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The pulsed fast reactor is a neutron source over a wide 

en ergy range permitting to solve a wide variety of scientific 

pr obl ems associat ed with neutron spect ra measurements . At pre-

s ent it i s used i n two modes of operat ion, namely, as a reactor a: 

a s a mult i plier together with a mi crotron. The main charaot eris-

tics that are essent ial for measurements by the time-of-flight 

technique are as f ol l ows : an average power is 6 kW , the total 
14 neutron yield is J x 10 neutrons/sec., the width of fast 

neutron burst is 55 fA secx), the repet iti on rate 5 sec-l, the 

best resolution (for a flight path of 1000 m) is 55 nsec/m • 

The corresponding characteristics for multiplier operation mode a : 

1 kW, 5 x 1013 neutron/sec, J fA sec , 50 s ec-1 and J nsec/m 

respectively. Some other charact erist ics and a more detailed 

description of the reactor can be f ound i n ref. 2/ 

There are two major lines in which research at the reactor 

is being made, in pa rticular : 

1) studies of neutron interactions with atomic nuclei and the 

properties of nuclear levels excited by resonant neutrons; 

2) studies of the structure and dynamics of solids and liquids 

using thermal and cold neutron scattering. The present report give: 

a. ·review of. experiments on the subjects listed in item 1, 

The high intensity,low background and resolution adequate 

for solving a lot of scientific tasks, permit t o carry out a de­

tailed study of a wider range of nuclear level properties. For 

this purpose, a Measuring Centre3i and a set of detectors re -

------------------------
x)At the rea:ctor disc :t-otation speed of ),000 rev/min; at the speed 

of 5,000 rev/min the burst width i s J6 fA sec. 
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cor ding neutrons and their interactions with atomic nuclei, have 

been designed in the Laboratory of Neutron Physics. 

Pres ently the Measur i ng Centre comprises f our 4096-channel 

analyzers capable of measuring time, ampli tude and multidi mens i onal 

spectra , t hree 2048- charJlel t ime analyzers , and a multidim ensiona l 

magnetic-tape memory analyzer with a number of channels up to 220
0 

The data f rom the anal yzers can be fed via cable into a computer 

fo r subs equent treatment . 

The major information about the detectors is gi ven i n t able I. 

Physical research has been ca rried out a t I BR s ince 1961 . Table I I 

l ists the investigat ed nuclei and some condi t i ons of measur ement s 

on the neut ron spectrometer, the results of which were ~ublish ed 

by th e middle of 1966. 

Since the time of the Geneva Conference on Peacefpl Uses of 

Atomi c Energy where the IBR operation was reported24~ a number of .~'.E 
new experiments has been completed. Some of these experiments have 

widened a traditional scope of investigations in neutron spectro­

scopy. First, we mean here experiments using the polarized beam 

of resonant neutrons, and, second, the investigations of the pre­

viously unstudied alpha decay after resonance neutron capture. 

Below follows a short description of these and some other experi­

ments carried out during the recent years. 

?0~\RIZED NEUTRON ~~~ 

In principle, the interaction of polarized neut rons with pola­

riz ed nuclei s i ggests a lot of possibi l i ties fo r det ermining reso­

nanc e spins w~th t h e aim of cla r ifying t he spi n dep endence of l evel 

parameters. The scheme of the experimental set-up25/ is shown i n 

fig.l. The arrangement contains a proton target J2cm3(5.0 x J .4 x 

1 .9 cm3) in volume operating at a temperature of 0.95° K wi t h 
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a magnetic field of 17 kOe and r.f.field of 69 GHz, which pro­

vides neutron polarization f =7~; a spin rotator permitting to n 
vary neutron polarization direction; a device to provide sample 

polarization in the magnetic field of about 15 kOe that operates 
, 

at o.J°K; and lastly, a liquid scintillation boron detector 500cm( 

in area similar to that described in ref. 4/ The polarized neutron 

beam of ener&v up to a few tens keV is produced by transmission oj 

neutrons through the polarized proton target as a result of stron! 

spin dependence of n-p scattering. The resultant weakening of the 

intensity by a factor of the order of 10 is a rather cheap cost o: 

a 75~ polarization beam. This arrangement has been used to comp­

lete the experiment on resonance spin determination for Ho165 in 

the region below 50 ev201. The present year the measurements have 

been in progress using the microtron which permitted to determine 
• 

the spins of a number of levels in the region up to 150 ev. The 

work is currently under way on the construction of other rare 

earth polarized targets. 

Recently measurements have been made here of polarized neu­

tron transmission through polarized deuterium in the energy inter· 

val 0.01- 5 ev271. Both the deuterium and proton targets have 

been polarized using the dynamical method261. Two series of 

measurements have been made for two directions of deuterium pola­

rization. Light and black dots in Fig. 2 show the relevant expe-

rimental results. In both oases the valu_e £ has been measured 

·Nhich represents relative transmission variation with varying 

neutron spin orientation with respect to the deuterium magnetic 

f l eld. The , experiment permitted to choose one of the known alter­

nat ive sets of n-d scattering lengths, and the right one wa$ the 

set where the quartet scattering length exceeded the doublet. 
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~-DECAY AFTER RESONANCE NEUTRON CA~URE 

The study of the ( n, o<. ) react :to:a in medium-weight and he~\vy 

nuclei by resonance neutrons which has been initiat ed at I BR is 

a new trend in neutron spectroscopy n ot developed earlier appa-

rently due to the difficulties associated with a low reaction cross 

section at a high ;r -ray background: o(n,or..yG/n,j)=lo- 6 ..,. lo-5• 

This imposes rather strict requirements to measuring equipment . 

The general scheme of the detector employed in r ef?/ , is presen-

ted in fig. J. A gas-filled xenon sci ntillation chamber has been 

chosen in which layers of the studied substance deposited on 

parallel aluminium plates have been plaoede The total area of t he 

sample was 7,000 cm2 • 

of 4 + 5 mg/cm2 , 
. 

At the layer thickness th e detector recorded 

the reaction ( n , o<.) with an efficiency of about 50%, the effi­

ciency of ( -ray detection being less than 1 0-6~ . The int rinsic 

detector background was 20 pulse/min. 

The good discrimination of d-rays and the reduction of the 

intrinsic background of the .detect or were achieved by appli cation 

of the electric field of about 700 Y/cm that caused a consi­

derable increase in xenon light output. Elect r ic field applic~ti on 

results in an appreciable extension of ltght burst with a f .ront 

of about 1.5 fA sec. However, in t h e case of t h e IBR-mic rotron 

mode of operation at about 4 ~ sec burst duration, thi s did 

not essentially influence the resolution. 

Using this detector, measurements have been carri ed out of t 4e 

o<-decay after the resonance neutron capture by 147sm , 149sm, 143Nq 

and 145nd nuclei. The measurements have been made a t IBR used in 

conjunction with the microtron at resolutions 0.10 and o.OJ.Jllsec/~ . 
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Ftg.4 shows the curve of 0( - detect or counts as a function of 

nnutron energy, obtained from a 56-hour experiment with samarium 

Sc~ple. The same figure presents the analogous curve obtained using 

the ( h, J') detector. By comparison of these curves, the ratios 1;./r;; 
have been derived for 25 levels of the isotopes under consideration. 

The o< -widths averaged over resonances have been compared with 

the statistical theory predictions. It has turned out t hat for 

l~pNd and 149sm agreement is observed within the limits of 20~ 

whereas for 145Nd and 147sm disagreement reaches a factor of 

8 • J. Further development of these experiments is supposed to 

involve measurements on enriched isotopes of rare earths as well 

a:~ a search for the reaction ( n , o< ) in other regions of the 

periodic table. 

NEUTRON CROSS SECTIONS 

Neutron spectroscopy research at IBR includes the measurement 

of the total and partial cross sections for both fissionable and 

n1)n-fissionable nuclei. During the two last years, non-fissionable 

ntlclei experiments have been carried out in the rare earth region 

and for nuclei with A ~ 100. The information presently available 

for rare earths has been obtained long ago using samples from 

na.tural mixtures of elements at a poor resolution. In this connec­

t:lon a research program has been initiated and is in progress at IBR 

ftlr neutron resonances in this mass number region. In addition to 

the previously studied Pr and Tb nuclei, measurements have been 

mla.de with 165Ho and Yb separated isotopes. Transmission, self­

iJldication and radiative capture have been measured. The para-
' 

m'aters of a large number of resonances have been obtained. In the 

measurements, there have been employed a neutron liquid scintil - '. 
(n,.rJ .. 

l ia.tion detector with an efficiency of the order of 50%, aYscintil-
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lation liquid detector of about J~ efficiency operating in 

coincidence with pulses from two big tanks, and a (n,y}-detector 

with two Na I 100 x 100 mm crystals. Measurements on separated 

Er and Nb isotopes are currently in progress at IBR with the micro 

tron. The remainder of the studied nuclei are related to 

the region 60 < .II < 100, in which the infonnation about reso­

nances especially concerning radiation widths has been up to 

recently poor and inexact. The total and partial cross sections 

have been measured and the level parameters for seven elements 

have been deduced. In addition to the mentioned detectors, in 

the measurements use has been made of a neutron lithium-glass 

and scattered-neutron scintillation detectors. The advantage of 

the latter detector is a relatively high efficiency (about 10~ 

in the '-! 7T geometry) weakly de.pendent upon energy. The gain 

in efficiency is achieved at the expense of an increase in life 

t ime (5 • 15 ;u sec. depending on detector type). Therefore, such 

a detector can be employed on long-burst spectrometers. 

The miorotron brought into operation has made it possible 

to extend the research on medium-weightnuolei to a higher energy 

region. Presently measurements are under way with germanium 

isotopes in the neutron energy region up to 40 keY. For illustra­

tion, one of the experimental curves for radiative capture of 

natural germanium, resultant from the 20-hour operation of the 

reactor at the power JOO w, is shown in fig. 5. 

For fission and radiative capture studies for fissionable 

nuclei, a liquid scintillation detector with cadmium propionate is 

used capable of detecting both fission events and radiative capturE 

with efficiency rv 50~ and 25% respectively. The uetector permits 

to work with · f issionable element samples weighing up to s ever al 

hundred grams. The fission and radiative capture cross sections 
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have been measured for 239Pu and 235u wi th a r esolution of 40-60 

nsec/m in t he ener gy regions up to 15 and JO k eV respectively. Fig. 

6 pres ents the apparatus curves for radi ative capture and fission 

i n 239Pu, ob t a i ned from using a 8.8 x 1020 nucl./cm2 sample for ~ JO-

hour react or operation at a power 2 KW. The constant ba ckground of 

600 counts ha s been subtr a ct ed f r om both curves. With the aid 

of t he other dete ct or ( gas-fill ed xenon chamber) , ternary reso­

nanc e fission of 235u ha s been studied for energies up to 50 ev. 
A ternary fission event was identified by coi ncidences of one of 

the fission fragm ents with a long-range alpha. 

~~ NEUTRON SPECTRUM 

The neut ron spectrum oc curring in deplet ed uranium and some 

reactor materials (ni ckel , iron, stainless steel) is of conside­

rable interest f or reactor calculations. Such investigations have 

been usually made by t h e resonance indicator method with a loss 

an appreci able fraction of neutron spectrum information. The canst ·-

ruction of IBR made it possible to use the time-of-flight method, 

since at the reactor burst durat i on 40• 60 ;usee. the time of 

neutron delay in heavy eements is of no importance now and the 

high pulse intensity has permitted to use the flight path of 

1000 meters and t o provide a suffi ciently good resolution. 

The measurements have been made using the 50 • 70cm thick 

prisms from nickel, iron and stai nl ess steel dispos ed j ust near 

the reactor core29~ Fig.7 shows one of the char a ct erist ic leakage 

spectra for the nickel prism. One can cl ea rly s ee t he resonant struc 

ture of the cross section. The obtained exp eriment al dat a have 
' permi tted to make more pr ecise the system of const~ts employed 

in many- group ca.l cu1at.1. tl:n s . 
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Y- RAY SPECTRA IN RESONANCES 
tr .-- -----

The pulsed fast reactor IBR has been also used for spectrosco-

py of neutron capture Jr -rays in resonances. For the previous 

years, these measurements were carried out on a 100 x 100 mm ~~(Te) 

crystal single-channel scintiliation spectrometer, with information 

recorded by means of a multi-dimensional magnetic-tape memory ana­

lyzer. There have been studied praseodymium and barium resonances. 

For a more detailed study of this anomaly, present day measurements 

are made with semiconducting Ge(Li) detectors with effective volumes 

7cm3 and 5cm3 and resolutions 6.5 keV and 4.J keV respectively. 

The first soft ground-state transition measurements for 135Ba reso­

nances have been undertaken using the flat Ge(Li) detector J.5cm2 x 

4mm in size, the results published in ref. 9/ 

Now the measurements are completed for the 1-ray energy 

region from 0.4 to 10 MeV. For the sake of illustration, fig.a 

shows the hard ~ -ray amplitude spectra in 24.5 eV and 82+88 eV 

resonances and for the neutron energy region 15 ~ 1000 ev. The 

spectra are obtained from a 100-hour operation of the reactor in 

conjunction with microtrono The mentioned above anomaly is dis-

tinctly seen for the lines of 8.J85 and 9o210 MeV. 

NEUTRON POLARIZABILITY 

The investigation of the angular distributions of neutrons with 

energy up to 25 ReV JO/scattered by · heavy nuclei can be considered 

as an instance of a very hard experiment associated with the obser­

vation of the effect of the order of a percent. In this experiment, 

neutrons were < detected by 180 . B1°F3 counters distributed to nine 

scattering angles. The measurements were made in the reactor modf.; 

of operation at · a 250 m flight .Path. Statistics was accumulate :J. 
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during 200 hours. These experiments yielded in a few times more 

precise estimate of the previously known neutron polarizability o( • 

The value has been found to lie within the limits of-4.5 x lo-42 <( 

<of< 6.1 x lo-42 cm3• Fig.9 presents the experimental points .for 

coefficients cu at cos 6 in the angular distributions of diffe­

rent energy neutron scattering. The solid curves are plotted for the 

K values indicated in the figure. 

NCI£USION 
i 

The five-year operation of IBR revealed good experimental 

opportunities both of the pulsed reactor (IR) and the reactor 
I 

used in conjunction with an injector (IRI) for nuclear investi -

gations even at the present. very low average power (6kW and 1 kW 

respectively). In technical respect it is quite practiQable to const~ 

ruct a more powerful pulsed reactor, the optiaam magnitude of the 

average power is a few megawatts at a burst duration T=50 • 75~sec~l. 

The reduction of the burst duration advantageous from the viewpoint 

of the known 9/z-Z criterion can be achieved by using either mechan.1:-· ·. 

cal choppers syncr.ronized with the pulsed reactor, or electron 

injector. At the neutron pulse duration ~ the effective power 

will be equal to Q,wfai for the pulsed reactor with chopper 

(factor 1/2 takes account of chopper transmission), and Qefl=:tSI7:
2 

for the pulsed reactor with injector ( I is electron current 

per pulse in amperes
1
the fast neutron life time in IRI is accepted 

to be equal to 2 x lo-2 jU sec. 1 and the repetition rate is 100 Hz). 

At Q= 4 UW i T= 75 JWSec. the utilization of the injector turns out 

to be more advantageous at lr-> 5 amp. ['A sec. or 5a at r~ J..psec. 

When comparing power IR and IRI with other neutron sources, one 

should necessa~ily take into consideration the following research 

areas: 
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1) Traditional time-of-flight n eutron spectrometry aiming at 

measuring the ma.j or pa.~ameters of individual resonances ( £
0 

, ~, r;, 
} , JT ) i n the neutron energy range as wide as possible to 

establish the laws of these parameters distribution and to find 

their mean values. 

2) Detailed study of t he properties of individual resonances and 

the nuclear excited states resultant from their decay. For example, 

we can mention the spectrometry of resonant capture ~-rays: 

measurement of the electric quadrupole and magnetic dipole momen­

ta of compound nucleus resonant states321 and levels produced after 

J~-ray emission; rare reaction studies , e.g. ( n, ~ ); investi­

gat i on of fission products in resonances; investigation of the 

resonant line shape from the viewpoint of crystal coupling, etc . 

The work in these directions is presently in it s very lnitial stage 
- . 

For a few following years it will be restricted to the region of 

relatively low energies (say ~ 100 eV) since the neutron flux in 

the given energy interval~ E , as well as resonance strength and 

the intensity at the given ~f increase with energy decrease ( as 

a result, the effect counting rate is E-4• E-45). Since at E=lOO~V 

the neutron time-of-flight is about 0.07 ~sec/em, the time 

spread of delay (equivalent to de = 2om) and neutron detection 

makes it unreasonable to use neutron buysts shorter than 0.5 - 1 

.fr'Sec. 

J) Nuclear studies with t hermal neutrons which require the energy 

separation of neutrons, large pulsed f luxes or low backgrounds. 

The examples are n-e interaction, n-n scattering, and use of 
Jl,l 

thermal neut~on gas for a ta~get for the studied isotope ion beam. 

In the last experiment, neutron capture by nucleus fs detect ed 

by t . e mass separator at the beam exit or by induced activity. 
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Wi th varying ion velocity, one oan find the energy dependence for 

t he neutron capture cross section. An advantage of this method is a 

possibility to make measurements with a very small quantity of 

substance, which is of importance in radioactive nuclei cross 

section studies. 

4) Studies of neutron spectra occurring in reactor materials or 

multiplying assemblies. The spectrum occurrence time is a few micro­

seconds (depending on the substance mass number and energy region ), 

therefore such experiments do not require ver,y short bursts. 

5) Condensed medii studies with thermal and cold neutron scattering. 

6) Non-stationary effect studies at the neutron influence upon so. - : 

lids. 

A. STEADY REACTORS. 

A comparison of experimental data obtained using steady reac­

tors and IBR leads to the conclusion that the opportunities of the 

latter in respect of t he research trends 1,2,4 and 5 are not worse 

or even better than those of a steady reactor with a power higher 

by J orders. Apparently the gain will decrease up to 2 orders with a 

power pulsed reactor used (in view of the fact that a sample or 

detector will be unable to "see" the entire active zone of the 

reactor) and as compared to the more reasonably designed reactor, 

fo.r instance HFBR typeJ~/ Difficulties associated with heat re­

moval and fast fuel burnup oomplicat e the construction of the HFBR-' 1 

Type reactor of 500 megawatts with a flux of the order of 1016 

neutron /cm2sec. An equivalent pulsed reactor with a power of 

several megawatts may be constructed using the present day ex -

perience witn l iquid-metal coolant fast react 1rs. This kind of reac-

tor could be employed to carry out research r entioned in items 

1-5 -above. 
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B. LINEAR ELECTRON ACCE~TORS 

Since the electron beam energy release per neutron is about 

JO times larger than that in fission reaction, for all studies that 

do not require bursts essentially shorter than 1 sec. it is more 

advantageous to use an electron accelerator as a pulsed reactor 

injector. For the first item studies, electron accelerator operatioD 

without multiplier is more suitable ata burst duration less or 

comparable to the fast-neutron life time which is about 2x 10-2 

fseo. in the large IRI. The time spread due to the moderator be . 

comes equal to 20 nsec. for neutrons with energy E= 10 keV. Thus, 

only for spectrometry in the energy region above 10 keV, the multi­

plier has negative influence upon the work. To carry out research 

in this direction, it may appear reasonable to envisage a possi­

bility to use electron beam without multiplication. 

C.PROTON_!QCELERATORS FOR ENERGY ABOUT 1 Ge~ seem, in 

principle, to be more promisingJ4/, however at present such de-

vices are more expensive and complicated to construct. 

In conclusion we can say that the pulsed reactor of average 

power of several megawatts used in conjunction with choppers or 

electron injecting accelerator is a more flexible and universe 

device to carry out pulsed neutron research compared with other 

neutron sources. 
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TABLE I 

CHARACTERISTICS OF THE LABORATORY OF NEUTRON 

PHYSICS DETECTORS 

----
~etecto.r type Efficiency Detector or Time sample area uncertainty 

cm2 (Afseo ) --
Liquid scintillation 50~ f or 800 1.5 
lB.tural-boron neutron lOOeV 
ietector 25~ for 

lOl!eV 

~iquid scintillation 
oron-10 neutron 100J, for 500 0.4 
etector l OOeV 

J50J, for 
lOkeV 

.. iquid scintillation JO ~ 250 0.2 
n ,r) detector 

cattered neutron lOOJ, 250 15 
etector 

as scintillation 50" 7000 1 .. 5 
n, o<. ) detector 

iquid scintillation 50~ 250 0.2 
1ss1on detector 

'e (Li) detectors volume 
;}mJ up to 7 

Reference 

4/ 

4/ 

5/ 

6/ 

7/ 

8/ 

9/ 



TABLE II 

--
Target Experiment ty:pe Resolution Energy interval Reference nucleus r sec/m <Z.V 

Transmission 0!05 < 500 /10/ 
self-indication 0~08 

Transmission 0 .•. 05 
Radiative ca:pture 0,08 < 600 /11/ 
Self-indi cation o,oa 

Transmission o .. o5 
Radiative capture 0,05 < 400 /12/ /lJ/ Self-indication 
Scattering o.oa 

Transmission 0.05 
Radiative capture o.o5 < 1200 /14/ Self-indication 

Transmiss i on o .. o4 
Radiative capture o,o5 < 400 /14/ Self-indication 
Scattering 0,08 

Transmission 0,05 
Radiative capture o.o5 < 200 /11/ Self-indication 

Transmission 0,06 
Radiative capture 0,06 < 150 /1J/ Self-indication 
Scattering 0.,08 

Transmission 0,04 
RadiatiTe capture 0,05 <_ JJO /15/ Self-indication 
Scattering o,o8 

Transmission 0~_08 
Radiative capture 0.08 <Joo /16/ Self-indication /9/ Scattering o.oa 
r -ray spectrum 0~12 ** 



Target 
nucleus 

Pr 

sm* 

Tb 

Ho 

Yb* 

2JJ 
u 

Experiment type 

T:ransmlssion 
Radiative capture 
Self-indication 
Scatt ering 

((-ray spectrum 

(n, CZ ) 

( n, ol... ) 

Transmission 
Radiative capture 
Self-indication 
Scattering 

Transmission 
Self- indication 
Radiative capture 
Scattering 

Transmission 
Radiati ve capture 

Ternary fissi on 

Transmission 
Radiative capture 
Self-indica t ion 
Fiss ion 
Ternary fission 

Fissi on 
Radiative capture 
Ternary fission 

;r;-

TABLE II (continued ) 

Resolution 
~he&/m 

0,.04 

o;oJ 
0,08 

0 .. 1 0..;. * 

0.04 

b~b5 
0,08 

0.,06 
o.oa 
o.oo6 
0~. 50 

2. 0 

0,04 

0 , 6 

0.06 

1. 0 

Energy interval 
e..v 

<. 1000 

< 6oo 

( 200 

< 100 

< 100 
< 600 
< 60 

< 150 

1- 10 

• 

2-30000 

o.1 - 5o 

6-15000 

Reference 

/17/ 

/18/ 

/18/ 

/17/ 

/19/ 
/20/ 

/21/ 

/21/ 

/22/ 

/28/ 

/23/ 
/35/ 

Measurements · ere made on enriched isotopes. 

Measurements <ere made using the reactoJ" in 
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Fig.l. The lay-out of the experiment wi t h pol ari zed n eut rons : 

1 = the !'ea ctor ac tive z one , 2 = co l limator s, 
. 

J = polarized prot on t a r get, 4 = magnets , 5 ;:; spin r otat or, 

6 = :polarized s ampl e under inv estigation, 7 = shi elding , 

8 = detect or. 
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Fig. 2 . Experimenta l results of polarized neutron transmission 

thrcugh .Pola r i zed deuteri um. Indications are given in the ie.x{ 
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Fig.J. The genera l s chem e of t h e (n , o<. ) detector. 
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K = :cen on chamber, 1-t 7 = th e det ector vacuum pa r t ( pumpE. 

and the xenon purificat ion system) . c .. A = d etector electron pa:r1 
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Fig . 6. The r adiative captur e and fission vs. t ime- of-fl ight appa­

ratus cur ves f or 239Pt1. From both curves 600 constant back-

ground counts are subtracted . 
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F:Lg. 7 . The experimental spect rui·n of n eut rons transmitted through 

various thickn ess Ni pri sms .. 
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Fig.a. The amplitude spectra of hard y -rays in Ba 

sonances obtained with the aid of Ge (Li) detectors. Fig.9. 

The experimantal results of neutron polarizability stud 

Indications are given in the text. 

·-e1111.._ _______________ _ 


