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UCHN loss coeflicient g from TCN storage experiments and mgece tnans
from cold neutron transmission and dynamic maodel calculations.

Substance

:'?sncn.:ge Thheor drans
Be(.5 K) 3.107%[1] 3x1077 {Debye model cale.)
Be(ao0 K) 410702 510" (cold neutron cross s=ctions[9])
Be(10 K 32210772 31077 {Debye model cale.)
O (10 K E-XII:I_G[E] 6:x10"7 ({magnon spectrum cale.[3, 4])
C {100 K B 1070 [E] 23107% {cold neutron cross sections[0])
Dm0 K 9.4x107%6) < 2w 107 {cold neutron erces sectiona|7, 8|
D90 K e o 10775 < 2 % 107° {cald neutron cross sections|7, &
DyO{7 K o B o 10_5[5] « 2x 107% {cald neutron erces sect:inns[?, S]
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"Fomblin ¥

CF3-(0-CF-CFy)-(0-CFy),,-0-CF
I
CF,

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

Perfluoropaolyethers (or Huoropolyosdmethilenes)

CF30(CF20)m, (CF2CF20)(CF20)m, CF3

with mqy + my =605, n=3.14 and molecular
weight 4500.

These substances have much lower pour point (~
90 °CY) in comparison to Fomblin, that permitted
to use in the UCN storage experiments much lower
wall temperatures - down to -160 °
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Figure 1. Schemaric of the gravitattonal UCH sworage system: 1, fopur
neutron guide for UCHs; 2, inlet walve: 3, selector wvalve (shown in the
position in which the oap is bemg filled with nentrons); 4, foil vmit; 3, vacuon
volume; §, separate vacnum volume of the cryostat; 7, cooling system for the
thermal sheelds; 8 UCH storage wap (the dashed lines depict 3 namow
cylindrical trap); 9, cryostat; 10, trap rotaton drive; 11, step motor; 12, TCTY
detector; 13, detector shield, and 14, vaporizer.
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Figure 3. Time diagrams of the storage cycle for two different holding times
m a2 guasispherical trap. 1: fillng 160 s (time of frap rotation (35 s3) to
monitoring pesition 15 included); 2: monitoring 300 3; 30 holding 300 ¢ or
2000 5 (time of trap rotation (7 5) to holding position is ncluded); 4: empiying
has 3 periods 150 5, 100 s, 100 5, 100 5, 150 5 (ime of rap rotation (2.3 5, 2.3
g, 23 5 33 5, 245 5) to each position 15 mcluded); 50 measurement of
background 100 s.
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The experimental and calculated density of

vibrational states of perfluoropolyethers at

low temperatures and UCN loss coefficient

IX. Holderna-Natkaniec. I. Natkaniec.
Yu. N. Pokotilovski

Jomnt Institute for Nuclear Research.

Dubna, Moscow Region, Russia



Intensity of scattered neutrons [a.u.] x 10°

200

150

100

n
o

Fomblin
—+— T=200K
F o —e— T=115K
—— T=21K

2 3 4
incoming neutron wavelength in [A]



Intensity of scattered neutrons [a.u] x 10?

B
=

]
[=]

—+— Fomblin¥
—+— PFPE-|
T=21K

1 2 3 4 5
Incoming neutron wavelength in [A]




1(t,6.7)At = At[[[G(E, . E;.60.T) @ B(E,) @ R(E. E 1o, 0)dEdE ;dt,  (3)

where: 1 - 15 time of neutron registration, € - scattering angle, T — sample temperature, At 1s the time
interval corresponding to the channel width of the TOF analyzer, E; and Erare mcoming and scattered
neutron energies, respectively. The apparatus resolution function in the case of the NERA
spectrometer, can be written as

R(E E, ty.t)= plE, 1o 0 E, )8t —1, -1, — 1,) (4)
where: pdE g ]- 15 the fime distribution of mcoming neutrons with the energy E; leaving the source at

fume fp, }?(Ef] 15 the energy distribution of scattered neutrons, -:3'[:4*— t,— 1t —1, | gives the condition for
registration of neutrons at time  which left the source at tume 7y and scaftered to energy Ex The time
I =aL /fE; 1s the time-of-flight of the neutron with energy E; for the flight path L, = 109.05 m, and

i

t,=cal,/ fE, 1s the flight time of the scaftered neutron with energy Er from the sample to detector

distance L, = 1.015 m, e 1s a conversion coetficient of neutron energy to velocity. The time distribution
p{E,- .t,] of incoming neutrons leaving the IBR-2 moderator is well approximated by a Gaussian with
the FWHM of (250 - 350) psec for E; in the range of (1000 - 5) meV. The energy distribution tIi'I:EJ. ] of
mcoming neutrons fransported by the evacuated nickel-coated nmurror gmde 1s measured by elastic
scattering of a vanadmum sample. The energy distribution nI:E P } of scattered neutrons measured after

the beryllium filter and pyrolitic graphite monochromator 1s well approximated by a Gaussian centered
onl Ep = 4.5 meV and the FWHM of 0.6 meaV.



The scattering cross section for the phonon creation process at low temperatures can be written
i the mcoherent one-phonon scattering approximation as [12.13]:

e (£ #olE,.E,.6] _ (p} . |
o (E;.E,.6.T)x IE.- ol 2 ) e f  empl-om) .

o) < M, l-expl-fa/k;T)

where: O(E, E,, g) is the neutron momentum transfer, o = [ E -E J..:I 15 the neutron energy transfer,

b™ is the value of the incoherent scattering length, M, is the mass of n-th atom, exp|—2¥, ] 15 the

Debye-Waller factor. The G{) 1s the so-called generalized or amplitude weighed density of vibrational
states:

6lo)=3 X[d g4 ()] slo-a,(9) (6)

A] (g) 1s the amplitude of displacement of »-th atom in the unit cell for the vibrational mode m_r.{q} J

15 the numbering of the dispersion curves or internal normal modes, and g 1s a reciprocal lattice wave
vector i the Brillown zone.
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Neutron energy transfer - m [meV]
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The UCN upscattering cross sections were calculated i the one-phonon incoherent approximation:

de kq I

where g; = 4T[|E-'|2; b 15 the scattering amplitude for bound nucles, &y and &g are the final and incident
neutron wave vectors, @ 1s the energy transfer. g{@) — the phonon density of states, u 1s the relative
atomic mass. y 15 the Debye-Waller factor:




The loss probability (averaged over 1sotropic angular distribution) of neutrons with energy E 1n
a trap with boundary energy U1s:

a(E) = Ef,u'[l_;; ArCsin (\J ij) — \JP—;E]

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

n=—ImU/ReU; U= (ﬁ.ﬂfﬁm.)#rz Nibi: Imb=—0/2),

where m 1s the neutron mass, N; 15 the number of nuclei in a unit volume of a wall material, b; is the

coherent scattering length on a bound nucleus of the wall, and o 15 the cross-section of melastic
processes for neufrons with wavelength 4.
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glycerid of melisinic acid
CosH1830¢6

U=-3.3 neV
to compare with U(CHy)=-9.3 neV
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