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First MURI review/kickoff Second MURI review

Sep. 26, 2011 Nov. 28, 2012
USC USC
First MURI retreat

Claremont Hotel, Berkeley collaborations

“j among

Second MURI retreat team members

April 4-6, 2013
Canary Hotel, Santa Barbara

- Various seminars by MURI team members at others’ institutions
- Various mutual work visits

- Regular skype/email communication <2
- Collaborate using shared dropbox folders {




Onward to the science



key MURI guestion

Can guantum systems be controlled
and made to
outperform classical systems
In spite of decoherence?

Why is this area of research important?

Almost all guantum advantages (in computation, communication,
cryptography, reaction yields, devices) require a very high degree of
guantum coherence.

The advantage disappears when decoherence is too strong or isn’t
corrected for.



guantum
superposition

e Quantum cat = dead AND alive cat)=a|0)+bl1)

e C(lassical cat = dead OR alive
prob.=|al?  prob.=|bJ?




Decoherence killed the
superposition

e Quantum cat = dead M alive cat)=a|0)+bl1)

 Classical cat = deadlive
prob.=|al?  prob.=|bJ?

ntum advantages disappear
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key MURI objectives

Develop the theory required to
analyze and enable
control of open quantum systems

Experimentally
demonstrate and verify
control of open quantum systems

Scientific barrier:

Previous efforts were disparate; much of the work was done in isolation.
The MURI enables & enhances communication and collaboration
between leaders in the field and their groups.



Technical Approach: Theory

Mathematical tools:

Lie algebraic (D’Allesandro, Jonckheere)

Convex optimization, dynamic programming (Kosut)
Stochastic differential equations (Brun, Jacobs, Wiseman)
Quantum probability theory (Campos-Venuti, Korotkov, Zanardi)
Monte Carlo methods (Haas)

Open quantum system formalism:

Markovian master equations (Brun, Lidar, Zanardi)
Non-Markovian master equations (Lidar)

Exact quantum dynamical maps (Lidar, Campos-
Venuti, Zanardi)

Quantum statistical mechanics (Lidar, Zanardi)

Quantum control theory:

Control landscape analysis (Jonckheere, Kosut, Rabitz)
Quantum error correction (Brun, Lidar, Zanardi)
Quantum measurement theory (Brun, Jacobs, Korotkov)
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Technical Approach: Experimental

Gas phase control:
Quantum pathway manipulation using atomic Rb (Rabitz)

» Demonstrated control over interfering pathways
» Demonstrated quantum control mechanism analysis

Meso-scale lasers:
* Lasing at the quantum limit: 1 atom + 1 photon (Levi)

» Demonstrated cavity with photon round trip time comparable
to inverse spectral line width
> Experimental verification of transient cavity emission

D-Wave machine:
 Quantum information processing (Lidar)

» Demonstrated optimization via quantum annealing
» Benchmarking relative to classical processors
» Demonstrated quantum error correction




Accomplishments — small sample




New Journal of Physics

The open access journal for physics

Albash, Boixo, Lidar, Zanardi, 2012
Quantum adiabatic Markovian master equations

4 Unitary evolution with
afs = THHs®)+ His(), ps()] < path-induced Lamb shift

+27aﬁ(w ( t),OSL + {L ﬁ)L hg(f) pg(t)})

Non-unitary dissipative dynamics
Lindblad operators:

La,ab = |€a(t))(€a(t)|Aalen(t))(eb(t)]

a#b: relaxation

a=>b: dephasing

dephasing/relaxation rates: Yo (Wea(t)) = / dre®v(7 (B, (1)Bg(0))

— 00

Needed to describe quantum control experiments with slowly varying controls
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L ETT ER Nature 484, 82 (2012)

Decoherence-protected quantum gates for a hybrid
solid-state spin register

T. van der Sar'| Z. H. 1‘»P‘u’ang__{z M. S. Blok', H. Bernien', T. H. Taminiau', D. M. Toyli|, D. A. Lidar’, D. D. A\-\-'schalom"’, R. Hanson'
& V. V. Dobrovitski*

d0i:10.1038/nature10900

NV@diamond: nuclear and electron
spin qubits (room temperature)

th — Absélg + AJ_(S(;(I(;( +Sg|g

« qubit 1: electron spin S, :  fast response, short coherence
time, convenient to manipulate

» qubit 2: nuclear spin I,:  slow response, long coherence
time, good “‘quantum memory”’

Control principle: apply dynamical decoupling to electron , synchronously drive nucleus



CNOT gate with fidelity 96%
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PRL 110, 223601 (2013) PHYSICAL REVIEW LETTERS 31 MAY 2013

Manipulating Quantum Pathways on the Fly

Roberto Rey-de-Castro,' Zaki Leghtas,'* and Herschel Rabitz"

'Department of Chemistry, Princeton University, Princeton, New Jersey 08544, USA
2INRIA Paris-Rocquencourt Domaine de Voluceau, BP105 78153 Le Chesnay Cedex, France
(Received 28 February 2012; published 29 May 2013)

Allows steering the quantum amplitude down one path vs. another on the
way to the target
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Quantum annealing as an

old/new paradigm

enabling speedups in
quantum information processing?  ARTICLE
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Key steps toward advancing central MURI goals:

Develop the theory required to
analyze and enable
control of open quantum systems

Experimentally
demonstrate and verify
control of open quantum systems



