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Abstract

The ALICE Transition Radiation Detector has Particle Identification and

Tracking capabilities. In this Master Thesis the quality ofthe TRD tracking

algorithm is discussed. The tracking efficiency in the momentum region be-

tween 0.6 GeV/c and 10 GeV/c has been determined to be at a level of 0.96 for

stand alone tracking and at a level of 0.99 for combined standalone and bar-

rel tracking. Concernig the cluster residuals with respect to tracklets it will be

shown for cosmic data taken with one TRD supermodule that the cluster resid-

ual in y-direction take a value of750µm at a signal/noise level of 39. Using

the ALICE Central Barrel DetectorspT -specta for proton-proton collisions at

a Centre of Mass Energy of 10 TeV generated using PYTHIA are discussed

for the species electron, proton, pion, muon, kaon,K0
s andΛ. It will be shown

that the reconstructedpT -spectra reproduce the Monte-Carlo spectra up to a

transverse momentum of 3 GeV/c forK0
s , 6 GeV/c forΛ, pions and muons,

8 GeV/c for electrons and for protons. Concernig thepT -spectrum for all

charged particles it can be shown that the reconstructed spectrum reproduces

the spectrum created by Monte-Carlo tracks up to a transversemomentum of

14 GeV/c.
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Introduction

1.1 The Quark-Gluon Plasma

Strongly interacting particles are consisting of quarks and gluons. These

particles are called hadrons and are described by Quantumchromodynamics

(QCD). According to the number of valence quarks hadrons can be divided

into two groups: Mesons are consisting of a quark-antiquarkpair, baryons of

three quarks respectively three anti-quarks for the antiparticle. Since quarks

are known to carry spin-1/2, baryons are fermions and mesonsare bosons.

The structure of mesons or baryons can be explained by the color charge, a

quantum number of the strong interaction which is carried byquarks and glu-

ons. There are three color charges which are called “red”, “blue” and “green”.

All strongly interacting particles appearing in nature have to be color singlets.

A color singlet state is existing if either a particle consists of a color-anticolor

pair or of a group of three particles where each color is represented. The color

wavefunction has to be expressed

|Ψ〉colour =
1√
3

(

|rr̄〉 + |bb̄〉 + |gḡ〉
)

for mesons and

|Ψ〉colour =
1√
6

(|rgb〉 + |gbr〉 + |brg〉 − |bgr〉 − |rbg〉 − |grb〉)

for baryons. One can see that the color wavefunction is antisymmetric for

baryons and symmetric for mesons. A further remarkable property of the
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QCD is the running coupling constant. The coupling constant of the strong

interaction is expressed in the following way:

αS =
4π

(

11 − 2

3
Nf (q)

)

ln
(

q
Λ

) (1.1)

with the scale parameterλ = 213+38

−35MeV for 3 quark flavours[6]. According

to this, for short distances or large momentum transfer, quarks can be consid-

ered as “asymptotic free”. In this case, QCD can be described by perturbation

theory, which is valid for small coupling constants. For large coupling con-

stants, lattice QCD is employed.

Lattice-QCD calculations however predict that above a certain temperature a

phase transition takes place from a hadronic state to a statecalled the Quark-

Gluon Plasma. This temperature is dependent on the baryochemical potential

µB. At a baryochemical potential close to zero, the critical temperature is

approximately 170MeV Above the critical temperature confinement is abol-

ished meaning quarks are no longer bound to hadrons. A further property

of Quark-Gluon Plasma is that the chiral symmetry is restored. RHIC ex-

periments show [17] that the Quark-Gluon Plasma behaves like a strongly

coupled liquid. Concerning the evolution of high energetic heavy ion colli-

sion, the system after the collision thermalizes until the Quark-Gluon Plasma

is created. The thermalization proceeds quickly. After thecreation of the

Quark-Gluon Plasma, the system cools down. When the chemicalfreeze-out

is reached, quarks couple to hadrons. Quark-Gluon Plasma isexpected to

have existed in the early stage of the universe (until5µs after the big bang).

With the help of high energy heavy ion collisions (like at SPS, RHIC and

LHC), Quark-Gluon Plasma can be created.

A simple way to describe the Quark-Gluon Plasma is the usage of the MIT

Bag model[10]. This model treats the QCD in a thermodynamical way, apply-

ing a boundary condition which expresses confinement. This boundary condi-

tion is the bag pressure. In the model, hadrons are describedas an ideal Fermi

gas of quarks and gluons. The boundary condition is applied by an outer pres-

sure which counters the Fermi pressure and prevents the partons from leaving
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the hadron. This leads to a vanishing parton current at the boarder of the

hadronJµ|r=R = 〈q̄γµq〉. The energy of the of the N-quarks inside the bag

has the following expression:

E =
2.04N

R
+

4π

3
BR3 (1.2)

where the Bag constant B reflects the boundary condition. In the model nat-

ural units are taken (h̄c = 1). The Bag constant can be derived from the

minimization of the energy of the N-quark system to the following expres-

sion:

B1/4 =

(

2.04N

4π

)1/4
1

R
(1.3)

For a nucleon with a radius of 0.8fm the bag constant can be calculated to

206MeV/fm3. For a hadron in a two-flavour model consisting of up and

down quarks and a vanishing gluon mass, the Fermi pressure has the following

expression:

P = 37 ∗ π
2

90
T 4 (1.4)

In order to calculate the critical temperature, one has to consider that the Bag

pressure has to enclose quarks and gluons to hadrons. If the bag pressure can-

not compensate the Fermi pressure anymore, than the confinement is broken

and the phase transition has taken place. From this the critical temperature is

given using the equilibrium of Fermi pressure and Bag pressure:

TC =

(

90

π2

)1/4

B1/4 (1.5)

Using the value of the Bag constant mentioned above, one gets acritical tem-

peratureTC = 144MeV, which is not far away from the critical temperature

given above, using lattice calculation.

There are several signatures for the Quark-Gluon Plasma existing, which

have already been measured in the experiments at SPS (NA49, NA50 and

CERES) and at RHIC (with the experiments STAR, PHENIX, PHOBOS and

BRAHMS). One very prominent signature is the strangeness enhancement
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with respect to pp-collisions. During the reaction the quark yields reach chem-

ical equilibrium, but due to chiral symmetry restoration the chemical equilib-

rium for strange and antistrange quarks is at a higher level in a Quark- Gluon

Plasma. Experimentally strangeness enhancement can be tested using the ra-

tios between hadron types containing strangeness and hadron types which

do not contain strangeness, i.e.K/π-ratios. For the heavy quarks, a signa-

ture for the Quark-Gluon Plasma which was observed at SPS andRHIC was

the quarkonia suppression. It can be explained qualitatively using the color

charge screening formalism of Matsui and Satz[16]. For acc̄-pair created in a

Quark- Gluon Plasma, according to the high particle-density the quarks will

also observe the color charge of the partons around, so the pair gets broken

and the quarks will be separated. During the hadronisation due to the high

abundances of quarks with different flavour, the probability for a formation

of a J/Ψ is lowered with respect to other hadrons containing charm quarks

and theJ/Ψ get suppressed. If the temperature increases, also the production

yields forcc̄-pairs increase, and charm- and anticharm-quarks from different

pairs can couple to aJ/Ψ during hadronisation if their colour charges are

matching. For LHC conditions an enhancement ofJ/Ψ is predicted [8].

A third signature for the Quark-Gluon Plasma is connected with jets. In case

a quark-antiquark pair is produced in hard collisions, the quarks from this pair

are loosing energy when passing the hot dense medium. This also lowers the

transverse momentum of the quarks. When these particles fragment to jets,

the number of partons with a highpT is lower for jets from a Quark-Gluon

plasma with respect to jets from pp-Collisions, since there the partons do not

have to pass the dense medium. This phenomenon is called jet-quenching. In

order to investigate jet-quenching, one has to trigger on high-energy particles.

In practice, the particle with the highest momentum above a certain threshold

will give the trigger signal, then particles in a region around the triggering

particle have to be found. Then for all the particles the transverse momen-
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tum has to determined. Investigations at RHIC have shown the effect of jet

quenching.

For the investigation of the early phase of the Quark-Gluon Plasma, direct

photons respectively thermal dileptons are very useful since they are able to

pass the material unbiased. Direct photons are created by gluon scattering

gq → γq and quark-antiquark annihilationqq̄ → γg. Dileptons are created

by conversion of virtual photons into a lepton pair. In both cases however the

background is large. For direct photon the background comesmainly from

ππ- andπρ-reactions, for the direct leptons it results from pion-annihilation

and from Drell-Yan processes. Interesting candidates can also be identified

by their transverse momentum. For direct photons the interesting region is

between 2 and 5 GeV/c[5]. In this region a clear signal from direct photons

is expected. Below 2GeV the signal is dominated by photons from the mixed

phase. For leptons the region above 1.5GeV and up to 10GeV is of interest

[14], since in this the lepton signal from the Quark-Gluon Plasma can be

identified and separated from background processes.

To study the properties of the Quark-Gluon Plasma, the elliptic flow is of

interest. For the definition of the elliptic flow, a Fourier analysis on the distri-

butionE d3N
d3p

is done:

E
d3N

d3p
=

1

π

d2N

d2p
[1 + 2v1 cos(φ) + 2v2 cos(2φ)] (1.6)

whereφ is the azimuthal angle between the reaction plane, defined bythe

impact parameter and the beam axis, and transverse momentum. The first

harmonic coefficient is called directed flow. It describes the sideward motion

of the particles inside the reaction plane[13]. The second coefficient which is

called elliptic flow measures the excentricity of the matterdistribution during

the formation time. The representation of the elliptic flow is the following [9]:

v2 =

〈

p2
x − p2

y

p2
t

〉

(1.7)

Here the x-direction is inside the reaction plane and orthogonal to the beam-

direction z, and the y direction is orthogonal to the reaction plane. This
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quantity is applicable to study hydrodynamic properties ofthe Quark-Gluon

Plasma. Measurements of the elliptic flow at RHIC have shown that the

Quark-Gluon Plasma behaves like a liquid. A further remarkable feature of

the elliptic flow is that it carries information about the thermalization process.

The investigation of the Quark-Gluon Plasma was started at SPS and RHIC.

At LHC, where the centre-of-mass energy and the temperature of the fireball

will be considerably higher, the signatures of the Quark-Gluon Plasma will be

further investigated. Here ALICE1 will be the dedicated experiment for the

investigation of the Quark-Gluon Plasma. In the next decadea further exper-

iment at FAIR2 at GSI will join. The experiment is called CBM3. Like the

experiments at SPS and in contrast to the experiments at RHIC, CBMwill be

a fixed-target experiment. In comparison to the LHC, the temperature will be

lower, the baryochemical potential however will be higher.More information

about the Quark-Gluon Plasma and its signatures can be foundin [17], [5],

[14] and [7].

1.2 Comparison between heavy-ion collisions and

proton-proton collisions

An important quantity used to study relativistic heavy ion collisions is the

nuclear modification factorRAA. The nuclear modification factor is defined

by the ratio[15]:

RAA =

d2NAA

dydpT

NColl ∗ d2Npp

dydpT

(1.8)

Here particle yield spectra produced in heavy ion collisions are compared to

the yields produced in pp-collisions, scaled by the number of binary collisions

NColl. Using the nuclear modification factor it is possible to investigate the

behaviour of particles produced in heavy ion collisions: Ifthe nuclear modifi-

1 A Large Ion Collider Experiment
2 Facility for Antiproton and Ion Research
3 Compressed Baryonic Matter
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cation factor is smaller than 1, then one says that the species gets suppressed

in heavy-ion collisions. For the Quark-Gluon Plasma the nuclear modification

factor can be used to study the particle production at the chemical freeze-out.

Since the quarks created in the Quark-Gluon Plasma recombine to hadrons

at the chemical freeze-out, the nuclear modification factorcan also provide

information about the earlier stages of the Quark-Gluon Plasma. For the

measurement of the nuclear modification factor, besides thecentrality and

the particle distribution in heavy-ion collisions, also the particle spectra for

Proton-Proton collisions have to be well-known.

1.3 The ALICE experiment

The ALICE-Experiment is a dedicated heavy ion experiment at the LHC4. The

LHC will accelerate protons to an energy of 7 TeV which leads to a Centre of

Mass Energy of 14 TeV. In the heavy-ion mode, the LHC will accelerate Lead

nuclei to an energy of 5.5 TeV/nucleon. The experiment is designed to study

the signature of the quark gluon plasma. Fig. 1.1 shows the experimental

setup of the experiment. In order to fulfill the task, the ALICEexperiment

consist of the following components:

• Tracking detectors:

– Inner Tracking System (ITS) for tracking and primary vertex finding

– Time Projection Chamber (TPC) for tracking and particle identification

– Transition Radiation Detector (TRD) for tracking and electron identifi-

cation

• For particle identification

– Time-of-Flight Detector (TOF)

– High-Momentum-Particle-Identification (HMPID)

• As electromagnetic calorimeters

– Electromagnetic Calorimeter (EMCAL)

4 Large Hadron Collider
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Fig. 1.1: Experimental setup of the ALICE experiment: Schematically
shown are the central barrel detectors ITS, TPC, TRD and
TOF, the calorimeter PHOS, the Cherenkov counter HMPID,
the Forward MUON Spectrometer and the triggering detectors
FMD, PMD and ACORDE. Not visible are the electromag-
netic calorimeter EMCAL and the triggering detectors V0 and
T0. Except for the Foreward MUON Spectrometer, all detec-
tors are placed inside the L3 magnet. Picture taken from [2].

– Photon Spectrometer (PHOS)

• For muon identification (in forward rapidity region)

– MUON Spectrometer

• As triggering detectors and for global event characteristics

– Forward Multiplicity Detector (FMD)

– Photon Multiplicity Detector (PMD)

– V0

– T0

• As cosmic-ray trigger
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– ACORDE5

The central barrel consists of the detectors ITS, TPC, TRD and TOF. These

detectors cover a pseudo rapidity range|η| < 0.9 with full acceptance in az-

imuth. The detectors are used for tracking, for primary vertex reconstruction

(ITS and TPC) and for particle identification. Other three detectors EMCAL,

PHOS and HMPID have to share the acceptance region around themiddle

plane of the detectors. HMPID is a Ring-Image Cherenkov detector used

for the identification of charged particles with a momentum up to 100GeV/c.

The purpose of the PHOS detector is to identifyγ’s andπ0’s. EMCAL is a

detector created for jet-studies. The Forward MUON Spectrometer will be

used for tracking and identification of muons in the forward rapidity region

−4.5 < η − 2.5. The barrel detectors are placed in a homogeneous magnetic

field created by the L3 magnet. The strength of the field isB = 0.5T

For the first running period starting in august 2008, the status of the main

detectors will be the following:

• ITS, TPC, TOF, HMPID and the Forward MUON Detector are completed

and ready for data taking.

• TRD will participate with 4 out of 18 supermodules.

• PHOS will participate with 1 out of 5 modules.

• EMCAL will not participate in this run. The detector is planned to be

installed in the beginning of the next decade.

The ALICE experiment, its detectors and the measurement tasks are explained

in details in [2] and [3].

5 A Cosmic Ray Detector for ALICE





2

Tracking and Particle Identification with the

ALICE Transition Radiation Detector

2.1 Introduction

The ALICE Transition Radiation Detector is placed surrounding the beamline

in a distance of 3 meters. It covers a pseudo- rapidity range of |η| < 0.9 and

has an azimuthal acceptance of360◦. The detector is divided into 18 sectors in

rφ-direction, 5 stacks in z-direction and 6 layers in r direction. Each chamber

consists of a radiator, a drift chamber and a padplane for readout. TR-photons

are created when charged particles are passing the radiator. The creation of

TR-photons is dependent on the Lorentz-factorγ. Photons which are created

in the radiator are absorbed in the drift chamber, where theycreate primary

electrons. Also charged particles are creating primary electrons in the drift

chamber due to ionization of the gas. Primary electron clusters are moving

toward the amplification region, where the signal is read outon the cathode

padplane. Fig. 2.1 shows an average pulse height spectra forelectrons and for

pions at a momentum of 2GeV/c. Besides the main peak corresponding to the

amplification region, one can see a second peak for electronswhich is due to

the absorption of TR-photons.

The main goal of the Transition Radiation Detector is the separation of elec-

trons and pions in a momentum region between 2GeV/c and 10GeV/c with a

pion efficiency of less than1% at90% electron efficiency. Therefore, the main

fields of interest fulfilled with the help of the TRD are single-and di-electron

physics, i.e the reconstruction ofJ/Ψ andΥ in their di-electron decay channel
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Fig. 2.1: Average pulse height spectrum measured with a prototype
of the ALICE Transition Radiation Detector in the testbeam
2004. Shown is the average pulse height over the time bin
for electrons and pions using a radiator, and also for electrons
where no radiator is used in the setup. The particle momentum
was 2GeV/c. Beside the amplification peak, one can identify
a second peak for electrons in the setup with radiator. The
second peak is produced by TR absorption.

as well as the measurement of the charm and bottom cross sections using sin-

gle electrons. Also photons can be measured in the TRD via conversions. The

TRD can be used as a fast trigger on electrons and jets with a trigger response

after6µs. Further on, the TRD is one of the central barrel tracking detectors.
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2.2 Tracking in the ALICE Transition Radiation Detector

The TRD tracking code is discussed in [12]. Tracking in the TRD is per-

formed in two different ways: On the one hand, tracks coming from the TPC

are prolonged inside the TRD, and if the tracks are not stoppedinside the

detector, they are propagated towards TOF. On the other hand, tracking can

also be performed inside the TRD by a stand alone tracking algorithm without

information coming from other detectors. The two algorithms follow differ-

ent strategies: barrel tracking is based on Kalman Filter approach[1]: Using

the Kalman Filter, a state vectorxk is defined for each point. For the ALICE

tracking code, the state vector consists of five parameters:The local y- and

z-coordinate, the local sinus of the track momentum, the tangent of the local

dip angle and the reciprocal ofpT . Further the covariance matrixCk accord-

ing to the state vector is required. The idea behind the Kalman Filter is, once

having an estimate of the state vectorxk−1 and a measurement of the state

vector for the next time stepyk, to calculate the estimation of the state vector

for the next time step. Doing this, a predictionx̃k−1

k of the state vector for the

next time step has to be calculated according to

x̃k−1

k = fk(x̃k−1) (2.1)

wherefk describes the evolution of the state vector. Also a prediction for the

covariance matrix has to be made:

C̃k−1

k = FkCk−1F
T
k (2.2)

with Fk = dfk

dxk−1

. The measured state vector is correlated with the real state

vector by

yk = Hkxk + δk (2.3)

with the noiseδk, which has the covariance matrixVk. It can be shown that

the estimation of the state vectorxk can be calculated using the prediction

x̃k−1

k and the measured state vectoryk according to.
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x̃k = x̃k−1

k ∗Kk

(

yk −Hkx̃
k−1

k

)

(2.4)

The quantityKk = C̃k−1

k HT
k

(

Vk +HkC̃
k−1

k HT
k

)−1

is called Kalman gain.

Also the covariance matrix has to be updated using the prediction

C̃k = C̃k−1

k −KkHkC̃
k−1

k (2.5)

The Kalman Filter was implemented in the class AliExternalTrackParams.

Here the function PropagateTo creates the prediction for the next step, the

function Update calculates the estimate of the new state vector. For the TRD

tracking code this means that the measured point for the iteration step has

to be created. As measured point the tracklet is used. A tracklet consists of

clusters within a chamber which are assumed to be linearly dependent in the

rφ-direction with respect to the time. A big advantage of the Kalman Filter

based tracking algorithm is that it takes into account energy loss and multiple

scattering. A further advantage is that it directly rejectsnon-matching space-

points created by noise.

The core of the stand alone tracking algorithm is a track model which is fitted

to the clusters. To get the track model, we start from the equation of a circle

in the xy-plane

(x− x0)
2 + (y − y0)

2 −R2 = 0 (2.6)

where R is the radius of the circle and(x0, y0) is the center of the circle,

and take into account that the pads are tilted by an angleφt. The measured

y-coordinate is related to the real y-position of the track according to

y′ = y − tan (φt) (z − zc) (2.7)

where z is the real position of the track andzc is the z-position of the cluster,

which is defined as the center of the pad. For the z-coordinateof the track a

linear dependence is assumed:

z = d ∗ (x− xref ) + e (2.8)
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whered = dz
dx
|x=xref

andz = z (xref ) are free parameters of the model. After

inserting eq. 2.7 and eq. 2.8 into eq. 2.6, under the assumption that the tilting

pad correction can be neglected in quadratic order, we get the equation which

serves as the track model:

(x− x0)
2 + (y′ − y0)

2 −R2 − 2y0 [tan (φ) [d+ (x− xref ) + e]] = 0 (2.9)

In order to fit the equation to the clusters, the equation can be linearized using

the following transformation:

t =
1

x2 + y′2 (2.10)

u =
2x

x2 + y′2 (2.11)

v =
2 tan (φt)

x2 + y′2 (2.12)

w =
2 tan (φt) (x− xref )

x2 + y′2 (2.13)

For the linearized track model we get

a+ bu+ ct+ dv + ew − 2 (y′ + tan (φt) zc) = 0 (2.14)

wherea = − 1

y0

, b = x0

y0

andc =
x2

0
+y2

0
−R2

y0

. From the parameters, the curvature

of the track can be calculated byκ = a√
1+b2+ca

.

Track finding in the stand alone tracking is done in the following way: To

start with, a seeding configuration is created out of four seeding clusters. In

order to be more robust towards noise, the seeding clusters are the center of

gravity of the cluster positions projected to one xy-plane.For the seeding

configuration a constraint is made on the angles in y- and z-direction with

respect to the x-axis. They have to be less than45◦. Having the seeding con-

figuration, a circle is fitted to the seeding clusters. Tracklets are created by

attaching clusters to the tracklet using the slope coming from the circle fit,

and afterwards performing a linear least-square-fit. Having the tracklets, a fit

of the track model to the clusters is done in order to reject candidates with

a non-sufficient quality. The quality is dependent on theχ2-value of the fit,
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the number of clusters which are attached to the track, and the difference of

the slope for all chambers. Tracks which fulfill the quality condition are ex-

trapolated to the chambers which were not taken into accountfor the seeding

so far. The extrapolation is done by creating tracklets using the position and

slope calculated from the model fit. Having all the tracklets, the four tracklets

with the worst quality are attempted to be improved in an iterative procedure.

During each iteration step, each of the four tracklets is rebuild using the po-

sition information from the Riemann fit. Afterwards the Riemann fit is done

again in order to decide via theχ2 value of the fit whether an improvement is

achieved. If the track quality has improved, then the position information is

updated for each tracklet, otherwise the previous trackletinformation is taken

and the iteration is stopped. In the last step of the generation of the track can-

didate, the model is fitted again to the final tracklets, and a likelihood value is

created. This likelihood value is used in a filter to get the tracks with the best

quality. Fig. 2.2 shows an example of the model fitted to clusters both for y-

and z-direction. The algorithm is performed iteratively onthe set of clusters

which are not attached to tracks until in one iteration step no further track is

found. Since the track points which are taken to perform the fits are coming

from the clusters, and the clusters are "‘aware"’ of calibration and alignment,

the tracking algorithm is calibration and alignment aware.

In comparison to the barrel tracking algorithm, the stand alone tracking algo-

rithm has the advantage that it is independent on the TPC. Further on, since the

algorithm is based on fitting a circle to track points, the algorithm is fast. By

this, the main usage for the stand alone tracking algorithm is the High Level

Trigger, where a fast tracking method is necessary to provide a trigger deci-

sion. The stand alone tracking algorithm however has the disadvantage that

it doesn’t take into account material which the Kalman Filter algorithm does.

Effects like multiple scattering inside the material are neglected inside the al-

gorithm. This lead to a degradation of the position and momentum resolution
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Fig. 2.2: Track found by the stand alone tracker: One can see the track
model (blue) fitted to the clusters (red) in one stack. For the
y-direction (left) a circle is fitted to the clusters after tilting
pad correction. Since the z-direction is connected to the y-
direction by the tilting-pad correction, the model for the z-
direction is derived by the same fit.

for the stand alone tracking. For the offline analysis, tracks reconstruction by

the Kalman Filter are heaving a higher accuracy.

As an option, both trackers can be included in the reconstruction. In a first

step, the barrel tracking propagates tracks coming from theTPC. These tracks

are marked for the later analysis as tracks form the barrel tracking. One the

set of clusters which is not yet attached to any track, stand alone tracking

is performed to find also tracks which are not found by the barrel tracking.

These tracks are coming from conversions in the material between TPC and

the first TRD layer. Approximately 10% of the conversions are happening

in this region. Another possibility where tracks are not propagated from the

TPC is if the first layer is missing for the reconstruction, i.e. if a half chamber

is switched off. Due to the material budget in the TRD the back propagation

fails. Due to these cases, it is useful to perform reconstruction with both

methods.
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2.2.1 Tracking Efficiency

The tracking efficiency, defined as the ratio between the number of recon-

structed tracks and the number of findable tracks, was determined with the

help of a Monte Carlo sample. The study sample consists of subsamples of

particles where all particles were created with the same momentum (0.6 to

10 GeV/c). Each subsample consisted of electrons, pions, kaons, muons and

protons.

For the calculation of the tracking efficiency, the Monte-Carlo information

has to be compared to the ESD track information. This can be done using

the Monte-Carlo label which is assigned to the track. The Monte-Carlo label

corresponds to the track number in the Monte-Carlo event. Here only particles

which are leaving hits inside the detector are regarded so that the comparison

is made with respect to findable tracks. For each Monte-Carlo particle, the

corresponding reconstructed track is searched. If it exists, a pair of matching

ESD and MC tracks are created. On the other Monte-Carlo tracks, cuts have to

be applied to decide whether they are findable or not. Using this information,

the ratio of found tracks with respect to findable tracks can be calculated.

The code for calculation of the efficiency is based on the Analysis Framework

(see chapter3). For all Monte Carlo particles leaving hits inside the TRD an

object which is called AliTRDtrackInfo is created. This objects contains the

track references and depending on whether they exist, the TRDtrack or the

external track parameters. A class deriving from AliAnalysisTask is creating

the track information objects which are passed to the consumer tasks. These

consumer tasks are i.e. calculating the efficiency. The framework is extensible

and other tasks like PID efficiency studies or calibration tasks can be added.

Fig. 2.3 shows the scheme.

The efficiency was measured in two cases: In the first case the efficiency was

measured for tracks found only by the stand alone tracker with respect to all

findable tracks for the stand alone tracker. The second taskscompares all the

tracks found inside the TRD, either found by the stand-alone tracking or by
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Consumer
Tasks

AliTRDtrackInfoGen

DebugStreamerAliTRDtrackInfo

AliTRDtrackingEfficiency AliTRDtrackingEfficiencyCombined Resolution Calibration PID

optional

To Implement

Fig. 2.3: Schematic view of the TRD tracking investigation code. In-
side the task AliTRDtrackInfoGen reconstructed tracks and
Monte-Carlo tracks are matched using the Monte-Carlo label
of each track. The comparison is store in a new object Al-
iTRDtrackInfo. Also for Monte-Carlo tracks where the ESD-
track is missing, AliTRDtrackInfo Objects are created if track
references inside TRD are found. These objects are stored in
a TObjArray and passed to consumer tasks for efficiency cal-
culation.

the barrel tracking, to the number of tracks which are findable for the stand

alone tracking. Here also the performance of the barrel tracking is included.

In order to get the number of findable tracks, cuts are appliedon the momen-

tum, on the number of layers, on the track angles in y- and z- direction and on

the sectors. A low-pT cut at 0.5GeV shall exclude low momenta tracks hav-

ing a curvature which is too high to be reconstructable. Since the stand alone

tracking requires at least four layers to reconstruct a curved track and discards

track candidates crossing sectors, the same cuts are chosenfor Monte-Carlo

tracks. Concerning the track angles Monte Carlo tracks are rejected above an

angle of45◦ in y- and z-direction, which also matches with the cuts inside

the stand alone tracker. A further cut is set on the Monte Carlotracks to be

primary tracks.

Figure 2.4 shows the the measured efficiency for the cases of tracks found by

the stand alone tracker only and of tracks found either by stand alone track-
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Fig. 2.4: Tracking efficiency calculated as ratio of found tracks with
respect to findable tracks: Shown is the efficiency for stand
alone tracking and for a combination of stand alone and bar-
rel tracking. One can see a slight increase in the stand alone
tracking efficiency. Both stand alone and combined tracking
efficiency stay above 90%

ing or barrel tracking with respect to all tracks findable forthe stand alone

tracker. For both cases the reconstruction was done separately. In order to

avoid double counting of tracks, i.e. that a track is found both by the stand

alone tracker and the barrel tracking, in the second case also the Monte Carlo

label is checked and candidates which are already found are rejected. One

can see that for tracks found with the stand alone tracker theefficiency stays

at a constant level at 96%. For the combination of stand alonetracking and
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Fig. 2.5: Tracking resolution in y- and -direction as function of the
track anglesφ andθ for particles with a momentum of 3 GeV.
One can see a minimum near the anglesφ = 0

◦ respectively
θ = 0

◦. The minimal values are approximately 130µm in
y-direction and 3.3 mm in z-direction

barrel tracking an efficiency of approximately 100% can be reached. As a

third case the efficiency can be drawn for all TRD tracks propagated from the

TPC which have hits inside the TRD. Here the performance of theback prop-

agation is tested. Here for high momentum tracks an efficiency of 100% can

be reached.

2.2.2 Tracking resolution of tracks found by the stand alonetracking

In order to calculate the tracking resolution for stand alone tracking, the mea-

sured position of the track is compared with the position derived from the

Monte-Carlo information. The Monte-Carlo position information is stored in

an object AliTrackReference which is stored when a particle enters and leaves

a detector segment (a TRD chamber). In order to access the Monte-Carlo in-

formation, the track label of the ESD-track can be used. For the calculation

only tracks which are passing all six chambers are taken. Thetrack model is

fitted to the tracklets stored in track in order to get the measured position of the

track. The distance between measured track position and Monte-Carlo track
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Anode Voltage / kVNumber of EventsNumber of tracks

1.4 20458 109

1.45 20570 1123

1.5 20425 5368

1.55 20652 10752

1.6 16223 9962

Table 2.1: Run statistics for the runs analysed in order to calculate the
cluster residual dependence on the Signal/Noise ratio

position at the beginning and the end of the chamber is definedas tracking

resolution.

Fig. 2.5 shows the tracking resolution in y- and z-directionfor particles with

a momentum of 3 GeV/c. One can see the dependence of the resolution on

the track anglesφ in the xy-plane andθ in the xz-plane. The minimum values

which can be found are 130µm in y-direction and 3.3 mm in z-direction. In

comparison to the cluster resolution in z-direction which has a value of 2.3

cm, the improvement of the tracking resolution achieved by the pad tilting is

substantial.

2.2.3 Measurement of the Signal/Noise dependence of the cluster

residuals using cosmic data

The dependence of the cluster residuals with respect to tracklets defined as

the distance between the clusters and the tracklet at the same radial position

on the Signal/Noise-value was measured using cosmic ray data taken with su-

permodule 3 in the cosmic stand in Münster. Supermodule 3 wasformerly

used for the testbeam measurements. Due to a gas leaks in the chambers, the

supermodule had to be disassembled, corrected and reassembled. With the re-

assembled supermodule cosmic runs with several anode voltages were taken.

Anode voltages were chosen between 1.4kV and 1.6kV. The run statistics are

shown in Tab.2.1. In previous noise measurements the noise value was de-

termined to 1.5 counts. For the signal the mean value of the average pulse
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Fig. 2.6: Cluster residuals dependence on the Signal/Noise data: One
can see a hyperbolic decline towards higher Signal/Noise ra-
tios. A saturation takes place at the order of 750µm

height spectrum excluding four presamples was taken. The residual value

was defined as theσ-value of the distribution of the distances between cluster

y-position and tracklet y-position. For this a gaussian fit was applied to the

distribution in the∆y-range between -2 and 2mm. Fig.2.6 shows the depen-

dency of the cluster residuals with respect to the Signal/Noise ratio. One can

see a hyperbolic decrease with higher Signal/Noise values which saturates at

a residual value of 750µm. The relatively high values of the residuals with re-

spect to the previously measured ones[4] are due to several reasons: First the

track sample consist of different momenta. Especially low momentum tracks

will increase the cluster residuals. Second, the analysis was done on uncal-

ibrated data which also affects the cluster residuals. For this one can expect

higher residuals.
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Fig. 2.7: Configuration of TRD and TOF supermodules participating
in the cosmic run in February 2008: TRD supermodules(red)
are placed in positions 0 and 8, TOF supermodules (violet) in
positions 0 and 10. The trigger signal was provided when the
two TOF supermodules had a signal in coincidence.

2.2.4 First experimental measurements from the cosmic runsin 2008

In preparation for the running at LHC in 2008, two cosmic runshave been

taken place in February and from May on. The main purpose of these cosmic

runs is for the detectors to test the subsystems, do calibration tasks and do

have alignment runs. TRD also participated in these cosmic runs. During the

cosmic run in February 2008, two supermodules (in the sectors 2 and 8) were

available, in May two further supermodules were installed in sectors 9 and 17.
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Fig. 2.8: Event taken in the cosmic run in February 2008: One can
see 2 tracks in supermodule 0 which are reconstructed by the
stand alone tracking. The picture is taken using the ALICE
Event Display.

Results form the cosmic run in February 2008

In the February cosmic run, TOF supermodules were serving ascosmic trig-

ger since the probability to find tracks inside the existing TRD supermodules

using ACORDE triggered events was very low due to geometrical reasons.

The triggering TOF-supermodules were in positions 0 and 10 (Fig.2.7), and

trigger signal was provided if the two supermodules had a signal in coinci-

dence. For this setup the trigger efficiency is quite low. Most of the signals

provided by the trigger is based on noise or on uncorrelated events. As a

drift gas a mixture of Argon andCO2(82%/18%) was used. All runs taken in

the February cosmic run were reconstructed at GSI. All together 156 tracks

are found in 24066 events. Fig.2.8 shows an example event with two recon-

structed tracks inside the TRD supermodule 0. This shows thatthe tracker is
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Run NumberNumber of eventsNumber of TRD tracks

37051 215464 629

37058 136588 265

Table 2.2: Run statistics of the May cosmic runs: Shown are the run
number, the number of events and the number of TRD tracks

working also on experimental data. Due to noise contamination and gas leaks

in the two supermodules which leads to an unstable gas situation, these data

are of low physical use.

Results from the cosmic run from May 2008

Since both supermodules which are suffering from the gas leak problem are

still in the setup, like in the cosmic run in February the gas composition in

the TRD chambers in the cosmic run starting in May 2008 isAr CO2. In

contrast to xenon, argon is less efficient in TR-absorption. The gas compo-

sition will stay for the supermodules installed in the ALICE setup until the

these two supermodules are repaired. In May 2008 two furthersupermodules

were installed in sectors 9 and 17, so that in these run TRD participated with

four supermodules. The following discussion is based on theruns mentioned

in Tab. 2.2. As a trigger either ACORDE or a combination of two TOF-

supermodules with one inner supermodule with respect to theLHC ring and

one outer supermodule was used. Since for the runs taken so far the pretrig-

ger was not installed for the TRD, the first part of the signal was missing for

the tracks. This can be seen from the average pulse height spectrum shown

in Fig. 2.9. Here one can see that the firstµs of the signal containing the

amplification peak is lost due to the late trigger signal. Only a part of the

plateau region and the tail is remaining. The second peak onecan see at time-

bin 25 can be explained with noise contamination. The shape of the signal

has also consequences on the distribution of the number of clusters attached

to tracklets, shown in Fig 2.10. One can see a peak in the number of clusters

distribution at around 18 clusters. Since the number of timebins sampled in
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Fig. 2.9: Average Pulse Height Spectrum from cosmic runs 37051 and
37058: One can see that the second part of the average Pulse
Height Spectrum is shifted to earlier timebins and that the am-
plification region is missing. This is due to the fact that the
pretrigger was missing for these runs.

this run were 30, the other clusters are missing due to the late trigger signal.

Tracks from these events are due to this case usable only for gain calibration

and for alignment, but not for resolution studies.

A further quantity describing the quality of the tracks is the number of track-

lets per track. Fig. 2.11 left shows the distribution of the number of tracklets

found for each track. One can see that most of the tracks have four or five

tracklets. The number of tracklets for on track can also be seen from the dis-

tribution of the number of clusters (Fig. 2.11 right). One can see peaks at

around 60 and 80 clusters per track. Taking into account the distribution of
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Fig. 2.10: Distribution of the number of clusters in the first may cosmic
runs: One can see a sharp peak at around 17 clusters. The
lack of the other clusters is due to the missing pretrigger for
the TRD

the number of clusters per tracklet shown above, one can identify the peak at

60 clusters per tracklet with tracks having four tracklets and the peak at 80

clusters per track with tracks having five tracklets.

A last quantity to be shown in this context is theχ2-Distribution of the track

normalized to the number of degrees of freedom. The distribution is shown

in Fig. 2.12. One can see that most of the entries are below one. Theχ2

value for these tracks is too small. This leads to the conclusion that the errors

are overestimated. Concerning this point a better understanding of the data is

necessary.
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Fig. 2.11: Number of tracklets found for the tracks in the cosmic runs
37051 and 37058: the left picture shows the number of track-
lets stored for each track in the ESD file. The right picture
show the number of clusters attached to tracks. One can see
sharp peaks at 60 and 80 clusters which belong to tracks with
4 and 5 tracklets.

During July the TOF pretrigger will be connected to the TRD trigger system.

From the first runs with pretrigger, the measurement of the track quality cri-

terions under real conditions have to be repeated. A more important issue for

the time before running is the measurement of the position resolution with

respect to the layer and to the track angle on calibrated datausing large statis-

tics under operational conditions. This quantity is off high importance for the

systematic error.

2.3 Particle Identification with the Transition Radiation

Detector

Particle Identification inside the TRD is done based on the charge deposit of

a track inside a chamber. The charge deposit is calculated using the charge of

the clusters inside the chamber. For each chamber then a PID probability for

each of the five species electron, pion, muon, kaon and electron is calculated.

The PID for a particle is the product of its PID-probability in all chambers
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Fig. 2.12:χ2-Distribution of the cosmic tracks found in the cosmic
runs 37051 and 37058: One can see that most of the tracks
have a normalizedχ2-value less than 1

normalised by the sum of the PID-probabilities of all particles. In order to

get the PID probability for a track in one chamber, the 2-dimensional likeli-

hood method or the neural network method[18] is used. For both methods,

the pulse height spectrum has to be divided into several slices: three for the

2-dimensional likelihood method and eight for the neural-network method.

In case of the 2-dimensional likelihood method, the classification into three

slices reflects amplification region, plateau region and theregion of the TR-

peak in the average pulse height spectrum.

The calculation of the charge deposit slices as well as the calculation of the

PID-probability is performed during tracking. In order to calculate the PID-
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probability for each species in one chamber using the two-dimensional like-

lihood method, a probability value has to be checked inside the two dimen-

sional reference distribution, which exists for discrete momenta and each par-

ticle species. To get the PID probability from the referencedistribution, the

slices two and three have to be combined to one charge depositvalue. To-

gether with the charge deposit value of slice one, the probability as function

value of both charge deposit values can be derived from the probability distri-

bution.

Due to modifications inside the tracking code which deal withthe calculation

of the charge deposit value in the chamber, the reference distribution in pre-

vious AliRoot versions is not matching with the new tracking code anymore,

so it had to be refreshed. In order to create the new referencedistribution, a

production as described for the efficiency has been done for the reference dis-

tributions. This time for each momentum steps 100 runs each containing 100

events were performed. In each event 200 particles were created: for each of

the mentioned species and for both particle and antiparticle 20 primaries. All

runs were reconstructed with the tracking software where the reference dis-

tribution later had to be introduced. The reconstructed tracks were compared

with the Monte-Carlo information in order to get the true particle identifica-

tion. In order to recalculate the charge deposit in each of the three slices, the

cluster information stored in the calibration object in theAliESDfriendTrack

is used. The calculation of the charge deposit for each sliceis done with the

same function which is used to calculate the charge deposit during tracking.

The values for slice one and the combined value for slices twoand three are

stored in a 2-dimensional histogram.

Fig. 2.13 shows the 2-dimensional likelihood distributions for electrons and

pions. One can see for both distributions a global maximum, which is for

electrons at higher charge deposit values in the amplification region as well

as in the drift region with respect to the distribution for pions. Also the width

of the distribution is larger in both dimensions for electrons with respect to
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pions. With the help of the likelihood distributions, electrons and pions can

be separated using their charge deposit in the amplificationand drift region.
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Fig. 2.13: Probability distributions for electrons and pions at a momen-
tum of 2 GeV/c: The distributions show the likelihood value
as function of charge deposit in the amplification- respec-
tively driftregion. Both distributions have a global maximum
which is for electrons at higher charge deposit values for the
amplification region as well as for the drift region. Furtheron
the width of the distribution for both charge deposit valuesis
larger for electrons with respect to pions
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Tools for the Analysis of simulated Proton-Proton

collisions with the AliRoot framework

In order to analyse simulated and later measured data, the AliRoot framework

provides a powerful package which is called the ALICE Analysis framework.

The main advantages are that it allows simple data handling and it can be used

for a distributed analysis.

In order to perform an analysis using the Analysis framework, an analysis task

deriving from AliAnalysisTask has to be created. An analysis manager super-

vises the performance of the task and the data input and output. In this way it

is possible to run either one single task alone or combine several tasks to an

analysis train. In the analysis train it is also possible to link input and output

from different tasks. Four virtual functions have to be implemented for each

task: ConnectInputData, CreateOutputObject, Exec and Terminate. The first

two functions are dealing with the data input and output. In the third func-

tion, the analysis code is placed. For the finalization of a task, the function

Terminate has to be used. The reason for this concept is that the analysis tasks

should be ready to run as distributed analysis on PROOF1 clusters or on the

ALICE GRID. In this case the data connection and the data processing has do

be done on each worker node, so the first three functions have to be called on

each worker. The analysis of the processed data has to be doneafterwards on

the master node. For the evaluation of reconstructed eventsa Chain of ESD-

1 Parallel ROOt Facility: A cluster software for distributedanalysis based on root. The

software is designed to process root trees. Output objects are created on each worker.

They have to be merged in the end.
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trees2 has to be created. The distribution of ESD events to the task is done via

an Event Handler. Also for Monte-Carlo studies there is an event handler pro-

viding the Monte- Carlo event connected with the ESD Event. The analysis

manager provides an interface to the event handler for the steering macro and

for the analysis task. Output objects can be stored in a container structure like

a TList or a TObjArray and send to the consumer via one output channel or

they can be treated individually and send via output channels for each object

by itself. In the second attempt however, an output container has to be cre-

ated for each object, which affects the clarity of the output. This alternative

should only be taken if the output of one task should serve as input for dif-

ferent tasks and the inputs of the following tasks differ. Incase the code has

to be performed on PROOF clusters, a Merge function which merges the re-

sults coming from each worker has to be implemented for each output object.

For many root classes like histogram classes which are mainly used as output

the Merge functions are already implemented. After mergingthe output, final

tasks can be performed on the master inside the function Terminate. Also a

special function SlaveTerminate can be implemented. This function is called

on each worker. It is of interest i.e. if files are temporarilystored on the local

disks of the worker and finally have to be copied to the master node.

For studies on the PROOF cluster or on the GRID, it is proposed to pack the

users code into a package which is called par-file. Such a par-file contains

source- and header-files for the created user-code, a makefile, a shell script

which steers the creation on the library and a setup script which loads the li-

brary into the root environment. Par-archives are loaded toevery worker node,

so the source code is compiled on every worker. Using par-files analysis-

code can be managed for three computer platforms: local machines, PROOF-

2 ESD = Event summary data: In order to reduce the data size, foreach event a summary for

physics tasks is created. Further information which is needed to calibrate the detector is

stored in a calibration object inside the so called ESDfriend. The access to the ESDfriend

happens via the ESD object
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clusters and the GRID. Especially when an analysis job contains more than

one source file, par-archives become necessary.

The analysis framework is also well suited for calibration tasks, i.e. the track-

ing efficiency calculation is performed using the analysis framework. For the

TRD a package containing tasks for efficiency studies is implemented as de-

scribed in the previous chapter, and can be extended with several other tasks

for calibration and PID studies. This attempt is inspired bythe calibration

tasks implemented for the TPC.

The AliRoot distribution provides a further framework whichis handling the

efficiency correction for physical observables like the transverse momentum

pT or the rapidityy. It is called the correction framework. The correction

framework is based on filling containers for each physical variable for Monte-

Carlo Particles and for reconstructed tracks after the applied cuts. The con-

tainers which are created in the steering macro are providedto the analysis

task by the CFmanager. The correction framework also provides objects stor-

ing cuts for single tracks, pairs, PID and other topics. These cuts can be

defined in the steering macro. In this case, the selection of the tracks fulfill-

ing the criteria is done by the CFmanager. After filling the containers during

the analysis, the efficiencies can be calculated by buildingthe ratio of the

two steps. In case of more than one variable, it is also possible to create an

efficiency map.

V0s, kinks and cascades are reconstructed during tracking and stored in the

ESD-tree. For V0 reconstruction there are two methods performed. The

On-the-Fly method, which is performed during TPC tracking and the offline

method performed on all tracks after tracking. The offline V0finder regards

all combinations of pairs of ESD tracks as long as they have different charge

signs as V0 candidates and applies cuts on theχ2, the Distance-to-Closest-

Approach and the distance to vertex. In the On-the-Fly V0 finder, an as-

sumption is made whether tracks are primary tracks or not. Only non-primary

tracks are used for further V0 reconstruction, where also cuts on the quanti-
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ties mentioned for the Offline V0 finder are applied. For all the V0s stored

inside the ESD tree, the assumption for the prior particle tobe aK0
s is done

by default. However the selection of the particle has to be done during the

analysis using PID information for the decay products. For the PID appropri-

ate cuts have to be set. Further cuts have to be applied on other quantities,

for example the invariant mass of the system, the track status, the Distance-

to-Closest-Approach or theχ2.

It is also possible to reconstruct particles afterwards during the analysis. This

can be done using Kalman-filter approach. A special class AliKFParticle in-

side the AliRoot distribution provides the necessary functionality for this. The

reconstruction of particles during the analysis is important especially for short

living particles like hadrons containing heavy flavour likeB-, D-mesons or

quarkonia. It is also necessary for the reconstruction of particles decaying

in more than two daughter particles or for particles decaying in two neutral

particles which decay further. An example for this is the decay

π0 → γγ

whereγs are identified byγ-conversion inside ITS, TPC or TRD.



4

Measurement ofpT -spectra in pp-collisions with

the ALICE Central Barrel Detectors

pT -Spectra measured in pp-collisions are of special interestas reference dis-

tributions for the investigation of heavy ion collisions. In order to calculate

the Nuclear Modification Factor (eq. 1.8) for one particle species in lead-lead

collisions, thepT -spectra for a particle species measured in proton-proton col-

lisions serves as a normalisation together with the number of collisions in

heavy-ion collisions. According to thispT -spectra in pp-collisions have to

be measured. For the studies shown below a Monte-Carlo production which

was performed at GSI was used. In this production proton- proton collisions

at a Centre of Mass Energy of 10 TeV were simulated using PYTHIAver-

sion 6.214 as event generator. The Centre of Mass Energy used in the sim-

ulation corresponds to the Centre of Mass Energy for the first physics runs

at LHC. The production was done with the AliRoot versions 4.13.In total

3.4 ·106 events were analysed. The analysis was done using the ALICE Anal-

ysis Framework described above.

4.1 pt-spectra for charged particles produced in

pp-collisions at a Centre of Mass-Energy of 10 TeV

For the investigation of thepT -spectra of the charged particles, cuts on the

PID probability were made to a probability above 75% for all particle type

in order to avoid contamination due to misidentification. The PID-Signal was

taken as Bayesian probability of the PID signals of the central barrel detectors.
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Fig. 4.1: Efficiency map for all charged particles with respect to the
transverse momentum: One can see an increase of the effi-
ciency with increasing momentum. The noisy structure above
10 GeV/c is due to the low yields of tracks in thispT - region.

In order to profit from the electron-hadron separation capabilities of the TRD,

first the PID Signal in the TRD was checked. If the PID-probability given

by TRD is highest for electrons, and if the PID-probability isabove 75%,

then the particle is assumed to be an electron. A further cut is applied to the

number of clusters inside ITS: It is expected that a track hassix ITS clusters

in order to be accepted.pt-Spectra of reconstructed tracks are then compared

to pT -spectra of Monte-Carlo tracks. A requirement for Monte-Carlo tracks

to be accepted was that they leave at least track references inside the TPC.

The PID information for Monte-Carlo tracks is taken using thePDG code of

the in the Monte-Carlo particle.

The sample is divided into two parts with similar numbers of events. The first

sample was used to calculate the efficiency for the identification of a particle

species using the cuts discussed above as function of the transverse momen-

tum. The efficiency map is used afterwards to correct thepT -spectra created

using the second sample. After the correction for inefficiency, the recon-
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Fig. 4.2: pt-spectrum of all charged particles passing the central barrel.
The spectrum is corrected for inefficiency using the efficiency
map shown in Fig. 4.1.

structedpT -spectra can be compared to thepT -spectra created from Monte-

Carlo tracks.

Fig. 4.1 shows the efficiency as function of the transverse momentum for all

charged particles with respect to the transverse momentum.One can see an

increase of the efficiency with increasing transverse momentum. Above 10

GeV/c the low statistics for high-pT tracks affects also the efficiency. One

can see this from the noisy structure at higherpt- values. The correctedpT -

spectrum for all charged particles is shown in Fig. 4.2. One can see that the

reconstructed spectrum reproduces the spectrum using the Monte-Carlo data

very well in thepT -range up to 14 GeV/c.



44 4 Measurement ofpT -spectra in pp-collisions with the ALICE Central Barrel Detectors

 / GeV/c
T

p
1 2 3 4 5 6 7 8 9 10

E
ff

ic
ie

n
cy

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 efficiency for Electrons
T

p

 / GeV/c
T

p
1 2 3 4 5 6 7 8 9 10

E
ff

ic
ie

n
cy

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

 efficiency for Pions
T

p

 / GeV/c
T

p
1 2 3 4 5 6 7 8 9 10

E
ff

ic
ie

n
cy

0

0.2

0.4

0.6

0.8

1

1.2

 efficiency for Muons
T

p

 / GeV/c
T

p
1 2 3 4 5 6 7 8 9 10

E
ff

ic
ie

n
cy

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

 efficiency for Kaons
T

p

 / GeV/c
T

p
1 2 3 4 5 6 7 8 9 10

E
ff

ic
ie

n
cy

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 efficiency for Protons
T

p

Fig. 4.3: Efficiency maps for the particle species electron, pion (up-
per row), muon, kaon (middle row) and proton: One can see
that the efficiency for electrons increases with increasingpT .
The decrease of the efficiency for pions and muons is due to
smaller PID probabilities at higher momenta. Kaons profit
from the TOF PID, which leads to a second maximum in the
efficiency at around 3 GeV/c.
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The efficiency as function of the transverse momentum is shown in Fig. 4.3

for the different charged particle species. From the efficiency plots one can see

an increase of the efficiency for electrons and protons towards higher trans-

verse momenta, while for pions, muons and kaons the efficiency decreases to-

wards higher momenta. The identification of pions and muons is based on the

energy loss inside the TPC. Since the particles have similar mass, the distinc-

tion of pions and muons becomes more difficult with increasing momentum,

which leads to similar PID probabilities for muons and pions. According to

the cuts applied on the PID, the yields of identified pions andmuons decrease

with higher momentum. This explains the decrease of the efficiency for pi-

ons and muons. For kaons one can see beside the maximum at 0.5 GeV/c a

local maximum of the efficiency at a transverse momentum of 3 GeV/c. The

first peak is due to the kaon identification using TPC PID at lower momenta,

the second maximum reflects thepT -region where the kaon identification us-

ing TOF PID information is best. So in thepT -region above 2 GeV/c the

main contribution to the kaon identification comes from TOF PID. Protons

also profit from the particle identification inside TOF. Hereone can see an

increase of the efficiency with increasingpT . At 10 GeV/c one can determine

an efficiency of 0.5. Also for electrons an increase of the efficiency can be

seen. Here in the region above 2 GeV/c, the identification of electrons profit

from the TRD PID.

Fig. 4.4 shows thepT -spectra for the particle types pion, electron, muon,

kaon and proton after the correction for inefficiency. In each picture the re-

constructed spectrum is compared to the Monte Carlo spectrum. One can

see that the Monte-Carlo spectra can be reproduced well with the efficiency-

corrected reconstructed data up to a transverse momentum of6 GeV/c. For

the species electrons, kaons and protons, the reconstructed pT -spectrum and

thepT -spectrum from Monte-Carlo tracks agree well also up to higher trans-

verse momenta (8 GeV/c in case of electrons and kaons and 14 GeV/c in case

of protons).
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Fig. 4.4: pT -spectra for the particle species pion, electron, muon, kaon
and proton. Shown are thepT -spectra derived from Monte-
Carlo tracks and thepT -spectra from measured tracks for each
species. The reconstructed spectra are corrected for ineffi-
ciency. One can see that in thepT -region up to 6 GeV/c the
reconstructed spectra reproduce the Monte-Carlo spectra very
well.
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An interesting point is that in contrast to the spectra for electron, muons

and pion, which have their maximum below a transverse momentum of 100

MeV/c, the kaonpT -distribution has a peak at around 300 MeV/c. Also for

protons a peak at around 300 MeV/c can be seen. Since the particlepT -spectra

can be described with a Maxwell-Boltzmann distribution, thepeak can be ex-

plained with a higher energy which kaons and protons are transporting with

respect to the lighter particle species. Since electrons, muons and pion are the

product of decays, they carry only a fraction of transverse momentum, which

also explains their maximum at very lowpT .

4.2 pt-spectra ofK0

s and Λ produced in pp-collisions at a

Centre of Mass Energy of 10 TeV

K0
s can be identified by their decay into two pions

K0

s → π+π− (4.1)

with a branching ratio of 69%[11].Λ can be reconstructed according their

decay into a pion and a proton

Λ→ π−p

with a branching ratio of 63.9%. The particles were reconstructed using the

On-the-Fly V0 finder. As PID signal the combined PID of all detectors was

used. Cuts on the PID probability were set to 75%.

Fig. 4.5 shows the invariant mass spectra forππ. One can see a sharp peak

at 0.49GeV/c2. This peak can be identified with the particleK0
s . Mass and

width are derived from a gaussian fit tomK0 = 499.6MeV/c2 andΓK0 =

3.5MeV/c2. Fig. 4.6 show the invariant mass spectrum forπp in a region

between1.0 and1.2GeV/c2. Here one can see a clear peak at an invariant

mass of1.116GeV/c2, which can be identified with the particleΛ. Mass an

width can be derived from a Lorentz fit tomΛ = 1.1161GeV/c2 respectively

ΓΛ = 1.519MeV/c2.
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with the particleΛ.
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Fig. 4.7: pT -spectrum forK0

s
(left) and Λ: Shown are the recon-

structed spectra (blue) and the spectra derived from Monte-
Carlo tracks (red). The reconstructed spectra are corrected for
inefficiency. One can see that the reconstructed spectra repro-
duces the spectra created using Monte-Carlo tracks well up
to a transverse momentum of 3 GeV/c forK0

s
respectively 6

GeV/c forΛ

Fig. 4.7 shows thepT -spectra forK0
s andΛ. Here the reconstructed spec-

tra after correction for inefficiency and the spectra derived from Monte-Carlo

tracks are presented. The efficiency plots are shown in the appendix (Fig.

B.1). There one can see that the efficiency stays below 1% forK0
s andΛ in

thepT -region which was investigated. Influences on the efficiencyare com-

ing from the cuts on the PID probability and from cuts inside the V0 finder.

The reconstructedpT -spectra forK0
s andΛ after efficiency correction repro-

duce the spectra derived from Monte-Carlo tracks very well upto a transverse

momentum of 3 GeV/c in case ofK0
s and up to 6 GeV/c in case ofΛ. In

order to increase the efficiency, one can lower the cuts on thePID probability

and accept misidentification. A further possibility is to reconstruct the V0s

again out of all tracks which are identified as pions using theAliKFParticle

class. Here cuts have to be applied on the Distance-to-Closest-Approach and

on the distance of the decay vertex to the primary vertex in order to reduce

the background.
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Summary and Outlook

Between October 2007 and January 2008 the TRD tracking code wascom-

pletely restructured and tested using data from the November 2007 testbeam.

In the time between January 2008 and July 2008 also the quality of the TRD

tracking was checked. The focus is on the efficiency and on theposition res-

olution in Monte-Carlo studies. It has been shown that the efficiency of TRD

stand alone tracking and combined TRD stand alone and barrel tracking is

above 90% with respect to all the findable tracks. For the position error it has

been shown that the distance between Monte-Carlo track and reconstructed

track increases with the track anglesφ andθ and has minimal values in the

order of150µm in y-direction respectively 3mm in z-direction. Concerning

the cluster residuals with respect to tracks which were measured using cos-

mic events, one can see a saturation at750µm in y- direction. Further effort

is needed to achieve a value of about400µm reached with prototypes [4].

The reconstructedpt-spectra for all charged particles after the correction for

inefficiency reproduce thepT -spectrum derived from the Monte-Carlo tracks

very well up to a transverse momentum of 14 GeV/c. Here the efficiency in-

creases with increasing momentum and reaches a value of 0.6 at 10 GeV/c.

For the species electron, pion, proton, muon and kaon thepT - spectrum de-

rived form Monte-Carlo tracks can be reproduced by the reconstructedpT -

spectrum after efficiency-correction up to a transverse momentum of 6 GeV/c.

The efficiency decreases for muons and pions and increases for protons and
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electrons. The effect could be explained with difficulties in the separation

of muons and pions for high momenta using the TPC, while the electron re-

spectively proton PID-signal could be improved using the detectors TOF for

protons and TRD for electrons. The local maximum of the efficiency for the

kaons at 3 GeV/c can also be explained by an improvement in thePID signal

due to the TOF-PID in thispT -region. In the higherpT -region a larger statis-

tics is needed in order to draw conclusions on the efficiency and the shape of

thepT -spectra. Concerning uncharged hadrons it has been shown thatK0
s and

Λ can be reconstructed in ALICE using the On-The-Fly V0 finder. Here the

reconstructedpT -spectra reproduce thepT -spectra from Monte-Carlo tracks

up to a transverse momentum of 3 GeV/c forK0
s respectively 6 GeV/c forΛ.

In both cases however the efficiency is rather low.

For the cosmic run in August 2008 and the first beam-gas collisions, the main

tasks are to optimize the TRD reconstruction parameters and to verify the

TRD position resolution and the cluster residuals. This parameter set will be

employed in the reconstruction of the data of the first physics runs. Also the

measured position resolution is of high importance for the first physics runs.



Appendix





A

Fundamentals of heavy ion collisions

In order to characterize the dynamics of relativistic particles in heavy ion

experiments, new quantities are introduced. A very usefullquantity is the

rapidity. The rapidity is defined in the following way[19]:

y =
1

2
ln

(

p0 + pz

p0 − pz

)

(A.1)

Herep0 is the energy of a particle andpz is the z-component of the momentum

of the particle. A good choice for the z-direction is the beamdirection. With

the help of the rapiditiy we can express the energy respectively z-component

of the momentum of a particle:

p0 = mT cosh y (A.2)

pz = mT sinh y (A.3)

wheremT is defined as the transverse mass of the particlem2
T = m2

0 + p2
T .

However, in some experiments, it is not possible to measure both quantities

energy and momentum in beam direction for a particle, but only the angle

relative to the beam axis. Therefore a new quantity which is called pseudora-

pidity is introduced. The pseudorapidity is defined in the following way:

η = − ln

[

tan

(

θ

2

)]

(A.4)

whith the angleθ of the particle track with respect to the beamline. With

the help of the momenta, the pseudorapidity can also be expressed in the

following way:
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η =
1

2
ln

( |p| + pz

|p| − pz

)

(A.5)

As can be seen from the comparison of eq. A.1 and eq. A.5, the pseudora-

pidity approximates the rapidity for large momenta p
¯
≈ p0. Now it is also

possible to express the absolute value of the momentum and the z-component

with the help of the pseudorapidity:

|p| = pt cosh η (A.6)

pz = pt sinh η (A.7)

with the transverse momentumpT =
√

p2 − p2
z, which is the absolute mo-

mentum orthogonal to the z-direction.



B

Efficiency Maps for K0

s and Λ
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Fig. B.1: Efficiency for the reconstrucion ofK0

s
andΛ as function of

the transverse momentum: One can see that the efficiency
reaches its maximum forK0

s
andΛ at approximately 2GeV/c.

In both cases the efficiency stays below 1% for the complete
pT -range which was investigated.
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