the results using Pythia samples.



3.3. Analysis of the new selection criteria
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Figure 3.3.: The yield of the different b hadron types within the simulation with Pythia. The
numbers for the neutral hadrons and their anti-particle are summed up to one
entry. The most common B meson type are the B, the B and their antiparticle.
The rarest are the B/~

further analysis all types of b and ¢ hadrons, except of the B, were taken into account, if

not stated differently.

3.3. Analysis of the new selection criteria

Since the analysis should provide general information about the feasibility of the proposed
method, the b and ¢ hadrons were taken into account independently from there decay type,
i.e. the hadrons do not have to decay semi-electronically. This analysis only deals with the
discrimination of b hadrons from ¢ hadrons, it does not take any other background source into
account. For simplicity the whole analysis was done p;-integrated. The feasibility analysis
was split into three parts characterized by the information taken into account. The first step
of the analysis was based on the full information about the particles given by Pythia and
Geant. Since not all daughter particles are detectable, the next step was to analyse how the
detectability changes the information given. For this purpose some criteria for detectability
were introduced, see subsection 3.3.2.

However, real data does not contain all the information known in the simulation (MC-Truth
and Geant) and not all particles which are theoretically measurable are really reconstructed.

Therefore the results of this feasibility checking step are not enough to show that the new
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3. Feasibility studies

selection criteria are useful. Hence, the last part uses the information provided by the track
reconstruction algorithm included in ALiIROOT, the knowledge about the particle identity
and the information which particles belong to b or ¢ hadrons, respectively. The tracks were
reconstructed mostly using information from hits in the ITS and ionization clusters in the
TPC.

3.3.1. Part 1 - Based on the full information given by Pythia and
Geant

The first part of this analysis is technically the simplest because all the particles which origi-
nate from b or ¢ hadrons and belong to the particles called "primary particles" in Pythia were
taken into account. In Pythia the "primary particles" are defined as physical primary parti-
cles, which are emerging from the collision, and all products from strong and weak decays
within ¢7 < 3.9 cm.

C hadrons created by b hadron decays were discarded for the ¢ hadron analysis. This was
done by a checking function, see Code A.1, lines 1733 - 1750. In this part of the analysis only
the checks for the number of prongs and the decay length were made because the mass re-
construction would reveal only the literature values of the different b and ¢ hadrons which
would not be very interesting.

As seen in this first check, the number of prongs could be used as a separation criterion but
it will possibly not lead to high purity. The selection will maybe suffer from contamination
by ¢ mesons with unexpected high number of prongs (figure 3.2(b)).

The lifetime of the particle should follow a exponential distribution according to the decay
law. Therefore the literature lifetime should be found again by looking at the point where
% of the hadrons at the beginning are left. The respective values taken from Figure 3.4 are
7. ~ 410fs and 7, ~ 1400fs and fit well to the literature values of the ¢ and b hadrons,
respectively.

Since in hadronic collisions many more ¢ hadrons than b hadrons are created and therefore
the ¢ hadrons are much more abundant even at higher lifetime values than the b hadrons the

lifetime cannot be used to distinguish these hadrons very efficiently, see Figure 3.4.

3.3.2. Part 2 - Based on measurable particles and their properties

given by Pythia and Geant

Since not all prongs of b and ¢ hadrons are measurable this step of the analysis gives a first

hint whether the criteria are useful for real data analysis without wasting too much time to
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Figure 3.4.: This plot shows the distribution of the lifetime values for ¢ hadrons (blue) and b
hadrons (red) calculated with the Pythia and Geant information. This plot indi-
cates that the lifetime criterion should not be used as a standalone criterion. Since
the crossing point of the distribution vary with the ratio of b and ¢ hadrons, the
life time can be helpful when combining criteria.

implement the more difficult third part of this analysis. Therefore the analysis step of part 1
had been repeated with a pre-selection of detectable particles via a recursive function, which
checks if the daughters of a given particle are measurable (Code A.1, lines 1473 - 1501).

The most fundamental criterion for measurability was that the particle has to appear in the
region of |n| < 0.8, because the central barrel of ALICE covers only the region between
—0.9 < 1 < 0.9 and the outermost region provides track information of lower quality.
Therefore the outermost regions were not used for the analysis. The second criterion was set
by the acceptance in the momentum space. Therefore particles with a high enough trans-
verse momentum had been taken into account, 0.1 GeV/c < p; < 950GeV /c. The last step
of selecting the measurable particles was to choose only charged particles which are inter-
esting for the reconstruction of vertices (vertexing). These were electrons, muons, charged
kaons, charged pions and protons.

The number of measurable prongs is much lower than the total number of prongs, but the
distributions show that this criterion is much purer, if only the measurable prongs have been

used, see Figure 3.5.

The first check for the mass criterion was implemented by reconstructing the four-momentum

vector of the b or c hadron via its measurable prongs. This was done by checking if the daugh-
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Figure 3.5.: This plot is showing the distribution of the number of measurable prongs for
b hadrons (red) and ¢ hadrons (blue). Since not all prongs are measurable the
numbers do not extend to values as high as for the total number of prongs,
but by cutting back to the measurable prongs the distribution became better for
selection.

ters of a given particle belong to the "primary particles" of Pythia and are detectable. If these
two conditions were fulfilled the four-momentum vector of this daughter was added to the
four-momentum container belonging to the respective particle. If a prong was not detectable
the function was restarted with this prong to reconstruct its four-momentum and later add
it to the four-momentum container of the respective mother particle. The invariant mass
is given by the norm of the four-momentum vector. Since we have to reconstruct the de-
cay vertex of the hadrons to access the information about the new selection criteria in real
data, all four-momentum vectors containing only values from one prong were neglected.
The explicit implementation can be found in the appendix, Code A.1, lines 1547 - 1616. The
resulting distributions of the invariant mass of the b and ¢ hadrons show that the mass could

offer the chance to create a totally pure sample of b hadrons (Figure 3.6).

In this part the lifetime was calculated using the distance between the production point
of the first measurable direct daughter of the respective hadron and the primary vertex. The
mass and the momentum had been taken from Pythia and Geant. Since the distribution for

the lifetime has not changed by much in this step, it will not be discussed in this section.
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Figure 3.6.: The distribution of the mass values reconstructed with the measurable prongs
using momentum and particle identity information taken from Pythia and Geant.
The c hadrons are shown in blue and the b hadrons in red. The peaks for the fully
reconstructed ¢ and b hadrons are labelled with the respective particles.

3.3.3. Part 3 - Based on reconstructed tracks

For this part the information gained by the reconstruction with AliROOT, the so-called ESD
track, had to be linked to the MC-Truth and Geant information to keep the knowledge of
particle identity and which particles descend from b or ¢ hadrons. To achieve this goal an
array was filled with the MC number of the particle, the MC number of the ancestor b or ¢
hadron and the generation for every measurable particle belonging to b and ¢ hadrons with
a recursive function during the MC analysis part (Code A.1, line 1473 - 1501). In this context
a generation is defined as the number of decays needed to get from the respective hadron
to the particle, e.g. if the BO decays semi-electronically the resulting electron belongs to the
first generation.

If a track is found for a particle from MC-Truth or Geant, AliROOT assigns the MC number
to the track as an additional label. Therefore these labels had been compared to the array
information to restore the link to the MC information. But since the quality of the different
tracks vary, some limiting conditions were introduced to leave tracks with very low recon-

struction quality out of the analysis. These conditions were set similar to the ones chosen in

[9]:

« The tracks had to be refitted in ITS and TPC to receive a higher track quality.
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3. Feasibility studies

+ The minimal number of charge clusters used for tracking in TPC was set to 100 to

obtain only tracks with enough data points to be sure about the track quality.

. The maximum Y? for each cluster was set to 4 to prevent fake tracks from close-by

clusters created by more than one particle.

+ Kink daughters were discarded to reduce double tracks, e.g. for electrons suffering

from bremsstrahlung.

« The maximum distance of closest approach (DCA) to the primary vertex was limited
to 1 cm in the transversal plane and 2 cm along the beam direction. This is useful
to reduce contributions from background tracks (e.g. cosmic rays) and non-primary

tracks.

« For electron tracks, the minimal number of hits in ITS was set to 4. In addition, only
electron tracks having hits in both innermost layers of ITS (SPD) had been used to

reduce contributions from photon conversions in the detector layers.

To test the efficiency of all the separation criteria, the impact parameter of electrons de-
scending from b or ¢ hadrons divided by the combination of the uncertainty of the track
and the primary vertex was added. In this case the impact parameter was evaluated in all
three spatial directions, that means the impact parameter d in this analysis is defined as
d = {/d? + d? with the impact parameter in the transverse plane (d,) and the distance in
beam direction (d,).

Figure 3.7 shows that the impact parameter cannot be used as a standalone criterion. How-
ever, it can be used to pre-select b hadron candidates by cutting away the regions where the
¢ hadrons dominate. The main goal of using this criteria is to reduce the number of recon-
structed vertices not belonging to b or ¢ hadrons at all and to lower the contribution by ¢
hadrons. The efficiency, which means the number of b hadrons selected with a cut using a

certain criterion against the total number of b hadrons with measurable daughter, is shown

2 2
Nb+Nc

N
the number of selected b hadrons (Ay, ), the contamination by ¢ hadrons (N,) and the total

in Table 3.3. The error on this efficiency is determined by A 4 = with the error of

meas.

number of b hadrons with measurable prongs (N . For the impact parameter the number

meas.)
of b hadrons with measurable electron daughter instead of measurable daughters was used.
Two possible cuts were chosen which do not have errors higher than their efficiency and are
still so efficient that enough hadrons remain.

The number of prongs only changed a little compared to the results from part 2 and offers

an additional nearly pure criterion to combine with the others (Figure 3.8 and Table 3.3).
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Distribution of the impact parameter

10 %

10° pd

E\

%) -
S 10°F
(@] E
o C
10

1

| |
e
10 20 30 40 50 60 70
Impact parameter/error

Figure 3.7.: The distribution of the impact parameter of the electrons descending from b
hadrons (red) and ¢ hadrons (blue) calculated with KF package, see [17]. This
plot indicates that the impact parameter can only be used to pre-select b hadron
candidates by cutting away the region where most of the electrons belong to c
hadrons.
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Figure 3.8.: This plot is showing the distribution of number of tracks contributing to the re-
constructed b hadron (red) and ¢ hadron (blue) vertices. Since not all measurable
prongs are really detected the numbers are not equal to values for the part 2 but
the possibility of distinguishing b and ¢ hadrons has not changed by much.
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Table 3.3.: The efficiency of the selection criteria. Given are two examples for a lower cut
and the respective efficiency. The efficiency is defined by the number of b hadrons
selected divided by the total number of b hadrons with measurable prongs. The
error contains the error on the summation of the selected b hadrons and the ¢
hadron contamination. The values given for the number of prongs and the mass
criteria are the cuts which are the most efficient cut which still has not a too high
error and the most efficient pure cut. For the lifetime the most efficient cut is given
for the ratio of b and ¢ hadrons given by Pythia and for a pre-selected sample
containing as many b hadrons as ¢ hadrons. The efficiencies given for the impact
parameter belong to the cut values which are the most efficient with not too high
errors and are given with respect to the total number of b hadrons with measurable
electron daughter.

Criteria cut value  efficiency[%]  cutvalue efficiency|[%]
impact parameter 100 3.0+£2.3 120 1.9+1.3
number of prongs 6 4.26 4+ 0.08 9 0.215 £ 0.008

lifetime 1300 fs 30 4 132 1300 fs 30 +£19

invariant mass 2.3GeV/c? 16.7 £ 0.5 2.48GeV/c*  13.44 4 0.07

The mass for the hadrons was reconstructed in a similar way as in the previous part. The
principle of the reconstruction function is the same but since the four-momenta given by the
reconstructed track were used instead of the one given by Pythia and Geant some modifica-
tions had to be made. First of all only measurable daughters with a corresponding ESD track
were used to fill the four-momentum container. The particle identity and assumption for
the track mass were taken from Pythia and Geant. In addition, the number of prongs with
corresponding ESD tracks were evaluated with this function. Since we want to reconstruct
the respective hadrons with real data more easily, the AliRoot KF (Kalman filter) package
[17], was used. This package reconstructs vertices or particles by adding up daughter parti-
cle tracks. Therefore not only the four-momentum is reconstructed, but the whole mother
particle properties (e.g. invariant mass and decay length). The daughter particle tracks were
either created using an existing ESD track and the information about the particle identity or
by reconstructing it with its daughters. The KF package is a very powerful tool and provides
many possibilities to access the information needed for the further analysis more easily, e.g.
the position of the vertices or the number of prongs. The detailed implementation is given
in the appendix, Code A.1, lines 1618 - 1731.

The distribution of the reconstructed mass show that this criterion can be used to create
a total pure selection (Figure 3.9) and still having a good efficiency (Table 3.3). The two ¢

hadrons with masses higher than the literature value are caused by electron tracks created
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e.g. by photon conversion. These tracks were not identified properly using the TPC and TOF

and therefore the special electron track cuts had not discarded them.
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Figure 3.9.: The distribution of the mass values reconstructed with the ESD track information.
The ¢ hadron values (blue) show a clear cut at about 2.5 GeV /c?, while b hadrons
with a mass up to 5.4 GeV /c* have been found.

The lifetime was determined using the distance between the reconstructed secondary ver-
tex and the primary vertex calculated with the KF package. The momentum and the mass
were taken from the reconstructed hadrons, too. Since fewer hadrons with high masses are
reconstructed, the number of b hadrons in the high lifetime region is lower. Therefore the
lifetime cannot be used without any pre-selection, which had lowered the ratio between
b and c hadrons, any more, see appendix Figure A.5. Therefore the lifetime criterion was
checked by normalizing the data from b and c hadrons to the same total number. Figure 3.10
indicates that the lifetime can be useful to improve selections which had already lowered the
number of ¢ hadrons contained in the sample. The efficiency of the lifetime criterion was
evaluated for a cut near to the crossing point (at 1300 fs) shown in the normalized plot using

the un-normalized and the normalized data.

3.4. Correlations between the criteria

Since the selection criteria have to be combined to efficiently select and distinguish b and ¢

hadrons, it is important to know how they are connected with each other. The respective
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Lifetime via KF
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Figure 3.10.: This plot shows the distribution of the lifetime values for ¢ hadrons (blue) and
b hadrons (red) calculated with the information taken from the hadrons recon-
structed with the KF package normalized to the same number of entries. This
plot indicates that the lifetime criterion can be used, if a pre-selection had low-
ered the ratio of ¢ and b hadrons.

plots showing the correlations of the analysed criteria can be found in the appendix (Fig-
ure A.2 ff.). These plots indicate that the cut in the minimum impact parameter has to be
chosen as small as possible to prevent losing too many candidates. Therefore it would be
good to use the impact parameter only to reduce the number of non-b and non-c hadron
candidates.

The impact parameter seems to be slightly linked to the number of prongs because a high
number of prongs leads to a smaller maximum impact parameter. A higher number of prongs
leads to a distribution of the rest-energy of the hadron over more particles. Therefore the
daughter particles cannot deviate from the mother direction by much and therefore lower
impact parameter values are expected. The correlation of mass and the number of prongs is
caused by the fact that a higher number of prongs leads to a more complete reconstruction
and therefore to a higher minimum mass. The distance of the reconstructed vertices from
the primary vertex is linked to the impact parameter of the electron. Therefore the lifetime
and the impact parameter are expected to be correlated. Since the mass was used to evaluate

the lifetime, these two criteria should be correlated, too.
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4. First approach for data-based

analysis

As we have seen in the previous chapter the new criteria can be used to distinguish b and c
hadrons. To access them the secondary vertices have to be reconstructed at least partially.
In this chapter a first attempt to reconstruct theses vertices via particle tracks which are near
to each other will be shown. After the reconstruction, the selection criteria are employed to
reduce the contamination from non-b hadron vertices. The quality of this analysis approach
is checked with the information provided by the MC-Truth. For this part the minimum bias

data-set was used.

4.1. Reconstruction of b hadron candidates

The reconstruction starts by selecting electrons with a deviation from the primary vertex of
at least 40 to reduce the number of tracks which are belonging to non-b and non-c hadrons.
Since many c hadrons are included in this selection the efficiency of this cut has a high er-
ror. Hence we have to use the new criteria to improve this selection. For the reconstruction
the same track quality cuts as in subsection 3.3.3 were used. The electrons were identified
as described in section 1.3 and the impact parameter was determined using the KF package
(Code A.1, lines 1263 - 1279).

The next step was to check which particle track is the one nearest to the respective electron
track and creates a vertex having a maximum distance in transverse direction of 3.9 cm and
10 cm in beam direction (Code A.1, lines 1280- 1323). These transversal cuts were employed
because a b hadron is not expected to reach the ITS and the cut in the beam direction was
needed to reduce the effect of fake vertices by particles created when collision particles in-
teract with the detector material.

The last step of vertex reconstruction was to add all the particles not exceeding a deviation
of 30 from the respective reconstructed vertex. The particles were identified with the infor-
mation provided by the TPC (Code A.1, lines 1290 - 1297).
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4. First approach for data-based analysis

The first step of improving the selection was to neglect all vertices which have less than two
contributors because for reconstructing a vertex at least two particles are needed. To distin-
guish b hadron vertices from other vertices, it was asked for a mass of at least 2.3 GeV /c?.
To remove fake vertices a maximum mass of 6.3 GeV/c? had been introduced. To further
reduce the number of fake vertices the minimum value for the lifetime was set to 900 fs.

The quality of the electron and vertex selection were checked by comparing with the infor-
mation given by the MC-Truth and Geant. The respective functions for the quality check of
the electron and vertex selection are shown in the appendix, Code A.1, lines 1390 - 1408 and
lines 1410 - 1471. The electron sample was checked before reducing non-b hadron contribu-
tions using the number of prongs, the lifetime and the mass criteria. The vertices were check

after these selection cuts.

Quality of electron selection
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Figure 4.1.: The results of the quality check of the electron selection. The first bin shows
how many electrons are not contained in the MC-Truth and therefore cannot
be linked to certain collision products. The next two bins indicate how many
electron candidates, which can be found in the MC-Truth, are really electrons.
The last two bins reveal the origin of the real MC-Truth electrons.

Figure 4.1 shows that most of the selected electron candidates can be found in the MC-
Truth and can therefore be linked to collision products. The percentage of the electrons
belonging to b hadrons is lower than the one with other origin (like ¢ hadrons or pions) be-
cause of the very loose impact parameter cut and the fact that the other selection criteria
were not yet used.

Since not all electron tracks have other particle tracks in their vicinity, with which they create
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4.1. Reconstruction of b hadron candidates

a vertex being close enough to the primary vertex, fewer vertices than electrons are recon-
structed. These vertices still contain many fake vertices created accidentally by particles not
descending from the same particle. Therefore the additional cuts on the lifetime and the mass
were important not only to reduce the share of vertices belonging to other particles than b
hadrons but also to reduce the contamination by fake vertices. After introducing these cuts

about 19.8 % of all vertices are left for the analysis of the quality of the classification.

Quality of b hadron vertex reconstruction
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Figure 4.2.: The results of the quality check of the vertex selection. The 50-bin shows only
the vertices which cannot be linked to a MC-Truth vertex within 3o, but within
50. Within 50, most of the vertices cannot be linked to any vertex contained in
the MC-Truth. But nearly the same amount of vertices are really belonging to b
hadrons and have been found in MC at least once.

Even though the criteria for identifying reconstructed vertices with vertices known from
the simulation and the vertex reconstruction method used in this part were only very simple
approaches, the result shows a relatively good quality. About 44.9 % of the resulting vertex
sample really belong to b hadrons, but about the same number of the vertices (47.4 %) can-
not be linked to any vertex contained in the MC-Truth within 50. The high amount of fake
tracks is caused by the very simple vertexing and will be lowered by improvements. The ¢
hadron contamination which survived the mass cut is caused by the fact that the maximum
¢ hadron mass, which can be reconstructed, is a little bit increased because of the error on
the track energies and momenta. A higher minimum mass cut would result in a lower of
efficiency and therefore was not chosen.

The reconstruction could be improved by trying to create the first guess for the vertex not
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4. First approach for data-based analysis

only with one track nearest by the electron but trying to find, for example, two tracks which
create the same vertex with the electron. A future goal could be to find an electron indepen-
dent way of reconstructing secondary vertices because this would lead to a higher number of
possible b hadron vertices since only about 20.5 % of the b hadrons produce electrons during

their decay chain.
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5. Summary and outlook

New criteria to distinguish b and ¢ hadrons were investigated using MC simulations of pp col-
lisions at /s = 7' TeV. These criteria were the mass, the lifetime and the number of particles
contributing to a partially reconstructed secondary vertex. In addition, the impact parame-
ter of electrons created by semi-electronic decays of b hadrons was taken into account. The
analysis showed that the mass and the number of prongs can be used to create pure samples.
Allowing ¢ hadron contamination results in a higher efficiency without having significantly
larger errors. The mass used as an almost pure criterion has an efficiency of (16.7 £+ 0.5) %
and the number of prongs reaches (4.26 + 0.08) % efficiency. Tests have shown that vertices
with many contributing tracks are very rare if one uses the reconstructing method described
in chapter 4. Therefore the cut on the number of prongs cannot be very strong. The selections
using the other criteria are less efficient and suffer from contamination by ¢ hadrons. Hence
the impact parameter can only be used to pre-select b and ¢ hadrons. The lifetime criterion
can only be used in combination with others. It can either be used after a pre-selection has
reduced the number of ¢ hadrons to about the number of b hadrons or can be used to create
such a pre-selection.

The next step could be a pp-dependent analysis instead of a pp-integrated one and to check
the influence of other background particles on the quality of the criteria. Starting from the
knowledge about the feasibility of the criteria, further tests could maybe improve the way
of reconstructing the secondary vertices or find the best combination of cut values for using
these criteria in a mixture. An additional aspect to investigate could be trying to find more
elaborated ways of reconstructing secondary vertices. Maybe kaons or pions can be used to
develop additional electron independent approaches. Furthermore an efficient way of iden-
tifying reconstructed vertices with vertices contained in the MC-Truth has to be developed
to get clearer information about the quality of the reconstruction.

The results from these investigations could be very useful for the determination of the b
hadron yield in pp and in p-Pb. The reconstruction method could be eventually developed to
study the beauty production in heavy ion collisions and its modifications due to interactions

with a strongly interacting, de-confined medium, the Quark-Gluon Plasma. This would help
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5. Summary and outlook

both towards more precise test of pertubative QCD and to study the characteristics of the
QGP.
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A. Appendix

A.1. The analysis task code

833 void AliAnalysisTaskBeauty::UserExec(Option_t *) {
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// Main loop; Called for each event; Checking for MC

Bool_t MC=0;

AliMCEventHandler * mcH = dynamic_cast<AliMCEventHandler*>( (s>
AliAnalysisManager: :GetAnalysisManager ())->GetMCtruthEventHandler());

if (ImcH){ } else { MC=1; }

/! ESD

// Create pointer to reconstructed event

AliVEvent *event = InputEvent();

if (levent) { Printf("ERROR: Could not retrieve event"); return; }

// Get ESD event

AliESDEvent* esd = dynamic_cast<AliESDEvent*>(event) ;

if ('esd) { AliError("Cannot get the ESD event"); return; }

Int_t ntracks = esd->GetNumberOfTracks();

TObject* eventhandler = AliAnalysisManager: :GetAnalysisManager()-><>
GetInputEventHandler();

if (! ((A1iESDInputHandler*)eventhandler)) Printf("ESD inputhandler not <>
available \n");

fESDpid = ((AliESDInputHandler*) (AliAnalysisManager: :GetAnalysisManager ()->¢
GetInputEventHandler ()))->GetESDpid();

if (!fESDpid){ Printf ("ERROR: fESDpid not available"); return; }

AliKFParticle::SetField(esd->GetMagneticField());

// Primary Vertex and it's posititon

const AliESDVertex *prima = esd->GetPrimaryVertex();

const AliKFVertex primVtx( *(esd->GetPrimaryVertex()));

Double_t primares2 = TMath::Power( prima->GetXRes(),2)+TMath: :Power (prima->¢
GetYRes() ,2)+TMath: :Power (prima->GetZRes () ,2) ;

if (MC) AnalysiswithMCTruth(mcH, esd, fTrackCuts, fTrackCutsElec, ntracks, <
primVtx, primares2);

AnalysiswithoutMCTruth(mcH, MC, esd, fTrackCuts, fTrackCutsElec, ntracks, ¢
primVtx, primares2);

// Information for this iteration of the UserExec in the container

PostData(l, fOutput);

void AliAnalysisTaskBeauty::AnalysiswithMCTruth(AliMCEventHandler* mcH, <

Al1iESDEvent* esd, AliESDtrackCuts* fTrCuts, AliESDtrackCuts* fTrCutsElec, ¢
Int_t ntracks, const AliKFVertex primVtx, Double_t primares2) {

Double_t Bacceptance=0.9;

// Create pointer to MC event
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Al1iMCEvent *mcEvent = mcH->MCEvent();

if (!mcEvent) { Printf("ERROR: Could not retrieve MC event"); return; }

AliStack* stack = mcEvent->Stack();

if( 'stack ) { Printf( "Stack not available"); return; }

TParticle* mcpart = 0xO0;

Int_t nNumberOfMCPrimaries = stack->GetNprimary();

Double_t DecaylLength=0;

Double_t DecayLengthXY=0;

TLorentzVector MassRecVec= TLorentzVector();

TNtuple* Bmespart = new TNtuple("mespart", "# of measurable particles of one¢>
b hadron", "MClabel:B number:Generation");

TNtuple* Dmespart = new TNtuple("mespart", "# of measurable particles of one<°
b hardon", "MClabel:B number:Generation");

Int_t nProng[2]; // Counter for prongs and measurable prongs

Int_t nBmes = 0; // Counter for number of b hardon in this event

Int_t nDmes = 0; // Counter for number of c hardon in this event

Int_t gen = 0; // Counter for decay generation

for (Int_t iCurrentLabelStack = 0; iCurrentLabelStack < nNumberOfMCPrimaries<>
; iCurrentLabelStack++) {
mcpart = stack->Particle( iCurrentLabelStack );
if ('mcpart) { printf("Stack loop %d - MC TParticle pointer to current ¢
stack particle = 0x0 ! Skip ...\n", iCurrentLabelStack ); continue; }
Int_t pdg = mcpart->GetPdgCode();
Int_t abspdg = TMath: :Abs(pdg) ;
// Filling the b hardon histogram
switch (pdg){
case 521: fHistBm->Fill(1); break;
case -521: fHistBm->Fill(-1); break;
case b511: fHistBm->Fill(0); break;
case -511: fHistBm->Fill(0); break;
case b541: fHistBm->Fill(2); break;
case -541: fHistBm->Fill(-2); break;
case b531: fHistBm->Fill(3); break;
case -531: fHistBm->Fill(3); break;
case 5122: fHistBm->Fill(4); break;
case -5122: fHistBm—->Fill(4); break;
default: break;
}
// B, B_s, B_c, lambda_b for prong analysis
if ( abspdg==521 || abspdg==511 || abspdg==531 || abspdg==541 || abspdg<
==5122 ) {
fHistBEta->Fill(mcpart->Eta());
fHistBpt->Fill(mcpart->Pt());
nBmes++;
MassRecVec= TLorentzVector();
Int_t fchild = mcpart->GetFirstDaughter();
Double_t absEta=TMath: :Abs(mcpart->Eta());
Int_t children = O;
if (fchild > 0) {
TParticle *decaypoint = stack->Particle(fchild);
if (abspdg!=541 && absEta <= Bacceptance){ // B_c not used in this <
analysis and acceptance
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911 MCReconstructMass(stack, iCurrentlLabelStack, <>
nNumberOfMCPrimaries, &MassRecVec );

912 if (MassRecVec != TLorentzVector()) fHistmeasMassB->Fill(«°
MassRecVec.M());

013 DecayLength = TMath::Sqrt(TMath: :Power (decaypoint->Vx () -mcpart+

->Vx () ,2)+TMath: :Power (decaypoint->Vy () -mcpart->Vy () ,2) ++
TMath: :Power (decaypoint—>Vz () -mcpart->Vz(),2));

914 fDecayLengthMCB->Fill (DecayLength) ;

915 fLifeTimeMCB->Fill (DecayLength*0.33e5* (mcpart->GetMass () /mcpart<>
->P0O));

916 fDecayLengthMCBT->Fill (TMath: :Sqrt (TMath: :Power (decaypoint->Vx«>
() -mcpart->Vx () ,2)+TMath: :Power (decaypoint->Vy () -mcpart->Vy<+>
0,2)));

917 nProng={O} 5

918 MeasurableDecays(stack, iCurrentLabelStack, <
nNumberOfMCPrimaries, Bmespart, nBmes, gen, nProng);

919 MeasurableDecays2(stack, iCurrentLabelStack, ¢
nNumberOfMCPrimaries, fHistBProngs, MassRecVec, <«
fLifeTimeMeasB) ;

920 fHistNProngB->Fill (nProng[0]);

921 fHistmeNProngB->Fill (nProng[1]);

922 }

923 children = mcpart->GetNDaughters();

924 for (Int_t loopchild = fchild; loopchild <= (fchild + children); <

loopchild++){

925 TParticle *looppart = stack->Particle(loopchild);

926 Int_t pdgchild = looppart->GetPdgCode();

927 if (TMath::Abs(pdgchild) == 11) {

928 if (abspdg!=541){

929 fHisteEta->Fill(looppart->Eta());

930 fHistept->Fill(looppart->Pt());

931 fHistCorPt->Fill (mcpart->P(), looppart->P());

932 fHistCorEta->Fill (mcpart->Eta(), looppart->Eta());

933 }

934 switch (pdg){

935 case b521: fHistBme->Fill(1); break;

936 case -521: fHistBme->Fill(-1); break;

937 case b511: fHistBme->Fill(0); break;

938 case -511: fHistBme->Fill(0); break;

939 case b541: fHistBme->Fill(2); break;

940 case -541: fHistBme->Fill(-2); break;

941 case b531: fHistBme->Fill(3); break;

942 case -531: fHistBme->Fill(3); break;

943 case 5122: fHistBme->Fill(4); break;

944 case -5122: fHistBme->Fill(4); break;

945 default: break;

946 }

947 }

948 }

949 }

950 }

951 // D, D_s, lambda_c for prong analysis

952 if( abspdg == 411 || abspdg == 421 || abspdg == 431 || abspdg == 4122 ){
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953 Bool_t check = 0;

954 check = checkmother (stack, mcpart);

955 if (check == false){

956 nDmes++;

957 MassRecVec= TLorentzVector();

958 Int_t fchild = mcpart->GetFirstDaughter();

959 Int_t children=0;

960 Double_t absEta=TMath: :Abs(mcpart->Eta());

961 if (fchild > 0) {

962 if (absEta<=Bacceptance){

963 MCReconstructMass(stack, iCurrentlLabelStack, <«
nNumberOfMCPrimaries, &MassRecVec );

964 if (MassRecVec != TLorentzVector()) fHistmeasMassD->Fill (x>
MassRecVec.M());

%65 TParticle *decaypoint = stack->Particle(fchild);

966 DecayLength = TMath::Sqrt(TMath: :Power (decaypoint->Vx () -«

mcpart->Vx () ,2)+TMath: :Power (decaypoint->Vy () -mcpart-><
Vy(),2)+TMath: :Power (decaypoint->Vz () -mcpart->Vz(),2));

967 fDecayLengthMCD->Fill (DecayLength) ;

968 fLifeTimeMCD->Fill (DecayLength#0.33e5* (mcpart->GetMass () /¢
mcpart->P()));

969 fDecayLengthMCDT->Fill (TMath: : Sqrt (TMath: : Power (decaypoint+

->Vx () -mcpart->Vx () ,2)+TMath: : Power (decaypoint->Vy () -«
mcpart->Vy(),2)));

970 nProng = {0};

971 MeasurableDecays(stack, iCurrentLabelStack, <
nNumberOfMCPrimaries, Dmespart, nDmes, gen, nProng);

972 MeasurableDecays2(stack, iCurrentLabelStack, <
nNumberOfMCPrimaries, fHistDProngs, MassRecVec, <
fLifeTimeMeasD) ;

973 fHistNProngD->Fill (nProng[0]);

974 fHistmeNProngD->Fill (nProng[1]);

975 }

976 children = mcpart->GetNDaughters();

977 for (Int_t loopchild = fchild; loopchild <= (fchild + children)<>

; loopchild++){

978 TParticle *looppart = stack->Particle(loopchild);

979 Int_t pdgchild = looppart->GetPdgCode() ;

980 if (TMath::Abs(pdgchild) == 11) {

981 fHistCorPtD->Fill( mcpart->P(), looppart->P() );

982 fHistCorEtaD->Fill (mcpart->Eta(), looppart->Eta());

983 }

984 }

985 }

986 }

987 }

988 }

989 // List for the hadrons

990 Int_t* flistB = new Int_t[nBmes]();

991 Int_t* flistD = new Int_t[nDmes] ();
992 Int_t fillB = O;
993 Int_t £illD = O

>
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for (Int_t iCurrentLabelStackl = 0; iCurrentLabelStackl < >

nNumberOfMCPrimaries; iCurrentLabelStackl++) {
mcpart = stack->Particle( iCurrentLabelStackl );

if (!mcpart) { printf("Stack loop %d - MC TParticle pointer to current ¢
stack particle = 0x0 ! Skip ...\n", iCurrentLabelStackl ); continue; ¢

}
Int_t abspdg = TMath: :Abs(mcpart->GetPdgCode());
Double_t absEta = TMath::Abs(mcpart->Eta());
if ( absEta<=Bacceptance){

if ( abspdg == 521 || abspdg == 511 || abspdg == 531 || abspdg==5122 ¢

) Ao
flistB[fillB]= iCurrentLabelStackl;
fillB++; continue;

3

if( abspdg == 411 || abspdg == 421 || abspdg =
Bool_t check = checkmother(stack, mcpart);

if (check == false){
flistD[fillD]= iCurrentLabelStackl;
£i11D++;

¥

nBmes=fillB;
nDmes=fillD;

// ESD

Float_t DCA[2] = {}; // DCA[0] is radial

= 431 || abspdg == 4122){

Float_t errDCA[3] = {}; // errDCA[0] radial error, errDCA[2] in z direction

Double_t elecres2 = O;

Int_t* NESDProngB = new Int_t[nBmes] ();

Int_t* NESDProngD = new Int_t[nDmes]();

Int_t* fGProngB = new Int_t[nBmes] ();

Int_t* fGProngD = new Int_t[nDmes] ();

Double_t* ImPar = new Double_t[nBmes] ();
TLorentzVector* VecB = new TLorentzVector [nBmes] ();
TLorentzVector* VecD = new TLorentzVector [nDmes] () ;

TLorentzVector* VecBall = new TLorentzVector [nBmes] ();
TLorentzVector* VecDall = new TLorentzVector [nDmes] () ;
AliKFParticle *DecayBl = new AliKFParticle[nBmes] ();
AliKFParticle *DecayDl = new AliKFParticle[nDmes]();

AliKFParticle *DecayB = new AliKFParticle[nBmes] () ;
AliKFParticle *DecayD = new AliKFParticle[nDmes] () ;

for(Int_t i = 0; i < ntracks; i++) {

AliESDtrack* esdtrack = esd->GetTrack(i); // Pointer to reconstructed track

if (lesdtrack) {

AliError (Form("ERROR: Could not retrieve esdtrack %d",i)); continue; }

Bool_t goodESD = fTrCuts->AcceptTrack(esdtrack);
Bool_t goodElec = 1;
if (goodESD){
// Read the label
Int_t lab=TMath: :Abs(esdtrack->GetLabel());
// Searching for electrons
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if (TMath::Abs(fESDpid->Number0fSigmasTOF (esdtrack, AliPID::kElectron¢
))<3. &% fESDpid->Number0fSigmasTPC(esdtrack,AliPID::kElectron)>0.+«
&& fESDpid->Number0fSigmasTPC(esdtrack,AliPID: :kElectron)<3 ){
goodElec = fTrCutsElec->AcceptTrack(esdtrack);
if (goodElec){
esdtrack->GetImpactParameters(DCA, errDCA);
fDCAe->Fill (esdtrack->P(), TMath::Sqrt(TMath: :Power (DCA[0],2)+¢+
TMath: :Power (DCA[1],2)));
AliKFParticle Elec (*esdtrack, stack->Particle(lab)->GetPdgCode<>
0);
fDCAeKF->Fill(Elec.GetP(), Elec.GetDistanceFromVertex(primVtx));
}
}
// Checking for MC-Truth measurables
for (Int_t ilab=0; ilab < Bmespart->GetEntries(); ilab++) {
Bmespart->GetEntry(ilab) ;
Float_t* row_cont = Bmespart->GetArgs();
if (lab == row_cont [0]){ // Measurable b hadron daughter
Int_t pdgB = stack->Particle(lab)->GetPdgCode();
Int_t abspdgB = TMath::Abs(pdgB) ;
Double_t DummyImPar = O;
if (abspdgB == 11){
goodElec = fTrCutsElec->AcceptTrack(esdtrack);
if (!goodElec) continue;
esdtrack->GetImpactParameters(DCA, errDCA);
fDCAeESDB->Fill(TMath: :Sqrt (TMath: : Power (DCA[0] ,2)+TMath: : >
Power (DCA[1],2)));
elecres2 = TMath: :Power (errDCA[0],2)+TMath: :Power (errDCA<>
[21,2);
fDCAeESDBerr->Fill( TMath::Sqrt(TMath: :Power (DCA[0],2)+¢
TMath: :Power (DCA[1],2))/TMath: :Sqrt (primares2+elecres2) <>
)3
AliKFParticle ElecB (*esdtrack, pdgB);
fDCAeKFB->Fill(ElecB.GetDistanceFromVertex (primVtx)) ;
fDCAeKFBT->Fill (ElecB.GetDistanceFromVertexXY (primVtx)) ;
DummyImPar = ElecB.GetDeviationFromVertex(primVtx) ;
fDCAeKFBerr->Fill (DummyImPar) ;
fDCAeKFBTerr->Fill (ElecB.GetDeviationFromVertexXY (primVtx) );
}
for (Int_t imes=0; imes<nBmes; imes++){
if (imes+1 == row_cont[1]){ // Which b hardon
if (DummyImPar!= 0 ){ ImPar[imes]= DummyImPar; }
if (row_cont[2]==1){ // Only direct prongs
Int_t PDG = stack->Particle(lab)->GetPdgCode() ;
if (PDG == 11 || PDG == -11 || PDG==13 || PDG==-13) <>
goodElec = fTrCutsElec->AcceptTrack(esdtrack) ;
if (!'goodElec) continue;
VecB[imes] += TLorentzVector(stack->Particle(lab)->¢
Px(), stack->Particle(lab)->Py(),stack->Particles>
(lab)->Pz() ,stack->Particle(lab)->Energy());
DecayB1 [imes] .AddDaughter (AliKFParticle (*xesdtrack, <
PDG)) ;
fGProngB[imes]++;
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}
NESDProngB[imes]++; break;
}
}
if (row_cont[2]==1){
switch (abspdgB) {
case 11: fHistESDdprongB->Fill(1); break;
case 13: fHistESDdprongB->Fill(2); break;
case 211: fHistESDdprongB->Fill(3); break;
case 321: fHistESDdprongB->Fill(4); break;
case 2212: fHistESDdprongB->Fill(5); break;
default: break;
}
} break;
}
}
// Checking for MC-Truth D measurables
for (Int_t ilab=0; ilab < Dmespart->GetEntries(); ilab++) {
Dmespart->GetEntry(ilab) ;
Float_t* row_cont = Dmespart->GetArgs();
if (lab == row_cont [0]){
Int_t pdgD = stack->Particle(lab)->GetPdgCode();
Int_t abspdgD = TMath::Abs(pdgD);
if (abspdgD == 11){
goodElec = fTrCutsElec->AcceptTrack(esdtrack) ;
if (!goodElec) continue;
esdtrack->GetImpactParameters(DCA, errDCA);
fDCAeESDD->Fill( TMath: :Sqrt(TMath: :Power (DCA[0],2)+TMath: : ¢
Power (DCA[1],2)) );
elecres2 = TMath: :Power (errDCA[0],2)+TMath: :Power (errDCA+>
[21,2);
fDCAeESDDerr->Fill( TMath::Sqrt(TMath: :Power (DCA[0],2)+<>
TMath: :Power (DCA[1],2))/TMath: :Sqrt (primares2+elecres2) <>
)3
AliKFParticle ElecD (*esdtrack, pdgD);
fDCAeKFD->Fill(ElecD.GetDistanceFromVertex (primVtx)) ;
fDCAeKFDT->Fill (ElecD.GetDistanceFromVertexXY (primVtx)) ;
fDCAeKFDerr->Fill( ElecD.GetDeviationFromVertex (primVtx) ) ;
fDCAeKFDTerr->Fill(ElecD.GetDeviationFromVertexXY (primVtx) );
}
for (Int_t imes=0; imes<nDmes; imes++){
if (imes+1 == row_cont[1]){
if (row_cont[2]==1){ // Only direct prongs
Int_t PDG = stack->Particle(lab)->GetPdgCode() ;
if (PDG == 11 || PDG == -11|| PDG==13 || PDG==-13) <>
goodElec = fTrCutsElec->AcceptTrack(esdtrack);
if (!goodElec) continue;
VecD[imes] += TLorentzVector(stack->Particle(lab)->¢
Px(), stack->Particle(lab)->Py(),stack->Particle«+>
(lab)->Pz() ,stack->Particle(lab) ->Energy());
DecayD1[imes] .AddDaughter (AliKFParticle(*esdtrack, ¢
PDG)) ;
fGProngD [imes] ++;
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}
NESDProngD [imes] ++; break;
}
}
if (row_cont[2]==1){
switch (abspdgD) {
case 11: fHistESDdprongD->Fill(1); break;
case 13: fHistESDdprongD->Fill(2); break;
case 211: fHistESDdprongD->Fill(3); break;
case 321: fHistESDdprongD->Fill(4); break;
case 2212: fHistESDdprongD->Fill(5); break;
default: break;
}
} break;
}
}
esdtrack->GetImpactParameters(DCA, errDCA);
elecres2 = TMath: :Power (errDCA[0],2)+TMath: :Power (errDCA[2],2);
fHistImPar->Fill(esdtrack->P() , TMath::Sqrt(TMath: :Power (DCA[0],2)+<+
TMath: :Power (DCA[1],2))/TMath: :Sqrt (primares2+elecres2));
}
}
// Full mass reconstruction via ESD and KF
KFReconstructMass(stack, esd, fTrCuts, fTrCutsElec, flistB, nBmes, DecayB, <«

VecBall );

KFReconstructMass(stack, esd, fTrCuts, fTrCutsElec, flistD, nDmes, DecayD, <

VecDall );

Double_t Mesres2=0;

Double_t MesresT2=0;

Double_t mass=0;

Double_t momentum=0;

Double_t transmom=0;

Double_t Lifetime=0;

for (Int_t imes=0; imes<nBmes; imes++){

if (fGProngB[imes]>=2){
fHistKFmassB1Gen->Fill (DecayB1[imes] .GetMass());
fHistinvmassB->Fill(VecB[imes] .M());

}

fHistNESDprongB->Fill (NESDProngB[imes]) ;

mass=VecBall [imes] .M();

momentum = DecayB[imes] .GetMomentum() ;

transmom = DecayB[imes].GetPt();

if (mass !'= 0 ) fHistKFmassB->Fill(mass);

Mesres2 = TMath: :Power (DecayB[imes] .GetErrX(),2)+TMath: :Power (DecayB[imes<+>
1.GetErrY(),2)+TMath: :Power (DecayB[imes] .GetErrZ(),2);

MesresT2 = TMath: :Power (DecayB[imes] .GetErrX(),2)+TMath: :Power (DecayB [«
imes] .GetErrY(),2);

DecayLength = TMath::Sqrt(TMath: :Power (DecayB[imes] .X()-primVtx.X(),2)+ ¢
TMath: :Power (DecayB[imes] .Y () -primVtx.Y(),2)+ TMath: :Power (DecayB [+
imes] .Z()-primVtx.Z(),2));

if (DecayLength>0){
fHistKFdistB->Fill(DecayLength) ;
fKFdistBerr->Fill (DecayLength/TMath: : Sqrt (primares2+Mesres?2)) ;
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if (mass!=0 && momentum!=0){
Lifetime=DecayLength*0.33e5*mass/momentum;
fLifeTimeKFB->Fill(Lifetime);
fCorLifPt->Fill (transmom, Lifetime);
fCorLifM->Fill(Lifetime,mass);
fCorLifNPro->Fill(Lifetime,NESDProngB[imes]);
fCorLifImPar->Fill (Lifetime, ImPar [imes]);
}
}
DecayLengthXY = TMath::Sqrt( TMath: :Power (DecayB[imes] .X()-primVtx.X(),2)«
+ TMath: :Power (DecayB[imes] .Y()-primVtx.Y(),2));
if (DecayLengthXY¥>0){
fHistKFdistBT->Fill (DecayLengthXY);
fKFdistBerrT->Fill(DecayLengthXY/TMath: :Sqrt (primares2+MesresT2)) ;

if (VecBall[imes]'!= TLorentzVector ()){
ftotalinvmassB->Fill (mass) ;
fCorMNPro->Fill (NESDProngB[imes], mass);
fCorMImPar->Fill (mass, ImPar[imes]);
fCorMPt->Fill (transmom, mass);

if (NESDProngB[imes] !=0) fCorNProImPar->Fill(NESDProngB[imes], ImPar[imes¢
D;

if (transmom!=0){
fCorImPt->Fill(transmom, ImPar[imes]);
fCorProPt->Fill (transmom, NESDProngB[imes]);

for (Int_t imes=0; imes<nDmes; imes++) {

if (£GProngD [imes]>=2){
fHistKFmassD1Gen->Fill (DecayD1 [imes] .GetMass()) ;
fHistinvmassD->Fill (VecD[imes] .M());

}

fHistNESDprongD->Fill (NESDProngD [imes]) ;

mass=DecayD [imes] .GetMass () ;

momentum = DecayD[imes] .GetMomentum() ;

if (mass != 0 ) fHistKFmassD->Fill(mass);

Mesres2 = TMath: :Power(DecayD [imes] .GetErrX(),2)+TMath: :Power (DecayD [imes<>
].GetErrY(),2)+TMath: :Power (DecayD [imes] .GetErrZ(),2) ;

MesresT2 = TMath: :Power (DecayD[imes] .GetErrX(),2)+TMath: :Power (DecayD [+
imes] .GetErrY(),2);

DecayLength = TMath::Sqrt( TMath::Power (DecayD[imes].X()-primVtx.X(),2)+ «
TMath: :Power (DecayD[imes] .Y() -primVtx.Y() ,2)+ TMath: :Power (DecayD [+
imes] .Z(Q)-primVtx.Z(),2));

if (DecayLength>0){
fHistKFdistD->Fill(DecayLength);
fKFdistDerr->Fill(DecayLength/TMath: :Sqrt (primares2+Mesres2));

if (mass!=0 && momentum!=0) fLifeTimeKFD->Fill(DecayLength*0.33eb5*<¢>
mass/momentum) ;
¥

DecayLengthXY = TMath::Sqrt( TMath::Power(DecayD[imes] .X()-primVtx.X(),2)«>

+ TMath: :Power (DecayD[imes] .Y() -primVtx.Y(),2));
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1220 if (DecayLengthXY>0){

1221 fHistKFdistDT->Fill (DecayLengthXY) ;

1222 fKFdistDerrT->Fill (DecayLengthXY/TMath: : Sqrt (primares2+Mesres2) );

1223 }

1224 if (VecDall[imes]!= TLorentzVector()) ftotalinvmassD->Fill(VecDall[imes] .+
M)

1225 }

1226 delete Bmespart;

1227 delete Dmespart;

1228 delete[] NESDProngB;
1229 delete[] NESDProngD;
1230 delete[] fGProngB;
1231 delete[] fGProngD;
1232 delete[] ImPar;

1233 delete[] VecB;

1234 delete[] VecD;

1235 delete[] VecBall;

1236 delete[] VecDall;
1237 delete[] DecayB1;
1238 delete[] DecayB;

1239 delete[] DecayDi;
1240 delete[] DecayD;

1241 delete[] flistB;
1242 delete[] flistD;
1243
1240 //

125 void AliAnalysisTaskBeauty::AnalysiswithoutMCTruth(AliMCEventHandler* mcH, <
Bool_t MC, AliESDEvent *esd, AliESDtrackCuts *fTrCuts, AliESDtrackCuts* ¢
fTrCutsElec, Int_t ntracks, const AliKFVertex primVtx, Double_t primares2) {

1246 // Values for selection criteria cut

1247 const Double_t Imparcut = 4;

1248 const Double_t masscut = 2.3;

1249 const Int_t prongcut = 2;

1250 const Double_t taucut = 900;

1251 const Int_t arraysize = 100;

1252 Double_t DecayLength=0;

1253 AliKFParticle *Belec = new AliKFParticle[arraysize] O);

1254 Int_t ESDtoeleclarraysizel= {};

1255 Double_t ClosestToElec[arraysize] [3] = {{0}};

1256 Int_t nelec = 0;

1257 AliKFParticle part = AliKFParticle();

1258 Double_t DCAtoElec; // Dummy for DCA to elec (3D, unit: primary vert. ¢«
resoultion)

1259 Int_t PID=0;
1260 Double_t distPVXY=0;

1261 Double_t distPVZ=0;

1262 // Find electron exceeding the impact parameter cut

1263 for(Int_t i = 0; i < ntracks; i++) {

1264 AliESDtrack* esdtrack = esd->GetTrack(i);

1265 if (lesdtrack) { AliError(Form("ERROR: Could not retrieve esdtrack %d",i))<
; continue; }

1266 Bool_t goodElec = fTrCutsElec->AcceptTrack(esdtrack) ;

1267 if (goodElec){
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// Searching for electrons
if (TMath: :Abs(fESDpid->NumberOfSigmasTOF (esdtrack, AliPID::kElectron<>
))<3. && fESDpid->Number0fSigmasTPC(esdtrack,AliPID: :kElectron)+
>=0. && fESDpid->NumberOfSigmasTPC(esdtrack,AliPID: :kElectron)<3 )<
{
AliKFParticle Elec (*esdtrack, 11);
if ( TMath: :Abs(Elec.GetDeviationFromVertex (primVtx)) >= Imparcut){
Belec[nelec]= Elec;
ESDtoelec[nelec]= i;
ClosestToElec[nelec] [1]1=100;
nelec++;

}
}
if (nelec!=0){
// Find closest track to the electron
for(Int_t i = 0; i < ntracks; i++) {
Al1iESDtrack* esdtrack = esd->GetTrack(i);
if (lesdtrack) { AliError(Form("ERROR: Could not retrieve esdtrack %d"<«>
,i)); continue; }
Bool_t goodESD = fTrCuts->AcceptTrack(esdtrack) ;
Bool_t goodElec = 1;
if (goodESD){
for (Int_t ielec=0; ielec<nelec; ielec++){
if (ESDtoelec[ielec] == i) continue; // Skipping the electron ¢
itself
if (TMath: :Abs (fESDpid->Number0fSigmasTOF (esdtrack, AliPID::¢°
kElectron))<3. && fESDpid->Number0fSigmasTPC(esdtrack, >
AliPID::kElectron)>=0. && fESDpid->Number0fSigmasTPC(«+
esdtrack,A1iPID: :kElectron)<3 ) { PID = 11; goodElec = ¢
fTrCutsElec->AcceptTrack(esdtrack) ;}
else if (TMath: :Abs(fESDpid->Number0fSigmasTPC(esdtrack, AliPID<>
::kKaon))<3.){
if (esdtrack->P() <= 0.7){ PID = 321;
} else PID = 211;
} else if (TMath::Abs(fESDpid->Number0fSigmasTPC(esdtrack, ¢
A1iPID: :kProton))<3.){
if (esdtrack->P() <= 1.1){ PID = 2212;
} else PID = 211;
} else { PID = 211; }
if (!goodElec) continue;
part = AliKFParticle (*esdtrack, PID);
DCAtoElec = part.GetDeviationFromParticle(Belec[ielec]);
if (DCAtoElec < ClosestToElec[ielec][1]1){
part += Belec[ielec];
distPVXY=TMath: :Sqrt(TMath: :Power (part.X()-primVtx.X(),2)+ «
TMath: :Power (part.Y()-primVtx.Y(),2));
distPVZ=TMath: :Abs(part.Z(-primVtx.Z()) ;
if (distPVXY<3.9 && distPVZ<10){
ClosestToElec[ielec] [0]= i;
ClosestToElec[ielec] [1]= DCAtoElec;
ClosestToElec[ielec] [2]= PID;
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1309 ¥

1310 }

1311 }

1312 }

1313 }

1314 AliKFVertex *BVertex = new AliKFVertex[nelec] ();

1315 Double_t *Vertres2 = new Double_t[nelec] ();

1316 for (Int_t ielec=0; ielec<nelec; ielec++){

1317 if (ClosestToElec[ielec][1] == 100) continue;

1318 PID = ClosestToElec[ielec] [2];

1319 part = AliKFParticle(*(esd->GetTrack( ClosestToElec[ielec][0])), PID);
1320 BVertex[ielec] += Belec[ielec];

1321 BVertex[ielec] += part;

1322 Vertres2[ielec] = TMath::Power (BVertex[ielec].GetErrX(),2)+TMath: :<>

Power (BVertex[ielec] .GetErrY(),2)+TMath: :Power (BVertex[ielec] .+
GetErrz(),2);

1323 }

1324 // Add Tracks close to Vertex

1325 for(Int_t i = 0; i < ntracks; i++) {

1326 AliESDtrack* esdtrack = esd->GetTrack(i);

1327 if (lesdtrack) { AliError(Form("ERROR: Could not retrieve esdtrack %d"<«>
,i)); continue; }

1328 Bool_t goodESD = fTrCuts->AcceptTrack(esdtrack) ;

1329 Bool_t goodElec = 1;

1330 if (goodESD){

1331 for (Int_t ielec=0; ielec<nelec; ielec++){

1332 if (ESDtoelec[ielec] == i || ClosestToElec[ielec] [0]== il| <«

ClosestToElec[ielec] [1] == 100) continue; // Skipping the ¢
electron itself and closest and no-closest found

1333 if (TMath: :Abs(fESDpid->Number0fSigmasTOF (esdtrack, AliPID::¢°
kElectron))<3. && fESDpid->Number0fSigmasTPC(esdtrack,<+
A1iPID: :kElectron)>=0. && fESDpid->NumberOfSigmasTPC(+
esdtrack,AliPID: :kElectron)<3 ) { PID = 11; goodElec = ¢
fTrCutsElec->AcceptTrack(esdtrack) ;}

1334 else if (TMath: :Abs(fESDpid->Number0fSigmasTPC(esdtrack, AliPID<¢>
: :kKaon))<3.){

1335 if (esdtrack->P() <= 0.7){ PID = 321;

1336 } else PID = 211;

1337 } else if (TMath: :Abs(fESDpid->Number0fSigmasTPC(esdtrack, <
AliPID: :kProton))<3.){

1338 if (esdtrack->P() <= 1.1){ PID = 2212;

1339 } else PID = 211;

1340 } else { PID = 211; }

1341 if (!goodElec) continue;

1342 part = AliKFParticle (*esdtrack, PID);

1343 DCAtoElec = part.GetDeviationFromVertex(BVertex[ielec]);

1344 if (DCAtoElec <= 3 ){

1345 BVertex[ielec] += part;

1346 }

1347 }

1348 }

1349 }

1350 // Results
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Double_t Mesres2 = 0;

for (Int_t ielec=0; ielec<nelec; ielec++){
Double_t mass=BVertex[ielec].GetMass();
Double_t momentum=BVertex[ielec].GetMomentum() ;
Double_t lifetime=0;
if (BVertex[ielec].GetNContributors()>1){

Mesres2 = TMath: :Power (BVertex[ielec] .GetErrX(),2)+TMath: :Power (+°
BVertex[ielec] .GetErrY(),2)+TMath: :Power (BVertex[ielec] .«
GetErrz(),2);

DecayLength = TMath::Sqrt( TMath::Power (BVertex[ielec] .X() -primVtx<>
.X(),2)+ TMath: :Power (BVertex[ielec] .Y()-primVtx.Y(),2)+ TMath¢
: :Power (BVertex[ielec] .Z()-primVtx.Z(),2));

fexMCDecayLength->Fill (DecayLength/TMath: :Sqrt (primares2+Mesres2)) ;

}
if (BVertex[ielec].GetNContributors()>1){

if (mass!=0 && momentum!=0){
lifetime = DecayLength#*0.33eb5*mass/momentum;
fexMCLifetime->Fill(lifetime);

}

fexMCMass->Fill(mass);

fexMCNProngs->Fill (BVertex[ielec] .GetNContributors());

if (mass!=0 && momentum!=0) lifetime = DecayLength*0.33e5*mass/<>

momentum;
if (mass<masscut || mass>6.3) BVertex[ielec] = AliKFVertex();
if (BVertex[ielec] .GetNContributors ()< prongcut) BVertex[ielec] = ¢
AliKFVertex();
if (lifetime < taucut) BVertex[ielec] = AliKFVertex();
}
}
if (MCY{
// Create pointer to MC event
A1iMCEvent *mcEvent = mcH->MCEvent();
if (!'mcEvent) { Printf("ERROR: Could not retrieve MC event"); return; }
// Set up a stack for use in quality check
AliStack* stack = mcEvent->Stack();
if( 'stack ) { Printf( "Stack not available"); return; }
checkelectron(stack, esd, nelec, ESDtoelec);
checkBvertex(stack, nelec, BVertex);
}

delete[] BVertex;
delete[] Vertres2;
}
delete[] Belec;

void AliAnalysisTaskBeauty::checkelectron(AliStack* stack, AliESDEvent *esd, ¢
Int_t maxelec, Int_t ESDelec[]) {
TParticle* mcpart=0x0;
Int_t eleclabel=0;

for (Int_t ielec=0; ielec<maxelec; ielec++){

AliESDtrack* esdtrack = esd->GetTrack(ESDelec[ielec]);
eleclabel = TMath::Abs(esdtrack->GetLabel());
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1397 if (leleclabel){ fexMCeSelec->Fill(0);

1398 } else{

1399 mcpart = stack->Particle( eleclabel );

1400 Int_t abspdg = TMath::Abs(mcpart->GetPdgCode());
1401 if (abspdg==11){ fexMCeSelec->Fill(1);

1402 } else{ fexMCeSelec->Fill(2); }

1403 Bool_t Bmoth = checkmother(stack, mcpart);
1404 if (Bmoth){ fexMCeSelec->Fill(3);

1405 } else{ fexMCeSelec->Fill(4); }

1406 }

1407 }

1408 }

1409 //

110 void AliAnalysisTaskBeauty::checkBvertex(AliStack* stack, Int_t maxelec, <
AliKFVertex Vertex[]) {

1411 TVector3* RecVertex = new TVector3 [maxelec]();
1412 TVector3* ErrRecVertex = new TVector3 [maxelec] ();
1413 const Int_t maxB = 500;

1414 Int_t countB = 0;

1415 Int_t countD = O;

1416 TVector3 MCVert[maxB] = {};
1417 TVector3 MCD[maxB] = {};

1418 Int_t* Found = new Int_t[maxelec] ();

1419 for (Int_t ielec=0; ielec<maxelec; ielec++){

1420 if (Vertex[ielec].GetNContributors()>1){

1421 RecVertex[ielec] .SetXYZ(Vertex[ielec] .GetX(), Vertex[ielec].GetY(), <

Vertex[ielec] .GetZ());
1422 ErrRecVertex[ielec] .SetXYZ(Vertex[ielec] .GetErrX(), Vertex[ielec].<+>
GetErrY(), Vertex[ielec] .GetErrZ());

1423 }

1424 }

1425 TParticle* mcpart = 0xO0;

1426 Int_t nNumberOfMCPrimaries = stack->GetNprimary() ;

1427 for (Int_t iCurrentLabelStackl = 0; iCurrentLabelStackl < <«

nNumberOfMCPrimaries; iCurrentLabelStackl++) {

1428 mcpart = stack->Particle( iCurrentLabelStackl );

1429 if (!mcpart) { printf("Stack loop %d - MC TParticle pointer to current ¢
stack particle = 0xO ! Skip ...\n", iCurrentLabelStackl ); continue; <
}

1430 Int_t abspdg = TMath: :Abs(mcpart->GetPdgCode());

1431 if ( abspdg == 521 || abspdg == 511 || abspdg == 531 || abspdg == 541 || ¢
abspdg==5122 ) {

1432 Int_t fdaughter = mcpart->GetFirstDaughter();

1433 if (fdaughter>0){

1434 TParticle *fdau = stack->Particle(fdaughter);

1435 if (countB < maxB){

1436 MCVert [countB] .SetXYZ (fdau->Vx (), fdau->Vy(), fdau->Vz());

1437 countB++;

1438 }

1439 }

1440 T

1441 if ( abspdg == 421 || abspdg == 411 || abspdg == 431 || abspdg==4122 ) {

1442 Int_t fdaughter = mcpart->GetFirstDaughter();
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if (fdaughter > 0){
if (!checkmother (stack,mcpart)){
TParticle *fdau = stack->Particle(fdaughter);
if (countD < maxB){
MCD [countD] .SetXYZ (fdau->Vx (), fdau->Vy(), fdau->Vz(Q));
countD++;

}
}
for (Int_t ielec=0; ielec<maxelec; ielec++){
if (Vertex[ielec].GetNContributors()>1){
for (Int_t iBmes=0; iBmes <= countB; iBmes++){
if ( (MCVert[iBmes]-RecVertex[ielec]) .X()<= 3% ErrRecVertex[ielec].<>
X() && (MCVert[iBmes]-RecVertex[ielec]).Y()<= 3% ErrRecVertex[«+>
ielec] .Y() && (MCVert[iBmes]-RecVertex[ielec]).Z()<= 3% ¢«
ErrRecVertex[ielec] .Z() ){ Found[ielec]=1;}
else if ( (MCVert[iBmes]-RecVertex[ielec]).X()<= 5% ErrRecVertex[«>
ielec] .X() && (MCVert[iBmes]-RecVertex[ielec]).Y()<= 5% ¢
ErrRecVertex[ielec].Y() && (MCVert[iBmes]-RecVertex[ielec]) .Z«>
()<= 5% ErrRecVertex[ielec].Z() ){ Found[ielec]=2; }
}
for (Int_t iDmes=0; iDmes <= countD; iDmes++){
if ( Found[ielec]==0 && (MCD[iDmes]-RecVertex[ielec]).X()<= 3% >
ErrRecVertex[ielec] .X() && (MCD[iDmes]-RecVertex[ielec]).Y()<=«>
3* ErrRecVertex[ielec].Y() && (MCD[iDmes]-RecVertex[ielec]).Z<°
()<= 3% ErrRecVertex[ielec].Z() ){
if (!'Found[ielec]){ Found[ielec]=3; }

}
fexMCBVert->Fill (Found[ielec]);
}
}
delete[] RecVertex;
delete[] ErrRecVertex;
delete[] Found;

void AliAnalysisTaskBeauty::MeasurableDecays( AliStack #*sta, Int_t iptc, Int_t <

nPrime, TNtuple* fmpart, Int_t Nmes, Int_t ge ,Int_t* npro ) {
TParticle * part = sta->Particle(iptc);

Int_t fdaughter = part->GetFirstDaughter();

Int_t children = 0;

if (fdaughter > 0){
children = part->GetNDaughters();
npro[0] += children;
get+;

for ( Int_t loopdaughter = fdaughter; loopdaughter < (fdaughter+children)<>

; loopdaughter++){
if (loopdaughter <= nPrime) {
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TParticle * looppart = sta->Particle(loopdaughter);
Int_t abslooppdg = TMath::Abs(looppart->GetPdgCode()) ;
// Choice via pdg number
if ( abslooppdg==11 || abslooppdg==13 || abslooppdg== 211 || <«
abslooppdg==321 || abslooppdg==2212 ){
// Checking for electrons, muons, charged pions, charged kaons, <>
protons
if (looppart->Pt()>= 0.1 &% looppart->Pt()<=50 ){
if (TMath: :Abs(looppart->Eta()) <= 0.8 ){
fmpart->Fill(loopdaughter, Nmes, ge);
npro[1]++;

X
3

MeasurableDecays(sta, loopdaughter, nPrime, fmpart, Nmes, ge, npro);

void AliAnalysisTaskBeauty: :MeasurableDecays2( AliStack *sta, Int_t iptc, Int_t ¢

nPrime, TH1D *histprong, TLorentzVector MassVec, TH1D *fLifeTime ) {
TParticle *part = sta->Particle(iptc);
Int_t fdaughter = part->GetFirstDaughter();
Int_t children = 0;
Bool_t taudone = 0;
Double_t DecayLength=0;
Double_t mass = part->GetMass();
Double_t momentum = part->P();
if (MassVec != TLorentzVector()){

mass = MassVec.M();

momentum = MassVec.P();

}
if (fdaughter >0){
children = part->GetNDaughters();
for ( Int_t loopdaughter = fdaughter; loopdaughter < (fdaughter+children)¢
; loopdaughter++){
if (loopdaughter <= nPrime) {
TParticle * looppart = sta->Particle(loopdaughter);
Int_t abslooppdg = TMath: :Abs(looppart->GetPdgCode());
if (looppart->Pt()>= 0.1 &% looppart->Pt()<=50 ){
if (TMath: :Abs(looppart->Eta()) <= 0.8 ){
if (!taudone){
taudone=1;
DecayLength = TMath: :Sqrt(TMath: :Power (looppart->Vx () -+
part->Vx () ,2)+TMath: :Power (Looppart->Vy () -part->Vy () <
,2)+TMath: :Power (Looppart->Vz () -part->Vz(),2));
fLifeTime->Fill(DecayLength * mass/momentum *0.33e5);
}
// Checking for electrons, muons, charged pions, charged ¢
kaons, photons, protons and D mesons
switch (abslooppdg) {
case 11: histprong->Fill(1); break;
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case 13: histprong->Fill(2); break;
case 211: histprong->Fill(3); break;
case 321: histprong->Fill(4); break;
case 2212: histprong->Fill(5); break;
case 411: histprong->Fill(6); break;
case 421: histprong->Fill(6); break;
case 431: histprong->Fill(6); break;
default: break;

void AliAnalysisTaskBeauty::MCReconstructMass(AliStack *st, Int_t iptc, Int_t <«
nPrime, TLorentzVector *Vec ) {
TParticle * part = st->Particle(iptc);
Int_t fdaughter = part->GetFirstDaughter();
Int_t children = O;
Int_t nadd = 0;
TLorentzVector AddVec=TLorentzVector();

if (fdaughter>0){
children = part->GetNDaughters();
for ( Int_t loopdaughter = fdaughter; loopdaughter < (fdaughter+children)<>
; loopdaughter++){
if (loopdaughter < nPrime) {
TParticle * looppart = st->Particle(loopdaughter) ;
Int_t abslooppdg = TMath::Abs(looppart->GetPdgCode()) ;
// Checking for electrons, muons, charged pions, charged kaons, <
protons
if (abslooppdg==11 || abslooppdg==13 || abslooppdg==211 || <«
abslooppdg==321 || abslooppdg==2212){
if (Looppart->Pt()>= 0.1 && looppart->Pt()<=50 && TMath: :Abs(+>
looppart->Eta())<=0.8){
*Vec += TLorentzVector(looppart->Px(),looppart->Py(),«
looppart->Pz () ,looppart->Energy());
nadd++;
} else{
AddVec = TLorentzVector();
MCReconstructMass2(st,loopdaughter,nPrime, &AddVec);
if (AddVec != TLorentzVector()){
*Vec += AddVec;
nadd++;

¥
} else{
AddVec = TLorentzVector();
MCReconstructMass2(st,loopdaughter ,nPrime, &AddVec);
if (AddVec != TLorentzVector()){
*Vec += AddVec;
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1578 nadd++;

1579 }

1580 }

1581 }

1582 }

1583 }

1584 if (nadd<2) #*Vec = TLorentzVector();

1585 }

1586 // ______________________________________________________________________

1557 void AliAnalysisTaskBeauty::MCReconstructMass2(AliStack *st, Int_t iptc, Int_t <
nPrime, TLorentzVector *Vec ) {

1588 TParticle * part = st->Particle(iptc);

1589 Int_t fdaughter = part->GetFirstDaughter();
1590 Int_t children = 0;

1591 TLorentzVector AddVec=TLorentzVector();

1592

1503 if (fdaughter >0){

1504 children = part->GetNDaughters();
1595 for ( Int_t loopdaughter = fdaughter; loopdaughter < (fdaughter+children)<”
; loopdaughter++){
1596 if (loopdaughter < nPrime) {
1597 TParticle * looppart = st->Particle(loopdaughter) ;
1508 Int_t abslooppdg = TMath: :Abs(looppart->GetPdgCode());
1599 // Checking for electrons, muons, charged pions, charged kaons, ¢
protons
1600 if (abslooppdg==11 || abslooppdg==13 || abslooppdg==211 || <>
abslooppdg==321 || abslooppdg==2212){
1601 if (Looppart->Pt()>= 0.1 && looppart->Pt()<=50 && TMath: :Abs(«+
looppart->Eta())<=0.8){
1602 *xVec += TLorentzVector (looppart->Px(),looppart->Py(),«
looppart->Pz () ,looppart->Energy()) ;
1603 } else {
1604 AddVec = TLorentzVector();
1605 MCReconstructMass2(st,loopdaughter,nPrime, &AddVec);
1606 *Vec += AddVec;
1607 }
1608 } else{
1609 AddVec = TLorentzVector();
1610 MCReconstructMass2(st,loopdaughter,nPrime, &AddVec);
1611 *Vec += AddVec;
1612 }
1613 }
1614 }
1615 }
1616 F
1617 //

1618 void AliAnalysisTaskBeauty::KFReconstructMass(AliStack *st, AliESDEvent *esd, ¢
AliESDtrackCuts *fCuts, AliESDtrackCuts* fTrCutsElec, Int_t flist[],Int_t «
maxM, AliKFParticle Decayl[], TLorentzVector Vecall[] ) {

1619 Int_t nESD = esd->GetNumberOfTracks();

1620 Int_t NPrim = st->GetNprimary();
1621 for (Int_t ipart=0; ipart<maxM; ipart++) {
1622 Int_t nadd=0;
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1623

1624

1625

1626

1627

1628

1629

1630

1631

1632

1633

1634

1635

1636

1637

1638

1639

1640

1641

1642

1643

1644

1645

1646

1647

1648

1649

1650

1651

1652

1653

1654

1655

1656

1657

1658

1659

1660

1661

1662

A.1. The analysis task code

if (flist [ipart]>0){

TParticle *part = st->Particle (flist[ipart]);
Int_t ndau = part->GetNDaughters();
Int_t firstdaughter = part->GetFirstDaughter();
if (firstdaughter>0){
for (Int_t idau=firstdaughter; idau < (firstdaughter+ndau); idau¢
++) {
if (idau<NPrim){
TParticle *daughter = st->Particle(idau);
Int_t abspdg = TMath::Abs(daughter->GetPdgCode());
if ( TMath::Abs(daughter->Eta()) <= 0.8 && daughter->Pt()>=¢
0.1 && (abspdg==11 || abspdg==13 || abspdg== 211 ||
abspdg==321 || abspdg==2212) ) {
Bool_t InESD=false;
for(Int_t i = 0; i < nESD; i++) {
AliESDtrack* esdtrack = esd->GetTrack(i);
if (tesdtrack) { AliError(Form("ERROR: Could not <
retrieve esdtrack %d",i)); continue; }
Bool_t goodESD = fCuts->AcceptTrack(esdtrack) ;
Bool_t goodelec = 1;
Int_t lab=TMath: :Abs(esdtrack->GetLabel());
if (goodESD && lab == idau ) {
// Add measurable Daughters
Int_t PDG = st->Particle(lab)->GetPdgCode();
if (PDG == 11 || PDG == -11 || PDG==13 || PDG==-13 <>
) goodelec = fTrCutsElec->AcceptTrack(esdtrack)<
if (!goodelec) continue;
Decay[ipart] .AddDaughter (AliKFParticle (*esdtrack, <
PDG)) ;
Vecall[ipart]+=TLorentzVector (esdtrack->Px(), <«
esdtrack->Py() ,esdtrack->Pz(), TMath::Sqrt (s
TMath: :Power (esdtrack->P() ,2)+TMath: : Power (+°
daughter->GetMass(),2)));
nadd++;
InESD=true; break;
}
}
if (!InESD){
TLorentzVector AddVec = TLorentzVector();
AliKFParticle ADDPAR = KFReconstructMass2(st, esd, <«
fCuts, fTrCutsElec, idau, &AddVec);
Decay[ipart] .AddDaughter (ADDPAR) ;
nadd++;
Vecall[ipart] += AddVec;
if (ADDPAR.X()== O && ADDPAR.GetE()== O && ADDPAR.<>
GetPt ()==0){
nadd--;
}
}
} else {
TLorentzVector AddVec = TLorentzVector();
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1663 AliKFParticle ADDPAR = KFReconstructMass2(st, esd, fCuts<«
, fTrCutsElec, idau, &AddVec);

1664 Decay[ipart] . AddDaughter (ADDPAR) ;

1665 Vecall[ipart] += AddVec;

1666 nadd++;

1667 if (ADDPAR.X()== 0 && ADDPAR.GetE()== 0 && ADDPAR.GetPt<>
0O==0){

1668 nadd--;

1669 }

1670 }

1671 }

1672 }

1673 }

1674 ¥

1675 if (nadd<2){

1676 Decay[ipart]= AliKFParticle();

1677 Vecall[ipart] = TLorentzVector();

1678 }

1679 }

1680 F

1681 //

1652 AliKFParticle AliAnalysisTaskBeauty::KFReconstructMass2(AliStack *st, <
Al1iESDEvent *esd, AliESDtrackCuts *fCuts, AliESDtrackCuts* fTrCutsElec, <«
Int_t fpart, TLorentzVector* Vec ) {

1683 Int_t nESD = esd->GetNumberOfTracks();

1684 Int_t NPrim = st->GetNprimary();

1685 AliKFParticle KFmother= AliKFParticle();

1686

1687 TParticle #*mother = st->Particle(fpart);

1688 Int_t ndau = mother->GetNDaughters();

1689 Int_t firstdaughter = mother->GetFirstDaughter();

1690

1691 if (firstdaughter>0){

1692 for (Int_t idau=firstdaughter; idau < (firstdaughter+ndau); idau++){

1693 if (idau<NPrim){

1694 TParticle *daughter = st->Particle(idau);

1695 Int_t abspdg = TMath::Abs(daughter->GetPdgCode()) ;

1696 if ( TMath::Abs(daughter->Eta()) <= 0.8 && daughter->Pt()>= 0.1 && ( «
abspdg==11 || abspdg==13 || abspdg== 211 || abspdg==321 || abspdg+
==2212 ) ){

1697 Bool_t InESD=false;

1698 for(Int_t i = 0; i < nESD; i++) {

1699 AliESDtrack* esdtrack = esd->GetTrack(i);

1700 if (lesdtrack) { AliError(Form("ERROR: Could not retrieve esdtrack %d<«

",i)); continue; }

1701 Bool_t goodESD = fCuts->AcceptTrack(esdtrack);

1702 Bool_t goodelec = 1;

1703 if (goodESD){

1704 Int_t lab=TMath: :Abs(esdtrack->GetLabel());

1705 if ( lab == idau ) {

1706 // Add measurable Daughters

1707 Int_t PDG = st->Particle(lab)->GetPdgCode();
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1708

1709
1710

1711

1712
1713
1714
1715
1716
1717

1718

1719
1720
1721
1722
1723

1724

1725
1726
1727
1728
1729

1730

1731 }

1732 //

A.1. The analysis task code

if (PDG == 11 || PDG == -11 || PDG==13 || PDG==-13) goodelec = ¢
fTrCutsElec->AcceptTrack(esdtrack) ;
if ('goodelec) continue;
KFmother.AddDaughter (AliKFParticle (*esdtrack,PDG)) ;
*Vec += TLorentzVector (esdtrack->Px(), esdtrack->Py(),esdtrack->¢
Pz(), TMath::Sqrt(TMath: :Power (esdtrack->P(),2)+TMath: :Power+>
(daughter->GetMass(),2)));
InESD = true; break;
}
}
}
if ('InESD){
TLorentzVector AddVec = TLorentzVector();
KFmother .AddDaughter (KFReconstructMass2(st, esd, fCuts, fTrCutsElec,<>
idau, &AddVec));
*Vec += AddVec;
}
}
elseq{
TLorentzVector AddVec = TLorentzVector();
KFmother.AddDaughter (KFReconstructMass2(st, esd, fCuts, fTrCutsElec, ¢
idau, &AddVec));
*Vec += AddVec;
}
}
}
}

return KFmother;

1733 Bool_t AliAnalysisTaskBeauty::checkmother (AliStack *st, TParticle #*part) {

1734
1735
1736
1737
1738

1739

1740
1741
1742

1743

1744
1745
1746
1747
1748

1749

1750

Bool_t check = false;

Int_t nmoth = part->GetFirstMother();

if (amoth <! 0) return 0;

TParticle *mother = st->Particle(part->GetFirstMother());

Int_t absmotherpdg = TMath::Abs(mother->GetPdgCode());

if ( absmotherpdg == 511 || absmotherpdg == 521 || absmotherpdg == 541 || «
absmotherpdg == 531 || absmotherpdg==5122) {
check = true;
return check;

}

else if (absmotherpdg == || absmotherpdg == 2 || absmotherpdg == 3 || <«
absmotherpdg == 4 || absmotherpdg == 5 || absmotherpdg == 6 ||
absmotherpdg == 7 || absmotherpdg == 8){
return O;

}

else {
check = checkmother(st, mother);

}

return check;

Code A.1: Code of the analysis tasks performed for this thesis (AliAnalysisTaskBeauty.cxx).
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A.2. Additional plots
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(a) The pseudorapidity distribution of the b hadrons simulated with Pythia.
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(b) The pseudorapidity distribution of electrons coming directly from b
hadrons simulated with Pythia.

Figure A.1.: The pseudorapidity distribution of the b hadrons and direct electron daughters
simulated with Pythia. The diagrams show that the spatial distribution of b
hadrons and their direct electron daughter is fairly flat within the acceptance
of the ALICE detector.
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A.2. Additional plots

Transverse momentum distribution of the b hadrons
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(a) The transverse momentum distribution of the b hadrons simulated with
Pythia.
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(b) The transverse momentum distribution of electrons coming directly from

b hadrons simulated with Pythia.

Figure A.2.: The transverse momentum distribution of the b hadrons and direct electron

daughters simulated with Pythia.
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n correlation of b hadrons and daughter electrons
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(a) The pseudorapidity correlation of the b hadrons and their direct electron daugh-

ters taken from the heavy flavour enhanced sample.
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(b) The momentum correlation of the b hadrons and their direct electron daughters

taken from the heavy flavour enhanced sample.

Figure A.3.: Correlations of b hadrons and their direct electron daughters taken from the

heavy flavour enhanced sample.
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n correlation of ¢ hadrons and daughter electrons
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(a) The pseudorapidity correlation of the ¢ hadrons and their direct electron daugh-

ters simulated with Pythia.
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(b) The momentum correlation of the ¢ hadrons and their direct electron daughters

simulated with Pythia.

Figure A.4.: Correlations of ¢ hadrons and their direct electron daughters with Pythia.
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Lifetime via KF
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Figure A.5.: This unnormalized lifetime plot shows the distribution of the lifetime values for ¢

66

hadrons (blue) and b hadrons (red) calculated using the information given by the
reconstructed tracks. These plot shows why the lifetime is not a good standalone
criterion to distinguish b and ¢ hadrons without any pre-selection, but it can be

used in combination with other criteria.



A.2. Additional plots
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(b) Correlation between the impact parameter of the descending electron and

the lifetime of the reconstructed b hadron.

Figure A.6.: Correlation plot belonging to the analysed criteria (Part 1).
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Correlation between no. prongs and impact parameter
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Figure A.7.: Correlation plot belonging to the analysed criteria (Part 2).
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Figure A.8.: Correlation plot belonging to the analysed criteria (Part 3).
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