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SCIENTIFIC  Quantum Amplifiers: We have developed a new amplifier based on dy-
HIGHLIGHTS namical switching near a Hopf bifurcation in a purely AC driven non-

linear system with no excess dissipation. In this system, dissipation is only
present at the input of the following amplification stage, thus making it
ideally suited for quantum measurements which require low back-action.
We have successfully implemented this amplification principle in a solid-
state system — the microwave driven Josephson junction. We are now us-
ing the Josephson bifurcation amplifier, with its quasiparticle-free opera-
tion, as a readout for quantum systems, in particular superconducting
qubits.

Variable T¢ Hot-Electron Mixers: Superconducting hot-electron bolome-
ters used in astronomy for heterodyne detection at THz frequencies are
currently limited in sensitivity by fluctuations in electron temperature. A
reduction in critical temperature (T¢c) increases sensitivity but also in-
creases the susceptibility to saturation from background photons. Using
various superconductors, we have verified the reduction in thermal fluc-
tuation noise achieved by lowering T¢, and have characterized the differ-
ent saturation effects which limit mixer sensitivity. Using a bilayer mate-
rial system (Nb-Au) which uses the superconductor-normal metal prox-
imity effect to tune T, we have demonstrated devices which should
achieve an optimum balance between sensitivity and saturation.
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A new readout for superconducting qubits”
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-Caltech, Physics Seminar, February 17, 2004.
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Quantronics Group, CEA, Saclay, June 2006.

“USING ADYNAMICAL BIFURCATION TO READOUT A QUANTUM BIT”
Louis Neel Laboratory, CNRS, Grenaoble, June 2006.

Conferences Presentations

American Physical Society March Meeting, Baltimore, Maryland March 2006
Applied Superconductivity Conference, Jacksonville, FL October 2004
Macroscopic Quantum Coherence and Computing, Naples, Italy June 2004
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Army Research Office Program Review, Nashville, TN August 2003
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Research Description

Yale University Postdoctoral Research: We are currently developing novel amplifiers
based on the transition between different driven oscillation states in the vicinity of a Hopf
bifurcation in a Josephson junction. These oscillation states differ in their oscillation phase,
and therefore can be readily detected using microwave reflection measurements. Precise
characterization and control of the Josephson non-linearity is achieved by shunted the junc-
tion with a lithographic capacitor to tune the plasma oscillation frequency. In this amplifica-
tion scheme, no on-chip resistors are needed and the only dissipative element is load imped-
ance of the circuitry used to detect the bifurcation amplifier signal. There is therefore no loss
of information to parasitic dissipation. Also the only back-action in this amplifier is due to
phase fluctuations in the readout junction induced by thermal noise in the load at the output
of the bifurcation amplifier, thus yielding an ultra-low input noise temperature. No quasipar-
ticles are generated in the dynamical transition as the junction never switches into the voltage
state, reducing quasiparticle poisoning and permitting fast operation. Such amplifiers, when



properly optimized, should have comparable sensitivity to SQUIDs but with minimal back-
action and quasiparticle-free operation. We have fabricated and performed microwave tests
on Josephson bifurcation amplifiers, and have shown that they perform in accordance with
simple theoretical predictions. We are currently integrating these amplifiers with supercon-
ducting qubits to perform stringent tests of quantum mechanics such as the violation of Bell’s
inequalities.

Yale University Graduate Research (http://www.yale.edu/proberlab/): Ultra-sensitive,
thin-film superconducting hot-electron bolometer (HEB) terahertz mixers are ideal for re-
mote-sensing applications in radio-astronomy, upper atmospheric chemistry, and planetary
science. The focus of my research was to improve the performance of HEB mixers by using
superconductors with a lower critical temperature than Nb (T¢=5-6K). | worked on both the
e-beam fabrication and microwave (40 GHz) testing of these devices at subkelvin tempera-
tures. In our experiments, we took two different approaches to produce lower Tc mixers.
First, by applying a magnetic field, the T¢c of Nb HEBs was varied in a continuous fashion.
Second, we studied Al and Nb-Au (superconductor-normal metal bilayer) mixers which have
T, < 2K. We demonstrated that mixer sensitivity increases linearly by lowering T¢ due to a
decrease in thermal fluctuation noise. We also characterized saturation at the input and output
ports of the mixer due to incident broadband noise. In the course of these measurements, we
observed novel phenomena in these superconducting nanobridges that arise from proximity
effects that place size limitations, and therefore bandwidth limitations on nanostructure de-
vices. The Nb-Au bilayer HEBs fabricated at Yale are planned for use in focal plane arrays
on the Heinrich Hertz telescope and on AST/RO at the South Pole in collaboration with the
University of Arizona. HEBs are also planned for use on the NASA/DLR Stratospheric Ob-
servatory for Infrared Astronomy (SOFIA) (http://sofia.arc.nasa.gov/) and on the Herschel
Far Infrared and Submillimeter Telescope (FIRST) (http://sci.esa.int/first/) satellite.

Harvard University (http://www.doylegroup.harvard.edu/): The ultra-cold neutron (UCN)
experiment is aimed at exploring fundamental neutron physics, such as the free neutron beta-
decay lifetime, by magnetically trapping UCNs in liquid helium and detecting the ultraviolet
radiation emitted by the helium upon absorption of beta particles from the neutron decay.
The ultraviolet emission is converted to the visible by way of scintillators such as tetraphenyl
butadiene. My work focused on simulating the detection experiment by using the decay
products of a “°Po source in liquid helium to induce scintillations. Collaborators include
NIST, HMI (Berlin), and Los Alamos National Lab.

HYPRES (http://hypres.hypres.com/): | investigated various aspects of the fabrication and
testing of digital rapid single flux quantum (RSFQ) superconducting circuits. In particular, |
tested the effect of ground plane holes on flux trapping in SFQ shift registers. Also, new fab-
rication techniques for thermopile infrared detectors were developed.

Columbia University (http://cba.phys.columbia.edu/jop/): My work here involved the study
of light emission from cataclysmic variable stars. | used different mathematical techniques
and wrote computer programs to analyze the quasi-periodic and flickering behavior of AL
COM, V603 AQL, and other dwarf novae.




Polytechnic University (http://mechanical.poly.edu/): 1 conducted independent research
aimed at improving the wetting and mechanical properties of 60/40 Sn-Pb solder. A new al-
loy consisting of Sn-Pb-Ti-Cu-Ni that had a ~20% increase in copper wettability and a
~100% increase in shear strength was developed.
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