Experimental density of states and the UCN loss

coetficient of fluoropolymers at low temperatures.

E.A. Goremychkin and Y. M. Pokotilovslki

JINR., Dubna. Russia

We report the inelastic neutron scattering measurement of the density of
vibrational states G{w) of four fluoropolymers which differ by chemical
composition, molecular weight and solidification temperatures. These
polyvmers are promising for the storage of ultra cold neutrons in closed
volumes covered with polymer film. From inferred G{w) we calculate the
expected UCN loss coetlicients and compare them with the existing
experimental data.



nheutron lifetime, s

894

892 -
890 -
888 -
886 -
884 -
882 -
880 -
878 -
876 -

Chronology of the neutron
lifetime measurements

+ beam experiments

+ UCN storage

Fexperiments
]
cofrecton
.fﬂ
1
T correcton
T gcorrecton
" . RN
" .|.l "
1996 2000 2004 2008 2012 2016

year of publication



neutron lifetime [s]

392

890-
888-
886.
884.
882-
880-
878.
876.

UCN-experiments & PDG neutron lifetime

vs publication year

i

PDG
PNPI - JINR - ILL
PNPI - magn. trap

v TUM-ILL

KIAE - ILL

RS,

TR,

b

¢

1990

1995

2000

2005

2010 2015

year of publication




—1
TEJ

- -1
- TdE'.L‘EI}f T "loss

—1
USY

st.i Tdemv T



From Yu. Pokotilovski, NIM A554 (2005) 356

UCN loss coefficient 7stprage from UCN storage experiments and Wineor trans
from cold neutron transmission and dynamic model calculations.

Substance Tlstorage Tltheortrans

Be(6.5 K) 3.2x107°[1] 3x1077 (Debye model calc.)

Be(300 K) 4>x107°[2] 5x107% (cold neutron cross sections[9])
Be(10 K) 3.0x<1072([2] 3x10~7 (Debye model calc.)

0O, (10 K) 6 10_5[2] 6x 1077 (magnon spectrum calc.[3, 4])

C (100 K) 5x107°[6] 2x107% (cold neutron cross sections[9])
D->O(80 K) 9.4x10~ G] < 2 x 10°% (cold neutron cross sections[7, 8
D2O(90 K) ~ 6 x 107°[5] < 2 x 10° (cold neutron cross sections[7, 8
D,O(7 K) ~ 6 x 107°[5] < 2 x 10° (cold neutron cross sections[7, 8
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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.
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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”.
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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 %™

CF4-(O-CF-CFy) ,-{O-CF,),,-O-CF
I
CF,

n/m=20-40, (~=Cz0Fg), molecular weight ~ 3000

Perfluoropolyethers (or Huoropolyvoximethilenes)

CF3 {:}'::'DF 2{:}::'1".':!. 1 (CF2CF20) 5 '::'DF 2{:}::'1'?12 CFa

with mqy + o =605, n=3.14 and molecular

welght 4500,

These substances have much lower pour point (~
00 “CH in comparison to Fomblin, that permitted
to use in the TN storage exgperiments much lower
wall temperatures - down to -160 ©
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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
18 ~1=2 °C as the perflucrinated polyformaldehyde chain increases one diflucromethylene oxide unit. The new
perfluoropolyether fluids produced have melting points ranging from —143 to —152 °C,
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A New Perfluorinated Grease for High-Vacuum Technology

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

Montefious SpA, Montedison, Research Davelopment Center, Miano, Italy

A, Rolando

ROL, Lubricant Research Laboratories, Viguzzolp, Italy

Advances on fluorinated materials allowed the development of a new grease, compounded by low vapor tension
perfluoropolyether liquid and special PTFE. Chemical composition, physical, rheclogical, and antiwear properties,
and chemical and thermooxidative stabilty compared with other conventional lubricants resulted in attractive
properties to utilize 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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Parameters of the NERA spectrometer for cold and thermal
moderators of the IBR-2 pulsed reactor
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Figure 1. The layout of the NERA spectrometer: 1 — IBR-2 reactor core, 2 — thermal and cold
moderators of radial horizontal channels 7-11 and tangential channels 1-9, 3 — beam shutter. 4 — fast
neutron background chopper, 5 — common vacuum splitter of three Ni-murrors neutron guides, 6 — A-
chopper of beam 7b, 7 — vacuum Ni—mirrors guide tube of neutron beam 7b. & — vacuum sections of
beam 7b, 9 - diaphragms of mecident beam, 10 —monitor, 11 — sample position. 12 — NPD sections. 13
— INS and QENS sections.
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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 TUCN upscattering cross sections were calculated in the one-phonon incoherent approximation:

] k nro_10(€) .
E—nn 1{1 F_E,-u} l@P—.-t

de kq I

where g = 4T[|E?|2; b 15 the scattering amplitude for bound nucles, £ and & are the final and incident
neutron wave vectors, @ 1s the energy transfer, g(@) — the phonon density of states, u 15 the relafive
atomic mass, y 15 the Debye-Waller factor:

| rep g(f] f

When iy >> ky, the up-scattering cross section 1s:

2 1/2
Tups = 4?*[2 bie e Taile ](ff

F.-tl.-rfn.T _ 1)
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Calculated (lines) and inferred from measurements (points)
UCN loss coefficient for different fluoropolymers
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loss probability

UCN loss probability at reflection from PFPE wall (n=2*1 04)
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)




