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L71Yb* hyperfine qubit
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L71Yb* qubit detection
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L71Yb* qubit detection
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L71Yb* qubit manipulation
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“Single shot” Rabi Flopping with 1 atom
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Atomic 1on clockwork
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Controlling a qubit with ultrafast optical pulses
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L71Yb* qubit manipulation
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Resonant-enhanced force
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Resonant-enhanced force
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H= AkZQ cx b [a e’ )" g, e
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Measured 3-spin Ising Couplings through dynamics

_ ~ (i) ~(J) n0%(Ak)? « bibY
H o _Z‘]i,jo-x Oy Jij= om ;ﬂz_;}kz

1#

e ®eoge o000

J;ij (kHz) ZIGZAG TILT COM
\ Y J

2
- HO data
! — theory
with no
| free
0
parameters
-1
% | | | . |
0.80 0.85 0.90 0.95 1.00 1.05
detuning from carrier W,y K. Kimetal., PRL

103, 120502 (2009)



Ground state of 3-spin Ising Hamiltonian
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Ground state of 3-spin Ising Hamiltonian
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Ground state of 3-spin Ising Hamiltonian
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Initialization . Detection
Cooling Measure each
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Spins along x
i# ]
time
Measured Populations Exact Ground State
0.50 0.50 ,
- AA’«A /" ril Prus Prar
o LI e —— P ,
: W“ - P /
—+ Py
0.25 == Py 0.25 1
== Py
—— Py il
Py G
P11 e
0.00 0.00 —
0 100 200 300
(1s)
10 B/J,,, —> 0.2 10 B/, —> 0.2

K. Kim, et al., Nature (June 3, 2010)



Ground state of 3-spin Ising Hamiltonian
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Ground state of 3-spin Ising Hamiltonian
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J1p=d13=d3 <0

Ferromagnetic couplings

ground state is entangled

|P) = [T+ 4D

symmetry
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field B,
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K. Kim, et al., Nature 465, 590 (2010)




Simplest case of spin frustration |J;,;=J;3=J,3>0
AFM  AFM

ground state is entangled
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Magnetic Frustration

Spin Liquids

lce and “Spin-lce”

A. P. Ramirez, et. al.,
Nature 399, 333 (1999)
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Theoretical Ground State Phase Diagram for N=9 ions
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Sharp phase transitions in a small spin network of trapped ions
with frustrated coupling

G.-D. Lint C. Monroe® and L.-M. Duan'

1. Department of Physics and MCTP. University of Michigan, Ann Arbor, Michigan 48109
2. Joint Quantum Institute, University of Maryland Department of Physics and
National Institute of Standards and Technology, College Park, Maryland 20742 USA
(Dated: May 18, 2010)
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Normal mode Raman spectrum of N=9 ions
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Transition from Paramagnetic to Ferromagnetic
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Ferromagnet
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N>10 spins...

© simulation time ~ N/3

® need to hold lots of ions
® need more laser power



Scaling a single crystal to >100 ions?

Harmonic external axial potential
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“Magic” wavelength for Yb*: 355 nm

Differential Stark Shift
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