Neutron lifetime and experimental density of states

of luoropolymers at low temperatures.

E.A. Goremychkin and Yu. N, Pokotilovski

JIMNR., Dubna, Russia

short analyvsis 1s given of the experimental situation in the neuntron
lifetime. We report the inelastic neutron scattering measurement of the
density of vibrational states (w) of four flnoropaolymers which differ by
chemical composition, molecular weight and solidification temperatures.
These polymers are promising for the storage of ultra cold neutrons in
closed volumes covered with polvmer film. From inferred G{w) we
calculate the expected UCN loss coetlicients and compare them with the
existing experimental data.
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UCN loss coefficient 7stprage from UCN storage experiments and Wineor trans
from cold neutron transmission and dynamic model calculations.

Substance Nstorage
Be(6.5 K) 3.2x107°[1]
Be(300 K) 4x1075[2]
Be(10 K) 3.0x107°[2]
O, (10 K) 6 107°[2]
C (100 K) 5x107°[6]

D>O(80 K) 9.4x10-6[6]
D>0(90 K) ~ 6 x 107°[5]
D,O(7 K) ~ 6 x 107°[5]
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Theoretically possible walldoss probabilities for ultracold neutrons stored in solid-walled bottles have not been achieved
in practice, but preliminary measurements with a fluid-walled bottle seem promising,
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NEUTRON LIFETIME FROM A LIQUID WALLED BOTTLE
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The neutron hietime has been measured 1n a storage expenment by counting the ultra-cold neutrons remaming in a fluid walled
bottle as a function of the duration of storage. Wall losses are ehminated by varying the bottle volume 1o surface ratio. Qur result 15
= (887.6 4 3) s.



UCN losses 1in Fomblin

At room temperature 7 = 1.6(0.1) x 107
(W.Mampe et al., Phys Rev Lett. 63 (1989) 593)

n = 2.3(0.1) x 107 (Fomblin oil)
n = 1.8(0.1) x 10> (Fomblin grease)
(D.J. Richardson et al., Nucl. Instr. Meth. A308 (1991) 568.

n=1.8(0.1) x 107 (at 22° C)
n=14(0.1) x 107 (at 10° C)
n=1.3(0.1) x 107 (at 4° C) (all Fomblin oil)
(A.Pichlmaier, Dissertation, TU Miinich 1999)
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Fig. 2. Measured inverse bottle lifetaimes as a funcuon of the
bottle inverse mean free path and for different storage inter-
vals. The data are from a one week running period. Almost all
the error bars are smaller than the data points.
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Investigation of Liquid Fluoropolymers as Possible Materials
for Low-Temperature Liquid-Wall Chambers
for Ultracold Neutron Storage'
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Abstract—Several hvdrogen-free liqud low-temperature fluoropolymers are investigated from the point of
view of their possible use as the maternal for walls of ultracold neutron traps with low losses. Viscosity was mea-
sured 1n the temperature range 130-300 K. and neutron scattering cross sections were measured 1n the temper-
ature range 10300 K and in the neutron wavelength range 1-20 A. Some conclusions are made for their pos-
sible ultracold neutron bottle properties. Quasi-elastic neutron reflection from the surface of a viscous hqud 1s
considered in the framework of the Maxwell dynamic model. © 2003 MAIK “Nauka/Interperiodica”.



Available online at www.sciencedirect.com

SCIENCE @DIHEET'
PHYSICS LETTERS B

Physics Letters B 605 (2005) 72-78

www.elsevier com/locate/ physletb

Measurement of the neutron lifetime using a gravitational trap
and a low-temperature Fomblin coating

A. Serebrov?, V. Varlamov?, A. Kharitonov? A. Fomin®. Yu. Pokotilovski®,
P. Geltenbort©, J. Butterworth©. I. Krasnoschekova?®. M. Lasakov?® R. Tal'daev?,
A. Vassiljev?, O. Zherebtsov*

2 Potersburg Nuclear Physics Institute, Russian Academy of Sciences, 188300 Gatchina, Leningrad District, Russia
Y Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia
€ Instirut Max von Laue — Paul Langevin, BP 156, 38042 Grenoble cedex 9. France

Recerved 3 July 2004; recetved 1n revised form 3 November 2004; accepted 4 November 2004
Available online 11 November 2004
Editor: H Weerts



A. Serebrov et al.,Phys. Lett. B605 (2005) 72

4
1f1_3tnrage’ S T'sturage’
1 v ] v 1 v ] v 1 4 ] v ] v ] v ]
-4 860
1.160x10° |
1.155x10° | 1865
1.150x107° |- 1870
1.145x10° |
4875
1.140x10°
1.135x10° | 7 880
world average t =885.7(8)s
1.130x10° 885
1 1 1 [ i | i | i 1 i 1 i 1 & 1 & [ 1

-1
Vs S

Fig. 3. Result of extrapolation to the neutron lifetime using joint
energy and the size extrapolation method. Measurements made with
a spherical (open circles) and cylindrical (filled circles) traps.



Fomblin Y

CF3-(O-CF-CF,),,-(O-CF,),,-O-CF
I
CF,

n/m=20-40, (2=C30Fg), molecular weight ~ 3000



Perfluoropolyethers (or uoropolyvoximethilenes)

CF30(CF50)n, (CF3CF90)(CF0)ym, CF3

with my + my 605, n=3.14 and molecular
welght 4500,
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Synthesis and Physical Properties of Novel Perfluorinated
Methylene Oxide Oligomers. The Ultimate Low Temperature
Fluids
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Abstract: Perfluorinated polyethers are a class of substances which are extremely inert and have both extraordinary
high temperature stability and low temperature properties. The synthesis of perfluorinated polyformaldehydes with
the highest oxygen content was designed to give the maximum liquid range and low temperature properties. Novel
low molecular weight perfluorinated polyformaldehydes with stable and unreactive perfluoro-n-butyl end groups
were prepared by liquid-phase direct fluorination. The boiling point of these compounds increases by approximately
20 °C with the addition of each difluoromethylene oxide unit. This trend does not continue for longer chain lengths
(n > 4) where the increase in boiling point per CF;0 unit diminishes. The average increase of melting temperature
i8 ~1=2 °C as the perfluorinated polyformaldehyde chain increases one difluoromethylene oxide unit. The new
perfluoropolyether fluids produced have melting points ranging from —145 to =152 °C,
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A New Perfluorinated Grease for High-Vacuum Technology

@. Caporicelo,* C. Cortl, and S. Soldini

Montefious SpA, Montedison, Research Davaelopment Center, Milano, Italy

A. Rolando

ROL, Lubricant Research Laboratories, Viguzzolo, Italy

Advances on fluorinated materials allowed the development of a new grease, compounded by low vapor tension
perfluoropolyether fiquid and special PTFE. Chemical composition, physical, rheclogical, and antiwear properties,
and chemical and thermooxidative stability compared with other conventional lubricants resulted in attractive
properties to utiize the new grease for high-vacuum technologles where residue pressures of aggressive chemical
agents or energetic particles or radiations are involved. A brief account on topical high-vacuum application of
the new lubricant is summarized.
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The loss probability (averaged over isotropic angular distribution) of neutrons with energy E i
a trap with boundary energy U1s:

i(E) = Eu[% Arcsin (\J?) - F }_, E]_

The loss coeffictent 15 expressed through the complex potential U, describing UCN interaction
with the walls

n=—ImU/ReU; U=(H/2m4rY. Nib; Imb=—-0/2)

where m 15 the neutron mass, N; 15 the number of nucler in a it volume of a wall material, b; 15 the
coherent scattering length on a bound mueleus of the wall, and ¢ 15 the cross-section of melastic
processes for neutrons with wavelength 4.



The UCN upscattering cross sections were calculated in the one-phonon incoherent approximation:

: e —191€) _..
—=agy—(1 - F_—E_.H} IMF_ €

kq I
where gp = 4T[ib|:_.' b 15 the scattering amplitude for bound nucles, £y and & are the final and incident

neutron wave vectors, @ 1s the energy transfer, g(@) — the phonon density of states, u 1s the relafive
atomic mass, 7 15 the Debye-Waller factor:

| rep g(f] 2 4 t
| = ;,-[D T{ ﬂ”i’[w][{ﬁ.

When Iy => ky, the up-scattering cross section 1s:
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Calculated (lines) and inferred from measurements (points)
UCN loss coefficient for different fluoropolymers
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UCN loss probability at reflection from PFPE wall (n=2*10'5)

e covered with H,O ice film at 100 K (isotropic incidence)
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7 = (2.1969311 & 0.0000022) 15 (10—6)

T+ =(2.603340.0005) x 107% (2 x 1074

/I

7 = (2903 £0.5) x 10~ s (1.7 x 1073

= (880.341.1)s (1.25%1073)




