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CHAPTER 1

THE RELATIVISTIC HEAVY ION COLLIDER (RHIC)

The Relativistic Heavy lon Collider (RHIC) is admrresearch facility at
Brookhaven National Laboratory (BNL) on Long Islaikw York. RHIC is the first
collider in the world that is capable of collidihgavy ions at very high energies. Heavy
ions are nuclei of large atoms such as gold withenoo fewer electrons than usual or no
electrons at all. RHIC uses primarily ions of galdich have had their entire outer cloud
of electrons removed. RHIC features two identicalaentric rings, “blue” and “yellow”,
circulating in opposite directions with a circundace of 2.4 miles. In these rings, gold
ions are accelerated to a very high energy in dpdsections. In the first RHIC run in
the year 2000, gold nuclei were accelerated togec®f mass energy of 130
GeV/nucleon. In 2001, the energy was 200 GeV/nucld®HIC can also accelerate other
species such as protons, carbon, sulphur, coppetergum etc. In the year 2003 RHIC
run, gold-gold, gold-deuterium and proton-prototlisons were studied.

The ion beams are not continuous, they consistinéhes of 1.5 10° ions.
Collisions occur at regular intervals when a buftoin one beam crosses the bunch of
the other beam. The time between two crossing$2ad and crossings occur at a rate of
8.9 MHz. Inthe 2001 RHIC run, there were 60 thaxcper ring with a peak luminosity
of 5 x 10°° cms™. This was 2.5 times greater than the design aedtaginosity!”! The
luminosity is the number of gold ions in the beasn area per time. It is an important
factor since the production rate for a particlentérest is given as product of the

luminosity of the collider and the cross sectiontfee reaction.
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Figure (1.1): Main features of the RHIC ring. Galms are ionized at the Tandem Van de Graff
heavy ion source at the bottom right hand sidéeffigure and then sent to the RHIC ring via the
heavy ion transfer line and the AGS.

Gold atoms are ionized at the Tandem Van de Geaattlerator as shown in
Figure (1.1). These ions are then accelerated emda the heavy ion transfer tunnel.
The heavy ion transfer line sends these ions t&\G8® (Alternating Gradient
Synchroton) Booster. The booster is a circular lacator that provides the ions more
energy. As a result, in the booster, the ions bagher speeds and get closer to the speed
of light (~37% the speed of light). Then these iarssent to the AGS, where they get
more energy and finally reach a velocity of 99.T# $peed of light. These ions are then
directed to the RHIC ring in opposite directionsedblue” and one “yellow”, where the

two ion beams are steered to collide at six diffetecations as shown in Figure (1.2).
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Figure (1.2): The six intersection points of thelRHing are shown as white dots inside
rectangles. There are four experiments at theinicigding the STAR detector, which is located
at the injection poinft!

Four experiments, PHOBOS, PHENIX, BRAHMS and STAR lacated at four of the

intersection points of the RHIC ring. Their locasoare shown in Figure (1.2).



CHAPTER 2

THE SOLENOIDAL TRACKER AT RHIC (STAR)

STAR (the Solenoidal Tracker At RHIC) is one of tbar large experiments at
RHIC. At the time the data for this thesis wasedid, the STAR detector included a
large solenoidal magnet, a central trigger baaréime projection chamber, a forward
time projection chamber, a silicon vertex tracked &wo zero degree calorimeters. The
detector is shown in Figure (2.1). The solenoidagnet provides a uniform magnetic
field parallel to the beam line, with a design styth of 0.5T. The total magnet length is
6.9m. Small correction coils are used to improwefitld uniformity. The purpose of the
trigger barrel is to select interesting signals emrkject background events. The time
projection chamber (TPC) reconstructs the pattthafged particles to identify particles
and their characteristics. The silicon vertex teadSVT), with a length of 42cm, is used
to locate primary and secondary vertices. The degree calorimeters are used to detect

neutrons.
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Figure (2.1b): Side view of the STAR
detector. The figure shows the main parts
of the detector. The two gold beams come
Figure (2.1a): The STAR detectdr. from both sides and collide at the center of
the TPC?!




The most important parts of the STAR detector lidig study are the time projection
chamber (TPC), the zero degree calorimeter (ZD@)the central trigger barrel (CTB).

These are described in greater detail in sectipids {o (2.3).

(2.1) The Time Projection Chamber (TPC)

The TPC, which can be considered the ‘heart’ of BT& a massive device with
a length of 4.2 meters and a width of 4.2 meteis.lbcated inside a uniform magnetic
field with a design strength of 0.5T. The TPC cetssof inner and outer field cages with
radii of 0.5m and 2.1m respectively and a highagdt membrane at the center, as shown
in Figure (2.2). An electric field parallel to tbeam line is caused by the potential
difference between the center membrane and the@psl-The field points from the

center membrane toward each of the end-caps.
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Figure (2.2): STAR time projection chamber. Thetagé difference between the center
membrane and the end-caps creates an electrigfietdiel to the beam lirfé.



Charged particles emerging from the interactionome@t the center of the barrel
ionize gas molecules. Due to the electric field0\&m) created by the membrane, these
ionized gas particles drift in the longitudinalettion toward the end-caps as shown in
Figure (2.3). On the way to end-caps, these iongeedparticles collide with other gas
particles. If there were no such collisions, thesiavould drift with a constant
acceleration. Due to the collisions, they can mdtee modeled as drifting with a

constant (average) velocity. This drift velocitysi®&cmfis for the TPC.
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Figure (2.3): Charged particles emerging from titeraction region ionize gas molecules. In this
figure these are shown as tracks. Due to the @didld, these ionized gas particles drift in the

longitudinal direction toward the end-caps wheredion occurs.
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The trails of ionized gas can be detected at tdecaps. A detailed drawing of
the end-cap is shown in Figure (2.4). Each endcheapl?2 sectors which are divided into
two parts, the inner and the outer. Both inner @umer sectors have circular rows of
pads. Pads provide the spatial location of thektrigor each track, the drift time provides
the coordinate parallel to the beam line and thecged signals on the pad rows provide
the two coordinates perpendicular to the beam Wvi¢h these three coordinates, the

tracks of particles produced in collisions are restaucted.



(2.2) The Zero Degree Calorimeter (ZDC)

There are calorimeters located on each side adebector, +18 meters from the
interaction point. Since they are close to the bkaenand detect particles that travel at
approximately zero degree angles (~2 mrad), theseadled zero degree calorimeters.
Nuclear fragments that are remnants of the colisicontinue down the beam pipe.
These fragments can decay by single and multiplérove emissions, producing neutrons
with very small transverse momenta (i.e., compopétite momentum perpendicular to
the beam line). The neutrons travel almost partdighe beam pipe and can be detected
by the ZDCs. Before the patrticles reach the ZDRsy go through a dipole magnet,
which is located at about 10m from the interacpoimt. Due to the field of the magnet,
charged particles are deflected and do not en¢eZ FCs.

When neutrons strike the ZDCs, they cause anrgeggnal proportional to their
total energy. Analog to digital converters convbése signals to digital signals. These
digital signals are analyzed to determine the nurobeeutrons emitted. This helps to
determine the impact parameter of the collisionthWitra peripheral collisions, where
nuclei physically miss each other, there are vewy iieutrons in the ZDCs. When nuclei
partially overlap, some fragments can travel doelieam pipe. These fragments decay
by neutron emission, and we can see many neutnahe iZDCs. With very central
collisions there are no intact fragments travetdogvn the beam pipe, and therefore we
see fewer neutrons in the ZDCs. In the case dd pkripheral collisions, the ZDC signals

can be used to identify whether the outgoing nualeiin excited states.
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Figure (2.5): View of the ZDC location. Two dipateagnets are located at 10m from the
interaction point. Charged particles are deflected to the field of the magnet. Neutrons, which
do not deflect, are detected by the ZD®s.

(2.3) The Central Trigger Barrel (CTB)

The main task of the central trigger barrel (CT8Jast detection of charged
particles. The CTB can be used as a fast triggeest is capable of processing and
transmitting signals at close to the speed of lights used to select interesting signals
and to reject background events. Compared to thg, @ie TPC is a slow detector since
it has to wait for the tracks to drift to the eraps.

The trigger barrel consists of a cylinder of 120/f, each containing two
scintillator slats as shown in Figure (2.6). Thay$rare located around the outside of the
TPC in a barrel of radius 2m and length 4m. Eadattilator has one photomultiplier
tube (PMT). A PMT is an electronic photon detedtased on the photoelectric effect.
When a photon of sufficient energy is incident loa photo cathode of the PMT, a single
electron is ejected. This single photoelectrorceeterated through a potential difference
in the first stage of the PMT. The acceleratedtadecthen hits a secondary electrode,
ejecting other electrons by its electromagnetieranttion. These secondary electrons are

accelerated and hit a second electrode and thegsas repeated causing a multiplication



Electronics

Plastic Tray

Scintillator

TPC copling tube/CTB support

One Tray

et

Figure (2.6): The Central Trigger Barrel. It cotsisf a cylinder of 120 trays, each containing

two scintillator slaté®!

of electrons. These electrons produce an eledgiabwhich can be detected by an

electrical circuit. The output signal of the PMTpi®portional to the number of particles

that pass through the scintillator. When the sigsmgreater than a certain threshold we

say the slat was hit. The threshold signal candoéralled according to our needs. A

certain number of slats must be hit before triggggnccurs. The number of slats also can

be controlled. When a sufficient signal is preserthe CTB, the event is recorded. The

criteria for recording an event can be varied tehie kind of physics we want to study.

For example, in ultra peripheral collisions, veewftracks are produced. A trigger for

this type of events will require few slats to be hi



CHAPTER 3

ULTRA PERIPHERAL COLLISIONS

The primary goal of STAR is to study the early stad the universe by creating a
guark-gluon plasma (QGP) in the laboratory. A Q&R state where quarks can be found
as neither baryons (bound state of 3 quarks) neonge(bound quark-anti quark pairs),
but as a plasma of unbound quarks and gluonsQG# is a state where isolated quarks
can exist.) It is believed that until 10 microsedeafter the Big Bang (origin of the
universe), such a state existed. Physicists at SIRAR create such a state by colliding
heavy ions at very high energies. To study the QsBksicists need central collisions,
but there are other types of collisions that alseehvery interesting physics. Three types
of collisions are being studied at STAR: centrdlisions, peripheral collisions and ultra
peripheral collisions. In central collisions oneclaws overlaps completely with the other.
The collisions where nuclei overlap partially arewwn as peripheral collisions and the
collisions where nuclei physically miss each otlwer known as ultra peripheral
collisions. Central collisions are used to studynatures of a possible quark-gluon
plasma. However many other interesting physicsctopan be studied with ultra
peripheral collisions.

STAR studies ultra peripheral interactions at \@gh energies. These collisions
are considerably different from central collisiansce in ultra peripheral collisions the
ions can remain in their ground state. The muttipfiof these events is low (i.e., few
charged particles are produced), compared to thesinds of particles produced in

central collisions. Thus ultra peripheral collisscare easier to track since, in general,



there are less than 10 tracks per event, but htwdegger since there are thousands of
background events to be removed.

(3.1) Ultra peripheral collisions:

Ultra peripheral collisions are defined as electignetic or strong interactions where the
nuclei physically miss each other. For these aoltis, the impact parameter, b, should be
larger than twice the radius of the nucleus as shiawigure (3.1). There are three types
of interactions, photon-photon interactions, phatdear interactions and Pomeron-
Pomeron interactions. When each nucleus emits tophthe interaction is known as a
photon-photon interaction and when only one nucéugs a photon, the interaction is
known as a photonuclear interaction. When nucleract via the strong nuclear force,
the exchange particles are Pomerons and thesagtiters are known as Pomeron-
Pomeron interactions. These three types of interaetre described briefly in

sections(3.2) to (3.4). This study will focus oe tthotonuclear interactions.

b = 2R

Figure (3.1): The impact parameter of ultra perrpheollisions. In ultra peripheral collisions the
impact parameter, b, is larger than twice the mdiuthe nucleus.



(3.2) Photon-Photon Interactions:

Photon-photon interactions occur when the two nuisteract by electromagnetic
fields, each nucleus emitting a photon. The chafg#otons is zero. Therefore, in order
to conserve charge, the total charge of the finadipcts should be zero. Because photons
have spin 1, the total spin of two photons can,ldedr 2. Therefore, the resultant
particles should have total spin 0, 1 or 2. Thegdwamumber and the lepton number for
photons is zero. This can be conserved by produmangon-anti baryon or lepton-anti
lepton pairs as they have opposite baryon or leptonbers. The resultant particles from
photon-photon interactions are either meson-ansiameairs or lepton-anti lepton pairs

with total spin O, 1 or 2.

(3.3) Photonuclear Interactions:

In photonuclear interactions, a photon emitted g gold nucleus fluctuates into
a quark-anti quark pair as shown in Figure (3.2heWthe second nucleus interacts with
the wave function of the photon, this quark-antudgpair may emerge as a neutral
vector meson. Neutral vector mesons cap,lig, ¢ or J¥ mesons. Since photons have
zero charge and spin one, the resultant mesorhatsaero charge and spin one. (i.e.,
neutral vector meson). These neutral mesons céendétected directly for two reasons.
First, they are neutral and therefore do not léeaeks in the TPC and, second, they have
very short lifetimes. The neutral vector mesonsaglesto charged particles which can be
observed. We focused on photonuclear interactiecadse these interactions have high

rates of occurring. Some physics topics that aréistl in the Ultra Peripheral Collisions



Program in STAR are meson pair productipmeson production and the search for

more exotic mesons.

cold
nucleus

Figure (3.2): Photonuclear interactions. In photdear interactions, a photon emitted by one
nucleus fluctuates into a quark-antiquark pair. Wties pair scatters from a nucleus, a neutral
vector meson emerges.

(3.4) Pomeron-Pomeron Interactions:

If the impact parameter, b, is approximately 2Raggng collisions), the two
nuclei can interact via strong interactions. Thexgeknown as Pomeron-Pomeron
interactions. The Pomeron is considered a virtadigle that carries the strong force,
colorless and having the quantum numbers of thewac However, the exact nature of
the Pomeron is still unknown. Studying these irdgoas will provide information about
how Pomerons interact with nuclei.

The three types of interactions described abovébeazoherent interactions. In
coherent interactions, each nucleus interactsnasode, which results in a source of
photons large compared to the individual protonseartrons inside the nucleus. The
wavelength of an object depends on the size gbitsce: the larger the size of the
source, the larger the wavelength of the emittetighes. As a result of this relatively

large source, the emitted photons have relativatyd wavelengths.f and therefore



relatively small momenta (p) since p =MiAwhere h is Planck’s constant. Since the
transverse component of the momentum comes frommaexyed particlesrps small.
This small transverse momentum is a clear expetamhsignature of a coherent

interaction.

(3.5) The Ultra Peripheral Collisions Program InARE

Initially STAR focused on observimgf production because it would be detected
with the highest rate. We now extend the searchdre exotic mesons. Physicists are
interested in these interactions since these sturaikp to determine quark structures of
“exotica”; particles that are made in whole or artdoy gluons. We also study photon-
photon interactions such aseproduction. My study will focus on photonucleacta

meson production.

CHAPTER 4



EXPERIMENTAL EVIDENCE FOR X (1750) MESON

Photoproduction experiments have observed ameehaent in the KK” mass
spectrum near 1.75 GeV/¢®. This enhancement was identified as@{&680), a
radial excitation of the (1020). Using the FOCUS spectrometer with photean
energies between 20 and 160 GeV, the FOCUS col#ibarat Fermi National
Accelerator Laboratory confirmed the existencehefphotoproduction enhancement in
K*K™ at 1.75 GeV/g but their results challenge the interpretatiothé enhancement as
the @ (1680). This chapter discusses the experimentdéage for the enhancement in

the K'K™ mass spectrum near 1.75 GeV/c

(4.1) OMEGA Collaboration:

The reactionyp — K'K" p was studied at the CERN —SPS using the Omega
spectrometer with photons in the energy range 2680 A schematic diagram of the
Omega spectrometer is shown in Figure (4.1). Thielamt photon beam is focused on
the center of a hydrogen target, which is place@tlana magnetic field of 0.9T. The
detector system includes multiwire chambers, whighused in the trigger, drift
chambers that provide measurements of particledi@ijies, a large threshold Cherenkov
counter and a photon detector. The Cherenkov coimtssed to identify particles, using
their threshold momenta. The threshold momentutineisninimum momentum a given
particle must have to begin producing a light sigmahe Cherenkov detector. In this

experiment, the Cherenkov counter is filled withboan dioxide at atmospheric pressure.
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Figure (4.1): Side view of the Omega spectrométbe detector system includes a liquid
hydrogen target, multiwire proportional chambersNMC), drift chambers, and a Cherenkov
countert’!

CQO, is chosen so that charged particles with momestiaden 5.6 GeV/c and 17 GeV/c
begin to radiate Cherenkov light and can be idiextifs kaons or protdfid”. Since the
investigated reaction igp — K'K™ p , events with two or three charged tracks which
come from a single vertex were studied. In ordestuidy this reaction, all other reactions

that can produce three charged particles have &itbénated. In this experiment, there
are 3 major background evenyp;— €'ep ,yp — T p andyp — p p p . Figure (4.2a)

shows the KK™ mass spectrum for all events which yield threegéea particles after
eliminating these background events. Figure (4sBlo)vs the mass spectrum for only

those events in which both kaons are identified.
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In both spectra a resonance near 1.75 Ged#u be seen. By fitting the resonance
to a Briet-Wigner distribution, the mass was deiaed to be 1.69 + 0.01 GeV/and
the width was 0.10 + 0.04 GeV/cThe cross section for this reaction was deterchine
be 8 + 3 nb. These results are compatible withebalts forp (1680)*. With these

results, the OMEGA Collaboration presented eviddaca vector meson at a mass of

1.69 GeV/é decaying into RK".



(4.2) ENAL E401 Collaboration

The E401 collaboration at Fermi National Laboratdlynois, studied elastic
photoproduction on deuterium in the energy rang83i&e\P.. In this experiment,
photons originating from the decay of, produced by a beam of 350 GeV protons, were
focused on a beryllium target. The ratio of phottmseutral hadrons was enhanced by

passing the neutral beam through a liquid deutefillen. The resulting neutral beam
was approximately 99% photons. The remaining 19%isted primarily ofK . Two

concentric rings of scintillator counters were pldsurrounding the target for recoil
detection. Momentum measurements were taken by assystem of multiwire
proportional chambers and two analyzing magnet® fwlticell Cherenkov counters
with =, K, p thresholds of 5.9, 20.9, 39.7 GeV/c and 18778, 71.9 GeV/c were used for
hadron identification. (These are the momentume&ht which pions, kaons and protons
begin to radiate Cherenkov light.)

The following cuts were imposed to select posdilign mass states decaying intékk
pairs: (1) selected events were required to haveopypositely charged tracks that
extrapolated back to a common vertex, (2) eaclk tnad to have signals in both
Cherenkov counters that were consistent with tipeads of kaons, and (3) each track had
to have a signal in at least one Cherenkov couh&tiwas much smaller than the signal
left by a pion of the same momentum. This lastetimtinated 90% of the signal expected
from pions. Similarly, protons were eliminated l®fexting events such that at least one
track had a signal much greater than the signiable& proton. After subtracting the
background, figure (4.3) shows the mass distrilutibK'K . A clear enhancement near

1.7 GeV/é can be seen. The mamsd thewidth of the enhancement obtained assuming a



Breit-Wigner distribution are 1.726 + 0.022 Ge¥/4nd 0.121+0.047 GeVic
respectively. The cross section is 8.0 = 2.7 nbc&these results are consistent with the

results of the OMEGA Collaboration photoproductexperiment, the enhancement was

identified asp (1680), a radial excitation @f (1020).
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(4.3) FOCUS Collaboration:

During the Fermi National Aterator Laboratory 1996-1997 fixed-target
run, the FOCUS Collaboration studied the interaxtiof high-energy photons on a BeO
target’. They used the FOCUS spectrometer with photomberzergies between 20 and
160 GeV. Figure (4.4) shows a schematic diagrathe@~OCUS spectrometer. A
photon beam is produced from the bremsstrahlursgaodndary electrons and positrons
produced from the proton beam. The charged pasttbigt emerge from the target are
tracked by two systems of silicon microvertex daiex These detectors provide high
resolution separation of primary (production) aadandary (decay) vertices. The

momentum of a charged particle is determined bysoméag its deflection in two



magnets with opposite polarity. Three thresholdr€hkov counters are used to identify
pions, kaons and protons. ThékK data used in the experiment are selected to &@teyv
that have two oppositely charged tracks and asingitex in the target. Events with
additional reconstructed tracks are rejected. Tassspectrum of K shows a clear

@(1020) signal in Figure (4.5).
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Figure (4.4): A schematic drawing of the FOCUS $maueter. The target region consists of a
BeO target, two silicon microvertex detectors amgher counters. Three Cherenkov counters are
used to identify electrons, pions, kaons and ptdn
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In the p- spectrum shown in Figure (4.6), the diffractivel{erent) component of the

production ofp(1020) can be seen as a peak at lgwnpar 0.1 GeVfc
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Figure (4.6): The KK~ pr spectra. The solid line (1) is the gpectrum for the(1020). Line (2)
is the g spectrum for KK™ masses between 1640 and 1860 M&\imes (3) and (4) are for the

left side band (1500-1600 MeVjaand for the right side band (1900-2100 M€Y/c
respectivel’.



Plotting the p spectrum in the 1750 mass region, line (2) in Feg4.6), we see a slight
peak at low p(< 0.15 GeV/c). This shows there is some diffrge(icoherent)
production in this region. Thergpectra of the two side band regions (1500-1600/bfe
and 1900-2000 MeV7q), as seen in lines (3) and (4) in Figure (4.6)ndt show a
similar peak. This indicates that the backgrounabis-diffractive. The diffractive
sample of KK™ events was selected with g qut < 0.15 GeV/c. This sample shows a

clear enhancement in the mass spectrum near 1V&%as seen in Figure (4.7).
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Figure (4.7): The KK~ mass spectrum forp 0.15 GeV/E.

The FOCUS collaboration made two observationst,Rarish more than 10,000
signal events and nearly 100 times the statisfitiseopreviously mentioned experiments,
the mass of this enhancement is determined ast1078015 + 0.0023 GeVg which is
clearly inconsistent with thgf (1680). The width is determined as 0.122 + 0.0862
0.0008 GeV/t Second, although the dominant decay mode op{i680) is KK, there
is no evidence for the enhancement i Korresponding to the enhancement irkK

Therefore, this enhancement is proposed as a rsamaiace X (1750).



CHAPTER S

DATA ACQUISITION

In the RHIC run in 2001 (from August 5 to NovemBé)), gold nuclei were
accelerated to an energy g6 = 200 GeV/nucleon. Two main trigger sets, The
Production Minimum Bias trigger set and The ProgucCentral Trigger set were used
to study ultra peripheral collisions. Triggeringais important part of collecting data.
Triggers are used to select interesting signals@ameject background events. This

chapter discusses each of the trigger sets uged year 2001 RHIC run.

(5.1) The Production Minimum Bias Trigger

The Minimum Bias Trigger is based on the east aest\w@ero Degree
Calorimeters (ZDC). Coincident signals are requiredoth zero degree calorimeters.
When bunches from the two gold beams, yellow and,bverlap with each other at the
same time that signals are recorded at both ZDfe$, svents are defined as ‘Minimum
Bias’ events and are recorded. These types okamil are mainly central collisions,
where two gold nuclei overlap completely with eather. In ultra peripheral collisions,
the exchanged photon which produces the neutrébrveteson leaves the nuclei in their
ground states. However, the nuclei can exchangalditional photon, which puts them
into an excited state as seen in Figure (5.1). dkesited nuclei can decay by single or
multiple neutron emission. The ZDCs detect thesitednneutrons. Therefore, the
Minimum Bias Trigger detects all events whethegthee central or ultra peripheral

events, without any physics bias.
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Figure (5.1): An Au-Au collision with nuclear exaiion. The process to left of the dashed line
shows a collision without nuclear excitation. Theqgess to right of the dashed line is an
additional photon exchange. The dashed line inecétte two processes are independent. The
excited gold nuclei decay by single or multiple them emission, which is detected by the

zDc,

Figure (5.2) shows the ZDC signals for ultra peenath events selected by the Minimum

Bias trigger. Most ultra peripheral events seledigdVinimum Bias Trigger decay by

single neutron emission.

Entries

Figure (5.2): ZDC signals with Minimum Bias trigg@&lue dots show data. Red, green and blue
lines show one, two and three neutron emissiorzentively. The graph shows most ultra
peripheral events selected by Minimum Bias Trigdgzay by single neutron emissih



(5.2) The Production Central Trigger

The Production Central trigger set consists of tm&n parts: The Central trigger,
which contribute$B0% of the data set and the Ultra Peripheral Gofistrigger, which
contributeg10% of the data. The Central trigger is designesktect central collision
events. The Ultra Peripheral Collisions triggedésigned to select ultra peripheral
collision events.
(5.2.1) The Ultra peripheral Collisions Trigger

The ultra peripheral collisions (UPC) trigger utfes CTB instead of the ZDCs.
In this trigger, the central trigger barrel is digd into four regions: top, bottom, north
and south, as seen in Figure (5.3). A typical ef@np (770) meson decay is shown by
the dashed line. Since tpg770) mesons decay into two oppositely chargedspiove
expect to have coincident signals in opposite cuadr A major background that will
satisfy this trigger is cosmic rays. As cosmic riafsdown vertically from outer space,
we can reject the cosmic ray background by elinmigagignals in the top and bottom

guadrants.

» Cosmic Ray Background
1
'
1

Top Veto

Central Trigger Barre

South

Bottom Veto

Figure (5.3): Side view of Ultra Peripheral Coltiss trigger. The trigger barrel is divided into 4
regions. The typicgd(770) meson decay is shown by the dashed line.



Only events which produce coincident signals inrtbegh and south quadrants are
accepted by this trigger.

The UPC trigger does not place any requirement@@ Zignals, however we can
check what the signal is in the ZDCs for UPC triggkevents. This is shown in Figure
(5.4). The peak near ADC channel 5 is the baselittage of the detector. Because there
is nothing above 5, no neutrons were emitted. fif@ans that the Minimum Bias trigger
and Ultra Peripheral Collisions trigger are basedliéferent physics. The Minimum Bias
Trigger detects ultra peripheral events with extdeld nuclei. The Ultra Peripheral

Collisions Trigger detects events where gold nudmain in their ground state.

Ii Z0GC aastfwasl

a B0 Tl oo

20 a0 1
ADC channsls

Figure (5.4): ZDC signals with Ultra Peripheral [Zbns trigger. Collisions without nuclear
excitation are detected. Gold nuclei remain inghaund state.

In the year 2001 RHIC run, two magnetic field sg#s were used; the half field strength
was 0.25 T and the full field strength was 0.5Fbr my study | used two data sets. One
data set was taken with a 0.25 T magnetic fielehsgfth and the Minimum Bias Trigger.
The other data set was taken with a 0.5 T magfietecstrength and with the Minimum
Bias Trigger. The 0.5 T is the maximum field strégnthat STAR can achieve. Number

of events in each data set is shown in Table (5.1).



Minimum Bias Trigger: 0.5T magnetic Minimum Bias Trigger: 0.25T magnetic

field strength- Number of events field strength- Number of events

359207 99204

Table (5.1): Data sets used in this study. Botk wetre taken with the Minimum Bias trigger.




CHAPTER 6

DATA ANALYSIS

When a charged particle passes through a gaslfeons and positive ions are
produced along its track due to the ionizatiorhef gas. By applying an electric field,
electrons and ions can be collected at the catande¢he anode. The STAR TPC
determines the momentum of individual particles @eatifies them by making energy
loss measurements. The TPC tracks particles thrawsgienoidal magnetic field, which
causes charged particles to move in helical p&hse the paths of charged particles

have been reconstructed, the momentum of the [gmtan be determined.

(6.1) The momentum of a charged particle in a miagfield
The centripetal force (fFdepends on the tangential component of the vgloci

(vp), the mass (m) of the particle, and the radiusf(the circle:

F.=mv,2r. 6.1)
The force on a particle due to an applied magriietid B is:

F=q(vxB) =quBsing . (6.2)
where q is the charge afids the angle between the velocity and the fielte Tield is

parallel to the beam line. Since the only radiatécapplied to the particle is the magnetic

force, F= Fc . Since the particle travels in a helix, the tkeanrse component of velocity

(i.e., the velocity component perpendicular toltkam liney = v sing.

From (6.1) and (6.2), m,/r =qB .



Therefore, the transverse momentum of the panpickergB. The charge (q) of the
particle can be determined by the direction of atuxe of its track, as oppositely charged
particles curve in opposite directions in a magnieild. Since the strength of the
magnetic field (B) is known and the radius of tkevature (r) can be measured from the
reconstructed track, the transverse momentum gbdhiecle can be determined. In the
TPC, particles drift towards the end-caps in hépedhs. The longitudinal component of
momentum can be determined by considering the fodigial distance traveled in a

given time.

(6.2) The energy loss of a charged particle
The rate of energy loss per unit length (dE/dxa charged particle due to the

ionization in a given medium is given by the BeBleeh formula;
2m c2 o
2 2 2
€ By |-p°-—|. (63
I 2

—dE/dx = 4nNore’mec? (Z/A) p(in o n

B

2

. . e ). .
In this expression, Ns Avogadro’s number'er[: —J is the radius of the electrop, Z
m

e
and A are the density, atomic number, and mass aurelspectively of the medium; q is
the charge of the particle traversing the mediurs;the ionization potential of the

medium;oé describes the reduction of the energy loss atiyigativistic velocities;

B = vic; andy = 7 .** The TPC is capable of determining the energy dbgmrticles

-
that pass through the gas. When the energy Idsghs more gas particles are ionized.

This causes thicker trails in the drift chamberahhgive signals with larger magnitudes.



For a given mass, a graph of (dE/dx) versus momegiues a characteristic
curve. Those curves can be used to identify pagj@s shown in Figure (6.1). In many

regions the curves for different particles are wefparated. In these regions particle

identification can be done unambiguously.

4 0e—-0E R =
3.5e—086
5
= 3.0e-06
i)
=y
=
o 2.5e-06
L
2.0e—06
1.5e—06
|
o8B 0,26 0,36 2,46 .06 0.6 .76
Rigidity (cev/c.m

Figure (6.1): The energy loss versus rigidity fdfedent particles. Rigidity is defined as
(momentum/charge). The color codes are blue fargiorange for kaons, green for protons and

pink for electron$®!,

For our analysis, rather than using directly thergy loss per unit length (dE/dx),
we used the log value of the ratio of measuredggnless to the expected energy loss for
kaons calculated from the Bethe-Bloch formula (Eigue6.3).

Log (dEdx/dEdxk) = log (Measured energy logpktted energy loss for kaons).

This value should be zero for all kaons if the ekpental dE/dx measurement is

properly calibrated.



(6.3) Meson Spectroscopy

This work studies the interaction X K'K". Because the X (1750) is neutral and
short-lived, we observe the kaons, the decay ptsdfcX (1750). This section discusses
how to study meson production by using their dgmayucts.

The total energy of the decay prodsbtuld be equal to the energy of the initial
particle and the total momentum of the decay prtsdsicould be equal to the momentum
of the initial particle. Using these conservatiaws$, we can determine the invariant mass
of the initial neutral particle.

Example p (770) Meson

Thep meson decays into two oppositely charged pipns (" + 1) . These charged
pions can be observed and therefore their momemd&e measured. Using the
equationE,;Z = p;2c® + m;2c®  with the invariant mass of the pion (139.6 MeWiy the
measured momentum, the energy of each pion caalbelated. The sum of these
energies should be equal to the energy of thalmtrticle, E = k. + E. The total
momentum of the initial particle can be calculabgdadding the momenta of the

individual pions; p = p.+p - With the total energy and the total momentum, aitd

the equation E— pfc? = nfc’, the invariant mass of the initial particle candetermined.
If the observed mass spectrum of pions matchesxpected mass spectrum fpr

meson, it can be concluded that the observed pianthe decay products opaneson.



(6.4) The search for the X (1750)

Since the expected decay mode for X(1750) is X'K", we are looking for two
oppositely charged tracks that come from a singhgex within the interaction region. To
select such events we considered the following. cuts

1) The total charge of two tracks should be zero.

2) The vertex is required to be close to the centéh@tetector in both longitudinal
distance (z) and the radial distance (r). Thiseisase the collisions occur at the
center of the TPC.

3) The number of tracks should be small. Events efrast to my study should have
only two tracks, but in order to have a less retdd data sample, | also
considered events with more than two tracks.

4) Each track should be well reconstructed. For thesconsider the number of hits
per track. The higher the number of hits per trédo&,more well-defined the
track.

5) Each track should be identified as a kaon throbghenergy loss per unit length.

(6.4.1) The background

Event pairs that do not have total charge zerecansidered as the background.
The signal should be in the low momentum regiang0.2 GeV/c); above that region
there should be no signal events. We normalizsiteal to background in the region

where no signal is expected.



(6.4.2) Cut Selection
The following sections show how | varied the valt@sabove-mentioned cuts to
select the best choice of cuts. All the graph$is $ection are for data taken with the

Minimum Bias trigger with 0.25 T magnetic field estigth.

(6.4.3) The longitudinal distance of the vertexnirthe center of the detector (|z])

The longitudinal distance of the vertex from thatee of the detector, z, is shown
in Figure (6.2). The Figure (6.3) shows the transgenomentum and the mass
distributions for |z| <25 cm, |z| < 50 cm, |z| € tth and |z|< 200 cm. The other cuts
remained constant at relatively loose values (nurab&acks < 10, r vertex < 25 cm,
number of hits per track >10, log (dEdx/dEdxk) 30\&e can see that for larger z
lengths there are more signal events but the stgrizickground ratio gets smaller.
Therefore we chose the cut |z| < 25 cm since égilae largest signal to background
ratio. Choosing |z| < 25 cm is also important to@ify correlating our sample to the

luminosity calculations discussed in Chapter 7.
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Figure (6.2): The longitudinal distance (|z|) of trertex from the center of the detector. The
maximum z value is 200cm, the distance from théezen the end cap of the drift chamber.
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Figure (6.3): The transverse momentum and the ahiag#bution for different z vertex values.
The left column shows the transverse momentumilbligions for two kaon candidates for
different z values. The gray area shows the backgtoThe right column shows the mass
distributions for two kaon candidates for differentalues. The lined histogram is for
background events.
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(6.4.4) The radial distance of the vertex fromlleam line (r)

Figure (6.4) shows the radial distance (r) of tagex from the beam line. Figure
(6.5) shows the transverse momentum and the msisidbdtion forr <5 cm, r <15, and r
< 20 cm. The other cuts remained constant at velgtioose values (z < 200 cm, number
of tracks < 10, number of hits per track > 10 arallog(dEdx/dEdxk) > 0.2). We can see
that the variation of the radial distance of thetesefrom the beam line does not affect
the transverse distribution or the mass distributibkaons. Therefore we chose to use r

vertex <5 cm.

End Wiew of TPC

Figure (6.4): The radial distance (r) of the verft@mn the beam line.
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Figure (6.5): The transverse momentum distribusiod the mass distribution for different r
vertex values. The left column shows the transversmentum distributions for two kaon
candidates for different r values. The gray areavshthe background. The right column shows
the mass distributions for two kaon candidateglitferent r values. The lined histogram is for
background events.



(6.4.5) The variation of the minimum number of pes track

Figure (6.6) illustrates hits in the TPC; thesa hite used to reconstruct tracks.
The more hits along a track, the more accurateytridick is reconstructed. Figure (6.7)
shows the transverse momentum and the mass diginbwhen the minimum number
of hits is greater than 10, 15, 20 and 25. Therathts remained constant at relatively
loose values (z vertex < 200 cm, r vertex < 25ttm Jog(dEdx/dEdxk) > 0.2 and the
number of tracks < 10). We can see that as weaserthe minimum number of hits per
track, both the signal and the background decre&sde the ratio of signal to background
does not change significantly. To maximize the algavents, here we chose the

minimum number of hits per track to be greater th@rmas the cut.

End Wiew of TPC

Figure (6.6): The number of hits per track. Theckldots represent hits in the TPC. Tracks are
reconstructed by connecting the hits.
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Figure (6.7): The transverse momentum distribuéind the mass distribution for different
number of hits. The left column shows the transy@nementum distributions for two kaon
candidates for different number of hits. The gresasshows the background. The right
column shows the mass distributions for two kaardadates for different number of hits.
The lined histogram is for background events.



(6.4.6) The variation of the maximum number of ksac

In this section we show the transverse momentwtnillition and the mass
distribution for two kaon candidates varying witle tmaximum number of tracks in the
events. In all cases, two particles are requirgubint back the vertex. Extra tracks are
allowed, as they may come from unrelated proce$sgsre (6.8) illustrates these tracks
in the TPC. Figure (6.9) shows the transverse mtunmeand the mass distributions for
number of tracks less than 3, 5 and 10. The otisrremained constant at relatively
loose values (z vertex < 200cm, r vertex < 25 comlper of hits per track > 10 and the
log(dEdx/dEdxk) > 0.2). We can see that as the mami number of tracks is increased,
both the signal and the background increase bugigmal to background ratio decreases.

Therefore here we chose the number of tracks tedsethan 3.

Costnic
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Figure (6.8): The number of tracks. Two particles required to point back the vertex. Extra
tracks are allowed as they may come from unrelptedesses such as cosmic rays.
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Figure (6.9): The transverse momentum distribusiod the mass distribution for different
number of tracks. The left column shows the trarsvenomentum distributions for two kaon
candidates for different number of tracks. The giea shows the background. The right
column shows the mass distributions for two kaardadates for different number of tracks.
The lined histogram is for background events.



(6.4.7) The variation of the kaon identificatiort cu

Figure (6.10) shows the distribution of log(dEdxdaE) vs momentum for data
taken with the Minimum Bias trigger with 0.25 T nmagic field strength. The kaon band
should form a horizontal band around y = 0 in thog; phe fact that this band is a little

above zero means that the calibration is not perfec
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Figure (6.10): The energy loss for events with fwionary tracks
This graph is for the data set taken with the MimmBias
trigger and 0.25 T magnetic field strength. Theadst is
dominated by pion

We used two different methods to select kaonthérfirst method, we selected a
triangular region where kaons are fairly cleanlyesated from other particles. Figure

(6.11) shows this region.

LN LAY RAREN LALES | ARLNRRAR

o o2 o3 0.4 0.3 0.6 oy o.a 09
P (GeVic)

Figure (6.11): Triangular region for filtering kasrA triangular
region is selected to filter kaons from other mdes. At
momentum >0.9 GeV/c, the kaon and pion bands qv.



For events with both tracks inside the trianguéajion, the transverse momentum

distribution and the mass distribution are showRigure (6.12).
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Figure (6.12a): The transverse momentum Figure (6.12b): The mass distribution for
distribution for kaons inside the triangular ~ kaons inside the triangular region. Both
region. Both events are identified as kaons events are identified as kaons. The lined
The gray histogram shows the background histogram shows the background.

In the second method of kaon identification, | ¢desed all the particles with log

(dEdx/dEdxk) above some value to be kaons, as showigure (6.13).
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Figure (6.13): The energy loss for two kaon canislarhis graph is for
the data set taken with the Minimum Bias triggeat Qr25 T magnetic
field strength. All events above the red line (digdx/dEdxk) > 0.2) are
considered to be kaol



With a cut of this type, we can select all the kamygardless of momentum, but the
sample will not be pure. This section discusses th@wariation of the value of this cut
affects the transverse momentum distribution aedhihss distribution of kaons. Figure
(6.14) shows the transverse momentum and the netsi®ukions for log (dEdx/dEdXxk)
greater than 0.2, 0.3, 0.4, and 0.5. The otherremsined constant at relatively loose
values (z vertex < 200 cm, r vertex < 25 cm, theabper of hits > 10 and the number of
tracks < 10). For this method of kaon identificatioe chose the cut log(dEdx/dEdxk) >

0.2 since it gives the greatest signal to backgiaatio.
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Figure (6.14): The transverse momentum distribuéiod the mass distribution for
different log (dEdx/dEdxK) values. The left colusimows the transverse momentum
distributions for two kaon candidates for differéog (dEdx/dEdxk) values. The gray area
shows the background. The right column shows thesrdestributions for two kaon
candidates for different log (dEdx/dEdxk) valuekeTined histogram is for background
events



The first method of kaon identification gives alfaclean sample, but there are
very few events that satisfy the event selectidterta and they are restricted in
momentum. The second method of kaon identificagiees more events to study with no
momentum bias, but the data is less clean. Tomma&iour sample, we chose the
second method of kaon identification, i.e., we cele all particles above the value

log (dEdx/dEdxk) > 0.2 to be kaons.

(6.4.8) Values selected for cuts
After studying the effect of varying each of thes;we chose the following cuts for our
analysis: z vertex < 25 cm, r vertex < 5 cm, theber of hits per track > 10,

log (dEdx/dEdxk) > 0.2 and the number of tracks < 3



CHAPTER 7

RESULTS

This chapter discusses the results obtained Wilevent selection criteria
described in Chapter 6 for the data from the y@@12RHIC run. Results for the 0.25 T
and 0.5 T magnetic field strength data sets audsed separately. In both cases, if the
observed kaons come from decay of the X (1750)xpect to see a peak in the mass
distribution of kaons near 1.75 Ge¥/Since the X (1750) is coherently produced, we

would expect these events to have low net transvamsmentum.

(7.1) Datafor 0.25 T Magnetic field strength with the Minimum Biastrigger

For data with the 0.25 T magnetic field strengjtle, transverse momentum
distribution is shown in Figure (7.1.1). There igemk in the low transverse momentum
region (< 0.15 GeV). This indicates some of thensamay come from coherent
production. However, the mass distribution doesshotv a significant peak around 1.75

GeV. Refer to Figure (7.1.2a) and Figure (7.1.2b).
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Figure (7.1.1): The transverse momentum
distribution for two identified kaons. The gray
histogram shows the background events.
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Figure (7.1.2a): The mass distribution Figure (7.1.2b): The expanded mass
two identified kaons. The lined distribution for two identified kaons. This
histogram shows the background events. is for the region 0.975-1.8 GeV. There is

no clear resonance near 1.75 GeV.

Because we expect the kaons from coherent X (1gi®@uction to have a small total
transverse momentum, we restrict the mass distoibad only those events with g

0.15 GeV/c to see if this helps select the evehitsterest. Figure (7.1.3) shows the mass
distributions for events withip< 0.15 GeV/c. This cut removes almost all of the
background, indicating the background is non-cafitesie expected. We can see that

there is still no peak around 1.75 Ge¥/c
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Figure (7.1.3a): The mass distribution Figure (7.1.3b): The expanded mass
for two identified kaons with{< 0.15 distribution with g < 0.15 GeV/c.
GeV/c. This shows that the There are no coherently produced
background comes mainly from events near 1.75 GeV.

incoherent events.



(7.2) Datafor 0.5 T Magnetic field strength with the Minimum Biastrigger

There is much more data taken with the 0.5 T magfietd than with the 0.25 T
magnetic field (359,207 versus 99,204), but mantheffeatures are similar. The
transverse momentum distribution for data takeh wie 0.5 T magnetic field is shown
in Figure (7.2.1). As with data taken with the OR2Bhagnetic field, there is a peak in the
low transverse momentum region, indicating somespetit production. Also similar to
the data taken with 0.25 T magnetic field, the ntassibution does not show a

significant peak around 1.75 Ge¥/as shown in Figure (7.2.2).
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Figure (7.2.1): The transverse
momentum distribution for two
identified kaons. The gray histogram
shows the background events.
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Figure (7.2.2a): The mass distribution Figure (7.2.2b): The expanded mass

two identified kaons. The lined distribution for two identified kaons.

histogram shows the background. There is no clear resonance near 1.75
GeV.



As with data taken with the 0.25 T magnetic fi¢ldelect events with lowq(< 0.15
GeV/c) in order to focus on coherently producednsad-igures (7.2.3a) and (7.2.3b)
show the mass distribution for events with<0.15 GeV/c. In the expanded mass
distribution, there are 4 events in the regiomtdriest (1.75 + 0.122 GeVjc but there is
not a significant peak. While we cannot rule outt tthese may be X (1750) events, there

are too few events to make a definitive claim omg ar the other.
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Figure (7.2.3a): The mass distribution  Figure (7.1.3b): The expanded mass
for two identified kaons withp< 0.15 distribution with g < 0.15 GeV/c. There
GeV/c. This shows that the are 4 events in the region of interest.
background mainly comes from

incoherent events.

(7.3) Cross section calculations for X (1750)

The cross section is the “effective cross-sectianah” for a given interaction
which is given in units of area: barns (1 barn Z“nf). A bigger cross section means
an interaction is more likely to occur. In thisdgudue to low statistics, only an upper
limit for the cross section can be calculated. &hent yield from a particular interaction
can be given by the following formula.

Event yield = Acceptance Integrated Luminosityx Cross section (7.1)
where the event yield is the number of events veepke and the acceptance is the

fraction of events which are detected by the dete@the luminosity is the number of



particles in the beam per area per time; the iategrluminosity has been integrated over
time to give the number of Au-Au particles in tresan per unit area. The cross section
for X (1750)— K*K" production in ultra peripheral collisions at RHt@&n be measured

by observing the event yield.

(7.3.1) Luminosity

The luminosity is the number of particles per sguantimeter per second
present in the beams of the RHIC ring. The higherdaminosity, the greater the number
of events produced. To calculate the luminositulof peripheral events, we consider
the total cross section for hadronic events forcthliésions of gold nuclei at RHIC. This
value has been determined to be 7.2 BHInEvents with more than 7 negatively charged
hadrons in the STAR TPC and |z| < 25 cm const&Q% of the total hadronic cross
sectioft’ . Therefore, the event yield for hadronic eventgiven by the following
eqguation:

Event yield = Luminosityx (0.8) x (7.2 barns). (7.2)

Once the event yield is determined, by counting hmamy events in the data taken with
the Minimum Bias trigger that have more than 7 tiggly charged hadrons, the
luminosity is calculated. For the data set takethh &i0.5T magnetic field strength and
the Minimum Bias Trigger, the event yield for eventith more than 7 negatively
charged hadrons and |z| < 25 cm was 1,132,05%andtegrated luminosity was 196.54
+ 10% mb*. The 10% uncertainty comes from the uncertaintpénhadronic cross

section.



(7.3.2) Acceptance

In order to calculate the acceptance of the datee® used STARLight Monte-
Carlo simulations. The STARLight Monte-Carlo is dd¢e model photon-photon
interactions anghhoton-Pomeron interactions in ultra peripheralisions® We added
the X (1750) to the STARLight simulation using thass and the width reported by the
FOCUS Collaboratiof! | assumed the X (1750) has spin 1. Since the @L&annot
be found in particle data books, | used values@pyate for thep (1020) for constants
for which there was no data to guide the choice ifput parameters that were used to
run the simulation are described in Appendix (A).

We produced 79,605 X (1750} KK~ events with STARLight. These events
are processed by another Monte-Carlo simulatior, AF8 maintained by STAR to
simulate the interactions of produced particledlie detector. This program simulates
the hits in the TPC among other things: the ouitput the same form as experimental
data. This data is then processed by the samegteagotion software that is used for real
data (bfc.C), and tracks are reconstructed. Mageowrote to run these codes are in
Appendix (A). By comparing the number of generagednts with the number of events
which are reconstructed subject to the same catsatle applied to the data, we can
calculate the acceptance of the detector. HowdlverdE/dx calibration was not identical
for the simulated data and the real data. We cosgied for this by shifting the log
(dE/dx) values for the simulated kaons until therkdands for simulated and real data
coincided. For the data, the log (dE/dx) cut issemoto be greater than 0.2. For the
simulated data we required log (dE/dx) greater tH3eb25. Of the 79,605 events

generated, 7705 were reconstructed with the saitsaused for the data. Therefore, the



acceptance of the detector for these events = /78)605 = 0.097 + 10%. The 10%

uncertainty comes from the parameters used in ST@RIsimulations.

(7.3.3) Cross section for Au Aw Au Au X — K*K~

Given these values for the luminosity and the atzoege, an upper limit for the
cross section for the process Au AuAu Au X — K*K™ can be calculated. For a
Breit-Wigner distribution, 97% of the events lietin + width of the average. The event
yield is calculated by counting events in the redimm (1.75-0.122) GeVicto
(1.75+0.122) GeV/ft. We observe 4.12 coherently produced events émtiaiss range.
Therefore, at the 90% confidence level, the maxinmumber of events is 8.1. The upper

limit for the cross section is given by

o( Au Au— AU'AUX — K*K™) < 57/ 1 =0.42 + 14% mb.
0.097* 19654mb



CHAPTER 8

CONCLUSIONS

We studied Minimum Bias data sets from the yealdl2RBIIC run with 0.25 T
and 0.5 T magnetic field strengths. The 0.25 T datavas analyzed to determine an
optimal set of cuts to study the reaction X (1750K*K". When the cuts were applied,
neither data set showed a peak at 1.75 GeAlfove the background but the statistics are
very low. The integrated luminosity was calculatsdl96.54 nib for the data with the
0.5 T magnetic field strength. The STARLight Moarlo simulations were modified to
simulate the reaction X (1756} KK . This allowed us to calculate the acceptance of
the detector for this reaction. The upper limittioe cross section of
Au Au — Au Au X — K'K™ was calculated to be 0.42 + 14% mb.

It is clear that we need more statistics in ordesttidy this reaction. In the next
Au-Au run at RHIC much more data will be collectéds recommended that this

analysis be repeated with the inclusion of the tamtal data.






Cross section calculations for ®(1680):

Cross section is the probability of a collision metng between two patrticles. It is related
to the nature of the colliding particles and therefgives important information about the
reaction. The cross section can be calculated bgrolmg the event yield under given
conditions of beam luminosity and branching ratibthe reaction. In this study, due to
the lack of experimental data, the cross secti@alisulated by using the interactions that
are simulated with the STARIlight Monte-Carlo model.

Decay modes ob(1680) are shown in the table below.

Mode Fraction [Ti/T)
M KK (892 + cc dominant
M2 KoK seen
M3 KK seen
M4 e'e seen
s QI not seen
e KK 10

Table (7.1): Decay modes @{(1680) fttp://pdg.lbl.goy

Branching ratios ofp(1680) are shown in table 2.

Decay mode Relative ratio
(KK’ (892 + cc)/T (KK ) dominant
M(KK)/T (KK (892 + cc.) 0.070.01

I (corm) I T (KK (892 + cc) <0.10

Table (7.2): Branching ratios @f(1680)



Here we study the reaction in whidt{1680) decays into ¥

M(KK)/T(KK") = 007 (7.1)
[ (ewrmn) /T (KK ) = 01 (7.2)
F(KK)+ (KK )+ () =1 (7.3)

From equations (7.1), (7.2) and (7.3), the brarghatio for F(KE) =0.0598

Event yield can be give by following formula,

Event yield = Acceptance * Cross section * Lumimgsi

Where, Acceptance = (branching ratios)* (reconstdievents/generated events)

In order to determine the acceptance of the det&fdRIight Monte-Carlo model was

used ford(1680) meson.

7.3 STARIight Monte-Carlo simulations

The STARIight Monte-Carlo is used to model photdm{on interactions and photon-

Pomeron interactions in ultra peripheral heavydoltiisions. STARIight consists of three

input files; starlight.in, starlight.dat and jettdaput parameters of the starlight.in file

can be modified according to the user’s needs fildetarlight.dat contains differential

luminosity values and the file jet.dat containsnofang ratio values for jet set. These

files are re-written according to the modified paeders in starlight.in file. In order to

study the reactio®(1680)— K'K", following parameters are used in the starlightlen

79 197 /I Z(number of protons), A (numbgnuoacleons)of the colliding gold ions

108.4 /I gamma for the colliding ions

1.5-140 /I maximum and minimum values for e(gamma-gamma center of mass
energy, w = 4(E1)(E2), (aelld STARIight to use the default values
specified in setConst.f; othise, specific wmin here, and the number

of w bins in the lookup tables
4.0 80 /l maximum value for y (y is theidaty, y = 0.5 In(E1/E2) ) and the



number of y-bins in the cresstion calculation
3 /I gg or gP switch -- A 1 herelyiloduce 2-photon channels, a
/Il 2 here will produce vector mesbiannels with a narrow
/Iresonance, and a 3 here will poeduector meson channels with
//a wide (Breit-Wigner) resonance.
100000 // number of events to produce
663 /I channel of interest (in PDG notati(893 for phi(1680))
345333 // random number seed
2 /I The form of the output. A 1 hereagrates a simple text file.
'2' generates a text file in theag$ormat
'3' generates a PAW ntuple.
5 /I This number controls the nuclear kuga
/I Note that this option only works fead or gold; it should work at
any energy
1 = hard sphere nuclei (b>2R)
2 = both nuclei break up (XnXn)
3 = a single neutron from each nucleusflnl
4 = require that neither nucleon breakwith(b>2R)
5 = require that there be no hadronic brgak
(This is similar to option 1, buitkvthe actual hadronic interaction

probability)

0 // 0 = no interference (i.e. turned off}, interference turned on

0.5 /I when interference is turned on, tlineg the %age interference 0= none
, 1=full

0.24. /I when interference is turned on, thikhesmaximum pt considered
when interference is turned ors th the number of pt bins

The format of the output file starlight.out is cbeosso that it can be read by GSTAR.
GSTAR is a simulation program that is used to riAR detector simulations using
GEANT software. GSTAR reads the starlight.out &ifed produces .fzd files that can be
read by bfc.C , the reconstruction software. Tlnesé .fzd files are run through

StPeCMaker; to produce histograms.

For 100,000 generated events, there are only 2idtewath 2 tracks and come from a
common vertex. i.e. reconstructed events = 21
Therefore, the acceptance = (0.0598)(21/100,0002558E(-5)

For the year 2001 RHIC run, the luminosity was 565"



For 1 event, cross sectlon%'zssaz(_a v 5gmpt = 140-94 mb

Table (7.3) shows cross sections in millibarns pimductions of vector mesons.

Meson RHIC-Au RHIC-I RHIC-Si LHC-Pb LHC-Ca
p° 590 230 8.4 5200 120

W 59 24 0.9 490 12

[0) 39 14 0.4 460 7.6

N 0.29 0.11 0.0036 32 0.39

Table (7.3): Cross section values of some vect@oms
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