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PRL 112, 071101 (2014) PHYSICAL REVIEW LETTERS 21 FEBRUARY 2014

Observation of the Spatial Distribution of Gravitationally Bound Quantum States
of Ultracold Neutrons and Its Derivation Using the Wigner Function

G. Ichikawa,' S. Komamiya,' Y. Kamiya,' Y. Minami,' M. Tani,' P. Geltenborl,2 K. Yamamura,3
M. Nagano,” T. Sanuki, S. Kawasaki,” M. Hino,” and M. Kitaguchi’
'Department of Physics, Graduate School of Science, and International Center for Elementary Particle Physics,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
“Institut Laue-Langevin, BP 156, 6, rue Jules Horowitz, 38042 Grenoble Cedex 9, France
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VoLuME 47, NUMBER 14 PHYSICAL REVIEW LETTERS 5 OCTOBER 1981

Indirect Evidence for Quantum Gravity

Don N. Page
Depaviment of Physics, The Pennsylvania State Universily, University Pavk, Pennsylvania 16802

and

C. D. Geilker
Department of Physics, William Jewell College, Liberty, Missouri 64068
(Received 9 June 1981)

An experiment gave results inconsistent with the simplest alternative to quantum gra-
vity, the semiclassic: instein equations. This evidence supports (but does not prove)
the hypothesis that a consistent theory of gravity coupled to quantized matter should also
have the gravitational field quantized.
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8semiclassicdl wneory, ana no correiauons wiin
the particular mass configuration in our compo-
nent of the wave function.

The series of ten experimental runs gave 30-
sec y-ray counts with means and standard devia-
tions 1509.1+31.0 and 887.6 + 23.0 for the two
respective Geiger counters. The fluctuations
are consistent with Poisson statistics and thus
were attributed to the quantum mechanics of the
radioactive decays and detections. There was a
negligible background count rate when the cobalt-
60 source was removed. The ratios of counts in
the two counters in our present component of the
wave function gave the sequence of decisions
a, Q0 Bx ﬂ, a, B, @, p, B, and the masses were
set in the appropriate configurations. During
each run the torsion balance responded to each
repositioning of the masses and then underwent
damped oscillations with a mean period of 710
sec. By fitting the extrema of the oscillations
to exponentially decaying sine waves during each
half-hour, the change in the equilibrium position
(of the reflected light beam on the distant scale)
as the large balls were moved from A to B or B
to A was determined. The changes in equilibria
(in ¢cm) we measured were -61.3, —63.9,

-36.0, +69.2, +36,1, -48.8, +46.4, -45.2,
+51.3, and +59.6.

Although the sensitive torsion balance was af-
fected by temperature changes, vibrations, and

nther factara not under onr contral _an that the
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PHYSICAL REVIEW D VOLUME 16, NUMBER 5 1 SEPTEMBER 1977

Weak interactions at very high energies: The role of the Higgs-boson mass

Benjamin W. Lee,* C. Quigg,' and H. B. Thacker
Fermi National Accelerator Laboratory,* Batavia, Illinois 60510
(Received 20 April 1977)
We give an S-matrix-theoretic demonstration that if the Higgs-boson mass exceeds M, = (8mv/2/3Gy)'”,
parital-wave unitarity is not respected by the tree d_mm for two-body scattering of gauge bosons, and the
weak interactions must become strong at high energies. We exhibit the relation of this bound to the

structure of the Higgs-Goldstone L ian, and speculate on the of strongly coupled Higgs-
Goldstone systems. Prospects for the observation of massive Higgs scalars are noted.
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