
1 .2 . N U C L E A R P H Y S I C S ÚË Ò Í N E U T R O N S

In 1997, nuclear physics investigations with slow neutrons were carried out on seven
beams of the IBR-30 + LUE-40 neutron source, on beam 11 of the IBR-2 reactor and on

neutron beams of îáæåã sources in Russia, Germany, France, USA, and China. In the reported
year, the research program at IBR-30 was formed accounting for the working schedule of

creation of the new JINR neutron source for nuclear physics investigations, IREN. À very
extensive program of studies in resonance neutron induced fission was, in the main, completed.
At the âàò å time traditional investigations of the properties of highly excited states of heavy
nuclei , parity violation effects, and reactions with emission of charged particles were
successfully carried out. ×åãó interesting and promising results were obtained with UCN in ILL .

1.2.1. E X PE RI M E N TA L
Par ity V iolat ion and Tune Non-I nvar iance Effects in the Inter act ion of Resonance Neutr ons

with Nuclei
TRI PL E collabor ation. Recent r esults

In the framework of à TRIPLE collaboration, the investigation of the mass dependence of
the mean-square matrix element Ì , of the weak neutron-nucleus interaction continued on the

polarised neutron beam of LANSCE, L os-A lamos. The (crÄkÄ) correlation measurements were
conducted by the transmission method for natural Pa and the capture gamma-ray registration

method for the Ðà and Ðà isotope targets. For the neutron energies Å„ < 1000 eV , there are
observed 6 ð-wave neutron resonances with meaningful P-odd effects. I t was established that

most of the resonances represent the compound states of Pa nuclei . Analysis of replicated
experiments with Th and U targets in the energy region up to 300 eV is completed. The
results for the mean-square matrix elements Ì are: M( U) = 0.68+0.25-0.16 meV , Ì ~~~~ÒÜ) =

1.28+0.33-0.24 meV . In them, the main uncertainty is due to the limited number of resonances.
For uranium, 3 P-odd effects with à plus and 3 with à minus sign are found whi le for thorium,
the existence of the so-cal led "sign ef fect" (al l ef fects ( 10) have plus signs) is confirmed.

Nuclear fission

of the U nucleus
Investigations of the angular anisotropy of fission fragments À2(Å„) with respect (î the

target spin orientation continued on beam 5 of IBR-30. The total measurement time at low
sample temperature (Ò — 0.1 Ê) for measuring the angular anisotropy of f ission fragments À2(Å„)

with respect to the target spin orientation increased up to 1100 hours. Thus, the experimental
data for À~(Å„) are now available in energy bins of 0.05 eV with an accuracy of 3 — 5 %, up to
Å„ < 30 eV. With the aid of an original code for multilevel, many-channel R-matrix analysis as

well as à specially modified standard code SAMMY, the À~(Å„) data are fitted together with spin
separated and total fission cross-sections, neutron capture and total cross-sections. It is

established that to describe the experimental data adequately, one has to assume that fission
channels wi th Ê=Î , Ê=1 and K=2 are open for resonances with spin J=3 and channels with K= 1,
K=2 - for resonances with spin J=4. In this case, the relative contribution to À2(Å„) from
different Ê-channels appears to be 18%, 63% and 19% for K=O, 1 and 2, respectively. It is also
found that the interference of resonances with different spins appears to be significant and
contributes approximately 16% to À~(Å„). It becomes evident that the old approach in which
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definite A~ values were assigned to definite resonances does not work because of à high level
density and strong interference between resonances.. Progress in the description of the fission
process is achieved thanks to the new theoretical approach developed by Barabanov- Furman.

The results of measurements and the theoretical description are presented in Figure 1.
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Solid points are the experimental data. The solid curve is the theoretical curve with parameters
correlating well with total cross section and fission cross section data (total and spin separated).
Figure 2 i llustrates the infl uence of separate Õ-channels and spin interference.

Subthreshold f ission and delayed neutron yi elds
The experimental data on Np subbarrier fission obtained last year were improved and

the fission widths Ã~ were determined for 13 resonances. Also, the cross section energy
dependence was determined ø the energy region 1- 50 å× . The statistical accuracy and the
energy resolution increased two times in comparison with & î êå for the data set obtained in
1993. Figure 3 shows the resonance parameters evaluation: points - experimental data, solid line
- fitting curve.

From the earlier obtained data on ~~~Y subbarrier fission the smallest upper limit for the

cross-section of thermal neutron induced fission ( î „ô 20 mbn ) was determined.
The first experiments started to study the yields of different fission modes and their

correlation with the quantum states of compound nuclei during the fission induced by resonance
neutrons. À Frisch double-grid ionization chamber was designed and constructed in 1997. It
allows one to detect the energies and masses of fission fragments and the emission direction
with respect to the target plane. New electronics was also created which makes it possible to
measure these fission parameters simultaneously with measuring the initial neutron time of
fl ight. Measurements of U fission fragment mass and energy distributions were performed up
to 25 eV. About 50 million fission events were registered and data analysis started.

For the first time neutron resonances in the Am(n f ) reactions were measured using à 243

fast ionization chamber which makes it possible to register fission fragments against à high
background of e-particles (Ny / N„ — 10 ). This opens good possibilities for measuring earlier
unknown fission cross-sections for minor actinides in the resonance region.

High resoluti on prompt y spectroscopy of f tsè oï f ragments
Òî refine the earlier experimental data on independent f ission fragment yields and obtain

new information with the aid of fast ó-'ó coincidences for two f ission fragments, measurements

of the g-spectrum of Ðè f ission fragments were performed on the 57 m fl ight path of beam
5 at IBR-30. There were regi stered 6 10 f ission events. Data processing is in progress. 8

Highly excited states of nuclei
Cascade gamma decay of compound states af ter thermal neutron capture

Investigations of highly excited nuclear states in energy regions not properly studied so
far, continued. To this end, coincidence gamma spectra of 2y-ñàêñàéåç were studied for '~~Là
and ~~~'~ 0~ target nuclei . The energy of the final levels lies below 0.8 Ì å× . Analogously to the

earlier studied spherical nuclei, the cascade y-decay of their compound states demonstrates
typical features. Namely, the probability of excitation and 'ó-decay of low lying (Å<2-3 Ì å× )

states enhances in comparison with model calculations based on standard assumptions concerning
the level density and radiative strength functions. At the same time, these probabilities are
relatively depressed at high excitation energies. So, the situation is quite opposite to that
observed in deformed nuclei where most 2ó-cascades are connected with the excitation of levels
lying above 3-4 MeV.

À combined analysis of experimental results for 40 nuclei studied up to now gives good
reason to believe that the coupling nucleon interaction at excitation energies in the 1-5 Ì å÷
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energy region produces much stronger infl uence on the levels structure than predicted by modern

nuclear models.
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Figure 3

Pioneering experiments to measure the effects of resonance self-shielding and the value

of ~ = g for U target nuclei in the 20-2000 eV energy region were performed. 235

Multipl icity spectra were also measured for the Pu target to ref ine the u value for Pu in the 239 • 239

0.007-20 keV energy region. As à result, u values were obtained for 80 resonances and several

energy groups.
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Figure 4 and 5 show the experimental à values for ~~~Ðè (points) in comparison with ~" ~
evaluated by the GRUCON computer program on the basis of BROND-2, ÅÕÈ ../Â-á, and
JENDL-3 library data.
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With the PARUS spectrometer (beam 3 of IBR-30, 122 m fl ight path) 80-litre volume
multisectional detector multiplicity spectra were measured for Th, ' U, Pu and Pb to 232 235, 238 239

determine à values and radiative capture cross sections.

Neutron induced reactions with char ged par t icle emission
The Al(n,ñõ) and Al(n,ð) nuclear reactions may form the basis of the main mechanism 26 2á

of Al destruction in nature. Precise measurements of their cross sections are important for the
understanding of y-spectra of " l ive" À1 in our Galaxy and " dead" Al in meteorites.

In col laboration with Los-A lamos physicists investigations of the ~~À!(è, à)~~Ì ó and
~~À[(è, ð) Mg reactions in the energy region from thermal to 10 keV and 70 keV , respectively,

were performed. The results are i llustrated in Figure 6 and 7.
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These very reactions are mainly responsible for Al destruction in the nucleosynthesis and
the determination of their cross sections is therefore very important.

Figure á
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(n, 'ó) r eact ions for ast r ophysics

The investigation of the Ca(n, ó) reaction completed in 1997. The results were obtained
and processed for à M axwellian neutron spectrum with kT = 25 keV . The Ti.(n, y) reaction
was studied with neutrons f rom à M axwel lian spectrum with kT = 25 keV as well as with

29 keV and 145 keV monoenergy neutrons. The results are being processed.
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An experiment to study the upscattering of UCN on Be was performed in M ay-Apri l

1997 on the High Flux Reactor in á ãåï î Û å, France. The experimental count rates of
upscattered neutrons were transformed into upscattering cross-sections. One can see the results in
Figure (uppper triangles). Introducing capture cross-sections obtained in dif ferent experiments

one can explain the anomaly of UCN losses for temperatures down to 90 Ê . I t should be noted
that further investigations of UCN upscattering in the temperature interval from 90 Ê to l iquid
helium temperatures are essential for the verif ication of the hypothesis oE anomalous

upscattering.

Precise exper imental test of the UCN dispersion law
In the frame of à FLNP-Kurchatov Institute-ILL-Melbourne University collaboration, à

precision experiment to verify the neutron wave dispersion law was performed using an original
method. It is based on à search for the resonance line shift in an interference filter, the Fabri-

Perrot interferometer, accompanied with à change in the neutron velocity component parallel to
the filter surface. It is found that when the filter moves parallel to its surface with the velocity
35 m/s, the effective neutron spectrum goes through the resonance shifted by +0.100+0.016 ï å×
for the initial UCN energy 107 neV. In the test experiment it was shown that when the initial
spectrum is narrow and the transmission line of the filter broadens, monochromatic neutrons do
not change their energy during tunnelling through the moving filter. The observed effect may be
interpreted as à very serious evidence of the fact that some deviation from the commonly
accepted dispersion law really exists.
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1.2.2. TH E ORE TI CA L

The effect of electromagnetic interactions on the strangeness-conserving p-decay of
baryons, neutron (n) and Õ-hyperon (Õ), is demonstrated. The modifications of the total decay
probability, BVÄ = 8% , BV~ = 0.5%, the e spectrum and the angular distribution with respect
to the polarization vector g of the initial baryon, ß „= 1.9% , BA~ = 1.8%, were obtained. The
dependence of the results on the value of the ultraviolet cut-off parameter Ë is elucidated. The
spectrum and the yield of y-radiation accompanying p-decay are calculated and special
attention is paid to infrared (soft-photon) radiation. The photon radiation of pions constituting
the baryon's " pion cloud" is investigated. Radiative corrections to the total p-decay probability,

the electron energy and the angular distributions found in this work prove to be of pivotal
importance for obtaining the main characteristics of weak interaction by experimental data
processing.

It is shown that applying the multiple wave scattering technique to the problem of the
interaction of slow neutrons with à substance with simple crystalline structure does not reveal
any anomalies in the slow neutron dispersion law and cannot explain excessive UCN losses
during storage in material traps.

À possible alternative explanation of anomalous UCN losses is investigated theoretically.
The ground for this hypothesis is the de Broglie description of the wave function. The results of
experiments are analyzed under this assumption.

Due to high densities, some intermediate products of the pp-cycle in stars can emerge not
only from two-body but also three-body initial states. Their role is not properly estimated yet.
Moreover, three-body states have different selection rules and may significantly change the

entire picture of the nucleosynthesis. We performed (for the first time) à microscopic analysis of
several nuclear reactions not included in the standard model of the pp-chain. The fate of Be in

this chain is of special interest. The fact is that à combined analysis of all experiments
measuring the neutrino fl ux from the sun leads to à paradox conclusion: the production of Be
nuclei (more precisely, the fl ux of neutrinos due to Âå) must be strongly suppressed or even 7

negative. This means that something is wrong either in the standard model or in the
experimental data.

The problem of possible Ò-invariance violation in the "backward" elastic scattering of
neutrons Úó à spinless nucleus was investigated. It is shown that under Ò-invariance the
amplitude and the cross-section of "backward" scattering do not depend on the neutron spin. An

observation of such dependence will unambigously point to Ò-invariance violation. However, the
fulfilled estimates of the possible spin asymmetry of "backward" scattering demonstrate that the
corresponding effect is very weak (about 10-~ - 10 ) and can hardly be observed experimentally

in the nearest future.

1.2 .3. M E TH OD O L O G Y

Ê àÒÊ 1ï p r oj ect st a t u s

I n the f ram e of the K aT R I n proj ect (see à separ ate ar t i c l e b el o w ) ai m ed at study i ng
t i m e — non i nv ar i ant ( Ò-odd ) ef f ects i n reso nance neutr on i nd uced r eact i on s, w or k to cr eate à Í å

based neutron po l ar i zer - anal y zer w as car r i ed out du r i ng 1997 i n co l l ab or at i on w i th L eb edev

i nsti tu te (M o scow ) .

À Í å based neutron po l ar i zer w i th l aser pu m p ing i s att r act i v e f or m any task s i n neutr on

phy si cs. I t does not req u i r e co ol i ng and str ong m agnet i c f i el d s. T he po l ar i zati on that can be
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achieved for 1 eV neutrons i s about 75% with the transmission about 20%. Thi s al lows çèñÛ à

polarizer to Úå compact wi th à small weight.
During 1997, the prototype of the Rb - Í å polarizer , à two-chamber al igned ç

aluminosil icate glass cell f i l led with Í å at 10 atm, was created. Two Helmholtz ß 1400 mm

coils to produce the leading f ield about 20 G wi th the homogeneity not worse than 5 x 10 ø
the center and à pair of È 0 600 mm coils perpendicular to the leading one were buil t and wil l
operate at 80 kHz. The pick — up coil s are incorporated with à cel l holding platform. The setup
is à multi functional stand for the investigation and adj ustment of the design and working regime

of the cell .

Neut r on induced r eact i ons w i th em issi on of char ged par t i cles
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(è, ð ) was developed

î and tested on the

î 1 6 0 4 8 0 thermal neutron beam
at the IB R-2 reactor .

Figure 9 show s the
pul se-height spectra

form the IC col lector .

The thermal neutron cross secti ons obtained f rom these measurements are in good
agreement w i th ear l ier ones f or Î and A r whi le for Ne, our resul t i s signi f i cantly smal ler . 17 36 21

Further development of thi s technique w i l l make i t possible to use resonance neutrons in
the investigation, particul ar ly , of (è, a ) reactions using A r and A r targets. T hese processes 3~ 39

are of cruci al importance for the understanding of the or igin of S ãàãå isotopes.

Modernization of the ISOMER installation
The new system for automatic alternating the background and physical measurements was

created.
The new fast electronics was created to decrease suf f iciently the dead time in the whole

delayed neutron registration module.
A fter the modernization rather precise data on delayed neutron yields from the ~~ Np

fission induced by thermal neutrons were obtained.
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N eu t r on sp ec t r a an al y si s i n t h e 2 -100 k eV r eg i on w i t h t h e ai d of à (n , ó) con v er t er .

T he new m ethod of n eutr on spectr om etr y b ased on sh ape an al y si s o f y l i n es w as tested at

the el ectr o stat i c gener ator E G -5 . T he pr el i m i nar y r esul t s show h i gh ef f i ci ency of th e m ethod f or

the purp oses of spectr om etr y w i th stati on ar y and pu l sed neutr on sour ces.

The anticompton gamma spectrometer HPGe-BGO for nuclear physics exper iments

at pulsed neutron sources
The HPGe detector with the efficiency 9% and the resolution 2.0 keV at the energy

1332.5 keV is used as the main part of the spectrometer. The detector is 78 mm ø diameter and
120 mm in length. The choice of the design is determined by its simplicity and cost as well as
the results of computer modelling. The schematic view of the spectrometer including the passive
shielding is presented in Figure 10. The BGO surrounding consists of 32 rectangular crystals
with maximum dimensions 40 mm õ 40 mm x 80 mm and the total volume 3 litres. À
simplified system with 10 photomultipliers is used for photon registration. The employed module

scheme of the design allows the transformation
of the shielding to make the spectrometer
suitable for studying y-ray multiplicities in
neutron-nuclear interactions. Figure 11
demonstrates the unsuppressed (1) and
suppressed (2) experimental spectra together
with the experimental (3) and calculated (4)
suppression coefficients for the standard ÎÑo

gpss< source. The use of the CSS for the investigation
of the peculiarities of the resonance neutron

ÂÎ Î induced fission of 239Ðä has reduced the
background of the measured prompt 'ó-spectra 2

- 3 times and improved the accuracy of fission
fragment yields by à factor of 1.5.
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T est of the U GRA i nstal lat i on

The first test of the UGRA instrument
shows that it is necessary to modernize old
neutron detectors to adj ust them for operation in
vacuum conditions. This work was carried out at
the end of 1997. However, without IBR-30

neutron beams it turned out to be impossible to
test the new detectors.

Fi gur e 11

C on st r u c t i on of t h e K O L H I D A i n st r u m en t

T he new set -up K O L H I D A sh ipped f ro m G eor g i a i n 1996 i s and m oun ted and adj usted

on beam 1 of the I B R -2 . T h i s i nstal l at i on al l ow s one to use the i n ten se b eam of po l ar i zed

neutron s to study nuc l ear pseudom agneti sm and som e new p ar i ty v io l at i ng ef f ects i n neu tron

opt ics.
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