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Chapter 1

Introduction

The Standard Model (SM) [1] is a remarkable theory that describes all observa-

tions in particle physics. However, it lacks in many aspects a deeper explanation,

although very accurate predictions can be made within this model that has some

30 free parameters. A number of models beyond the SM have been suggested

in order to explain some of its not well understood features such as the number

of particle generations, the origin of discrete symmetry violations or the asym-

metry of matter and antimatter in the universe. The search for answers to such

questions is the driving force behind present particle physics activities at the

highest energies available at accelerators and complementary in high precision

measurements.

Among the different approaches to search for new physics beyond the SM are

searches for permanent electric dipole moments (EDMs) of fundamental particles

or systems. The values of such EDMs is predicted within the SM to be many

orders of magnitude below present established limits as well as the prospected

sensitivity of ongoing EDM searches [2]. Since many of the models beyond the

SM predict much larger values, there exists a very large window for discovery of

new physics in sensitive searches for EDMs. The discovery of an EDM could be

around the corner, because in several speculative models values are predicted just

below the present limits for several particles. This thesis concerns work towards

a sensitive EDM experiment on the deuteron, in particular the development of a

sensitive deuteron spin polarimeter which is a key element in such an experiment.
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An overview of EDMs within the Standard Model and some of its extensions

is given in chapter 2. The physical similarities and differences between various

mechanisms responsible for the creation of an EDM are introduced. The deuteron

is brought forward as a promising candidate from both a theoretical and experi-

mental perspective. Basic concepts are presented of a new technique making use

of a magnetic storage ring to measure EDMs of charged particles.

The deuteron EDM (dEDM) experiment, as any EDM experiment comprises

three different stages. The first step is the Preparation of a spin polarized beam

which is injected into the storage ring where it will Interact with the motional

electric field generated by passage through the magnetic field of the ring bending

magnets. The interaction between this electric field and the EDM causes the spin

to precess. This precession will be detectable in the evolution of the spin which

has to be monitored continuously and with high efficiency through Polarimetry.

The main polarimetry concepts are introduced in Chapter 3. A possible formalism

to describe particle polarization is introduced. An overview on nuclear scattering

polarimeters and the implications for the dEDM polarimeter are provided.

The development and optimization of a highly efficient dEDM polarimeter con-

cept constitutes the main subject of this dissertation.

In the design of a sensitive polarimeter analyzing power, efficiency of the de-

tector and the interaction with the beam need to be considered. At the same

time, robustness against systematic errors must be taken into account.

The developed concept (presented in Chapter 4) relies on the strong spin depen-

dence of large angle deuteron on carbon elastic scattering. It consists of a three-

stage detector comprising an extraction mechanism (to remove the deuterons from

the storage ring), a thick target (where the deuterons scatter) and a segmented

detector. The extraction mechanism was evaluated for two different methods:

extraction via gas interaction and stochastic slow extraction. Different thick tar-

gets were considered. The need for the thickness arises from making sure that

the efficiency is as high as possible. The optimal location, geometry and material

of the target were analyzed. The dEDM detector must be able to reconstruct as

many (nuclear) reactions as possible. At the same time it will have to deal with

extremely high rates, expected for the dEDM experiment. The configuration and

2



composition of the target and detection system will determine the sensitivity (the

ability to detect small signals) and selectivity (the ability to avoid false signals).

Chapter 5 is dedicated to the polarimeter sensitivity. Its optimization is discussed

through the optimization of the detector efficiency, reaction analyzing power and

figure of merit. This optimization was performed by building a phenomenological

deuteron induced reactions scattering model and using it to find the ideal oper-

ating point of the dEDM polarimeter. Experimental confirmation of its behavior

was performed at COSY. The experimental studies are presented and discussed.

The polarimeter selectivity is treated in Chapter 6. Analytical and Monte Carlo

models were built that describe the evolution of the polarimeter signal in the

presence of systematic effects (beam displacements and rotations). These mod-

els enable three different analysis approaches. Experimental studies, performed

at KVI and COSY, and the application of the different analysis methods are

described and discussed.

The main conclusions of this work are presented in Chapter7. The developed

polarimetry concept appears to be well suited for e deuteron EDM experiment

with a sensitivity level of 10−29 e cm. We therefore give a brief outlook on future

research direction towards either establishing a tight upper bound on the deuteron

EDM value or its discovery.
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