QUANTUM COMPUTING
WITH TRAPPED IONS
AND

LASER COOLING




OUMLEINE

® Overview of Quantum Computing and Laser
Cooling

® Discussion of Fabry-Perot Cavities and their
relevance to laser stabilization

® Our setup - optical cavities, high voltage
drivers, computer control loops




WH

® Ap

Y QUANTUM COMPUTING?

plications in NP problems (non-

deterministic polynomial) ?

® Main motivation: Break RSA Encryption

= RSA relies on the “hardness” of factoring big
numbers, but a quantum computer could do it
efficiently [Shor]




WHATF MAKESTAAQUANIRUM
COMPUTER DIEFERENT?

® It uses quantum states as bits instead of
transistors

® This means that not only can your “qubit” be
a Zero or a one, it can be a superposition of
zero and one:

¥) = al0) + S|1)




HOW DOES ONE MAKE A\ QUANIFUM
COMPUIER?

® There are a number of proposals for the
physical construction of a quantum computer

® Popular choices include energy levels and
photon polarization; any two state system
works




Table 4.0-1
The Mid-Level Quantum Computation Roadmap: Promise Criteria

The DiVincenzo Criteria
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Solid State
Superconducting

Unique Qubits This field is so diverse that it 15 not feasible to label the critesia with “Promise” symbols.
Legend: @ = a potentially viable approach has achieved sufficient proof of principle
@ = a potentially viable approach has been proposed, but there has not been sufficient proof of principle

6 = no viable approach iz kaown

The column numbers correspond to the following QC criteria:

A scalable physical system with well-characterized qubits.

The ab:lity to init:alize the state of the qubits to a simple fiducial state.

. Long (relatsve) decoherence times, much longer than the gate-operation time.
. A unsversal set of quantum gates.

. A qubit-specific measurement capability.

The ab:lity to interconvert stationary and flying qubsts.

The ab:lity to fasthfully transmut flying qubits between specified locations.
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TRAPPED BA+ IONS

® Trapped Ba+ ions have a hyperfine splitting
of the ground state in the S orbital - our
qubit here at UW.

® Trapping ions requires laser cooling, which
needs very stable lasers

® Our job was to stabilize the cooling lasers to
high accuracy
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OPTICAL CAVITIES
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CONTROLLING OUR CAVITY

® Integrating our cavity into a monitoring
system

® Pl control loops, noise reduction, and
possible improvements to be made




To Experiment
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HOW DO WE ADJUST OUR LASER/
CAVITY SYSTEM?2
d

® Pl control loop: Er:P-€+I-/5dt+D-a6

® The computer monitors the signal from the
photodiode, computes the error signal, and
outputs a correcting voltage

® Tuning the constants P and | can increase
response time and narrow the range of error
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POSSIBLEE REASONS FOR'CURRENT
UNSTABILEITY

® The piezo electric doesn’t stabilize in length
when the voltage across it changes
frequently.

® The intensity of the laser fluctuates, causing
noise in our signal that is interpreted at
frequency fluctuations
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WHRATFS INEXTF?

® Reduce noise in intensity to have greater
resolution and tighter locking

® Stabilize the piezo electric (could stabilize
on the time scale of weeks)




TIHE END!

® References:

= http://depts.washington.edu/qcomp/
research.htm

= Metcalf and Straten, “Laser Cooling and
Trapping

= Meshede, “Optics, Light and Lasers”

= Harowitz and Hill, “The Art of Electronics”

s hEtps/Vaistilanligey/ acompomap.shtml




