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Abstract

The ALICE Transition Radiation Detector has Particle |decdifion and
Tracking capabilities. In this Master Thesis the qualitytteg TRD tracking
algorithm is discussed. The tracking efficiency in the motmenregion be-
tween 0.6 GeV/c and 10 GeV/c has been determined to be atl @186 for
stand alone tracking and at a level of 0.99 for combined stdmk and bar-
rel tracking. Concernig the cluster residuals with respetigcklets it will be
shown for cosmic data taken with one TRD supermodule thatitistes resid-
ual in y-direction take a value af0um at a signal/noise level of 39. Using
the ALICE Central Barrel Detectogs--specta for proton-proton collisions at
a Centre of Mass Energy of 10 TeV generated using PYTHIA areudsed
for the species electron, proton, pion, muon, kashandA. It will be shown
that the reconstructed,-spectra reproduce the Monte-Carlo spectra up to a
transverse momentum of 3 GeV/c far°, 6 GeV/c for/, pions and muons,
8 GeVI/c for electrons and for protons. Concernig thespectrum for all
charged particles it can be shown that the reconstructezirspe reproduces
the spectrum created by Monte-Carlo tracks up to a transweoseentum of
14 GeVlc.
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Introduction

1.1 The Quark-Gluon Plasma

Strongly interacting particles are consisting of quarkd giuons. These
particles are called hadrons and are described by Quantomolkynamics
(QCD). According to the number of valence quarks hadrons eadiladed
into two groups: Mesons are consisting of a quark-antiqpark baryons of
three quarks respectively three anti-quarks for the anig@. Since quarks
are known to carry spin-1/2, baryons are fermions and meamnsosons.
The structure of mesons or baryons can be explained by tloe clohrge, a
quantum number of the strong interaction which is carriedimyrks and glu-
ons. There are three color charges which are called “redlie”tand “green”.
All strongly interacting particles appearing in nature é&wvbe color singlets.
A color singlet state is existing if either a particle cotsisf a color-anticolor
pair or of a group of three particles where each color is sgreed. The color
wavefunction has to be expressed

1

/4 colour —
) 7

(Ir7) + |bb) +193))

for mesons and
1
|!p>colour _ % (]rgb> + ‘gbr) + ’b?‘g> - \bg?“) - |Tbg> - ’g?”b>)

for baryons. One can see that the color wavefunction isyantigetric for
baryons and symmetric for mesons. A further remarkable gutgof the
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QCD is the running coupling constant. The coupling constare strong

interaction is expressed in the following way:
4

(11— 3Ny (g)) In ()
with the scale parameter= 2133MeV for 3 quark flavours[6]. According

(1.1)

ag —

to this, for short distances or large momentum transferkguzan be consid-
ered as “asymptotic free”. In this case, QCD can be descrip@aturbation
theory, which is valid for small coupling constants. Fogkicoupling con-
stants, lattice QCD is employed.

Lattice-QCD calculations however predict that above a geteanperature a
phase transition takes place from a hadronic state to acdlésl the Quark-
Gluon Plasma. This temperature is dependent on the banyocalgotential
up. At a baryochemical potential close to zero, the criticahperature is
approximately 170MeV Above the critical temperature cosrfnent is abol-
ished meaning quarks are no longer bound to hadrons. A fupttoperty
of Quark-Gluon Plasma is that the chiral symmetry is restorRHIC ex-
periments show [17] that the Quark-Gluon Plasma behavesdiktrongly
coupled liquid. Concerning the evolution of high energegavy ion colli-
sion, the system after the collision thermalizes until the@®-Gluon Plasma
is created. The thermalization proceeds quickly. After ¢heation of the
Quark-Gluon Plasma, the system cools down. When the chefméeale-out
is reached, quarks couple to hadrons. Quark-Gluon Plasregpiscted to
have existed in the early stage of the universe (Unti after the big bang).
With the help of high energy heavy ion collisions (like at SIR&IC and
LHC), Quark-Gluon Plasma can be created.

A simple way to describe the Quark-Gluon Plasma is the usateeaVIT
Bag model[10]. This model treats the QCD in a thermodynamiegl apply-
ing a boundary condition which expresses confinement. Tdusthary condi-
tion is the bag pressure. In the model, hadrons are desathad ideal Fermi
gas of quarks and gluons. The boundary condition is applfehlouter pres-
sure which counters the Fermi pressure and prevents thengdrom leaving
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the hadron. This leads to a vanishing parton current at tlaedeo of the
hadronJ,|,.—r = (¢v.q). The energy of the of the N-quarks inside the bag
has the following expression:

204N dr
E=~"——+—BR* 1.2
7 T3 (1.2)

where the Bag constant B reflects the boundary condition. dmrtbdel nat-
ural units are takenig = 1). The Bag constant can be derived from the
minimization of the energy of the N-quark system to the folloy expres-

2.04N\ Y4 1
BY* = - 1.3
( 4 > R (1.3)

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

sion:

206MeV/fm3. For a hadron in a two-flavour model consisting of up and
down quarks and a vanishing gluon mass, the Fermi presssithd#ollowing
expression:

P=3Tx T (1.4)

In order to calculate the critical temperature, one has tsicer that the Bag
pressure has to enclose quarks and gluons to hadrons. lgheressure can-
not compensate the Fermi pressure anymore, than the comfitiésrbroken

and the phase transition has taken place. From this theatriéimperature is
given using the equilibrium of Fermi pressure and Bag pressur

90 1/4
TC:(F) BY/4 (1.5)

Using the value of the Bag constant mentioned above, one geitscal tem-
peraturel = 144MeV, which is not far away from the critical temperature
given above, using lattice calculation.

There are several signatures for the Quark-Gluon Plasnsirexi which
have already been measured in the experiments at SPS (NAXS) Aind
CERES) and at RHIC (with the experiments STAR, PHENIX, PHOBOS and
BRAHMS). One very prominent signature is the strangenessneeinaent
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with respect to pp-collisions. During the reaction the guaelds reach chem-
ical equilibrium, but due to chiral symmetry restoratioe tthemical equilib-
rium for strange and antistrange quarks is at a higher levelQuark- Gluon
Plasma. Experimentally strangeness enhancement cantée tseng the ra-
tios between hadron types containing strangeness andrhagves which
do not contain strangeness, i.&./7-ratios. For the heavy quarks, a signa-
ture for the Quark-Gluon Plasma which was observed at SPRbei@ was
the quarkonia suppression. It can be explained qualitsitiveing the color
charge screening formalism of Matsui and Satz[16]. Farpair created in a
Quark- Gluon Plasma, according to the high particle-dgnbki quarks will
also observe the color charge of the partons around, so thggia broken
and the quarks will be separated. During the hadronisatientd the high
abundances of quarks with different flavour, the probabftir a formation
of a J/¥ is lowered with respect to other hadrons containing chararkgu
and theJ /¥ get suppressed. If the temperature increases, also thegbiaul
yields for cc-pairs increase, and charm- and anticharm-quarks frorareifit
pairs can couple to d/¥ during hadronisation if their colour charges are
matching. For LHC conditions an enhancement oF is predicted [8].

A third signature for the Quark-Gluon Plasma is connectdt jeis. In case
a quark-antiquark pair is produced in hard collisions, thargs from this pair
are loosing energy when passing the hot dense medium. Hudavers the
transverse momentum of the quarks. When these particles\éaigto jets,
the number of partons with a high- is lower for jets from a Quark-Gluon
plasma with respect to jets from pp-Collisions, since theegartons do not
have to pass the dense medium. This phenomenon is callgdgething. In
order to investigate jet-quenching, one has to trigger gh-ginergy particles.
In practice, the particle with the highest momentum abovertam threshold
will give the trigger signal, then particles in a region anduhe triggering
particle have to be found. Then for all the particles thedvanse momen-
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tum has to determined. Investigations at RHIC have shownfteetef jet
guenching.
For the investigation of the early phase of the Quark-Glutasiia, direct
photons respectively thermal dileptons are very usefuesthey are able to
pass the material unbiased. Direct photons are createduoy gicattering
gq — 7q and quark-antiquark annihilatiojf — ~¢g. Dileptons are created
by conversion of virtual photons into a lepton pair. In botises however the
background is large. For direct photon the background camessly from
m- andwp-reactions, for the direct leptons it results from pion4aiiation
and from Drell-Yan processes. Interesting candidates tsantee identified
by their transverse momentum. For direct photons the istieig region is
between 2 and 5 GeV/c[5]. In this region a clear signal froneatiphotons
is expected. Below 2GeV the signal is dominated by photoma thee mixed
phase. For leptons the region above 1.5GeV and up to 10GeMnsgeoest
[14], since in this the lepton signal from the Quark-Gluomadpha can be
identified and separated from background processes.
To study the properties of the Quark-Gluon Plasma, thetillijiow is of
interest. For the definition of the elliptic flow, a Fourieradysis on the distri-
bution E42 is done:

N _ 18N

d3p
where ¢ is the azimuthal angle between the reaction plane, defineithdoy

P [1+ 20y cos(¢) + 2vy cos(2¢)] (1.6)

impact parameter and the beam axis, and transverse momenithenfirst
harmonic coefficient is called directed flow. It describes sideward motion
of the particles inside the reaction plane[13]. The secamficient which is
called elliptic flow measures the excentricity of the mattistribution during
the formation time. The representation of the elliptic flethe following [9]:
2 2

v2_<pxp_%py> (1.7)

Here the x-direction is inside the reaction plane and omhagto the beam-

direction z, and the y direction is orthogonal to the reactmane. This
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guantity is applicable to study hydrodynamic propertieshef Quark-Gluon
Plasma. Measurements of the elliptic flow at RHIC have shovan tihe
Quark-Gluon Plasma behaves like a liquid. A further remblkdeature of
the elliptic flow is that it carries information about the timalization process.
The investigation of the Quark-Gluon Plasma was started& &d RHIC.
At LHC, where the centre-of-mass energy and the temperafuhedireball
will be considerably higher, the signatures of the Quarke@IPlasma will be
further investigated. Here ALICEwill be the dedicated experiment for the
investigation of the Quark-Gluon Plasma. In the next deafilgther exper-
iment at FAIR at GSI will join. The experiment is called CBMLike the
experiments at SPS and in contrast to the experiments at RHIC, WiBlde
a fixed-target experiment. In comparison to the LHC, the teatpee will be
lower, the baryochemical potential however will be highdare information
about the Quark-Gluon Plasma and its signatures can be fioddd], [5],
[14] and [7].

1.2 Comparison between heavy-ion collisions and
proton-proton collisions

An important quantity used to study relativistic heavy iasllisions is the
nuclear modification factoR44. The nuclear modification factor is defined
by the ratio[15]:

d®>Naa

Rap = —2%2 (1.8)

d?Npp
NC'oll * dydpr

Here particle yield spectra produced in heavy ion collisiare compared to

the yields produced in pp-collisions, scaled by the numbbmary collisions
Neoy. Using the nuclear modification factor it is possible to stgate the
behaviour of particles produced in heavy ion collisiongh# nuclear modifi-

L A Large lon Collider Experiment
2 Facility for Antiproton and lon Research
3 Compressed Baryonic Matter
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cation factor is smaller than 1, then one says that the spgeis suppressed
in heavy-ion collisions. For the Quark-Gluon Plasma thdemramodification
factor can be used to study the particle production at thencda freeze-out.
Since the quarks created in the Quark-Gluon Plasma recentbihadrons
at the chemical freeze-out, the nuclear modification factor also provide
information about the earlier stages of the Quark-GluorsiRla For the
measurement of the nuclear modification factor, besidesdmérality and
the particle distribution in heavy-ion collisions, alse@tharticle spectra for
Proton-Proton collisions have to be well-known.

1.3 The ALICE experiment

The ALICE-Experiment is a dedicated heavy ion experimeritat HC". The

LHC will accelerate protons to an energy of 7 TeV which leaxa Centre of
Mass Energy of 14 TeV. In the heavy-ion mode, the LHC will dee Lead
nuclei to an energy of 5.5 TeV/nucleon. The experiment isghesl to study
the signature of the quark gluon plasma. Fig. 1.1 shows tperexental
setup of the experiment. In order to fulfill the task, the ALIEEperiment
consist of the following components:

e Tracking detectors:
— Inner Tracking System (ITS) for tracking and primary vefiading
— Time Projection Chamber (TPC) for tracking and particle idieation
— Transition Radiation Detector (TRD) for tracking and eleotidentifi-
cation
e For particle identification
— Time-of-Flight Detector (TOF)
— High-Momentum-Particle-ldentification (HMPID)
e As electromagnetic calorimeters
— Electromagnetic Calorimeter (EMCAL)

4 Large Hadron Collider
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ACORDE ABSORBER MUON FILTER

HMPID = i TRIGGER CHAMBERS

TRACKING CHAMBERS

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 VO and
TO. Except for the Foreward MUON Spectrometer, all detec-
tors are placed inside the L3 magnet. Picture taken from [2].

— Photon Spectrometer (PHOS)
e For muon identification (in forward rapidity region)
— MUON Spectrometer
e As triggering detectors and for global event charactessti
— Forward Multiplicity Detector (FMD)
— Photon Multiplicity Detector (PMD)
- VO
- T0
e As cosmic-ray trigger
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— ACORDP

The central barrel consists of the detectors ITS, TPC, TRD dDB. These
detectors cover a pseudo rapidity range< 0.9 with full acceptance in az-
imuth. The detectors are used for tracking, for primaryesereconstruction
(ITS and TPC) and for particle identification. Other threeedtzirs EMCAL,
PHOS and HMPID have to share the acceptance region aroundititde
plane of the detectors. HMPID is a Ring-Image Cherenkov dataced
for the identification of charged particles with a momentymta 100GeV/c.
The purpose of the PHOS detector is to identify andny’s. EMCAL is a
detector created for jet-studies. The Forward MUON Speutter will be
used for tracking and identification of muons in the forwaagidity region
—4.5 < n — 2.5. The barrel detectors are placed in a homogeneous magnetic
field created by the L3 magnet. The strength of the fielt is 0.57

For the first running period starting in august 2008, theustaff the main
detectors will be the following:

e ITS, TPC, TOF, HMPID and the Forward MUON Detector are conguet
and ready for data taking.

e TRD will participate with 4 out of 18 supermodules.

e PHOS will participate with 1 out of 5 modules.

e EMCAL will not participate in this run. The detector is plamh® be
installed in the beginning of the next decade.

The ALICE experiment, its detectors and the measuremerd taskexplained
in details in [2] and [3].

5 A Cosmic Ray Detector for ALICE
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Tracking and Particle Identification with the
ALICE Transition Radiation Detector

2.1 Introduction

The ALICE Transition Radiation Detector is placed surrougdire beamline
in a distance of 3 meters. It covers a pseudo- rapidity rafde| < 0.9 and
has an azimuthal acceptance366°. The detector is divided into 18 sectors in
r¢-direction, 5 stacks in z-direction and 6 layers in r direactiEach chamber
consists of a radiator, a drift chamber and a padplane fologa TR-photons
are created when charged particles are passing the radidtercreation of
TR-photons is dependent on the Lorentz-factoPhotons which are created
in the radiator are absorbed in the drift chamber, where thegte primary
electrons. Also charged particles are creating primargtedas in the drift
chamber due to ionization of the gas. Primary electron etasaire moving
toward the amplification region, where the signal is readasuthe cathode
padplane. Fig. 2.1 shows an average pulse height specebetidrons and for
pions at a momentum of 2GeV/c. Besides the main peak corrdsppto the
amplification region, one can see a second peak for elecivbith is due to
the absorption of TR-photons.

The main goal of the Transition Radiation Detector is the s of elec-
trons and pions in a momentum region between 2GeV/c and 10Geith a
pion efficiency of less thah’ at90% electron efficiency. Therefore, the main
fields of interest fulfilled with the help of the TRD are singéad di-electron
physics, i.e the reconstruction 8f% and?Y 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 edastr
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 crossrsgeasing sin-
gle electrons. Also photons can be measured in the TRD viaecsions. The
TRD can be used as a fast trigger on electrons and jets withgetrresponse
after6us. Further on, the TRD is one of the central barrel tracking ctets.
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2.2 Tracking in the ALICE Transition Radiation Detector

The TRD tracking code is discussed in [12]. Tracking in the TRDper-
formed in two different ways: On the one hand, tracks comimgfthe TPC
are prolonged inside the TRD, and if the tracks are not stoppsde the
detector, they are propagated towards TOF. On the other, i@wtting can
also be performed inside the TRD by a stand alone trackingigigowithout
information coming from other detectors. The two algorighfollow differ-
ent strategies: barrel tracking is based on Kalman Filter@gch[1]: Using
the Kalman Filter, a state vectoy, is defined for each point. For the ALICE
tracking code, the state vector consists of five parameférs:local y- and
z-coordinate, the local sinus of the track momentum, thgeanof the local
dip angle and the reciprocal pf-. Further the covariance matrg, accord-
ing to the state vector is required. The idea behind the KalRiker is, once
having an estimate of the state vectqr ; and a measurement of the state
vector for the next time step,, to calculate the estimation of the state vector
for the next time step. Doing this, a predictidfi ' of the state vector for the
next time step has to be calculated according to

Byt = fi(@re) (2.1)

where f;, describes the evolution of the state vector. Also a preshdir the
covariance matrix has to be made:

Ck1 = FCr FF (2.2)

with F, = -4 The measured state vector is correlated with the real state

drg_1”

vector by
Y = Hypxp, + 0y, (2.3)

with the noise),, which has the covariance matfi%. It can be shown that

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

#}~! and the measured state vecgpraccording to.



16 2 Tracking and Particle Identification with the ALICE Transition RadiatioteDir

i’k = 5},’:_1 * Kk (yk — Hk[i’i_l) (24)

~ ~ 1
The quantityk, = CF'HF (Vk + HkC§*1H5> is called Kalman gain.

Also the covariance matrix has to be updated using the gredic
Cy = CF ' — K, H,CF1 (2.5)

The Kalman Filter was implemented in the class AliExternatkParams.
Here the function PropagateTo creates the prediction ®m#xt step, the
function Update calculates the estimate of the new staterdeor the TRD
tracking code this means that the measured point for thatiber step has
to be created. As measured point the tracklet is used. Alaacknsists of
clusters within a chamber which are assumed to be lineapgnigent in the
r¢-direction with respect to the time. A big advantage of thénkan Filter
based tracking algorithm is that it takes into account enkrgs and multiple
scattering. A further advantage is that it directly rejesis-matching space-
points created by noise.
The core of the stand alone tracking algorithm is a track rhatieh is fitted
to the clusters. To get the track model, we start from the #&quaf a circle
in the xy-plane

(x—m0) +(y—w) =R =0 (2.6)

where R is the radius of the circle anid,, y) is the center of the circle,
and take into account that the pads are tilted by an apgldhe measured
y-coordinate is related to the real y-position of the trac&ading to

yl =y —tan (¢y) (2 — 2¢) (2.7

where z is the real position of the track ands the z-position of the cluster,
which is defined as the center of the pad. For the z-coordufatee track a
linear dependence is assumed:

z2=dx*(r — zep) + € (2.8)
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whered = j—;|mm ;andz =z (z,.r) are free parameters of the model. After
inserting eq. 2.7 and eq. 2.8 into eq. 2.6, under the assamtbtat the tilting
pad correction can be neglected in quadratic order, we getdhation which
serves as the track model:

(x — :1:0)2 + (yr — y0)2 — R%? — 2y, [tan (¢) [d + (x — Trep) +€]] =0 (2.9)

In order to fit the equation to the clusters, the equation edimearized using
the following transformation:

S 210
u= ﬁ (2.11)
v = 2;2%(;;2) (2.12)
w = 200 (6) +<y ) 2.13

For the linearized track model we get
a+bu+ct+dv+ew—2(y + tan (¢;) z.) =0 (2.14)

.1’(2) +y(2) -

2
whereaq = —yio, b= z—g andc = . % Fromthe parameters, the curvature

of the track can be calculated lay= J#W

Track finding in the stand alone tracking is done in the follayway: To
start with, a seeding configuration is created out of foudsggclusters. In
order to be more robust towards noise, the seeding clustertha center of
gravity of the cluster positions projected to one xy-plaf@r the seeding
configuration a constraint is made on the angles in y- andeztibn with
respect to the x-axis. They have to be less thin Having the seeding con-
figuration, a circle is fitted to the seeding clusters. Tratkhre created by
attaching clusters to the tracklet using the slope comiagfthe circle fit,
and afterwards performing a linear least-square-fit. Hatte tracklets, a fit
of the track model to the clusters is done in order to rejentlchates with

a non-sufficient quality. The quality is dependent on tRevalue of the fit,
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the number of clusters which are attached to the track, amditference of
the slope for all chambers. Tracks which fulfill the qualigndition are ex-
trapolated to the chambers which were not taken into acdouthe seeding
so far. The extrapolation is done by creating trackletsgutiie position and
slope calculated from the model fit. Having all the trackléts four tracklets
with the worst quality are attempted to be improved in aratiee procedure.
During each iteration step, each of the four tracklets isitdhusing the po-
sition information from the Riemann fit. Afterwards the Riemdit is done
again in order to decide via th¢ value of the fit whether an improvement is
achieved. If the track quality has improved, then the pasitnformation is
updated for each tracklet, otherwise the previous traakfetmation is taken
and the iteration is stopped. In the last step of the gemerafithe track can-
didate, the model is fitted again to the final tracklets, ankliedihood value is
created. This likelihood value is used in a filter to get tlaeks with the best
quality. Fig. 2.2 shows an example of the model fitted to elkssboth for y-
and z-direction. The algorithm is performed iterativelytbe set of clusters
which are not attached to tracks until in one iteration stefpunther track is
found. Since the track points which are taken to perform tiseafie coming
from the clusters, and the clusters are "aware™ of calilr@nd alignment,
the tracking algorithm is calibration and alignment aware.

In comparison to the barrel tracking algorithm, the stamhaltracking algo-
rithm has the advantage thatit is independent on the TPhénoh, since the
algorithm is based on fitting a circle to track points, theoalipm is fast. By
this, the main usage for the stand alone tracking algoriththe High Level
Trigger, where a fast tracking method is necessary to peoaittigger deci-
sion. The stand alone tracking algorithm however has theddantage that
it doesn’t take into account material which the Kalman [Fiitigorithm does.
Effects like multiple scattering inside the material argleeted inside the al-
gorithm. This lead to a degradation of the position and mdararresolution
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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 aftdltitig
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, tsaglconstruction by
the Kalman Filter are heaving a higher accuracy.

As an option, both trackers can be included in the reconstrucIn a first
step, the barrel tracking propagates tracks coming from B@. These tracks
are marked for the later analysis as tracks form the bameking. One the
set of clusters which is not yet attached to any track, stdoeatracking
is performed to find also tracks which are not found by thedddracking.
These tracks are coming from conversions in the materialdet TPC and
the first TRD layer. Approximately 10% of the conversions aapgening
in this region. Another possibility where tracks are notgagated from the
TPC is if the first layer is missing for the reconstructioas, if a half chamber
is switched off. Due to the material budget in the TRD the badpagation
fails. Due to these cases, it is useful to perform reconstmuavith both
methods.
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2.2.1 Tracking Efficiency

The tracking efficiency, defined as the ratio between the rurobrecon-
structed tracks and the number of findable tracks, was detedwith the
help of a Monte Carlo sample. The study sample consists ofasytles of
particles where all particles were created with the same embam (0.6 to
10 GeV/c). Each subsample consisted of electrons, piomsiskanuons and
protons.

For the calculation of the tracking efficiency, the Monte{Ganformation
has to be compared to the ESD track information. This can loe dsing
the Monte-Carlo label which is assigned to the track. The MdaDarlo label
corresponds to the track number in the Monte-Carlo evente Blielly particles
which are leaving hits inside the detector are regardedatdhtie comparison
is made with respect to findable tracks. For each Monte-Caxtoqte, the
corresponding reconstructed track is searched. If it gxéspair of matching
ESD and MC tracks are created. On the other Monte-Carlo tragkshave to
be applied to decide whether they are findable or not. Usiisgriformation,
the ratio of found tracks with respect to findable tracks cacdiculated.
The code for calculation of the efficiency is based on the ysialFramework
(see chapter3). For all Monte Carlo particles leaving hissde@ the TRD an
object which is called AliTRDtrackinfo is created. This offfe contains the
track references and depending on whether they exist, the tf&R or the
external track parameters. A class deriving from AliAn&yask is creating
the track information objects which are passed to the coestiasks. These
consumer tasks are i.e. calculating the efficiency. Thedronk is extensible
and other tasks like PID efficiency studies or calibraticgk$sacan be added.
Fig. 2.3 shows the scheme.

The efficiency was measured in two cases: In the first casdftbiercy was
measured for tracks found only by the stand alone trackédr iggpect to all
findable tracks for the stand alone tracker. The second taskpares all the
tracks found inside the TRD, either found by the stand-aloaeking or by
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AliTRDtrackinfoGen

Producer
Task

- optional
AliTRDtrackinfo |~ RO > DebugStreamer

Consumer
Tasks

AliTRDtrackingEfficiency ‘ ‘AIiTRDtrackingEfficiencyCombined ‘ ‘ Resolution‘ ‘ Calibratio%‘ PI*

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 #dk
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 finddbi the stand
alone tracking. Here also the performance of the barrekitngds included.
In order to get the number of findable tracks, cuts are appirethe momen-
tum, on the number of layers, on the track angles in y- andreetion and on
the sectors. A lowsr cut at 0.5GeV shall exclude low momenta tracks hav-
ing a curvature which is too high to be reconstructable. &the stand alone
tracking requires at least four layers to reconstruct aeuitkack and discards
track candidates crossing sectors, the same cuts are cfuwddonte-Carlo
tracks. Concerning the track angles Monte Carlo tracks aeetezj above an
angle of45° in y- and z-direction, which also matches with the cuts iasid
the stand alone tracker. A further cut is set on the Monte Qaaltks to be
primary tracks.

Figure 2.4 shows the the measured efficiency for the caseaaidstfound by
the stand alone tracker only and of tracks found either bydsédone 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 floe stand alone
tracker. For both cases the reconstruction was done separat order to
avoid double counting of tracks, i.e. that a track is founthdwy the stand
alone tracker and the barrel tracking, in the second casdtssVionte Carlo
label is checked and candidates which are already foundeggeted. One
can see that for tracks found with the stand alone trackeeffieency stays
at a constant level at 96%. For the combination of stand ai@o&ing and
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Fig. 2.5: Tracking resolution in y- and -direction as function of the
track angles) andd for particles with a momentum of 3 GeV.
One can see a minimum near the angles 0° respectively
6 = 0°. The minimal values are approximately 13@: in
y-direction and 3.3 mm in z-direction

barrel tracking an efficiency of approximately 100% can keched. As a
third case the efficiency can be drawn for all TRD tracks preped)from the
TPC which have hits inside the TRD. Here the performance ab&uoi prop-
agation is tested. Here for high momentum tracks an effigiehd00% can
be reached.

2.2.2 Tracking resolution of tracks found by the stand alondracking

In order to calculate the tracking resolution for stand altracking, the mea-
sured position of the track is compared with the positionveer from the
Monte-Carlo information. The Monte-Carlo position informeatis stored in
an object AliTrackReference which is stored when a particters and leaves
a detector segment (a TRD chamber). In order to access theeM@arto in-
formation, the track label of the ESD-track can be used. Rercalculation
only tracks which are passing all six chambers are taken.trflo& model is
fitted to the tracklets stored in track in order to get the raessposition of the
track. The distance between measured track position andeMoarlo track
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Anode Voltage / kyNumber of Event®Number of tracks
14 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 calculae th
cluster residual dependence on the Signal/Noise ratio

position at the beginning and the end of the chamber is defsedacking
resolution.

Fig. 2.5 shows the tracking resolution in y- and z-direcfimnparticles with
a momentum of 3 GeV/c. One can see the dependence of thetresan
the track angles in the xy-plane and in the xz-plane. The minimum values
which can be found are 130 in y-direction and 3.3 mm in z-direction. In
comparison to the cluster resolution in z-direction whiels la value of 2.3
cm, the improvement of the tracking resolution achievedheydad tilting is
substantial.

2.2.3 Measurement of the Signal/Noise dependence of the dkrs
residuals using cosmic data

The dependence of the cluster residuals with respect tklétascdefined as
the distance between the clusters and the tracklet at the szdal position
on the Signal/Noise-value was measured using cosmic raytaleen with su-
permodule 3 in the cosmic stand in MUnster. Supermodule 3foraserly

used for the testbeam measurements. Due to a gas leaks imambders, the
supermodule had to be disassembled, corrected and rededeiith the re-
assembled supermodule cosmic runs with several anodeeslt@ere taken.
Anode voltages were chosen between 1.4kV and 1.6kV. Thetatistics are
shown in Tab.2.1. In previous noise measurements the naise was de-
termined to 1.5 counts. For the signal the mean value of teeage 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 Z&0

height spectrum excluding four presamples was taken. Tséidual value
was defined as the-value of the distribution of the distances between cluster
y-position and tracklet y-position. For this a gaussian fisvapplied to the
distribution in theAy-range between -2 and 2mm. Fig.2.6 shows the depen-
dency of the cluster residuals with respect to the Signas@mtio. One can
see a hyperbolic decrease with higher Signal/Noise valleshvgaturates at

a residual value of 750n. The relatively high values of the residuals with re-
spect to the previously measured ones[4] are due to seearsbns: First the
track sample consist of different momenta. Especially lommmantum tracks
will increase the cluster residuals. Second, the analyas done on uncal-
ibrated data which also affects the cluster residuals. lferdne 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 runis 2008

In preparation for the running at LHC in 2008, two cosmic rimase been
taken place in February and from May on. The main purposeesigltosmic
runs is for the detectors to test the subsystems, do cabibrédasks and do
have alignment runs. TRD also participated in these cosmis. rDuring the
cosmic run in February 2008, two supermodules (in the se@and 8) were
available, in May two further supermodules were instalfesactors 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 servimgsmic trig-
ger since the probability to find tracks inside the existiRDIsupermodules
using ACORDE triggered events was very low due to geometreasons.
The triggering TOF-supermodules were in positions 0 andFl§.2.7), and
trigger signal was provided if the two supermodules had aadig coinci-
dence. For this setup the trigger efficiency is quite low. Mafghe signals
provided by the trigger is based on noise or on uncorrelatedts. As a
drift gas a mixture of Argon and'0,(82%/18%) was used. All runs taken in
the February cosmic run were reconstructed at GSI. All togrel56 tracks
are found in 24066 events. Fig.2.8 shows an example eventtwit recon-
structed tracks inside the TRD supermodule 0. This showdlleatacker is
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Run Numbe‘rl\lumber of evenﬂst\lumber 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 contamanatnd gas leaks
in the two supermodules which leads to an unstable gasisitydhese data
are of low physical use.

Results from the cosmic run from May 2008

Since both supermodules which are suffering from the gdspeablem are
still in the setup, like in the cosmic run in February the gamposition in
the TRD chambers in the cosmic run starting in May 20081isCO-. In
contrast to xenon, argon is less efficient in TR-absorptione gas compo-
sition will stay for the supermodules installed in the ALIC&wp until the
these two supermodules are repaired. In May 2008 two fusiiyeermodules
were installed in sectors 9 and 17, so that in these run TROcpmEated with
four supermodules. The following discussion is based omuhe mentioned
in Tab. 2.2. As a trigger either ACORDE or a combination of twoFFO
supermodules with one inner supermodule with respect ta.i@ ring and
one outer supermodule was used. Since for the runs takem geefaretrig-
ger was not installed for the TRD, the first part of the signas wassing for
the tracks. This can be seen from the average pulse heigttrgmeshown
in Fig. 2.9. Here one can see that the fiistof the signal containing the
amplification peak is lost due to the late trigger signal. yOmlpart of the
plateau region and the tail is remaining. The second peakamsee at time-
bin 25 can be explained with noise contamination. The sh&pleeocsignal
has also consequences on the distribution of the numbeustiecs attached
to tracklets, shown in Fig 2.10. One can see a peak in the nuohlodusters
distribution at around 18 clusters. Since the number of bimesampled 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 a
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 tledrgiger signal.
Tracks from these events are due to this case usable onlyiioicglibration
and for alignment, but not for resolution studies.

A further quantity describing the quality of the tracks is tiumber of track-
lets per track. Fig. 2.11 left shows the distribution of thener of tracklets
found for each track. One can see that most of the tracks laweof five
tracklets. The number of tracklets for on track can also lea $®m the dis-
tribution of the number of clusters (Fig. 2.11 right). One e peaks at
around 60 and 80 clusters per track. Taking into account igtelition 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 fo
the TRD

the number of clusters per tracklet shown above, one canifigéime peak at
60 clusters per tracklet with tracks having four trackletd she peak at 80
clusters per track with tracks having five tracklets.

A last quantity to be shown in this context is tié-Distribution of the track
normalized to the number of degrees of freedom. The didtabus shown
in Fig. 2.12. One can see that most of the entries are below Bhe >
value for these tracks is too small. This leads to the coraiuat the errors
are overestimated. Concerning this point a better undatistqiof 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 TRQdgr system.
From the first runs with pretrigger, the measurement of thektquality cri-
terions under real conditions have to be repeated. A moreritapt issue for
the time before running is the measurement of the positisnlugion with
respect to the layer and to the track angle on calibratedusatg large statis-
tics under operational conditions. This quantity is offthimportance for the

systematic error.

2.3 Particle Identification with the Transition Radiation
Detector

Particle Identification inside the TRD is done based on thegehdeposit of
a track inside a chamber. The charge deposit is calculated tre charge of
the clusters inside the chamber. For each chamber then arBHalglity for

each of the five species electron, pion, muon, kaon and eteisrcalculated.
The PID for a particle is the product of its PID-probability all chambers
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Fig. 2.12: x2-Distribution of the cosmic tracks found in the cosmic
runs 37051 and 37058: One can see that most of the tracks
have a normalizeg?-value less than 1

normalised by the sum of the PID-probabilities of all pdetsc In order to
get the PID probability for a track in one chamber, the 2-disienal likeli-

hood method or the neural network method[18] is used. Fdn bwthods,
the pulse height spectrum has to be divided into severasslithree for the
2-dimensional likelihood method and eight for the neurtiaork method.
In case of the 2-dimensional likelihood method, the clasaiion into three
slices reflects amplification region, plateau region andéiggon of the TR-
peak in the average pulse height spectrum.

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

PID-probability is performed during tracking. In order talculate the PID-
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probability for each species in one chamber using the tweedsional like-
lihood method, a probability value has to be checked indigetwo dimen-
sional reference distribution, which exists for discretamenta and each par-
ticle species. To get the PID probability from the referedistribution, the
slices two and three have to be combined to one charge dejpbséd. To-
gether with the charge deposit value of slice one, the pribtyahs function
value of both charge deposit values can be derived from tiegility distri-
bution.

Due to modifications inside the tracking code which deal whthcalculation
of the charge deposit value in the chamber, the referentgbdion in pre-
vious AliRoot versions is not matching with the new trackiragle anymore,
so it had to be refreshed. In order to create the new referdistgbution, a
production as described for the efficiency has been donééarference dis-
tributions. This time for each momentum steps 100 runs eantaming 100
events were performed. In each event 200 particles wergeckemr each of
the mentioned species and for both particle and antipar@@lprimaries. All
runs were reconstructed with the tracking software wheeerdtierence dis-
tribution later had to be introduced. The reconstructecksavere compared
with the Monte-Carlo information in order to get the true petidentifica-
tion. In order to recalculate the charge deposit in eachethhee slices, the
cluster information stored in the calibration object in &Kl&SDfriendTrack
is used. The calculation of the charge deposit for each sidene with the
same function which is used to calculate the charge depositgltracking.
The values for slice one and the combined value for slicesamebthree are
stored in a 2-dimensional histogram.

Fig. 2.13 shows the 2-dimensional likelihood distribuidor electrons and
pions. One can see for both distributions a global maximumchvis for
electrons at higher charge deposit values in the amplificatgion as well
as in the drift region with respect to the distribution fooips. Also the width
of the distribution is larger in both dimensions for eleasaowith respect to
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pions. With the help of the likelihood distributions, elexts and pions can
be separated using their charge deposit in the amplificatolndrift region.
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Fig. 2.13: Probability distributions for electrons and pions at a mome
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 maxim
which is for electrons at higher charge deposit values fer th
amplification region as well as for the drift region. Furtber
the width of the distribution for both charge deposit valises
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, tRedtiframework
provides a powerful package which is called the ALICE Anaysamework.
The main advantages are that it allows simple data handhdgtaan be used
for a distributed analysis.

In order to perform an analysis using the Analysis framewankanalysis task
deriving from AliAnalysisTask has to be created. An anaysanager super-
vises the performance of the task and the data input and ouitpthis way it
is possible to run either one single task alone or combineragtasks to an
analysis train. In the analysis train it is also possiblarnk input and output
from different tasks. Four virtual functions have to be ierpkented for each
task: ConnectinputData, CreateOutputObject, Exec and hatmi The first
two functions are dealing with the data input and output. hia third func-
tion, the analysis code is placed. For the finalization ofsk,t¢the function
Terminate has to be used. The reason for this concept idwhnatialysis tasks
should be ready to run as distributed analysis on PR®€l&sters or on the
ALICE GRID. In this case the data connection and the data psotgéas do
be done on each worker node, so the first three functions bawe ¢alled on
each worker. The analysis of the processed data has to beaftengards on
the master node. For the evaluation of reconstructed eee@tsain of ESD-

! parallel ROOt Facility: A cluster software for distributadalysis based on root. The
software is designed to process root trees. Output objeetsraated on each worker.
They have to be merged in the end.
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treeg has to be created. The distribution of ESD events to the sadérie via
an Event Handler. Also for Monte-Carlo studies there is amelvandler pro-
viding the Monte- Carlo event connected with the ESD Evente &halysis
manager provides an interface to the event handler for &eziag macro and
for the analysis task. Output objects can be stored in a cw@ntstructure like
a TList or a TObjArray and send to the consumer via one outpahiel or
they can be treated individually and send via output chanfoeleach object
by itself. In the second attempt however, an output contdias to be cre-
ated for each object, which affects the clarity of the outpthis alternative
should only be taken if the output of one task should serve@stifor dif-
ferent tasks and the inputs of the following tasks differcéise the code has
to be performed on PROOF clusters, a Merge function whiclgesethe re-
sults coming from each worker has to be implemented for eaghub object.
For many root classes like histogram classes which are ynasad as output
the Merge functions are already implemented. After mergfiegoutput, final
tasks can be performed on the master inside the functioniaten Also a
special function SlaveTerminate can be implemented. TUmstfon is called
on each worker. Itis of interest i.e. if files are temporasilgred on the local
disks of the worker and finally have to be copied to the masiden

For studies on the PROOF cluster or on the GRID, it is propos¢adtk the
users code into a package which is called par-file. Such dilpazentains
source- and header-files for the created user-code, a nelkefihell script
which steers the creation on the library and a setup scripthwibads the li-
brary into the root environment. Par-archives are loadesti¢éoy worker node,
so the source code is compiled on every worker. Using pa-élelysis-
code can be managed for three computer platforms: local imessHPROOF-

2 ESD = Event summary data: In order to reduce the data sizeafdr event a summary for
physics tasks is created. Further information which is eded calibrate the detector is
stored in a calibration object inside the so called ESDttiefhe access to the ESDfriend
happens via the ESD object
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clusters and the GRID. Especially when an analysis job cosiaiore than
one source file, par-archives become necessary.

The analysis framework is also well suited for calibratiaskss, i.e. the track-
ing efficiency calculation is performed using the analysasrfework. For the
TRD a package containing tasks for efficiency studies is impleted as de-
scribed in the previous chapter, and can be extended witralesther tasks
for calibration and PID studies. This attempt is inspiredtlwy calibration
tasks implemented for the TPC.

The AliRoot distribution provides a further framework whishhandling the
efficiency correction for physical observables like thengnzerse momentum
pr or the rapidityy. It is called the correction framework. The correction
framework is based on filling containers for each physiceabde for Monte-
Carlo Particles and for reconstructed tracks after the epmluts. The con-
tainers which are created in the steering macro are provmid¢igde analysis
task by the CFmanager. The correction framework also prevotdgects stor-
ing cuts for single tracks, pairs, PID and other topics. €hests can be
defined in the steering macro. In this case, the selectioheofracks fulfill-
ing the criteria is done by the CFmanager. After filling theteamers during
the analysis, the efficiencies can be calculated by builtiegratio of the
two steps. In case of more than one variable, it is also plesiilcreate an
efficiency map.

V0s, kinks and cascades are reconstructed during trackidg@®red in the
ESD-tree. For VO reconstruction there are two methods pedd. The
On-the-Fly method, which is performed during TPC tracking ¢he offline
method performed on all tracks after tracking. The offlinefW@er regards
all combinations of pairs of ESD tracks as long as they hafferdint charge
signs as VO candidates and applies cuts omthethe Distance-to-Closest-
Approach and the distance to vertex. In the On-the-Fly VO€dinan as-
sumption is made whether tracks are primary tracks or noty @m-primary
tracks are used for further VO reconstruction, where alds oo the quanti-

39
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ties mentioned for the Offline VO finder are applied. For adl ¥0s stored
inside the ESD tree, the assumption for the prior particlee@k? is done

by default. However the selection of the particle has to beedduring the
analysis using PID information for the decay products. RerRID appropri-
ate cuts have to be set. Further cuts have to be applied on aquihaetities,

for example the invariant mass of the system, the track stéhe Distance-
to-Closest-Approach or the’.

It is also possible to reconstruct particles afterwardsnguthe analysis. This
can be done using Kalman-filter approach. A special clagsFAarticle in-

side the AliRoot distribution provides the necessary fuordlity for this. The
reconstruction of particles during the analysis is impar&specially for short
living particles like hadrons containing heavy flavour liRe, D-mesons or
qguarkonia. It is also necessary for the reconstruction ofighes decaying
in more than two daughter particles or for particles deaaymtwo neutral

particles which decay further. An example for this is theajec

™ =y

whereys are identified byy-conversion inside ITS, TPC or TRD.
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Measurement ofpp-spectra in pp-collisions with
the ALICE Central Barrel Detectors

pr-Spectra measured in pp-collisions are of special inteareseference dis-
tributions for the investigation of heavy ion collisions1 drder to calculate
the Nuclear Modification Factor (eq. 1.8) for one particle@ps in lead-lead
collisions, thepy-spectra for a particle species measured in proton-praibn c
lisions serves as a normalisation together with the numbeoltisions in
heavy-ion collisions. According to thigr-spectra in pp-collisions have to
be measured. For the studies shown below a Monte-Carlo piodughich
was performed at GSI was used. In this production protortoproollisions
at a Centre of Mass Energy of 10 TeV were simulated using PYTA
sion 6.214 as event generator. The Centre of Mass Energy nghd sim-
ulation corresponds to the Centre of Mass Energy for the firigsigs runs
at LHC. The production was done with the AliRoot versions 4.Ir81otal
3.4-10% events were analysed. The analysis was done using the ALIGE An
ysis Framework described above.

4.1 ps-spectra for charged particles produced in

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

For the investigation of the,-spectra of the charged particles, cuts on the
PID probability were made to a probability above 75% for alttjle type
in order to avoid contamination due to misidentificatione ®iD-Signal was
taken as Bayesian probability of the PID signals of the céb&nael 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 this- region.

In order to profit from the electron-hadron separation cdpeis of the TRD,
first the PID Signal in the TRD was checked. If the PID-prokigbtiven
by TRD is highest for electrons, and if the PID-probabilityaisove 75%,
then the particle is assumed to be an electron. A furtherscapplied to the
number of clusters inside ITS: It is expected that a tracksma$TS clusters
in order to be accepteg,-Spectra of reconstructed tracks are then compared
to pr-spectra of Monte-Carlo tracks. A requirement for Monte-Gardcks
to be accepted was that they leave at least track referensele ithe TPC.
The PID information for Monte-Carlo tracks is taken using Bi2G code of
the in the Monte-Carlo particle.

The sample is divided into two parts with similar numberswarés. The first
sample was used to calculate the efficiency for the identibioaf a particle
species using the cuts discussed above as function of th®/&se momen-
tum. The efficiency map is used afterwards to correctpthspectra created
using the second sample. After the correction for inefficyerthe recon-
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Fig. 4.2: p;-spectrum of all charged particles passing the centraébarr
The spectrum is corrected for inefficiency using the efficien
map shown in Fig. 4.1.

structedpr-spectra can be compared to thespectra created from Monte-
Carlo tracks.

Fig. 4.1 shows the efficiency as function of the transverseardum for all
charged particles with respect to the transverse momen@me. can see an
increase of the efficiency with increasing transverse maumen Above 10
GeV/c the low statistics for higpy tracks affects also the efficiency. One
can see this from the noisy structure at highervalues. The correctegl -
spectrum for all charged particles is shown in Fig. 4.2. Care see that the
reconstructed spectrum reproduces the spectrum using einéeMCarlo data
very well in thepy-range up to 14 GeVi/c.
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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 increaging
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 GeVi/c.
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The efficiency as function of the transverse momentum is showrig. 4.3
for the different charged particle species. From the efiicyglots one can see
an increase of the efficiency for electrons and protons tadsvhrgher trans-
verse momenta, while for pions, muons and kaons the effigidacreases to-
wards higher momenta. The identification of pions and musbased on the
energy loss inside the TPC. Since the particles have siméasnthe distinc-
tion of pions and muons becomes more difficult with increggsimomentum,
which leads to similar PID probabilities for muons and pioAscording to
the cuts applied on the PID, the yields of identified pions ans decrease
with higher momentum. This explains the decrease of theiefioy for pi-
ons and muons. For kaons one can see beside the maximum a¢\0/6 &
local maximum of the efficiency at a transverse momentum o€®/G. The
first peak is due to the kaon identification using TPC PID atlomomenta,
the second maximum reflects the-region where the kaon identification us-
ing TOF PID information is best. So in the--region above 2 GeV/c the
main contribution to the kaon identification comes from TAB.FProtons
also profit from the particle identification inside TOF. Henee can see an
increase of the efficiency with increasipg. At 10 GeV/c one can determine
an efficiency of 0.5. Also for electrons an increase of theciefficy can be
seen. Here in the region above 2 GeV/c, the identificationesfteons profit
from the TRD PID.

Fig. 4.4 shows the-spectra for the particle types pion, electron, muon,
kaon and proton after the correction for inefficiency. Inteptcture the re-
constructed spectrum is compared to the Monte Carlo spect@me can
see that the Monte-Carlo spectra can be reproduced well hatlefficiency-
corrected reconstructed data up to a transverse momentén@el//c. For
the species electrons, kaons and protons, the reconstnuetgpectrum and
the pr-spectrum from Monte-Carlo tracks agree well also up to higtass-
verse momenta (8 GeV/c in case of electrons and kaons and\i4 (pecase
of protons).
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Fig. 4.4: pr-spectra for the particle species pion, electron, muonkao
and proton. Shown are ther-spectra derived from Monte-
Carlo tracks and thgr-spectra from measured tracks for each
species. The reconstructed spectra are corrected for-ineffi
ciency. One can see that in the-region up to 6 GeV/c the
reconstructed spectra reproduce the Monte-Carlo spegtya v

well.
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An interesting point is that in contrast to the spectra facgbn, muons
and pion, which have their maximum below a transverse mamef 100
MeV/c, the kaornpr-distribution has a peak at around 300 MeV/c. Also for
protons a peak at around 300 MeV/c can be seen. Since thelpatispectra
can be described with a Maxwell-Boltzmann distribution, peak can be ex-
plained with a higher energy which kaons and protons aresp@ming with
respect to the lighter particle species. Since electronsnsmand pion are the
product of decays, they carry only a fraction of transversenentum, which
also explains their maximum at very Iqw:..

4.2 p-spectra of K? and A produced in pp-collisions at a
Centre of Mass Energy of 10 TeV

K? can be identified by their decay into two pions
K — ntm™ (4.1)

with a branching ratio of 69%][11]A can be reconstructed according their
decay into a pion and a proton

AN—n"p

with a branching ratio of 63.9%. The particles were recarcséd using the
On-the-Fly VO finder. As PID signal the combined PID of all etgbrs was
used. Cuts on the PID probability were set to 75%.

Fig. 4.5 shows the invariant mass spectrasfor One can see a sharp peak
at0.49GeV/c?. This peak can be identified with the partid€. Mass and
width are derived from a gaussian fit toxo = 499.6MeV/c* and ko =
3.5MeV/c%. Fig. 4.6 show the invariant mass spectrum fgrin a region
betweenl.0 and1.2GeV/c?. Here one can see a clear peak at an invariant
mass ofl.116GeV/c?, which can be identified with the particle Mass an
width can be derived from a Lorentz fitta, = 1.1161GeV/c? respectively
Iy =1.519MeV/c.
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Fig. 4.5: Invariant mass spectrum fatr in the region betweet.4 and
0.6GeV/c%. One can see a sharp peak at an invariant mass of
0.49GeV/c%. This peak can be identified with the partial@.
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with the particleA.



4.2 pi-spectra ofK? andA 49

0

Ks P, spectruml A p, spectrum

¥ T - I e

— A —

Q Monte-Carlo Spectrum Q = Monte-Carlo Spectrum

S 10°FL > L

[ E [ s

Q, o 4 Reconstructed Spectrum 9 10 F 4 Reconstructed Spectrum
Z‘Q’_ L = Z‘Q" F . ) =
3lg ‘l.L“ ik [ 1

L 5 1
"

H
o
3

fﬁl

:

-

o

>,

L

dooTm |
i IL‘H‘H‘ 10% R 1
0% . ; R“‘w f
r H\‘“H_ e MLL‘“I

10°

5 6 1 2 3 4 5 6
P, | GeVic P, | GeVlc

Fig. 4.7: pr-spectrum for K?(left) and A: Shown are the recon-
structed spectra (blue) and the spectra derived from Monte-
Carlo tracks (red). The reconstructed spectra are codéate
inefficiency. One can see that the reconstructed spectra-rep
duces the spectra created using Monte-Carlo tracks well up

to a transverse momentum of 3 GeV/c fi§f respectively 6
GeV/c forA

Fig. 4.7 shows ther-spectra fork? and A. Here the reconstructed spec-
tra after correction for inefficiency and the spectra detirem Monte-Carlo
tracks are presented. The efficiency plots are shown in tperajix (Fig.
B.1). There one can see that the efficiency stays below 1% foand A in
the pr-region which was investigated. Influences on the efficiear®ycom-
ing from the cuts on the PID probability and from cuts inside VO finder.
The reconstructegr-spectra fork’? and A after efficiency correction repro-
duce the spectra derived from Monte-Carlo tracks very wetbuptransverse
momentum of 3 GeV/c in case df? and up to 6 GeV/c in case of. In
order to increase the efficiency, one can lower the cuts oRDgrobability
and accept misidentification. A further possibility is t@oestruct the VOs
again out of all tracks which are identified as pions usingAlikFParticle
class. Here cuts have to be applied on the Distance-to-Gléggsoach and
on the distance of the decay vertex to the primary vertex deioto reduce
the background.
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Summary and Outlook

Between October 2007 and January 2008 the TRD tracking codeamas
pletely restructured and tested using data from the Nove2W@&/ testbeam.
In the time between January 2008 and July 2008 also the gadlihe TRD
tracking was checked. The focus is on the efficiency and opaiséion res-
olution in Monte-Carlo studies. It has been shown that theieficy of TRD
stand alone tracking and combined TRD stand alone and baacking is
above 90% with respect to all the findable tracks. For thetiposerror it has
been shown that the distance between Monte-Carlo track aamstucted
track increases with the track anglesandé and has minimal values in the
order of 150um in y-direction respectively 3mm in z-direction. Concerning
the cluster residuals with respect to tracks which were oredsusing cos-
mic events, one can see a saturatiofsy.m in y- direction. Further effort
is needed to achieve a value of abati.m reached with prototypes [4].

The reconstructegd;-spectra for all charged particles after the correction for
inefficiency reproduce thg,-spectrum derived from the Monte-Carlo tracks
very well up to a transverse momentum of 14 GeV/c. Here theiefity in-
creases with increasing momentum and reaches a value of 0BGeV/c.
For the species electron, pion, proton, muon and kaopthepectrum de-
rived form Monte-Carlo tracks can be reproduced by the rdococtedp -
spectrum after efficiency-correction up to a transverse eraom of 6 GeV/c.
The efficiency decreases for muons and pions and increaspsotons and
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electrons. The effect could be explained with difficultiastlhie separation
of muons and pions for high momenta using the TPC, while thetrele re-
spectively proton PID-signal could be improved using theedi®rs TOF for
protons and TRD for electrons. The local maximum of the efficyefor the
kaons at 3 GeV/c can also be explained by an improvement iRlbeignal
due to the TOF-PID in thip,-region. In the highep-region a larger statis-
tics is needed in order to draw conclusions on the efficiemclythe shape of
the pr-spectra. Concerning uncharged hadrons it has been shoti trzend
/A can be reconstructed in ALICE using the On-The-Fly VO findegrdthe
reconstructeg-spectra reproduce the--spectra from Monte-Carlo tracks
up to a transverse momentum of 3 GeV/c f6} respectively 6 GeV/c forl.
In both cases however the efficiency is rather low.

For the cosmic run in August 2008 and the first beam-gas moiks the main
tasks are to optimize the TRD reconstruction parameters anerify the
TRD position resolution and the cluster residuals. This petar set will be
employed in the reconstruction of the data of the first pte/aims. Also the
measured position resolution is of high importance for tret fihysics runs.
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A

Fundamentals of heavy ion collisions

In order to characterize the dynamics of relativistic mdes in heavy ion
experiments, new quantities are introduced. A very usefulintity is the
rapidity. The rapidity is defined in the following way[19]:

Yy = 1ln (ZM) (A.1)

2 Po —D:

Herep, is the energy of a particle and is the z-component of the momentum
of the particle. A good choice for the z-direction is the bedirection. With
the help of the rapiditiy we can express the energy respygtarcomponent
of the momentum of a particle:

po = mr coshy (A.2)
p. = mrsinhy (A.3)

wheremy is defined as the transverse mass of the partide= m? + p2.
However, in some experiments, it is not possible to measotie dquantities
energy and momentum in beam direction for a particle, buy tdm angle
relative to the beam axis. Therefore a new quantity whiclaliked pseudora-
pidity is introduced. The pseudorapidity is defined in thiéofeing way:

——0) »

whith the anglef of the particle track with respect to the beamline. With
the help of the momenta, the pseudorapidity can also be &sguein the

following way:
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1
nz—ln(’pH_pZ) (A.5)
2 ‘p’_pz

As can be seen from the comparison of eq. A.1 and eq. A.5, thedopsa-
pidity approximates the rapidity for large momentapp,. Now it is also
possible to express the absolute value of the momentum ard¢bmponent
with the help of the pseudorapidity:

|p| = py coshn (A.6)

p. = pysinhn (A7)

with the transverse momentupp = /p? — p2, which is the absolute mo-
mentum orthogonal to the z-direction.
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Efficiency Maps for K? and A
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Fig. B.1: Efficiency for the reconstrucion dk? and A as function of
the transverse momentum: One can see that the efficiency
reaches its maximum fdk? and A at approximately 2GeV/c.
In both cases the efficiency stays below 1% for the complete
pr-range which was investigated.
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