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1 Inttoduction 
.,. 

There. i_s. the well:. known and long-standing' puzzle of•. ultracold ' 
·neutra'n (UCN) stm~ge-~i~esiri ~los~d.vol~Ille~ oi:, eq1:1iv~lently, 
of·anbmalous losses of ·UCN upon·reflection from the inner sur,. .. 
f~ce.s of U'CN t;api/ The most' surprisingly large di~crepancy 

.' ' i_n _th~ exp~rill!·enfal and::predicteq loss ~o~fficient~ was observed 
. for the, most promising. materials for high· USJN storage times: 

.• cold berylliµrii [l) and s6lid-oxygen. [2) .. The anomaly ~onsists in : 
an·almosttempe:rature ip.dependent (in the-temperature interval 
10-300 K) .w~ll loss coefficient (~ ~· · i0~5);' ~~trespon~ing ~o the . 

· · extrapofated:.inelastic'_therrnal _neutron c:ross section ,a_* ":"'·-o, 9b; 
This experimentalfigur~ for Be is two orders of magnitude higher 
'than the, theoretical ohe, the latter beirig ~ompletely:deterrrii~•ed 
at low t~mpe~atureby the heutronc~ptui'e~in Be-{0J)08{1). The _ 
experiinent/theoryratio.:fo:r-a very cold o~yg~n surface.achi~yes ~-

.. three··~rders of magnitud~_·[2].' _ App~oxi~ate _univers~lity _pf the ., 
-. lo.ss. coefficie!1t for beryllium and O?(ygen,. a~d. the" independ~nce . 
of the Be figures.from ·temperature, forces one to suspect'a uni-·_ 
versal re~son for ·this an-~maiy.· A series of ~xperim~nts to fi~d the 
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! · ~haniiel QY ~hich UCNJeave the _trap are described in [1 r·N~~e 
.- . ' . • ·: • . • . ·-. --- .. . . . ., ·1 

of the ·suspected· reasons has been· confirmed: surface contamina- .· J 
tions by q.angerous elernent·s with large 'absorpti~ff cross secti(?ns., · - · · · ,1 
-penetration 0£ UCN through possible :micro--cracks in the surface. .. \ 
layers_,of B~, the hypothetiJal prn~ess ~f miHihea_tirig ~f UCN· due ' .. ·: 
to -~?llisions with c1 !ow frequen~y vi?ratin,g sµrf~ce,:the ~psca~- · :j 
termg of UCN due to thermal'v1brat10ns of the wall nucle1. This 
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· fast item desei:ves spe~ial and µiore careful consideration . 
. _ According td th~ description of the '-experiment ··[1), upscat~ . 
tered neutroris -prior. to enteri~g '- the neutron detector passed 
thro~gh 1,5>~ri16f ~'opp~~,: 1.1 mm of stainl~ss steel and 2 mm . 

. ·of AL "For the is~tropic distribution o(ups~attered neutron~ thi; 
means that. t·he efficiency of th~ ·registration 'af _upscattered neu~ 
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- trons with energies of 0.5me V was less than 0.2 and decreasing 
at lower neutron energies. The r·eported [l] cross section of the 
upscattering of UCN from a Be surface at a surface temperature 
of 80 K was equal to 0.14b with an uncertainty of 30%, th~re
fore, it is quite pbssible that the UCN upscattering takes place 
into the energy range below lr,i,eV. This hypothesis does not 
contradict the observed temperature independence of anomalous 
losses of UCN if the vibrations causing this upscattering 
are not thermal in nature. The frequency of these vibrations 
(possibly, surface waves) is in the range of 108 

.- 1012 Hz. From 
the purely experimental point of view (without going into any 
hypotheses about reasons for the UCN anomalous losses) this 
low-energy upscattering channel is almost the only one that has· 
not yet been· investigated. 

The registration of such upscattering with the use of an exter
nal gas neutron detector surrounding the UCN trap, encounters 
the same difficulties as the experiments in [l) - absorption of 
upscattered UCN in the walls of the trap, of the upscattered 
neutrons detector, and of the cooling system (e.g. a liquid nitro
gen vessel). The use of activation foils as the neutron detector 
permits one to eliminate all absorbers in the upscattered neutron 
trajectory ( except the wall of the UCN trap) and, in this way, to 
decrease the low-energy boundary of the registered upscattered 
neutrons significantly .. 

2 Experimental method 

The measurements were performed on the test channel of the 
UCN turbine source at ILL_ [3). The scheme of the irradiation is 
shown in Fig.l. UCN enter the stainless steel cylindrical cham
ber 1 ( <p = 60mm, wall thickness 0.5mm) through the vertical 
(height 120cm) stainless steel neutron guide 2, and bounce from 
the surface of the specimen _3 made of A~ foil covered with a Be 

,.. .. ,,,•g•··••;n ,~--?1JT, 1:N•.·•.H••o,_(tu.-,.; ,:•••~•J• 
~i;.,n; !i(~ .~t-::~::umn 
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Fig. l The scheme of the experiment for .the search of the low 
energy upscattering of UCN from Be surface. 

. 1. Vacuum stainless steel chamber </>60x0.5mm. 
2. Vertical UCN guide ¢>60x0.5mm, hegiht 120cm . 
3. Rouleau o{ aluminium foils with b~ryllium deposition. 
4. Cylindrical stack of In foils. 
5. Detector of UCN (He3 propotional counter). 
6. Vertical UCN guide ¢>60x0.5mm, he1ght 60cm. 
7. Shielding (borated polyethylene); 
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layer (thickness of the deposition is (2 - 3) • 103 A). The speci
men has the form of a ~orrugated ribbon rolled into spiral with 
an overall area of 0.25m2• The upscattered neutrons leaving the 
trap penetrate the cylindrical stack of In foils surrounding the 
tube and activate them with the activation cross section accord
ing to the inverse velocity law. The In foils are 5- 50µ thick and 
were manufactured by means of electrolytic deposition on 10µ 
copper foil. The homogeneity of the In thickness was verified 
thoroughly by the method of cutting the test foils into numerous 
small specimens and weighting these small sp·ecimens, and was 
found to be better than 5%. The density of the UCN flux in 
the trap was calibrated· by means of the activation measurement 
of the flux of upscattered UCN from small polyethylene sample 
located in the center of the irradiation chamber and monitored 
with a 3 He proportional cbunter 5 located after the· UCN trap 
and connected the trap with a vertical neutron guide 6 through 
a small hole. 

The response function of the activation of the In foil stack 
was calculated by the Monte Carlo method. The upscattered 
neutrons were assumed to fly out of the Be scatterer isotropi
cally, having their starting points on the surface of the Be spiraL 
The reflection and absorption of upscattered neutrons along their 
trajectories was taken into account. 

Detailed results of these simulations will be published else
where [4]. 

The activity of the In foils was measured with the high effi
ciency ( ;._, 70%) 41r scintillation ,B-counter with active ( 47r plastic 
anticoincident counter) and passive (lead) shielding. The area 
of the In foils which the activity is measured simultaneously is 
~ 200cm 2• The measured background of the counter was about 
1.2s-1 in these measurements. The efficiency of the counter was 
carefully measured for different thicknesses of irradiated In and 
Cu foils. The description of the counter and results of the cali-
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bration will be published in [4]. 
This method of measuring the slow neutron spectra with the 

help of the activation of a stack of In foils was calibrated by means. 
of the irradiation of such stacks in the beams of monochromatic 
thermal neutrons and in the precisely measured (with the time of 
flight method) quasi-Maxwellian spectrum of cold and thermal 
neutrons. The measured and calculated distributions of the foil 
activity along the stacks were in good agreement. 

The measured In foil activity as a function of position in 
the stack ( thickness coordinate) was approximated under the 
assumption that the spectrum of upscattered neutrons consists 
of two Maxwellian co~ponents: one with v0 = 2.2 • 105cm/ s 

("normal" _upscattering from room temperature Be) and a. sec
ond with low v0 , the latter being chosen in the interval 10 -
300m / s ( anomalous upscattering). It was demonstrated by rig
orous Monte Carlo simulation [4] that it is possible not only to 
distinguish the low energy component of the upscattering from 
the thermal one, but also to perform rough spectrometry of this 
low en_ergy part of the spectrum. 

' 

3 Results and Discussion 

Fig.2 shows an example of the measured activity of irradiated 
In foils as a func~ion of the thickness coordinate, together with 
the results of the Monte Carlo simulation of such activity in 
the flux of "normally" and anomalously upscattered UCN in the 
geometry of the experiment. 

Fig.3 represents the 90% exclusion contours for the cross sec
tions a;nom and a~orm deduced from In foil activation measure
ment of upscattered UCN fluxes from a normal temperature Be 
surface. 

The contours are presented for different characteristic veloci
ties v0 of anomalously (low-energy) upscattered UCN; the spectra 

6 

) 
,· ,, 

I~ 

-~-
\. 

~ 7 .5E-4 [. I I I I ] 

5 ----2 ~ ti I I 1-l 8 5.0E-4 · ............... 3 ,____... __ ___, 
~ 
E 

..\tl 

-s ....._ 

I• 

o 2.5E-4 --~-+------Hf----+----+--'---+-----1 

c:: ····•·· .s ••••••••••••nut••••••••••••••••••••f•••••u•••••••• .... 
c:u 
> .... 0 ------< O.OEO .___.___.____._~~___.___.____.._.___.____.___.____.__----L...JL-...1 

0 ·. JO 60 90 120 150 
Thickness of In (mkm) 

Fig.2 Measured In foil activation points and Monte Carlo sim
ulation examples of activation for: 1 - "anomalous" UCN up
scattering to Maxwellian spectrum with characteristic velocity 
v0 = lO0m/ s, a* = 0.9b; 2 - the same for v0 = 200m/ s; 3 -
"normal" scattering, v0 = 2200m/ s, a* = 5b. 
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Fig.3 The 90% CL exclusion contours in the a:nom vs a~orm 

plane deduced from the In foil activation measurement of up-. . 

scattered UCN fluxes from a normal temperature Be surface. 
a** = 0.9b is the value of the experimentally found anomalous 
reduced UCN loss cross section [1] ("Gatchina anomaly"). 

The In foil activation points were considered as a result of 
activation in a neutron flux consisting of. two Maxwellian com
ponents - "normal" with characteristic velocity 2200m/ s, and 
"anomalous" with different characteristic velocities v0 of anoma
lously (low energy) upscattered UCN: 1 - v 0 = 25m/s; 2 - Vo= 

50m/s; 3 - v0 = lOOm/s; 4 - v0 = 200m/s; 5 - v0 = 300m/s; 
Vonorm = 22QQm/s. 
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of upscattered UCN were assumed to have a Maxwellian form: 
.1 - Vo = 25m/s; 2 - Vo = 50m/s; 3 - Vo = lOOm/s; 4 -

v0 = 200m/ s; 5 - Vo = 300m/ s. 
The following formulae were used in this consideration. 
Reduced UCN loss cross section a* = (ainel + ac) at v = 

2200m/ s. Imb = a(>..)/2>... Tl= Imb/ Reb. 
Averaged over isotropic angular distribution loss coefficient 

of UCN with a velocity v upon reflection from the surface with 
the boundary velocity Vb: Ploss = 2T7(arcsin(y) - yJl - y2 )/y2, 
where y = v/vb. 

µ = J;!im µf( v )dv is UCN loss coefficient aver·aged over the 
normalized UCN flux spectrum f(v) = 4v3 /vtm, which is the 
low- energy tail of the Maxwellian spectrum. In our case, V/im = 
3.9m/s. 

As may _be seen from fig.3 we were not be able to exclude 
completely -in this preliminary experiment low energy UCN up
scattering in all energy interval of interest; 1-103 µe V. The main 
reason for that was comparatively high ,8-counter background 
{higher than 1s-1 

), and short measurement time. After upgrad
ing the beta-counter with lowering the background to 0.2-0.3s-1 

it will be possible to increase significantly the sensitivity of the 
activation method applied in this investigation. 
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