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-1, Introduction:

In thirty years since its ‘begining,’ neutron spectroscopy .

has prorvide'd‘ a large amount of information on. the properties of

.:resonance states of many -atomic nuclei.  For nonfissionable nuclei -

such characteristics of resonances as Eo -, I - Fy s

more: rarely sp1n J , were determmed However, the nature of
‘resonance states is, as a rule, very complicated; therefore. starting
= from,so scarce qualitative v(not. quant1tat_1ve)‘expenmental material v
: ’one cannot hope to- understand the. prop‘erties of highly. excited

/nuclear states better than the nuclear stat1st1ca1 model can claim

to do. In: th1s connect1on, it seems of great 1nterest to. concentrate

'neutron spectroscopy stud1es on acqulslhon of the largest possible’
O number of p‘arameter's of 1nd1v1dua1 exc1ted states ‘and investiga-
t1on of the behawour of these parameters durmg trans1t10n from’

resonance to resonance.

From thlS po1nt of wew,‘the study of the spectra of secon-. -

dary partxcles emxtted after the resonance, neutron " capture is by



_far a perspective trend. The 'studies of ' v —ray spectra using
germanlum detectors have already drawn our attention to-a- number
~of peculiarities which cannot be- accounted for in the framework of ’
‘ the rough statistical model o S

New information on nuclear resonance states can ‘be obtamed
- by studylng the (n , a ) reactlon.‘The comparatlve "51mp11c1ty" of
' the a —partlcle and the advanced theory of . a decay: make it
'_possmle in a. number of cases to hope for a more complete analy—
sis of exper1menta1 data than in the case ot,the ( .y ) reactlon. B
"Unfortunately, because of the large Toulomb barrler for ti:‘ o
particles in medlum and . heavy nuclei, the cros= sectlons of thlS ,
- reaction are very smally therefore  its study requlres powerful neutronl
sources: and it has been started only in recent. years,' ° .

The investigations .of the ( -n , ) reaction on thermal

a.
neutrons were begun 10 years ago / / -and to the present ina-
number of laboratories .of the world spectra of «a particles after

the thermal neutron capture were studied .on 5 nuclei /1__7/ and the
M3Nd ( n,y a ) reaction was discovered / / E

. Of course, more extenswe and unamblguous data can be’
~ obtained from studies of - a decay of 1nd1v1dua1 resonance states :
of atomic nuc1e1. Such experiments were started in our:- Laboratory .
on the IBR reactor. In 1965 the first results on total a widths

147
" Sm. and.

 for 1_495m . resonances were obtalned / / and. in 1967 the'

first 'measurements of a  -particle spectra in individual resonances '
( "7 Sm (m,a ) / ) were performed, ‘ o

The studxes of the (n, a » )'reaction on the two I‘ines men—
tioned above are now being continued in the Laboratory. Some re-

sults of these investigations -are discussed in thls paper.



11 Installations for Studying the (a, a ) Reaction.,

on Resonance Neutrons I

The creatlon of modern po verful neutron spectrometers, say -
such as the IBR reactor, and’ large a —partlcle detectors made -
B 1t p0551b1e to begm studies in the new regnon "of neutron spectros-k

‘COPY, that is the studies of the (‘'n,a ) reaction. Such pecuhan-

. ties of . the (n,a ) reaction as e
1 a) very 'small cross sectlons (for med1um and heavy nuc1e1
.d(n.a)/v(n,y)< 107°); i
o b) a’very small’ range of the a ; particle to ‘be recorded_ in
.’the target substance, ' v ‘

c) a strong y -ray background ekceeding the a - -partic-le‘
1nten51ty by 6 to 8 ‘orders of magnitude - ' : :
called for creatlon of special’ detectmg equnpment ‘

In ‘a number of years - several types of detectors for - a ="
. partlcles reglstratlon and measurement of their spectra were.tested.
TIn measurements of total "a widths (for counting particles in N
) 1nd1v1dual resonances) a gaseous scintillation detector with a’
multllayer target with a. working area of O. 7 m2. was used. The
presence of an electnc field ‘of 800 v/cm in ‘which there was a

' "scmtlllator (xenon) was - a- typical pecullantv of ‘the detector; this-

S permltted the llght flash’ to be mcreased by 2 orders of magnltude.

The detector constructlon made it p0551ble to measure ‘the  effect -

-and the background 51mu1taneously & /(see Flg.l) Alpha—partlcle ,
v\"spectra were measured by ‘grid ionization chambers. A double

1onlzat10n chamber in whlch the plane of targets was inclined to— x

o wards the neutron beam at an angle of 15 proved to be good

" on the neutron beam from the IBR"Feactor. This permitted, using
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Cross secttons /14/ showed up. In the .2 -parttcle spectra

a Sllt neutron colllmator, only a’ small part of the: sensltlve volume

of ‘the chamber (out of: the - ‘space between the gmd and the collec-

.tor) to be 1rrad1ated by the reactor beam and thus the sources of

amphtude d1stort10ns to be conslderably attenuated/ 2/ (F‘lg 1)

F‘or neutrons; the tlme-of-fhg,ht spectrometry method was used

,The fhg,ht path varied from 30 to 100 m and the resolutlon varled o

’t'rom 600 to 30 nsec/m. For. measurements ot‘ the ( n, a ) reac- ik

tion cross. sections, . ' .a,  particles were recorded by 4096-—channel

time analyzers. For studies of the - a -partlcle spectra m md1v1-

,'~dual resonances, a, mult1—d1menslonal mag,netlc tape analyzer deve—

loped m our Laboratory / 3/ was used VVthh recorded the t1me of‘

,-.,,;fhght (2048 channels), the pulse height (512 channels) and the

number of the detector (2-6). Targets - conslsted of layers of the
sample, as a rule, . from separated 1sotopes t'rom O 2 mg,/cm (for "

measurements of the : .a’ —partlcle spectra) to 5 + 10 mg/cm (for

regxstratlon of .a partlcles) th1ck on an. alummlum backmg. The

energy. resolutlon of tomzatlon chambers in operatmg condltlons, S

on the reactorﬂbweam_,. accounted for.' = - 200" keV- for Eg =2

'8 < 10 MeV.

As an example of our measurements, in Fig, .; and 3 you o

“can see the dependence of the " a _-p'\r’ttcle yleld in the ‘”Sm

(n,a ) ’l“Nd reaction on the neutron t1me of t’llght and i‘the

-parttcle spectra’ m mdlwdual resonances of th1s reactlon.

;.,It is ‘of interest that m the time spectrum 1n the regton of a sufﬂ-’r

c1ent resolutton .all resonances known from measurements of other‘

(RN

, attentton is drawn by notlceable fluctuatlons of md1v1dual 3 transx-

tions. t'rom~resonanc_e; to. . resonance and no. dlstmct
p'redominance’ of the intensities of ‘a transltlons to the ground

state as it is the case in the usual a decay of the ground states .

- of even-even nuclei,



In: concIusxon of ‘the description of the experlmental technlque, .
9! wou.ld like to note ' that difficult background conditions often de—
mand cons1derab1e 1mprovements in-the: equlpment when  beginning
measurements w1th another isotope with a lower cross section.

: Thls noticeably affects the progress of lnvestlgatlons.

111, Discussion of the Results

. After resonance neutron w1th zero orbltal moment get captur-
ed by the nuc1e1 under study, even-even nuclel in excited states
w1th two p0551b1e values of spm and parlty, wh1ch comc1des w1th‘
the par1ty of the target-nucleus, are formed. F‘or example, in the v
case of the Sm N and ‘Nd 1sotopes J T = 37 or 4, ln the
overwhelmlng majority of cases, exc1ted state decays by emission
~of _y rays,. and only with a relative probablhty of < 10 5

a decay takes place (Flg. 4) Accordlnﬂ to the rule of summa-
'txon of angular momenta and the law of conservatlon of parlty, ‘

'a' decay to ‘the ground state am - 0+) is p0551b1e on1y for
r2sonances w1th one of the pOSSlble spm values, say J” -‘-: 37,

On’ one hand thlS fact makes the analy51s of the total a- w1dth=-

S dlstrlbutlon ‘more comp11cated on the other hand 1t prowdes the

experxmentahst w1th a new method of sp1n 1dent1f1catlon of resonances.
LA So far we have obtained- about flfty values of total a 1-w1dth =
‘(;f:‘ the 19g. 1475 : " “5Nd» .-," HaNd N /9 15/ BRRLR T

123T / / resonances, Spectra of a partlcles of the decay‘ of
o 13 resonance states of "*"Sm’ and‘ 14s Nd have been Ameasured.
ﬁl)Parhalawthhs o o
Alpha—partlcle spectra shown in F‘lg.3 perm1t us to observe

Cla two—dlmensmnal p1cture of ra decay by changlng 1n1t1a1 ( i



Hand final (- j )fnuclear' states. The 'partial a.’ w1dths measured

E expemmentally are determlned by the probab111ty of the a -parhcle

' “kformatlon at the surface of - the~compound nucleus (reduced partxal)

ak w1dths - ya e ) and by the factor of the nuclear Coulomb and
centr1fuga.l barrier penetrablhty ( P,g ) S R e

Tayy =‘2% }’azuﬂ' Py "=2'}’3‘1n% Pye T (1)

Due to the fact that in eXperiment the Vcontri'butions of a particles"f:,,;

. ,"Vit/h'different ‘orbital moments £ . to- the - l\-'] transmon cannot .

be measured separately, we have to use value of -- }’a” ave-f

: ,raged over . omitting - index £ (formula. . (1)) '

~ When- analyzing partial reduced a-. -widths ‘in the_’,“.Sm

(“n, @ ) reaction it should be noted that:

L ra)kResonances with E, .= 3.4; 20.7;  83.7; 123.4;

184 eV have a tI‘anSltlonS to-the ground state, consequently,

their spins -and - particles J7 ‘= 37, ‘
'b) For_ the 184 eV _resonance, . -the w1dths of the partla.l a

transition to the ground state "is” 30, tlmes as large as the value

- averaged over other resonances with the same value of spin (and

exceeds the - max1mal value by an order of magnltude) This is

'probably an- 1nd1catlon of the fact that resonance wave . function

' contams a substantlal persentage of the. admixture of - the two—quas1—;

:‘partlcle component of the part1cle-par'tlcle type see paper /17/ 'bvy
V.G, Solov1ev._ ‘ »
c) For the other resonances with J7 . = 37, the average’

reduced partlal a w1dths for transitions to the: ground state are -
3 times less than.u those for tranSLtlons to the flrst exc1ted state
- of the dauchter nucleus; this is: apparently a mamfestatlon of the Lo |
notxceable contribution of one—phonon types of excitation i in resonance

. states /17/.



d) Thevreduced partial  a -widths distribution is.described:

"’better by the Proter—Thomas dlStl“lbuthn with the number of degrees

~of freedom v - 2 than v =1 (F‘lg. 5) Th1s can be associated
k ~with the fact that in our case }’tzu s averaged over [ , For
‘example; for 37 » - 2% transitions (see formula (5) with - j Ck 1) "

- this gives us v o = L9, '

”'e) It is of ‘interest to compare reduced ‘neutron .and .«

: w1dths for. the nuclei studled' some t1me ago . Bethe proposed to
use exper1menta1 values of reduced neutron 'w1dths for the estl—

Vi'ymatlon of w1dths /1 8/. The data g1ven in Table permlt appa—
rently a prehmlnary conc1u51on that for some nuc1e1 the ratlo of

'the ‘mentioned w1dths ‘can’ be in’ the’ order of uruty to be drawn

‘f ,2)=;,’I“ota1~ a widths

By recording : the a -parhcle yleld in 1nd1v1dua1 resonances

we are able' to measure’ total ‘@’ widths ' ‘

T =2 T,
i

. BN LR S
ai aty =2<yq > T Py . o (2)

‘Stnce now  the : value of~<'y‘2“' > "is averaged not only over [ = but
also -over:the final states of a. decay (with weight determined '“by

~the relative quantity ° ) “the" dlstmbutlon of: total Tai widths - . ‘

"'-’can also be: approx1mated by analogy with part1a1 w1dths to ‘the, ==

APorter—Thomas d1str1butlon w1th the average value”

B “<.I"‘a.>‘_~g.=.‘2 <ygon > _ﬁ, P«'jZ e e . . (3) o



“and’ ‘dis'perjs"ion
DU R E DA ) =By TR R L (@
_ thlS glvesk R - o | , |
. | 2 | ) 2 " B i a0
» =.2<r‘ai > (%l ‘P,g )A‘: i
( i) L i ;E

(5) .

F‘lg.6 presents a) the vexpemmental dlstmbutlon of. total a. :
w1dths for resonances of the _K"-"S ( n, a’ ) reactlon and the P
theoretxcal one. takxng account of two possnble spxn values, b) the_,_n{
probabnhty for the resonance with a ngen value of Tayi to have;: :

JT - 3. The w1dths lymg to the left from the dashed line .
belong with the probablhty of 7 > 99% to resonances ‘with -
3T s 3 (for more details see /19/) -
If we assume that the statlstncal theory is vahd for. the
descrlptxon of a decay of resonance states, then we can cal-
‘cul;ate the avet'age valuée of. the total * a w1dth, S e in

where». D, is the: average .distance between 'res'onances w1th a g
given value :of, spln and parlty When calculatlnc ,g ‘in the
quasn-classncal approxnmatlon (t'or example ' / /) ‘we: ‘obtain- the i
theoretical ~values  <Fa2 2<la > kg ’/1'6/,. - Somewhat; better . agree; f’;‘v
ment w1th expemment -is ~achieved- by the penetrablllty calcula-' e
tions using the optlcal model [19,21/ (see Fig, 7). ‘

.4Thls is a brief account of the first: resuilts of""«the"in'\}efsti-, )

_gation of the ( n, a ) reaction in the resonance neutron region.
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IV, Problems and Perspectlves

The studies of @ decay of neutron resonances have
actually been Just begun, but perspectlves of the development of the
new branch of neutron spectroscopy are beyond any doubt This
would perm1t neutron spectroscopy and conventlonal nuclear
,spectroscopy, ‘which has long been successfully dealmg ; with
the study of. low—lymg states of atomlc nuclel, to be _still more

closely connected, progresslve experlmental and theoret1ca1 app—
'roaches to be borro>wed new 1nformatlon on the very process of =
decay to be obtained - -ete, i ‘ _ ,

Certamly, small cross sectlons of the ( n,a ) reactlon

'present great d1ff1cult1es to experlmentallsts productlon of high

U fluxes of resonance neutrons w1th a sufficient energy resolution
vcreatlon of detectors and spectorometers capable of preservmg

. thelr characterlstlcs in hlgh neutron and 7'}’ : —ray fields;. deve--
Alopment of spectrometrnc electronics ‘which can accept an over-.
‘load condltlon etc. However, when one overcomes these d1ff1cul—
“ties it will” be possible to extend cons1derably the range of .

: ,"nuclel under study and to proceed to the solution of a number

o of mterestlng physlcal problems. :

‘We have already started the searches for the ( n, a ).
B reactlon m the reglon of deformed nucle1 in order to be able to
study a decay of resonance states to the levels of the ro—‘-
" tational band Here even the value of Vet for total @  widths
: can glve mformatlon on the admlxture of rotatlonal type excnta-‘
: tlons m nuclear resonance states. 1f the magmtude of this admlx-. :

ture determmes, m general the probablllty of transltlon to the'

levels of the rotatlonal band then the values of ya“ mfor

11



different, j —states of one band wﬂl be correlated and will ;
fluctuate with Vet = 1 In the absence of such a correlatlon
for some - nuclei" (fo‘r' e_xample,' osmlum), probably | 'V,;,' =4,
“Attention should be drawn 'to the fact that in "future when'
measuring a - -particle spectra’ in & wider range of E& RRTECK

will probably’ be poss1ble to assess the” shape of the nuclear _‘

_potent1a1 and to notice 1rregu1ar1t1es weaker than those VVthh are, Lo

now supposed. to explaln f1551on from isomer" states.

The questlons of ‘the mfluence of the orb1ta1 moment of the
“emitted @ particle on the magnitude of reduced” " @'’ vmdths and v
also pa1r correlations (so far there have been contrad1ctor'y
opinions on thls questlon) /17 22/ ‘are to be ‘solved.

. “The study of the " a ‘-part1c1e mteractlon thh nuclei- usmg
the: opt1cal model - 1s galnmg in 1mportance not only for nuclear
physics” but also for astrophy51cs. Here’ the ( n,a ) reaction
can vyield umque 1nformatlon on’, the imaginary part of’ the opt1ca1 .
potent1a1 espec1ally for med1um and heavy nuclei, to’ verlfy the B
presence of giant resonances in: the strength functlon for a
‘partlcles. No v the ava11able exper1mental data - he in the reglon
of minimum of the a —partlcle strength functlon /21/

of giant resonances “shifted along ‘the scale of atom1c welghts

. The presence Lo

for even- and odd values of 4 ‘will ‘make ‘it poss1b1e ina number

of cases ‘to Judge about- the parxty of the state of the daugther p
nucleus resultmg from @ decay. ’

' Some’ nuclei after the ‘capture of resonance ‘neutrons . have .‘
suff1c1ent énergy to emlt more | complicatéd nuc1e1 than a’ partlcle :
thus m‘wthe-“Sm ( n, ®Be ) 14%Ce  reaction berylhum nuclei o

‘can emerge with the energy of =~ 12 MeV. I—Ieretofore our

measurements in ‘the 3. 4 eV resonanre have only glven the upper Lo

estimate: l"Be < 1 nanoelectronvolt

IS
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~More! complete analy515 of: experlmental data can, certainly,
'be made by studymg SLmultaneously va -paptn;le_ and. .Y -ray ‘
spectra and by . mvestlgatmg correlations bf differ"e’htvpar.tial "widths, L
cin md1v1dua1 resonances and resonance groups.‘
" o In conclusmn, the . author' would like to express :his smcere
‘.aratltude to LM. .Frank, R.L. Shapiro and 'V.G. ‘Soloviev: for useful
’dlscussmns and also to, co-workers of the Laborator'y of Neutr'on
,APhysms J.. Kvitek, M. Stempmskl, M.. Florek ‘M. Pshitula,: R,F. Ruml,'
V.G. Semionov, I.A Wilhelm and V.L E\,_ujn}an-whose results are” used

‘in this paper.-
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Table’

o Comparison of reduced neutron and'partial a

widths

Widths

Target-nucleus,

'123Te

1434, a

4584

'147Sm

14981]1 . _, ‘ﬁ!

5

4.3

1.9

5.0

‘ 1 09 ."VE:;'

ia

| Z ‘(,‘>(’V)

  0.2{{5)‘

0 8(5)

0 08(9)

0.007"

)

0500

e L Y37/< x,f >.

0-65 |

0. 26'"

0‘16

an

'06

&0042

10.006

002

In brackets you can see the number of w1dths over whlch the averaglng*was

made.
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