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Modern electronic computers are powerful machines that have revolutionized every aspect of human life since the late 20th 
century. However, it has been increasingly hard to make these machines more capable. The fundamental laws of physics will 
ultimately limit our desire for faster, more energy efficient, and highly miniaturized computers. Scientists are currently looking for 
alternative models of computation to circumvent this barrier. One most promising model is the quantum computer. Quantum 
computers are constructed using completely different building blocks from electronic computers. In our lab, we investigate the 
possibility of constructing quantum computers with single ions i.e. charged atoms, which can be precisely controlled and 
manipulated with electromagnetic fields, and laser light.	


Explorations at the interface of condensed matter physics, atomic physics, and information theory: 

Current investigations: 

The goal of our experiment is to integrate an ion trap 
with an optical cavity. In particular, we would like to reach 
the 'strong coupling regime', where even a single photon 
in the cavity mode would saturate the ion's electronic 
transition. Such a system would function as an ideal 
quantum node, allowing conversion between flying 
(photons) and stationary (ions) qubits, making it possible 
to network non-local quantum systems. To realize such a 
device, we are assembling an ion trap within an optical 
cavity just 0.5mm long. The proximity of the cavity mirrors 
to the trapped ion poses a major challenge due to poor 
optical access and electric field noise from material 
surfaces. 	


Quantum information theory	


Quantum computation requires the application of very precise 
arbitrary single qubit rotations. Yet, experimental parameters 
are not always known precisely, which results in some 
unknown systematic error in the amount of rotation. 
Surprisingly, by exploiting the non-abelian properties of SU(2) 
it is possible to devise sequences of inaccurate rotations that 
implement a desired rotation with arbitrary accuracy O(εn). 
From the results of Brown et al. one is able to algorithmically 
generate pulse sequences of length O(n3). We improve on this 
by devising sequences with optimal length, which scales as	

O(n).	


This experiment investigates fundamental obstacles to 
scalability of ion traps for quantum computation. A significant 
problem facing ion traps is the "anomalous heating" which 
grows rapidly with decreasing trap size, due to sensitivity to 
surface charges. We have demonstrated orders of magnitude 
reductions in anomalous heating by operating the traps at 
cryogenic temperature (4 K).	

Ongoing work explores novel materials and device integration 
with microfabricated planar traps. Currently, we are 
investigating whether an ion trap passivated with a monolayer 
of graphene is protected from surface charge contamination, 
and hence experiences lower noise.	


Micro-cavity experiment	


Cryogenic ion trap experiment	


The goal of the polar molecules project is to create a 
quantum interface between trapped ion qubits and 
superconducting qubits. This allows one to take advantage 
of both the long coherence time offered by ions and the 
fast gate speed offered by superconducting qubits for 
quantum information processing. To achieve this, we trap 
SrCl+ ions above a superconducting microwave 
transmission line or resonator, thereby coupling rotational 
states of SrCl+ to microwave photons.	


Polar molecules experiment	


These Bloch spheres show inaccurate π rotations of |0> about the 
x-axis, which overshoot by angle επ. The qubit is subsequently 
corrected by optimal pulse sequences of length 2 (a), 4 (b), 6 (c), 8 
(d), which provide a correction to order ε, ε2, ε3, ε4, respectively.	
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Diagram of the experiment currently 
under construction	


Neutral atom beam passing 
over the first trap set up 	


Our intrepid crew: 

Single 88Sr+ ion	

Shelving rates for red/blue sidebands indicating 
ground-state cooling of all trap modes	


Heating of the ion from 
the ground state at a rate 
of 6.9 ± 0.7 quanta/s	
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Ion trap design incorporating microwave 
transmission line	


Fabricated 
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We build computers from single atomic ions, one at a time, held by oscillating electromagnetic 
fields above the surface of microfabricated chips.  These atoms can serve as quantum bits, both 
for new models of information processing, and as exquisite sensors for observing new physics.  
For example, we have employed trapped ion qubits in collaboration with the University of 
Innsbruck to recently implement Shor's factoring algorithm.  We also trap single Sr+ ions above 
chips fabricated (in MTL and NSL) of unusual materials, like ITO, graphene, and 
superconductors.  By operating our ion traps at cryogenic temperatures, we have increased 
qubit coherence times by three orders of magnitude above comparable room temperature 
lifetimes.  This enables realization of hybrid quantum processors, interfacing ion qubits to 
superconducting devices and optical cavities.  The qubits may also serve to probe surface 
physics, such as the properties of adsorbates on graphene.	


Ion trap fabricated 
on high-reflectivity 
mirror	


Ion trap with 
monolayer graphene 
coating Cu 
electrodes	


Transparent (ITO) 
ion trap mounted on 
photodiode	


Superconducting 
ion trap (Nb)	
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Our efforts build on the Nobel-prize-winning work of collaborator David Wineland at NIST.	
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