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1. Introduction and motivation
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Fomblin oil:

1. Liquid (might be another physics of the process)
2. Popular surfaсe in UCN storage
(in particular, for the neutron lifetime measurements)
3. Large measured probability 
4. We have never measured it in our dedicated 
aparatus and nobody has measured the spectrum of 
up-scattered neutrons et all.



2. Experimental set-up
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Our Big Gravitational Spectormeter (BGS) of the total UCN energy
:
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Advantage:
- Higher efficiency of VUCN detection
- Measurement (not estimation) of the 

efficiency of VUCN detection
- Broader energy range for detectable VUCN
- Reliable measurement of temperature 

dependencies
- Easy change of samples
- Flexible adaptation of this setup to different 

experiments

Layout of the BGS :
(1) sample, 
(2) gravitational barrier, 
(3) entrance valve, 
(4) UCN monitor detector, 
(5) UCN absorber, 
(6) VUCN detector, 
(7) exit valve. 
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The internal 
storage volume for 
UCN
(copper inside)

The bottom for 
the internal 
storage 
volume and 
the external 
storage 
volume
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A sample can be 
placed here and 
lifted  up to the 
storage volume
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The valve with a 
small calibrated 
window

The internal 
storage 
volume

The entrance 
neutron valve The exit 

neutron 
valve

The bottom 
neutron 
absorber

The external 
storage 
volume
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The external 
storage 
volume is 
assembled 

A multi-layer thermal screen 
is installed in order to allow 
for measurements of 
temperature dependencies

The vacuum 
chamber

The 
spectrometer 
is assembled

Movement 
of the 

absorber

Access to the 
sample 
changer
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Titanium 
absorber with 
highly 
developed 
surface

1

Polyethylene 
absorber with 
highly 
developed 
surface

Some technical changing in the measurements
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Some technical modification in the measurements
2. New gravitational barrier3. New entrance neutron guide 
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So, compared to our previous measurements we have:

1. Narrower initial spectrum
2. Narrower “dead zone” between  
initial and final UCN spectra
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3. Samples 
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FOMBLINE Y-HVAC 18/8 OIL :

Elim~110 neV

Vapor Pressure (Torr)
@20°C: 2.1 x 10-8

@100°C: 1.2 x 10-4

“PF2” oil
“Morozov’s” oil
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Samples
1 Thin film on stainless steel foils.

It is dipped into 
the oil and left for 
24 hours to flow 
the oil down in a 
clean room.

The thickness is 
about several
microns
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Samples
2 Thick (1-2 mm) layers in the “plates”.



4. Experimental results
and their comparison with theoretical models
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Integral spectrum of VUCN is the same for all Fomblin samples
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– Circles indicate data measured with 
a Fomblin oil sample. 

– Rhombuses show results measured 
with various solid nanoparticles: 
diamond, sapphire, copper. 
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Comparing with the model of nano-droplets over surface

lines correspond to calculations of VUCN spectra on the Fomblin surface, for 
four hypothesizes on the size distribution of nano-droplets (R/R0)-l, l=1;2;3;4
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[S.K. Lamoreaux, P.A., R. Golub, 
Phys. Rev. C 2002, Vol. 66, 044309]

Dead-zone in the 
detection efficiency 
is “forgotten”

[A.P. Serebrov et al, Physics Letters A 309 (2003) 218–224]
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Minor change of the spectrum shape is in in agreement with 
nanoparticles hypothesis and contradicts to hypothesis of 

Lamoreaux and Serebrov’s conclusion.



22.05.2012 E.V.LychaginISINN-20, May 21-25, Alushta, Ukraine

-20 -15 -10 -5 0 5 10 15 20 25 30 35
0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

(D
et

-b
ac

kg
r.)

/m
on

T, °C

 warming up
 ambient temperature, before cooling
 cooling down
 ~ 1/viscosity dependency



22.05.2012 E.V.LychaginISINN-20, May 21-25, Alushta, Ukraine

Conclusions:
1. The spectra measured for Fomblin look exactly like the spectra 

measured for solid surfaces and for nanoparticles, also like the
theoretical predictions within the hypothesis on levitating 
nanoparticles.

2. Our measured temperature dependence is opposite to the 
dependence calculated in [S.K. Lamoreaux, P.A., R. Golub, Phys. 
Rev. C 2002, Vol. 66, 044309]. This result indicates that their 
hypothesis does not explain the experimental data for UCN small 
heating on Fomblin surfaces.

3. The temperature dependence of the probability is analogous to the 
results of work [A.P. Serebrov et al, Physics Letters A 309 (2003) 218–
224] in spite of the fact that another fraction of the up-scattered 
neutron spectrum was measured. This similarity indicates that the 
spectra shape depends weakly on temperature that contradicts to the 
hypothesis of Lamoreaux and agrees to the nanoparticles hypothesis. 
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Thank you for your attention.
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