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Abstract

Increasing the number of ions in ion crystals can be used to make more powerful guantum
computers and guantum simulations. In order to do this, there must be a thorough understanding e Inmy project, | worked on improving Python simulations of the ion trapping system in the UW
of the dynamics of ion crystals. In this research, | have improved upon the 2D trapped ion crystal Lab around 100 ions. The way we will do
simulation used by my team at the University of Washington by implementing a cooling laser which . . . . . . . this is by having two different asers:

e Simulations could explore different aspects of the ion trapping system: cooling dynamics, crystal one laser which will cool inner ions
cools the crystals to the doppler limit. This laser works by a random and discrete process which structure. micromotion

and another to cool outer ions.
causes the velocities of the ions to change as ions transition between the ground states and excited . . . . . . e Want to learn more about the normal
e Velocity-Verlet Algorithm numerically solves for the position, velocity, and acceleration of each modes of vibration of larger crystals
states. To show possible future uses for the simulation, | have included figures which demonstrate

e Want to form larger ion crystals with

ion for each time step and how they relate to temperature

some aspects we can study such as phase transitions. . . o o .
P y P ® Forces experienced by ions: Trap electric field, electric field between ions, laser force

Figures Demonstrating Capabilities of Simulation
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® Trapped lons can be used for Quantum Computing and Quantum Simulations ) | 2 "R
o Quantum Computing uses quantum particles called qubits as fundamental unit of information e °ZZ e -
o Some operations can be performed on quantum computers much quicker than conventional o _4 8 | Zﬁfﬁ
computers T e e N | would like to thank my
o Qubits can be different kinds of two-level system (ions, neutral atoms, molecules) - ENNEEEEEEN research advisors Dr. Boris

X Position (um)

Blinov and Alexander Kato for

aiding my research this

Figure 4: Angular position of 4 ions, represented by Figure 5: Right) Image of ion crystal with 54 ions, largest crystal summer. | will also thank the
I T . different colors, during crystallization phase transition. made in the UW lab, alongside the simulated version of this i bhad
on Irapping Cooling laser slows ions down until the ions localize. crystal (left) seen in two orientations. REU directors Subhadeep
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forces oscillating at radio frequencies (RF)

Figure 1: From Atomic Physics (2005) by Foot. Image on ~MHz Figure 6: Angular position of 4 ions, different colors, Figure 7: Angular position of ions in an unstable 8 ion

the left shows a particle in a rotating saddle. This is an during melting phase transition. Here, the cooling laser configuration. We can see that the ions undergo

analogy of hon Paul traps ke.ep ions in stable eguilibria. Figure 2: Barium ion Paul is being dominated by a second heating laser which is intermittent melting and exchange positions with each

Image on the right shows a simple model of a linear trap used in the University causing the energy of the system to increase over time. other. : _
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O If we tune laser frequency lower than b - W+ kv laser which cools the ions with z Trap.”(2020)

resonance frequency of atoms, atoms will > — kw random, discrete process - e Marciante et al. "lon dynamics in a
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feel an overall slowing force 1) ~ MII) o Spontaneous emissions make 02 sinale cooling laser (2010)

o Absorption and emission of atoms is a _—— ¢ <4=== -F 0\- there a limit to the laser cooling  °*
: ——Ov > : .
random process, which tends to slow 7 7 e Equations for probability for 00 -
Figure 3: From Atomic Physics (2005) by Foot. Diagram on the : . 0 0 ' ‘ 0 0
atoms down absorption and emission for s o S ey o o

left shows two counter propagating lasers pointing on a Figure 8: Single simulated ion is cooled with two functions, time averaged

© Because of spontaneous emissions, there is stationary atom with the lasers detuned below the atomic discrete laser: laser force (orange) and discrete laser force (blue). The overall
. . . . . . . Rsca '
a limit to how much you can cool the rEsonant freqlfency. Thhe rlghht shc;ws a s(;mlla;dlagram now with Py = — sc:;/FAt P —TAt exponential decay of the temperature of both cooling functions is the
atoms called the Doppler Temperature the atom mo(;/mg TO t hefngdtl wit lsphee \}: Th € atom . here. same. Smaller plot is the last 2ms of the simulations, and shows that the
: : : : W
experiences doppler shifted laser light, which causes a net force discrete laser force oscillates around T= 1.605 mK. This demonstrates that
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in the opposite direction to the velocity.

Roeoii = the discrete laser function cools to the doppler limit.



