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For testing the AURA setup operation thegularanisotropydependencen energy in the neutron
elastic scattering by vanadium was measured ubmtyme-of-flight method in the energy interval
0.0057 10 eV a the neutron source IREN. The results obtaiaextompared with ones available

in literature.

Introduction

The problem oh,e-scattering lengtl,. precisionandcoupledwith it the mean square charge
radius of neutron continues #édtractan attentionof both experimentalists and theorists [1,2].
The idea to repeat th€rohn and Ringexperimen{3] usingthetime-of-flight method led to
construction of theAURA setup [4]. In the presenwork the measurements of angular
anisotropy of slow neutrons saaing for samples of metallic vanadiuat the AURA setup

werecarried out.

Experiment
The AURA experimentalinstallation (fig.1 and 2 represerg the turntable and fixed on it
four *He-counterssituatedat the angleg5’ and 138 relative tothe neutronbeamand turn-

tableaxes.
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Fig.1. Scheme ahe AURA setup locationn theexperimental hall ofhe IREN facility.



®He-counters (with gas pressure &3dtaresurroungd byshields of borated polyethylene and
covered by cadmiunThe turntable, which otates afl 1 81y astepper motqris situated at
15 m flight pathfrom the neutron reproducing targeff IREN. The 8 cm diameter of the
neutron beam is formed by two collimatanstalled in theneutron guideof 7 m length and
vacuum inside. The distaniem the center of theurn-tableto the detectors is 3n.

The electron acceleratduring presenimeasuringcycle worked witha tungsten target
undersuchparameters: electron energy of 35Wegulsedurationof 200 ns, current in the
pulse of 2.5 A an@requencyof 25 Hz.

The AURA dectronic moduleperate®n a stepper motqrwhich rotates the tustable
with a given time exposition,and storestime-of-flight spectea receival from eight-channel
time-coder[5] throughan USB-2 port. The time-coderrecords signals from 4 detectors and 2
monitor counters placetbefore a neutron guide Fig.3 showsthe program menu for
experiment control and speaticcumulatn.

As sampleswe used twlatesof metallic vanadiumwith thicknesses-0.45and 2.5
mm (3 . 3%tciBandl . 8%f.cin®). The vanadiumplateswere placedperpendiculato the
neutron beam at the center of the ttahble.

Four runs of measurememnt®re carried out: oneini with the thin sample and three
othersi with thethick sample of vanadium. Between the runs with santpie® runs without
vanadium inthe beamwere performed Each of the runsontinuedfor 207 40 expositions
(time of one exposition was dour) in each position of the twtable.

Fig.2. The AURA setupriew.



Fig.3. Thedisplayview with the control program menu

Experimental data and analysis

Thuswe had eighsummarizedspectra for eachuni two for each detector (in two positions,

when the neutron scattered forward and backward to this detdetorl0000 channels of
time-coderscalewe chosea channeWwidth of 2 mcs We supposed that the location of sample

in the beam does not produce an additional background duestattered neutrons and that
background is created by neutrowich are scattered by air before the sample and behind it
only. So wetook as backgroundthe spectra without the samples in the neutron b&m.
obtained e desiredscatteringanisotropy of neutron scattering as averagegeometrical
value of the ratios of detectors counts dAfo

R=.4 (Ns - Nbg)2f (Ns - Nbg)Sf (Ns - Nbg)lf (Ns - Nbg)4f
(Ns' Nbg)]b(Ns' Nbg)4b(Ns' Nbg)zb(Ns' Nbg)Sb ’
where underroot in the numeratorare detectorscounts (after backgroundsubtractioi in

position of neutron scattering forward anddanominatorare detectors counts in position
i b a ¢ k Mralatikdncertaintiesverecalculatedas
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Naturally, during calculatons of R and UR the normalizationof all spectrawere madefor
monitorcountsin the interval fom 700to 2000channel Sot(Ns i Nyg) was determined as

d(Ns- Nbg):\[(Ns-'-C Nbg)
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Here Ms and Myg are monitor counts imuns with the sample and without itb@ckgroung
correspondingly.

The energies of neutrons afteagtic scattering forward and backwar@ different, so
it is necessary to correttte calcula@dratiosfor thedifferenceof efficiencies
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The fig.4 shows thathe efficiendes calculatedby multiple integrdion for our ¥ j
countes at afew energy pointsan beinterpolaedwell enough bythe indicatedormula,that
is moreconvenienfor calculating, anave used this formula to correct the obtained results.
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Fig.4. The calculated efficiencies (open pts) and their extrapolation (line and
formula)for oury jcounters.

Also it is necessary to take into account correction for neuron capture in the sample
andsecondaryscattering, i.e. for difference statteringorobabiliies forward and backward.
This correction was introduced by formula from [6] for measincidentat right angle tdahe
planarsamplebd i s ganganglewteutron from the sample):

_S.1- exp[-ns(1+1/cosb)]
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These formulae wereerified by Monte-Carlo calculations. For thin vanadium sample this
correction isnegligible The size of introducedorrectionss indicated irthe fig.5.
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Fig.5. Corrections forenergy loss of neutrorscattered by vanadium ( E y Aiipper
line) andfor vanadium thicknesS(E)=Whackward Wiorwarg (DOttom line).

Fig.6. Time-of-flight spectraof neutronsscatteredby thick vanadium forward (open
pointg andbackward(solid pointg recorded byall detectorsExposuretime is 46
hours.Spectra without the sample normalized bynitmrs are shown below



