
Chapter 1

Introduction

The constituents of atomic nuclei, i.e. the protons and neutrons, are composed of

quarks and gluons. The interactions between these particles are governed by the strong

interaction, which is described by Quantum Chromo Dynamics (QCD). Unfortunately,

perturbative QCD calculations, i.e. calculations based on an expansion in powers of

the strong coupling constant αs, are not always possible due to the increase of αs at

large distances or small momenta. As a consequence, it is not possible to calculate the

internal structure of nucleons from first principles. It is, however, possible to calcu-

late observables for lepton-quark scattering reactions in a QCD framework, in which

the nucleon structure is modeled by - a priori unknown - structure functions. Hence,

lepton-quark scattering data can be used to obtain experimental values for the structure

functions. Such experiments are known as Deep-Inelastic Scattering (DIS) experiments.

Since the late sixties DIS experiments have been performed at various laboratories.

These experiments proved that the scattering takes place on pointlike spin- 1
2

particles

residing in the nucleon, which subsequently became known as quarks.

Originally, it was assumed that the spin of the nucleon (of 1
2
) could be fully attri-

buted to the spin of the quarks. It was assumed that the spins of two quarks cancel

and that the remaining quark gives the spin of the nucleon. It was a surprise when the

EMC experiment [1] showed in 1988 that only a small fraction (14 ± 9 ± 21 %) of the

proton spin could be attributed to the quark spins. After the EMC experiment other

experiments carried out at SLAC, CERN and DESY confirmed the small value of ∆Σ

reported by EMC1.

Since then, it was realized that the nucleon spin originates from several components.

1It is noted that use is made of experimental information on weakly decaying baryons in extracting

∆Σ from the spin-dependent structure function data.
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Figure 1.1: Leading order qq̄-

production via the photon gluon

fusion process in lepton scattering

off a proton.

Apart from the intrinsic angular momentum of the quarks (∆Σ) and gluons (∆G), the

orbital angular momentum of the quarks (Lq) and gluons (Lg) may also contribute to

the total angular momentum of the proton:

1

2
=

1

2
∆Σ + ∆G + Lq + Lg (1.1)

The quark spin contribution can be further decomposed into contributions from the

different flavors, i.e. ∆Σ = ∆u+∆ū+∆d+∆d̄+∆s+∆s̄. The contribution of charm

or heavier quarks is usually neglected, as it is believed to be very small.

The gluon contribution to the nucleon spin can be obtained from the Q2 evolution

of the polarized structure functions or by identification of events in which the virtual

photon couples directly to the gluons. The orbital angular momentum contribution is

much more difficult to access. Recently, it has been suggested [2] that the target trans-

verse spin asymmetry in exclusive meson or photon production is very sensitive to the

total angular momentum of the quarks from which information on Lq can be derived.

A way to access the gluon spin contribution is provided by the photon-gluon fusion

process (PGF). In figure 1.1 this process is depicted in leading order. The virtual

photon splits into a qq̄ pair, of which one quark interacts with a target gluon. In order

to separate this process from background processes it is required that the transverse

momentum of the q and q̄ quarks is relatively large. Another method to identify PGF is

provided by searching for charmed hadrons, which are characteristic for PGF as other

processes do not usually result in the production of charmed hadrons.

In this thesis, I present the results of a search for the lightest charm baryon, the Λ+
c

(2284.9 MeV), which has a udc quark structure. It is believed that in the HERMES ex-

periment a relatively large fraction of the c quarks fragment into a Λ+
c baryon since we
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are in the threshold regime for c quark production. For instance, at the threshold only

the reaction l + p → Λ+
c D

0
can occur. By identifying the Λ+

c and trying to measure

the asymmetry of the yield with respect to the beam and target spin orientations it

is hoped to get information on the gluon polarization. In the presented measurements

the DIS lepton was not explicitly identified which brings us in the quasi-real photo-

production regime. The advantage of this is that the cross sections are an order of

magnitude higher than in the DIS regime. At the same time many background pro-

cesses are also enhanced which may possibly contribute to the measured double spin

asymmetries. These contributions are unconnected to the photon-gluon fusion process,

and may thus dilute the asymmetry.

The study of the helicity dependence of Λ+
c production motivated in part the de-

sign and implementation of the Lambda Wheels, a new wheel shaped array of silicon

counters that has been installed in the HERMES front region. The Lambda Wheels will

increase the Λ0 hyperon statistics per unit luminosity by a factor of four with respect

to the statistics obtained with the standard HERMES acceptance. Another reason to

build the Lambda Wheels is the possibility to enter the target fragmentation domain

for Λ0 production. This is interesting as it is possible to determine the relative ori-

entation of u and s quarks in the nucleon from the Λ0 decay products in the target

fragmentation domain [3]. In the second part of this thesis the results are presented of

a performance study of a prototype Lambda Wheel module.

The thesis is organized as follows. In chapter 2 the theoretical framework which

motivates the analysis presented in this thesis is given.

In order to place the Lambda Wheel design and the search for the Λ+
c baryon pre-

sented in this thesis in perspective the HERMES experiment is briefly described in

chapter 3.

In chapter 4 the analyses in which signals for the Σ?, Ξ and Λ+
c baryons are extracted

are described. These analyses have in common that the above mentioned particles have

a decay chain in which a Λ hyperon and a π meson appear. For the Σ? and Ξ hyperons

a double spin asymmetry is built from the number of counts extracted from the peaks.

For the Λ+
c baryon the obtained statistics is too low to construct such an asymmetry,

and for this reason other undetected particles are allowed in the final state (partial

reconstruction). Consequently, Monte Carlo simulations are needed to determine the

amount of Λ+
c baryons present in a certain mass range and the corresponding amount

of background events. This chapter is concluded by the evaluation of a double spin

asymmetry for these partially reconstructed Λ+
c baryons. From this asymmetry a value

of the gluon polarization ∆G/G is extracted.
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In order to have a higher detection probability for the Λ+
c baryon, a new detector

has been designed and commissioned in 2002. In Chapter 5 the physics motivation and

details of the design of the Lambda Wheels are given. First operational results obtained

with a prototype module are presented.

The Lambda Wheels cannot be incorporated in the existing tracking program of

HERMES due to its wider acceptance, and because the strip orientation is not parallel

to the standard wire orientation in the other tracking detectors. A tracking program for

the Lambda Wheels has been developed and incorporated into the eXternal Tracking

Code (XTC) that is also used for other wide angle detectors of the HERMES spectro-

meter. The Lambda Wheel part of the tracking program, that has been used to analyze

the data of a first operational Lambda Wheel module, is described. Insight is given

in the selection methods used to combine the strips of different planes into physical

tracks. In this chapter also a method is given to determine the tracking efficiency of

the Lambda Wheel silicon planes. This method is applied to various situations.

A summary and outlook is given in the final chapter.


