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ABSTRACT

Observables from vector meson photoproduction by linearyolarized photons can be ex-
pressed in term of bilinear combinations of helicity amplides parameterized by the Spin
Density Matrix Elements (SDMEs). These SDMEs give straigtiorward relations for un-
derstanding the nature of the parity exchange at thresholdrnergies, as well as for extracting
signatures of the Okubo-Zweig-lizuka violation. Measureemt of SDMEs forp ! p in
the photon energy range of Z to 1:9 GeV (momentum transfer squared range of 1.2
to 0:25 Ge\?) and 1.9 to 21 GeV (t range of 1.4 to 0:25 Ge\?) from the g8b exper-
imental data collected in the summer of 2005 in the Hall B of Jerson Lab are reported

herein.
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Chapter 1

INTRODUCTION

In 1947 Rochester and Butler [1] found a \strange" decay of eentral particle that appeared
as a detached vertex with two charged pions coming out. Thahis detached vertex could
even be reconstructed outside of the target meant that the mae life was many, many orders
of magnitude longer the 1023-second time scale typical for strong reactions, such as the
I -meson:! ! * . This \strange" particle is now identi ed as the K °. Shortly after
the discovery of theK © another \strange" particle associated with a detached veeix was
observed, which decayed into a nucleon and a pion [2]. Anddilthe K °, the decay of this
new strange particle was more than a trillion times the timeale common for the strong
process. The detached vertex was given the name , which is ¢hvisual onomatopoeic
equivalent for representing a common point from which two péicles emerge.

The Lambda hyperon, (1116), decays through the nucelon-pn mode, ie. !
p =n % with a mean lifetime of 263 10 ® s orc = 7:89 cm. The photonucleon
reaction n ! K © proceeds through the strong reaction and the photoproducedrange
particles, in turn, decay via the weak force. This weak decalyin the framework of the
Standard Model { exhibits the property of \strangeness" [3]which is not conserved in weak
interactions. The \Strangeness"S quantum number is related to \s"-quark content of a
composite particle and composite particles or hadrons conretwo forms: baryons which
are composed of three quarkgqq and mesons which are made up of a quark-antiquark

pair qg. The quantum number S describes the strangenesss = 1 for\s"and S = +1



for the corresponding antiquark s"; and S = 0 for the ve remaining quarks u;d;c;t, and
b.

Although the proton is primarily modeled as two up quarks{) and one down quark ¢)
quarks (i.e. 3 light quarks), recent studies suggest that thproton may contain strangeness
in the form of anss component [4]. And a good way to probe for this internal strageness is
to measure strange nal-state particles resulting from phon-proton interactions. Because
the -meson is considered to be a puiss state, direct photoproduction of -mesons from
protons has been used as a tool to probe for strangeness in pineton. But rst we discuss
the complexity that is the -meson.

The Okubo-Zweig-lizuka observation (OZI rule) was put foth to explain why the -
meson decays mainly into two kaons rather than into the morenergetically-accessible
three-pion mode; the mass of two kaons @00 GeV) is more than double the sum of the

masses for three pions (845 GeV) [2] (see Fig. 1.1).

(15.3 £ 0.4)% (49.2 + 0.6)% 34 £ 0.5%

Figure 1.1: Diagrammatic representation of the -meson decay products.

G. Zweig proposed that the -meson is more kaon-like than pion-like, assuming that

the strange quarks of the -meson have a tendency to maintain their \identity" rather than
transform into u and d light quarks [5]. In keeping with this idea of maintaining\identity",
S. Okubo postulated it as a rule, which suppresses the creati of ss mesons in reactions
involving hadrons and mesons composed by light quarks (foxample proton-proton reac-
tions, pp, or pion-proton reactions, p). In general, quarks have a tendency to maintain
their \identity" rather than transform into other quarks.

To acquire a better understanding of this OZI picture, let usonsider the two reactions
pp ! andpp! ! ;the Feynman diagrams are plotted in Fig. 1.2.

In Fig. 1.2(a),! and are connected to the initial state by lines termed the \conneted
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Figure 1.2: Schematic representation of the Feynman diagres for a)pp! ! andb)pp!

quark lines". However, in Fig 1.2b, the -meson is not connected to the initial state by any
of these quark lines; only the is. In this case, the -meson is \disconnected" from the
initial state. The line that connectss and s is called the \disconnected quark line". From
the OZI observation, pp ! Is suppressed with respect tpp! ! . As stated aptly by
the OZI rule: \In strong interactions, processes are suppressed when theal states can
only be reached by means of disconnected quark lineEhe measure of this suppression can
be obtained by taking the production ratio of and!, R(=! ). OZI predicts this ratio
to be 42 10 3. It is remarkable how well so many experimental data adheretthe OZI
rule [5], not only for this reaction but for di erent reactions at di erent energies. However
in the photoproduction reaction, p ! p , this ratio R( =! ) is signi cantly larger than
4:2 10 ® as is shown in Fig. 1.3b; it appears to entirely evade or vidkathe OZI rule,
which may well indicate other competing processes, such as e intrinsic strangeness in

the proton.

Figure 1.3: a) Total cross section forp ! p! and p ! p . b) The production ratio
R(=! ). The dashed line is the theoretical prediction from OZI. Tk shaded area indicates
results frompp and p reactions. Taken from Ref. [6].
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Figure 4.1: Loose cuts omp and K* masses. Applied cuts were:8<m, < 1:2 GeV and
0:3<mg+ < 0:7 GeV. Note that the vertical scale is linear.

4.3.2 Picking the Right Photon

In the TAGR bank there may certainly be more than one possiblphoton candidate that

can trigger the event, as pointed in Section 4.2.2. In ordeot nd out which one is the
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Figure 4.9: X missing mass forE“P = Figure 4.10: X missing mass forEP =
2:1 GeV data set in PARA orientation. 1:9 GeV data set in PERP orientation.
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Figure 4.11: Fit on the K* missing Figure 4.12: Fit on the K* missing
mass forECP = 2:1 GeV data set in mass forECP = 1:9 GeV data set in
PARA orientation. PERP orientation.

background function modeled from a second order polynomialrhe Signal-to-Noise Ratio
(SNR), the peak's resolution ( ), and the signal with background events were recorded (see
Appendix C). From these studies, we found that the respectivcuts of 067 and 066 Ge\?
forthe ESP = 2:1 GeV andECP = 1:9 GeV data sets were reliable and robust. Background

reduction of the -meson invariant mass is depicted then in Figs. 4.15 and 4.16

4.3.5 Time Dierence Cut between the pand * Vertex Times

Up until now the event selection has not been enough to get riof the * background.
Although the time di erence between protons and positive kans vertex times,t, tx-+

(i.e., PARA ECP =2:1 GeV data set) is expected to be close to zero as shown in Figl%
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Figure 4.13: K * X versus *X squared invariant masses for th&°P = 2:1 GeV data set
in PARA orientation. A vertical band around M2 can be seen. The diagonal band shows
misidenti ed pions as kaons. The black arrow and dashed linedicate a cut going down
to 0:67 Ge\? on the y-axis to get rid of the misidenti ed kaons.

IZS

20

15

10




Events
Events

1y A*‘,_uuml e Y XN ST
%8764 20 2 4 6 8 10




% 8 6 4 2 0 2 46 8 10

t, -t (ns)

10
60
50
40
30
20
10

000t a2 0 002 oo 000 002 0 002 0o
M -V, (GeV) M -, (GeV)

Figure 4.20: Energy-balance for the Figure 4.21: Energy-balance for the
PARA ECP =1:9 GeV data set. PERP E€P =1:9 GeV data set.

By systematically rejecting events from the left and right 6 Figs. 4.20 and 4.21, the
SNR (from the -meson reconstruction) was plotted as a function ®fl; My . For Fig. 4.22,
the best SNRs for PERP and PARA from left and right were choserEvents from 0:01 to
0:003 GeV shown in Fig. 4.22 were accepted. A comparison emeson signals for PARA
and PERP are shown in Figs. 4.23 and 4.24.

By means of the energy-balance cut, the background noise waduced and the detector

resolution measurement was improved by 10%. The same an@dysias applied to the
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Figure 4.22: The SNR analysis for th&€*? = 1:9 GeV data set. Vertical lines mark the
applied cuts. Arrows show the direction of the systematic ¢sl from left and right.

Enlies 2258

Figure 4.23: -meson invariant mass for
the PARA ECP = 1:9 GeV data set before
and after (shaded) energy-balance cut.
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Figure 4.25: Protonz-vertex coordinates Figure 4.26: K* z-vertex coordinates for
for PARA ECP =2:1 GeV data. PARA E€P =2:1 GeV data.

4.3.8 Fiducial Cuts

This study ignored events where the reconstructed tracks wetoward the torus coils that
partition the CLAS detector into six sectors. Acceptance isiot well understood within
and closely adjacent to these regions. And by applying dual cuts within the torus-coil
regions, we see that the data and Monte-Carlo simulation aie very good agreement, as

are shown in Figs. 4.29 to 4.32 from data (black line) and MoatCarlo (MC) simulation
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Figure 4.33: -meson mass reconstruction Figure 4.34: -meson mass reconstruction
for PARA ECP =2:1 GeV data. for PERP EP = 2:1 GeV data.

Figure 4.35: -meson mass reconstruction Figure 4.36: -meson mass reconstruction
for PARA ECP =1:9 GeV data. for PERP ECP = 1:9 GeV data.

distribution in the signal region of the -meson mass distribution, and outside of the signal
region, there ought not be any signi cant oscillations. Ths check was done by dividing
the -meson mass distribution in two regions, the signal regiort:01< M < 1:03, and
outside-of-the-signal region: D1 GeV>M > 1:.03 GeV. TheW( ) was corrected by
using the amorphous data. The results can be seen in Fig. 4.37

Since theW ( ) has a small oscillation in the region outside of the -meson mass
signal, events in this outside region will be a part of the b&ground. The second reason

is because this Q-factor technique reproduces the backgnouremarkably well as can be

54



1%0] 1%0]
QL [}
= =
E =
[im| i
Lt =
%] 2
5 5]
< 4
m m

Events/Entries

Figure 4.37: W( ) decay angular distribution corrected by amorphous data n the
signal region (top panels) and outside-of- the-signal remi (bottom panels) for PARA
ECP = 2:1 GeV (left) PARA (right) E“P = 1:9 GeV data sets. Both sets were t by
usingN[1+ Acos2( )], where N is the normalization constant andA the amplitude's
oscillation.

seen in the left and right panels of Figs. 4.44 and4.45 andails for e ective background

subtraction. In the next section the Q-factor technique is dcussed in great detail.

4.4.1 Quality Factors

The aim of this study on Q factors is to correlate events to the-meson signal by sampling
a certain amount of the nearest events to the selected targevent. Depending upon the
correlation, a numerical value or Q-factor ranging from O td is assigned. Most of the
procedure detailed below follows the logic described in Ref59] and [60]. Initially, a -
meson event was de ned by its mass value andyg, -angle and cosyg,. of the -meson
decay product,K *. For every single event a sample of 200 (100) nearest evenaswaken?®

The distance between the target eventt] and the i" event in the sample,d; , was de ned

by:
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Figure 4.50: Comparison between signal yield &% (cos ) (left) and W ( ) (right) with
errors in quadrature ( é) and by yield; (o) for PARA EC? =2:1 GeV data.

4.4.3 Systematic Uncertainties from the Q-factor Technique

Systematic errors from Q-factors are accounted for as the foee-and-after di erence of
applying the Q-factor technique on the data sample in extrdimg the -meson signal.

After tting the rst one with a Breit-Wigner function convo luted with Gaussian function
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Figure 4.51: Comparison between signal yield &% (cos ) (left) and W ( ) (right) with
errors in quadrature (&) and by yield; (o) for PERP E®” =1:9 GeV data.

plus a phenomenological background function as explained $ection 4.4.1 and the second
one by the same function with no background (see Figs. 4.524®5), the integral of these

functions and the histograms were calculated in the interéa:0<M < 1.04 GeV.
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Figure 4.57: Momentum distribution of the proton in the lab fame for the PARA E€P =
2:1 GeV data set.

Figure 4.58: Momentum distribution of the proton in the lab fame for the PERPECP =
1:9 GeV data set.

We remark in closing that since most of the selected protonseve not low-momentum
protons, and given the poopKK acceptance, with the overarching low -meson statistics,

we found no need to apply a one-percent-momentum correction
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