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Germany : 25 %
UK: 25 %
France : 25 %

Spain

Italy

Switzerland

CENI (Central European Neutron Initiative,
Austria, Czech Republic, Hungary, Slovakia)
Denmark

BELPOLSWENI (Belgian-Polish-Swedish
Neutron Initiative)

India

scientific members: = 25%
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38 countries
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PHYSICAL REVIEW C 78, 035505 (2008)

Neutron lifetime measurements using gravitationally trapped ultracold neutrons

A. P. Serebrov,”” V. E. Varlamov,' A. G. Kharitonov,' A. K. Fomin,' Yu. N. Pokotilovski,? P. Geltenbort,>
I. A. Krasnoschekova,! M. S. Lasakov,! R. R. Taldaev,' A. V. Vassiljev,! and O. M. Zherebtsov'
Petersburg Nuclear Physics Institute, Russian Academy of Sciences, RU-188300 Gatchina, Leningrad District, Russia
2Joint Institute for Nuclear Research, RU-141980 Dubna, Moscow Region, Russia
3Institut Max von Laue Paul Langevin, Boite Postal 156, F-38042 Grenoble Cedex 9, France
(Received 11 February 2008; published 23 September 2008)

Our experiment using gravitationally trapped ultracold neutrons (UCN) to measure the neutron lifetime is
reviewed. Ultracold neutrons were trapped in a material bottle covered with perfluoropolyether. The neutron
lifetime was deduced from comparison of UCN losses in the traps with different surface-to-volume ratios. The
precise value of the neutron lifetime is of fundamental importance to particle physics and cosmology. In this
experiment, the UCN storage time is brought closer to the neutron lifetime than in any experiments before: the
probability of UCN losses from the trap was only 1% of that for neutron 8 decay. The neutron lifetime obtained,
878.5 & 0.7 &= 0.3y s, is the most accurate experimental measurement to date.
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Quantum states of neutrons C we <
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in the Earth’s gravitational field Ve
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Valery V. Nesvizhevsky*, Hans G. Borner*, Alexander K. Petukhov*,
Hartmut Abelef, Stefan BaeBlert, Frank J. RueB, Thilo Stoferlef,

Alexander Westphal+, Alexei M. Gagarskii, Guennady A. Petrov: 10
& Alexander V. Strelkov$§
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* Institute Laue-Langevin, 6 rue Jules Horowitz, Grenoble F-38042, France Bottorn mirror
T University of Heidelberg, 12 Philosophenweg, Heidelberg D-69120, Germany
 Petersburg Nuclear Physics Institute, Orlova Roscha, Gatchina, Leningrad reg.
R-188350, Russia

§ Joint Institute for Nuclear Research, Dubna, Moscow reg. R-141980, Russia
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The discrete quantum properties of matter are manifest in a
variety of phenomena. Any particle that is trapped in a sufficiently
deep and wide potential well is settled in quantum bound states.
For example, the existence of quantum states of electrons in an
electromagnetic field is responsible for the structure of atoms'’,
and quantum states of nucleons in a strong nuclear field give rise
to the structure of atomic nuclei”. In an analogous way, the
gravitational field should lead to the formation of quantum states.
But the gravitational force is extremely weak compared to the
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“For the greatest benefit to mankind”
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“for theoretical discoveries of topological phase transitions
and topological phases of matter”
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|. Natkaniec et al., J. Phys. C: Solid St. Phys., 13 (1980) 4265-83

Phonon dispersion in dg-naphthalene crystal at 6 K

I Natkaniedq, E L Bokhenkovt, B Dornert, J Kalus§, G A Mackenzie||,
G S Pawley|l, U Schmelzer§ and E F Shekat

T Institute of Solid State Physics, Academy of Sciences of the URSS 142432 Chernogolovka,
USSR

i Institut Laue-Langevin, 156X, 38042 Grenoble Cedex, France

§ Physics Department, Bayreuth University, D 8580 Bayreuth, West Germany

| Physics Department, Edinburgh University, Edinburgh EH9 3YZ, UK

9 Joint Institute for Nuclear Research, Dubna, 101000 Moscow PO Box 79, USSR.
Permanent address: Institute of Nuclear Physics, 31-342 Krakow, Poland

Received 10 December 1979

Abstract. The phonon dispersion curves for the 12 external and the four lowest internal modes
in dg-naphthalene (C, ,D,) have been determined at 6 K for the [£, 0, 0], [0, &, 0], [0, 0, &],
[3,¢,0]and [£, ¢, 0] directions by coherent inelastic neutron scattering. The results agree very
well with optical data. Calculations performed in the harmonic approximation for the rigid-
molecule model based on the atom ‘6-exp’ potential were carried out beforehand to produce
inelastic structure factors, which turned out to be very useful in the experimental work.
This model predicts the qualitative behaviour of the dispersion curves surprisingly well,
although some frequencies do differ by 20 %,. The experimental results show many mode-
mixing and anticrossing effects. The present results should serve as a basis for improvements
on the model.
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"The sample was a single crystal of 99.7 at.%deuterated
naphthalene, cylindrical in shape (21 mm diameter and 30

mm long). " 3 A g vy R ‘T
Reduced wavevector ¢

|. Natkaniec et al., J. Phys. C: Solid St. Phys., 13 (1980) 4265-83
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ILL-JINR contacts

have a long and rich history

reaching beyond the traditional fields of fundamental
physics with UCN

....... what about their future?



