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Abstract
A search for sidereal variations in the force between two planar tungsten oscillators separated by
about 80 pum sets the first experimental limits on Lorentz violation involving quadratic couplings

of the Riemann curvature, consistent with no effect at the level of 1079 m?.


http://arxiv.org/abs/1412.8362
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Figure 1 Major components of the apparatus. The smaller rectangle of the tungsten

Upper limits to submillimetre-range
forces from extra space-time
dimensions

Joshua C. Long* 7, Hilton W. Chan* 1, Allison B. Churnside*,
Eric A. Gulbis*, Michael C. M. Varney* & John C. Price*

* Physics Department, University of Colorado, UCB 390, Boulder, Colorado
80309, USA

String theory is the most promising approach to the long-sought
unified description of the four forces of nature and the elemen-
tary particles', but direct evidence supporting it is lacking. The
theory requires six extra spatial dimensions beyond the three that
we observe; it is usually supposed that these extra dimensions are
curled up into small spaces. This ‘compactification’ induces
‘moduli’ fields, which describe the size and shape of the compact
dimensions at each point in space-time. These moduli fields
generate forces with strengths comparable to gravity, which
according to some recent predictions®” might be detected on
length scales of about 100 pm. Here we report a search for
gravitational-strength forces using planar oscillators separated
by a gap of 108 pm. No new forces are observed, ruling out a
substantial portion of the previously allowed parameter space®
for the strange and gluon moduli forces, and setting a new
upper limit on the range of the string dilaton** and cdion®”
forces.


http://www.nature.com/nature/journal/v421/n6926/abs/nature01432.html
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Figure 1 Major components of the apparatus. The smaller rectangle of the tungsten
detector (under the shield) is 11.455 mm wide, 5.080 mm long and 195 wm thick. The
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‘\—— The Yukawa force between parallel plates separated by a distance d(t) is given by:
. —ZEHIDIE U
N —p |—T° 7 Fy (t) = 2maGp,pg AN exp (—d(t) /A)[1 — exp (—t5/A)][1 — exp (—ta/A)] (5)
nl;tlctlcmul (?)

Detector (Oscillator)

where ps and pg are the source and detector mass densities, and ¢; and ¢4 are the thicknesses.

This would be an exact expression if either plate had area A and the other had infinite area,

s Tol-s-iq_n.AXiS | R |
T 3 T | but for the real geometry there are small edge corrections. Neglecting these effects, and
A A
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Figure 3 Means of the off- and on-resonance data samples. The circular point with the
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Figure 1: Historical overview of Michelson-Morley style tests of the spatial
isotropy of the speed of light. Bounds are taken from original publications. A full
list is appended to the end of this document, with numerical values given in Ta.b]f@
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Figure 3: Beat frequency of the two cryogenic oscillators. a Sampled beat fre-

Figure 2: Schematical overview of the experimental setup. Comparison to orig-

inal Michelson-Morley arrangement is presented to demonstrate experimental concept.

Crystal axes and resonance mode Poynting vectors are annotated on the highlighted 15
view of the cavities.
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