Cryogenic microfabricated ion traps.
Explorations of surface physicswith ions
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The surface of a metal is ideally an electrical equipotériiz in reality it may exhibit sig:
nificant potential variations, up to hundreds of millivadtger micrometer distances. The
“patch potential” variations generate local electric figldith a static component thoug
to originate from differences in the work function betweeystal facets, further modifie
by adsorbates. The noise due to temporal fluctions of thesé fialds is of considerabil
interest, due to broad practical implications for trapp&u guantum computation, sing
spin detection, and measurements of weak forces. Howeawgrisingly little is known
about this noise, or its physical origin.

Recent experiments demonstrate that ions can be trappeeéieitrodes on the surfa
of microfabricated chips, providing a superb system forlesipg the surface physics ¢
patch potentials® We present experimental resuft§ from a family of surface-electroc
ion traps, made of silver and gold metal on quartz, operateliquid helium cryostat
Using a single trappe®Srt ion, loaded by photoionization and sideband cooled t
motional ground state with fidelity 99%, heating rates are measured, quantifying ele
field fluctuations arising from nearby trap surfaces. Thedorface distance is varied fro
75 um to 150 um, and the surface temperature is varied frfota 100 K. The noise ampli
tude is observed to have an approximgtg¢ spectrum around MHz, and grows rapidly
with temperature ag"”’ for 3 from 2 to 4. Measured in units of motional phonons,
heating rate is found to be as lowas2 quanta/sec at K, which is more thar2 orders of
magnitude lower then the best traps of comparable sizeatgzbat room temperature; |
identical trap operated 800 K exhibits noise which i§ orders of magnitude worse th:
at6 K.

These results indicate that the patch fields may originata Burface fluctuators wit
a continuous spectrum of thermal activation energies, agdest further experiments f
trapped ions as highly sensitive probes of the physical\diehaf condensed matter sy
tems, possibly including the surface physics of supercotuas.
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