Implications of qguantum information
for measurement and standards

Quantum metrology, some examples:
e enhanced guantum state measurement efficiency
e standards:
- Improved interferometry
e.g., spectroscopy and atomic clocks
- quantum information mapping




Enhanced quantum state detection
with Quantum Information Processing
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“no cloning” theorem:
W. K. Wootters and W. H. Zurek, Nature, ‘82
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e.g., measure all bits, take a majority vote



example: state detection with atomic qubits:

no
fluorescence

detect — —

fluorescence




|deal case,
1 é (detection time fixed)

Number of experiments with Ng..cieq

0 10 20 30 40

ndetected

set discriminator
here




non-ideal case (added background noise )
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Amplification with one ancilla bit e
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Quantum interferometry

e.g., the Ramsey spectroscopy method:
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Entangled atom spectroscopy
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Particle (e.g., photons, atoms) interferometers?

analog to the Ramsey experiment:
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single 1°°Hg*-ion optical frequency standard (Jim Bergquist et al.)
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Quantum information mapping:

example application: cooling and detection of clock ions
with quantum-information processing

Basic idea (2 trapped ions):

“Logic” ion _— Clock™ Ion
(e.g., °Be") @ O
— — common mode “a”
«— —— stretch mode “b”

 Cool and detect Clock ion with Logic ion
e increases clock ion possibilities
 sympathetic (laser) cooling during clock transition



Sequence:

1. Cool and pump to ground states:

Yinitial = |‘L>L|‘L>C|O>a|0>b = |‘L>L|‘L>C|O>M
2. Drive clock transition: y — v’ = ) (ald)e + BIT)o) [0y
3. Map clock state to motional mode, then map motional state to

logic ion

W = U DDy + BIOw) = (@) + BV MelOw

4. Measure logic ion (cycling transition): Py =|af?, P, =|BJ?

5. Resetto vy, & repeat

mapping & detection can be done fast (~ 1 ms)




The “dream”
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scale up? multiplexed ion traps

processor unit

cCceCce ¢

memary

interconnected multi-zone structure
e subtraps decoupled

move ions with electrode potentials

processor ions

sympathetically cooled
e only a few normal modes to cool
e weak cooling in memory zone

individual optical addressing

during gates not required
e gates in tight trap — fast

readout for error correction
in (shielded) subtrap
e no decoherence from fluorescence

D. J. W. et al., J. Res. Nat. Inst. Stand. Technol. 103, 259 (1998).

D. Kielpinski, C. Monroe, and D. J. Wineland, Nature 417, 709 (2002).

Other proposals: DeVoe, Phys. Rev. A 58, 910 (1998); Cirac & Zoller, Nature 404, 579 ( 2000);
L.-M. Duan, et. al., quant-ph/0401020 (2004)




Modularity

array N—>4N:
e no additional motional modes
e mode frequencies same

“only” have to demonstrate basic module



(6-zone) alumina/gold trap (s

(Murray Barrett et al.)
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V.

What we need to do ...

incorporate all building blocks

more complicated algorithms & metrology, quantum error correction, ...

reach operation fidelity of > 99.9%

reduce sources of technical errors (beam intensity fluctuations,...)
build larger (and more reliable) trap arrays
new trap fabrication: lithography, chemical machining, MEMS, ?

“scale” electronics and optics

integrated electronics and optics (multiplexers, DACs, MEMS mirrors, ...)
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