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Abstract

Trapped ion systems have experienced significant growth in recent years as their po-
tential for excelling as quantum simulators has become recognized. Ions make an excellent
qubit due to their long coherence times with moderate gate times, high fidelity detection
and state initialization, and their ability to create long range spin interactions. As the
experimental demands of trapped ions increases, so too do the demands that sustain and
control them. In this thesis, I will cover the design and implementation of robust systems
for the trapped ions platform and describe the development of robust lab infrastructure,
equipment, and optics required to perform high contrast entangling operations on an ex-
isting four-rod system. By redesigning the DC power distribution and grounding system
I have been able to supply our quantum simulator with clean DC voltages while reducing
ground loops that can introduce noise into the system. With delicate alignment of the 355
nm system, our four-rod system is able to entangle qubits together. By incorporating 3D
printing and inexpensive DC motors, I was able to motorize the controls used to align our
355 nm beam in the vertical direction which has made alignment reliable and accessible.
With future iterations of the motorized stage, I’ve been able to achieve a resolution of
70 nm in all three axes. We then look to the next generation ion trap in the form of a
meticulously engineered blade trap. With the ability to perform simulations on systems
of about 30 qubits, reaching very low vacuum pressures is essential to increase ion life
times. By careful preparation of our Shapal blade holder I’ve been able to preserve the
9 � 10�13 mbar pressure of our blade trap vacuum chamber. I then discuss the design of
the imaging system for the blade trap which utilizes dual 0:5 NA (numerical aperture)
objectives to achieve high state detection fidelity (s 99:9%). By simulating the imaging
system and taking into consideration the effects of the systems’ efficiencies, I find that
high state detection fidelity should be achievable for detection times on the order of 20 �s.
This offers potential for performing in-situ mid-circuit measurement on the blade trap sys-
tem. By performing some initial tests, I compare the experimental results to the simulated
performance of the imaging system and find they match reasonably well.
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and DC voltages to con�ne and control the ion. The bottom center shows
the front facing view of the blade trap. The gold coated segmented blades
are positioned to give 0:5 NA optical access from the sides and 0:3 NA from
the top and bottom and are held in place with the Shapal blade holder. . 4

2.1 Internal energy level diagram of 171Yb+ [1]. The red text shows the
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3.1 The optics table layout for B221A. 8020 Aluminum extrusions are used
for the enclosure surrounding the tables with aluminum sheets used for the
corner supports and top plates. Five hepa �lters on top will connect to the
air handling unit while two stand-alone hepa fan units will work as a back
up if the HVAC unit is not operational. Enclosure doors are left out for clarity 17

3.2 Water cooled ampli�er box. Thermally conductive, electrically isolating
mounting tape is used to mount eight MPA-40-40 ampli�ers from RF Bay
to a water cooling plate to provide heat removal while keeping the ampli�ers

oating w.r.t. the box ground. Heat sinks are attached to the plate for back
up heat removal. The front cover of the 4U Hammond box uses a 3D printed
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(bottom left) around the lab. The top left scheme follows a tree structure,
where a single Festoon cable (trunk) is brought from high wattage power
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sent the standard deviation of the bright state detection 
orescence for the
20 data points in each experiment. Fit function:A sin2

�
�t
2T

�
+ o�set where

� � time = T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
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3.14 Ion 
uorescence while applying a MS scheme. Y-axis displays PMT
counts for a detection time of 400� s while the x-axis shows the amount
of time the MS laser scheme was applied to the ions. Error bars show the
standard error over 100 experimental repetitions.
Fit function: sin2(!x )

�
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where� � time = �= (2! ). . 35
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Chapter 1

Introduction

As our understanding of the universe grows, we require increasingly powerful tools to
simulate its behaviour. In the current era of Noisy Intermediate-Scale Quantum (NISQ)
computers, quantum simulators have emerged as a promising avenue for exploring the
behavior of some quantum systems that are otherwise inaccessible or uncontrollable [2].
For a system to meet the minimum requirements of a quantum simulator we must be able
to prepare the initial conditions, evolve the system in a repeatable fashion, and measure
the states of the system. While these are the minimum requirements a quantum simulator
must meet, there are a number of tools that can expand the capabilities of the system.
The ability to perform measurements of speci�c qubits without destroying the state of the
neighbouring qubits during a quantum simulation (referred to as mid-circuit measurement)
is one such tool that opens the doors to new areas in physics such as measurement induced
phase transitions. These phase transitions study area to volume law transitions in the
entanglement entropy by introducing projective measurements on a subset of evolving
qubits [3].

As a quantum simulator, the trapped ions platform make an excellent candidate. Long
coherence times, all-to-all connectivity, and high �delity state preparation and measure-
ment, are some of the characteristics that set trapped ions apart from other platforms.
With recent results demonstrating a high degree of control [4] and high �delity individual
qubit addressing [5], the trapped ions platform provides the ideal candidate for simulating
these measurement induced phase transitions [6]. To build a system capable of performing
such experiments will come with an increase in complexity. Trapped ions rely on vacuum
chambers, lasers, Radio Frequency (RF) electronics, and many more systems working in
unison to perform even the most basic of quantum simulations. Figure 1.1 shows many of
the systems required to perform these basic quantum simulations. These systems must be

1
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