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The characteristics of the highly excited states (resonan—
ces) are considered which are. necessary for studying their struc-
ture. It is shown that the possibilities of the time—of—flight »i
techniques in neutron spectroscopy as applied to the study of
the highly excited state,structure.beoome essentially richeryy
if unstable nuclei»and isomers are'nsed as-thertargets. Theiin-'1
crease of the state‘density with excitation energy and the de-
pendence‘of the density on the mass number are-explained qualita-
‘tively On the -basis of the data on: the reduced widths “for the .

S -neutron capture and the El transitions to the low—lying
states the contribution of few —quasiparticle components to the
highly excited state wave functions is estimated .The ‘problem -
of correlation between the reduced neutron and radiative widths
is studied and some ‘cases are indicated in which one can expect-
large correlations. The problem of correlations between (ny )

and (dp ) reactions is also oonmsidered.



1, The structure of the ground and low—lying states ‘of
'spherical and deformed nuclei is rather well described in

the framework of the~semi—microscopic approach by means of

'quasiparticles and phonons. The low—lyins ‘states of nearly : i‘i o

: ‘magic nuclei are pure quasiparticle or one-phonon states. ;t‘

However, as we move still away ‘from masic nuclei the admix-' »
: tures of the highest configurations and the multiplet split- ‘\.t
';tins energies increase and all the nuclear spectra become o8~
g sentially more complicated. The nuclear states of transition
regions are especially complex. In the case of strongly deformed
- nuclei the lowlying excitations are rather pure quasiparticle'
and one-phonon states. o ’ B

’ In spherical and deformed nuclei & complication of the
' ~state structure with increasing excitation energy ‘is observed.
~Fragmentation of the single~particle states proceeds over an .

1,2°

7"ever~1ncreasing number of levels .VIn nearly mAgic nuclei ‘the

complication of the structure besins at an energy 1. 5-2.5 MeV -

c- and proceeds far more slowly than in other nuclei. This con— ¢ S

208

cerns ‘especielly nuclei near Pb..The seneral resularities

“ o of complication“of the structure of states and of - increase of

‘their density have’ been observed up to an excitation energy
2-2.5 MeV., o e =
‘To understand nuclear structure regularities it is neces-

‘sary to know howfproceeds the complication of the'structure”of'

'1.‘states,’increase‘of their densitj”and fragmentation of ‘single-

V . particle states with increasins excitation energy and what is.

- the nuclear level structure at various excitations. !



The highly”excited states (resonances), i.e. the nuclear
states with excitation energies close to and larger than the -
neutron binding'energy, are very complicated, their density
ie very large. Therefore they are usually treated by the nuc-‘
lear statistical model.

Since there is no point of thinking about calculation of
Ithe enersy and wave. function for each resonance and. about ex-
perimental determination of their quantum characteristics the
problem arises as to what one should know about the structure

.‘of highly excited states. An attempt to answer this question
ris just being made in the present papar. L ’
' The paper is devoted to possibilities of studying the o
structure of highly excited states by neutron spectroscopy me-.
‘rthods. The problem of finding some components of the wave func-
"tions of: highly excited states by analysing experimental data
on resonance neutron capture, resonance gamma and llpha decay

,and correlations between various processes is considered.

2. In ref./B/it ‘was suggested to study the structure of
'highly excited states by means of the wave functions contain-
1ng a large number of components with different number of
quaslpsrticle and phonon operators. In ref.2 it was demonstQ .
rated how_effective this approach is‘for the study of the
ihighly excited state”structure. As an example, we consider

' the wave function of the highly excited state of an even-even




deformed nucleus. -
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. In this formula only few—quasiparticle components are -

given,,besides them there are many—quasiparticle components.

The quae:.particle operators 0(.70" are connected w1th the nuc= " .

‘leon operators. G W by the relation oan’ Uq«a «*erb?;’,ﬂ«;r Fy
S where UQ' and v'q, are the Bogolubov transformation coef=
R ficients. The coefficients b define the contribution ofm ‘
~ the corresponding quasiparticle component, L bei.ng ‘the num-:f S
ber of the resonance with a' given 1// ‘e The set of the -quan-~ -
tum numbers characterizmg ‘a s:.ngle—perticle state is” denoted
by ( q,(l') 0= , neutron states by {SG" ) and proton ‘ones
by { 'YS/ The index t=n J.mpl:.es the neutron system and t"P
the proton one. By Qj we denote the product of quesipart:.cle
vacua for: the neutron and proton systems. The: products, like
gl (r a(.q,— '. oo in eq. ‘(1) are replaced by the palring ‘vibration
phonon operatore SZ’;( t} For- the remaini.ng notations see - "
ref. ’3 The ‘wave functlon of the highly excited state with
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I>qu /_Z' + /2}' i.e. with- large I, which cannot be N

forned by two quasiparticles contains no tems with b—. @ﬂiw
{ata t’ S : :

and b/ﬂ (‘}4.0'9«,_6‘;}. BN

', ’ The .wave function (1) has a’ very general fom and is
actually represented as’a series in the sen;]ority number.

‘It can be applied to the description of low-lying, intemediate :

and - highly excited states. It is reasonable to uee the wave ! ‘

. function (1) for the states up to excitation energies at th.ch

for the levele with a given / 77 the following condition R

/_'<<D BT Y (2‘)"'
I,ie fulfilled, i.e. when the total resonance width F
© much emaller than the average spacing D between the levele
1with given 7'7 ‘ = ‘ :
The wave function (1) can be easily generalized as appliedi,
to deecription of the collective etates or the states contain-
k ing collective components. Then new terms containing the ap—‘

o propriate phonon and quasiparticle operators should be added to’

the. wave function. S
o

B 3, Let us attempt to answer the question as to what we o
' should know about the structure of the excited states, in go~- B 2;
v neral and of the highly excited states, in particular. : .

We repreeent the excited state wave function in the form .
~(1). To clarify the excited state etructure we. should be aware
“,of the following characteristics of their wave ﬁmctions-



1) values of few (one, twq}quasip&rticie components.
and the region of ‘their change in neighboring levels,
‘ .2) total contribution of few-quaSiparticle components,- v
3) dependence of ‘the contribution of - individual few-,‘
qussiparticle components and of their total: contribution ‘on

excitation energy éi and spin I,

g4) dependence of the contribution of individual- few-qussi-ftf

particle‘components and the total contribution'of them on:the: = -

masS'number‘A, i“e. how.these values:-change as:one' moves away

from magic nuclei to transition nuclei and further to: strongly ne

deformed ones,

5) the contribution of three- and - four-quasiparticle
”,components,
6) the rolevof many-quasiparticle components,’ - .
7) Which'collective‘excitation_branches are essential,
'8)~distribution of the'single-particle-state strength over

nuclesr levels and its dependence on the’single-particle energy

(w1th respect to the Fermi surface energy), spin and ‘the msss-

number . A, -
" We should also answer the following questions:
1) Vhat is the nuclear shape in highly’ excited states,

2) how is revealed the rotation of the nucleus as a whole

"'in highly excited states and how good is the quantum number K,;

3) . do the wave functions of some highly excited states

'contain large components defined by some quantum numbers (for BRI

e

the exception of isobar—analog states),



..‘\‘

) 4) are there else: unknown branches of the collective ex-,

‘»citations° 17:» L S

R is interesting.to account for the large density of

1'Ahighly excited states and to investigate the density as a func- A
. tion of excitation energy, ‘spin _f, and mass nunbers }q e,

"should also determine the ‘total dansity of the states with all - -

the values of spins ‘l, . ) oL
‘ The study of the excited state structure is tightly. related
to the establishment of - the mechanism of the aporopriate nuc=.

lear reaction. In the present,paper attention is focused on-

the highly excited state structure whereas in most. papers: the

o:con31deration is made from the point of view of the nuclear

7'reaction mechanism.

b, Integral characteristics like. strength functions for

S -neutrons or- those in beta decay give an . important evidence

i for ‘the highly excited state structure. However, ‘to answer the

above questions 1t is also necessary to study characteristics
of individual resonances.

The average spacing between levels with identical Splns :

in medium - weight ‘and heavy nuclei is from 1. ev.to 10 keV at

excitation energies close to- f%, . Therefore the study of the .-
structure of some highly excited states (resonances) needs ex—

perimental techniques with very high resolution. The use -of the .

" time-of-flight techniques, havrng a very high resolution for -

,slow neutrons, ‘allows one to determine energy, spin (not always



unambiguously), neutron width and partial gamma and alpha widths
for each resonance separatély.

However, in neutron spectroscopy the time-of-flight tech-
‘niques has the very high resolution up to neutron energy
0.1-10 keV. ‘ ‘

Therefore, one may study the structure of resonances lying
in a very narrow interval of excitation energies and spins.

The - energy ‘J".nterval is A 6= (0.1-10) keV. and. the excitation
energies B,, - to ~B,, *Agk ‘are available, To make this inter-
val wider great methodical difficulties should be overcome.

- When: the ,S -neutron is captured by the target-nucleus
with epin _Z-., it i\ possible to study highly excited states with
spins _:/: -+1/2. The extension of the spin interval of 'l;he stafas
under investigation, i.e. the study ‘of the s'_tates‘ with spins
_Z; 7 % ’ —Zf% . and so on is very difficult.' This is explaiﬁ-
ed by the fact that. the P and d " neutron capture cross. sections
are fairly small at: low ene_rgies and with increasing neutron-
energy the resolution’ of the method becomes much worse. .

In order to conéeife more completely the highly exited
state structure we should take into accoun"b the.féc't that the
neutron binding energy Bn' changes considerably in the transi—
tion from one nucleus to another. This just means that it is
possible to study‘ the resonance structure at. different. excita-
tion energies. Table I gives the an values for odd-N isotopes
of bapium and ytterbium. It is seen that. the(B, values change is

139, 7
going from BI& to Ba by 2913 keV and from ,‘ﬁ Ato( r by



1260 keV. For medium-weight and heavy nuclei .being neaz; and
inside the beta stability zone Bh Tuns the values 4-~10 MeV,

- If the 8 -neutroﬁ is captured by an even-even nucleixs,
compound states MtnIﬁ=%* are formed. If the .S‘-neutroﬁ
is captured by an odd~A nucleus then compound states with‘z;tﬁe )
i.e., with spinsfto 5 are formed since the maximum spin of the
ground state of an 0dd nucleus is 9/2. Evidence on resonances
with higher spins may be obtained from S -neutron capture by
odd-odd nuclei. For example,” when the § -neutron 1;1 captured

by -”_SZU with / P / " and configuration P 404 ¥ +£)514 ¥ compound
r = L
states of" i with 7=

fz‘_and /%_are produced.
The possibility of using the time-of-flight techniques in
neutron spectroscopy becomes essentially richer if as the targets
one ‘employs unstable nuclei and. isomers. If one uses neutron-
deficient isotopes for which the Bn /

can obtain evidence for resonances at high excitation energies,

values are large then one

and if one uses neutron-rich isotopes for which the Bn values
are not large then one can study the state:structure at somewhat
lower excitation energles., If the S -neutrons are éaptured by
an isomer of an energy 69 and: spin IC then one cah obtain
data on the structure of resonances with energies from B” fge
to B, *&e +A€ and spins et % . In other words, there
‘is an essential extension of the region of excitation energies
and spins to be studied. _ ; )

In table 2 we give the characteristicé of the ground and

isomeric states of a number of nuclei, It would be important tp



use fhese nuclei as the targets for studying elastic scatter-
ing of neutrons and the /nJ’) and /ﬂd) reactions on"resonances.
’We discuss what evidence for the resonance structure may
be obtained in studying the capture of .S ~-neutrons by iso-
mers. Table 3 considers four cases, »
If the K] -neutron is captured by an isomeric L[/ then
compound states of 17 LU of an energy B + 171 keV and
_LJ' = H/g and I% are produced. The ‘reduced g -neutron

capture widths are

[i'= .s',o IZZ b /2'0—- 37 Saﬂ”g)ll_,/ /ﬂp, %)
IF"-'}é . ) '

where /‘s‘}l =/m'f§/4 %/‘/ and the term /?“ is related to a
more complex neutron capture mechanism than the direct ons. If
the direct neutron capture mechanism is pr;dominant then the
reduced neutron widths give information on the contribution of.-
three-quasiparticle states of the type ,0401/‘ X hoof i'['/z *
( n/z are the neutron smgle-partlcle states with 7'”-/*)
to the wave functions of the resonances with ,Z [ 7= /ﬁ - "/-
and /7 - /'72 at energles differing by 171 keV. ‘

When the ,S -neutron is captured by/ 9/L// being in the
ground and isomeric states, compound states of * Hf' of an
energy of 7330 keV and apins y*, l5+ and of an ‘energy of 8436 keV
and spins 127, 13" are produced. When the neutron is captured
bf]ﬂwqa being in the ispmeric state ’there‘ are produced~highly

1I
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excited states, the two-quasiparticle proton state- with spin
8~ being, as if, superimposed on the states wijbh spins 4% ang
5%. The reduced width for capture of the .§ -neutron by the
isomer with /]/7"?22- and configuration Se ¥ +25 = nogyt+
+pllﬂlﬁ+pf/4f is of the form

[F=lspl4 S b‘z"% sttt Jusl 177

”‘_

If the diré‘ct neutron capture mechanism plays a predominant
role then from the reduced neutron capture widths one can ob-

tain information on the contribution of the four-quasiparticle
components /)//04}*/75/# +n62Ub£ N’ 4o the wave function of

Yl - -
the highly excited state with _/ g =12 and 13,
. 4?7,
iWnen the § -neutron is captured by the isomer’ LU with

an energy 969 keV and /{7‘—‘,2% - the reduced width is

{ : 2 ‘ oo
[i= f,;/6£ bp3"7,+,s,+,sé+, .go;)aq,/ +/7. (5)

oy

Then it is poss:.ble ‘to obtain information on the contribution
of the four-guasiparticle components p4'04f+/7624/+/75/4f +n/ *
to the highly excited states of % i with spins 11~ and 12".
When the § -neutron is captured by an isomer /-/7& qf an
cnergy of 1142 keV, {*=8 end configuration Zo# Z: =p404t +p 5144,
excited states with Iﬁ= /f/-? ) and ,73 h are produced the wave
function of which with _Z_ﬁ’—‘/g * is, as if, superimposed by
the vwo-quasiparticle proton components u"._‘rhen the reducea

widnt 18 ol the rorm

I2



7" =/sp. 22, Dfp/szv toe, Vi U 12+ 17 NG

Evidence for {:he contnbution of the th.ree-quanpartlcle components
p wost + p 5148 1+ /z+ to the highly excited states of /-/;f
with 17 = 15/2~ and 17/2" can also be obtained.

There are many examples of such a kind. However, it is clear
without recourse to them that the use of unstable nuclei and »
" isomers as the targéts enlarges noticeéblj the neutron spectro-

scopy possibilities of studying the highiyh éxcitéd state structure.

5. Now let us discuss the problem of the dénsitj of ste_ltes
with definite spins near B,, and its dependence on the excita-'
tion energy and the mass number. The high density of these states
is explaiﬁed by the fact that due td the iﬁterqgtion of single-
particle and collective desrées of freedom and, possibly to pther -

-

forces fragmentation of the sipgle-particle states proceeds over -

.many nuclear levels. Inb ref.2

a simple model is vused to demonstrate
how this fragmentations proceeds. With increasing excitation ehergy
the fragmentation of the single-particle states becomes st;rdnger
and therefore the state density increases as well. Table I gives
the average 'spacing'between the I //": 724. levels in the Ba and
Yﬂ isotopes. It is seen that it decreases with 1ncre§asing'excita-
‘tion energy.

i In :r:ef.4 the experimental data on ﬁhe average spacing _D

between Tesonances with definite spins and excitation energies

Bﬂ are sgummarized. Qualitétively, _D as a .mnction of the

I3



mass number and spin may be explgined on the basis'df the fact
that the density of highly excited states having non-zero few-
quasiparticle components is mainly defined by the interaction -
of single-particle and collectiveldegrees of freedonm.

. For example, the density of states in nuclei near the
doubly magic nucleus /%6 decreases sharply. In nearly magic
nuclei the lowlying states are practically pure 51ngle-part1cle
states and the one-phonon states have a comparatively high
energy. Therefore the fragmentation of 51ngle-part1cle states
in these nuclei begins at higher energies than in non-magic nuc-
lei and proceeds more slowly. Therefore the high density in
nearly magic nuclei is reached at much higher energies than 3, .

Aﬁother example., In ref.4 one gives the _27 -values
for states with large spins which are approximately the same
as for states with small spins. For example, in 1ZQLLI for sfates
with /=% ana /#p ~D=2.4 eV at B = 6890 keV . Such
a large density may be understood as follkws: a neutron is ab-
sorbed by éu with /fl 7" ana configuration P 4ot +n514d
then compound states of A[_/ with _[ % and 15/2 are for-
med for which the wave function of the [/ // * states hav1ng
a large dens1ty is as if superimposed by the two-quasipartlcle
components with _/ " ;7-

6, In ref.a’3 it is shown that the reduced neutron capture
widths and the partial resonance alpha and gamma decay widths '
may give informatioh on the integral'contributiqn of some high;y

excited state wave functions.

Iy



We find the order of magnitude of the few—quasipartlcle
component ( % ) from the reduced neutron widths and the par-
tial E1 trensition widthe and discuss some particular features
of radiative decays of resonances.

The reduced width for the .§ -neutron capture by an odd
detormed nucleus (with neutron in state Se ) is written in

the form

i2n . co V)]
=/spl 2. bi /5.0- 55 Jus, I+ 177

+
where /STP m{.p ; ﬂ—'!/— MeV. The quantity /" is assumed to be

small and is omitted. We estimate /://3,0 For medium and
heavy nuclei [i*= O/CV /5 Sp ~/0‘€V Uyz ’"/ therefore

o = 0= b (55, 5:05) s, /= i) 7,

where ﬁ is the average number of states w:.th_[ / +
for spherical nuclei /1 =4 , for deformed /7 = 2-4. Hence
it follows that

2 ’ .
(b ) = /0 - 0" ()
We estimate (bp,- ) from resonance to low~-lying states
bty trénsitions. The signle-parficle width for E1 transition is

[ E1)=018% [Ey (MeD) ey )

In ref.” one uses

—[ug (Efev /s gféf//
Ker= (Ex(MV) D{MeV)- 4% e CIe(E] T on

—L'?‘é-L//—/ 10 /ff/ .D/MGV)

15



Accord:mg to J:efs.5 *~ for medlum and heavy nuclei /151_3 10 3
Z) =3.10" =3 MeV, therefore %%—Z /0 6
The matrix element of £, // transition from the highly
excited staté described with the wave function (1) to the ground

state of an even-even deformed nucleus is

T Nt )= - . @) (e o y £5.
M4, I7 +0%) > AU [r= g Il1EA) 19,4 >

197 457+ <90 ITEA) g -y lg0 4,6,

here 4g0' I/ /[J)/?ﬂ" > is the sinsle-particle matrix element

of the electric multipole ‘ = U v"/_ ba—
? 4
) e e k1

The matrix elements for Ej and transitions from resonances

to single-quasiparticle, two-quasiparticle and one-phonon states

A
are given in refs.3 7, Taking J.nto account that- US,S;_ ~,r— 7

we write (10) for the fj transition from resonance If*.l A
approximately in the form

Mt ;47 ~04) =8 < SITENSz> I bils,0;8220). ")
$0°

H , 1t follows that

ence ollows /-l. CE/} - 0‘6__/‘1’ 2=,
fateg ~0=67Ni

therefo:;e .

(1)

(') =10°-107



i.e. ﬁ;: 1-5, i.e, the number of terms in (10) must as a
rule be larger than in the (7).

To obtain a more accurate estimate for the few-quasiparticle
component /bfﬂ' } one should measure the part:.al widths for
f 1 transitions froml —-_‘l - resonances to the ground states
of even-even nuclei. The [1 transition involves then the mi-
nimum number of the terms of wave function (1). As t]_:é tragets
one may use,fde ’Iﬂgd nﬁ?ﬂy '69& smm‘ "IU//fI" ”/Hf
and other nuclei. "

The ratio %o of the average spacing between levels with
definite I " at energies B” to that near the Fern;i energies

-§. This value is about two orders:

in nonmagic nuclei is 107910
. -_" .
of magnitu_.de larger than / D1'77 ) 2 obtained for few~-quasiparticle

conponents from the'reduced neutron capture and [-t transition
widths.Apparently this difference should not be taken into acco-

- ,
unt since the main part the strength of single-~particle may be

concentrated at several levels at energies lower than Bfl'

The study of [i transitions from resonances to low-lying
states in strongly deformed nuclei is interesting from the point
of view whether the quantum number /r (projection of the momentum
on the nuclear symmetry axis) is good for highly excited states.
It K 18 a good quantum number -for highly excited states
then there must exist /( ~forbidden Ef transitions from reso-

nances to low-lying atates. To answer the question whether
the K -forbiddenness exists it is necessary to compare the

reduced probabilities of [1 transitions from e.g. _Z-/’:f

;

I7



resonances ‘t;o low~lying efates' with Tﬁ/{illzand 1/*0

It is quite possxble that. the role of the quantum number K

is not identical in different terms of ). Therefore it

would be interesting to investigate if there 1e /f ~-forbiddenness
ixi Ei and Mi transitions to two-quasiparticle proton states
of evexi4even nuclei since these transitions are‘hot correlated
with the neutron capture probabilities. 'l‘hgre'are large pos-
sibilities of studying M -forbiddenness in odd-odd defor=

med nuclei., ' k | ‘.

There is experimental evidence for the fact ith.at in a num -
ber of spherical nuclei Mfi transitions from resonances to iow-
.l.yrn& svates are noticeaply ennanced (566, €.g. 1eze. 8,9 ),
Therefore we consider M:l transitions m epnerlcal nuclei.

The wave function of the highly excited odd /V epherical nuc-
leus with I”hrﬁ ¥ is written in the form: -

Yilte)=by: ”‘/’”l—*/‘ *Z ZDma{/’””/-Um/’m’ m wzﬁm%

where jm is the total momentum and its projection.- The matrix
element of Mi transition from the highly excited state described

by the wave function (12) to the single-quasiparticle state
with wave function 0‘/ n% _4/15 of the form

Mmi; 1ot */f)“ iL /./41/77,;:/ -mlip)</Ir; /M/}//¥>

?%;bj/; ;/'/% /‘ )/"/Z’”//mz_/znk//ﬂ/{/z Timlys >
mon

I8



”/4('2} { be” | (//mf/' o e )4 b;’:f”&r" KT mzj} (3)

" where <ﬁ/F/M/)UI > is the single-particle matrix element,
W - Z.//Z‘//' —"-‘1,"7 Z%/./ For transitions between states like

'35/5 24{9;éthe,mtru element 455%//7/‘7‘//11/5 73 > ".is zero.
‘Therefore the M1 transition proceeds due ,to the three-quasi-
particle part of the‘wave‘function (12). Of most importance

must be transitions of the type U,,l,/ =[-;€ ‘/é:["'//é/_b./?c

the matrix elements of whic/h 4[—'%//'7// *72>§re 1a;'ge. The com-

; ponents like ( [ s ’ ["’o’é ) form collective 1% states, which
_may lead to an enhancement of Ml transitions (see, e.g;
rer,10 ). '

i

5

7. Let consider the problem of correlations between
prbceases proceeding through one and the same resonance. The
reactions ( /7 X )and ( NA ) are considered as two-stage
reactions: the first stage-capture of a neutron and formation
of a highly excited state, the second one - decay of the highly
excied state. l

The correlation of two processes going through the same
state (e.g, through an i-th resonance) may exist if the main

contribution to both processes come from one and the same com-

ponents bj7,- of the wave function “). Our_approach to cor-
relation studies differs in pi‘:lnciple\ from the channel. capture
thooryn in which correlations are due to non-zero ‘Xaf:'?v s which

I9



is the neutron width of the flnal state # for channel c,
(see ref.12) .

The highly excited state strﬁcture is very complicatéq,
since the wave function (1) contains a large number of nongéro
few~ and many-quasiparticle components. Therefore the correla-
tion of two processes proceeding through one and the same re-
sonance ‘occur rather rarely when the ferqﬁésiparfiéle.compo-
nents play in these processes the most important role, Correla-
tions are most strongly manifested in the region ﬁhere the

S —wave"neutron étfength'fuﬁctions.are large. '

It is'hard»to~expect large correlations between neutron
widths and radiative widths averaged over many resonances, es-
pecially if radiative widths are averéged over many final states.

The correlations between total reduced neutron widths /70
and reduced partial radiative widths./;z; are analysed in re£. 13,
It is noted that these correlations are most.clearly demonstrated
in the case of [1 transitions from IF;‘/- regonances -to- the
ground states of even-even nuclei. The correlations between /T
and /qpf occur in radiational transitions to two—qua91particle
states, llke{?,‘%) , where 9/0 ‘is related to the ground state
of the odd nucleus which has captured the neutron. The large cor-
relations between: /-Za and /;,f in gﬁy (ref. /14/) and %
(ref. 15) are accounted for in ref.13 ‘

Owing to the fact that the expressions for the highly ex-
cited state wave functions are ver& complicated it is worthwhile

to speak about the most favdurable case when large correlations

24



B gocur’ between /? and /;(f These correlations may show the
“role of some components “of the wave functions ('1). '

: It is not difficult to determine more clearly the cases .
‘f‘when the correlations aze ‘absent’ at all. On the basis of the
expressions for /2'0 and the matrix elements of E./{ ‘ and N/{
. .trans:Ltions (ref 3’7 ), one may conclude that there are no
correlations between /:' ° and /-' f for the following gamma
transitions.wa) N_’l transitions in- spherical nuclei, b) fj
‘and M/i transitions to two-quasiparticle proton levels and
two-quasiparticle neutron levels ( S K SZ } which have .3# So, :
and . Sa# Se /I'_7(./-f in even—even nuclei, e) [/{ and
M/{ transitions to neutron—proton levels (%, §- ) :Ln odd-odd =
~‘nuclei in which for the proton V4 ;f‘l'o and for the neutron Ky

s IT# 4%

Ve show, for example, that there are no correlations bet- e

: ’ween capture of an ,5‘ -neutron by spherical nucleus and Ml
btransition to a single-quasiparticle state. The ‘wave function o
of the highly excited state of an odd-N spherical nucleus is
given in: eq.j(12). The reduced § —neutron capture width . is

Rl 10 I uf R N

; /The matrix element of an M1 transition to the single-quasipar— co

ticle state is presented in eq. (13) the first term in the right-"»

hand side is zero. ‘It is seen -from eqs. (13) and (14) that the’
neutron capture is mainly defined by the single -quasipart:.cle
component and the Mi transition by the’ three-quasiparticle
component (12), therefore these processes are not: correlated.
The correlations between the reduced neutron capture w:.dths

7’ end the reduced alpha widths : Jauf s between J,,uf and
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' /-’(4/- for the same resonance l are cons:.dered in. ref.a. It

- -should be stressed that there is a necessxty of" simulataneous
3 measuring alpha and gamna w1dths for the same resonances.

. Ve consxder the correlations between gamma w1dths in the

. transltions from resonances %o different flnal states. The matr:.x ,

element of EI{ tra.nsntion from. the highly exclted state to the

slngle-—quas:.partlcle one of an odd /V deformed nucleus described"ﬂ .

A by the wave function ds;"it é‘/ is

.M(EA I” - /f"f/ ZD}}/s)zf"” {<6;e+lf/[,///5 > ..

| ‘°;< 5,« +l/7£/l)9*2 ZB&n*&p) ”?? {bmz /¢ - ;m;,a;)a*

(15)

| ,,v_<.(}+//'/[,1)/¢ +> -b[; /?oya' .§¢o*}<9+//7£,1)/9 >'_’ .
TTu ’;j, }}“’( /s) [x"‘/s /*Y’rs)} {<~f*/f A—’J//SW *
+0;¢'4- S */f/E/f)/ Svgj.—?];: ,

. where the functions X /S } and Y* /S ) characterlze the pairing 1

: vibration phonons2

. ’l‘he correlat:.ons between the transitlons ‘
from resonances o different slngle-quampartlcle state exlsts '

if the transition prob ®ilities are defined by one and the se.me c
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077[[5) -values a.nd the three-quasi-particle components are B
‘not important._ o L el
| The matrix elements for ﬂ and M/' transitions to the o
o-quasi-particle states in even nuclei are given in refs 3 ’7
7 : These expressions contam the terms which are J.dentical for
- transitions to two-quasiparticle states /9,, ?z differing by
: the position of only one quasiparticle, besides them there I
H‘are other terms The cases when gamma transitions from resonances :
' .to different two-quasiparticle states are mainly deternu.ned
fby one and the same components of the wave function ('1) and
' when these transitions are correlated are not expected to be -
frequent. However, ror example, in 07;77 one. observes correla-i
tions between gamma transitions to low-lying states'15
, We consider the _correlation problem between the reacti’ons k ;
: ( bnr ) and ( d/) ). v:vhich was widely disc"usseda"‘s. One may o
A 'speak about then strictly if the reactions are treated as di- .
‘rect capture of the neutron to the final state. If the. (nf ). -

L reaction is considered as the two-stage one. the neutron capture

e _and the fornation of a compound state and then the decay of the

. latter, it is impossible to speak strictly about correlations
g ‘betwean the ( n f ) and ( dP ) reactions. However, if the
'neutron capture and the gama decay are correlated with each .
‘ other (i.e. they are defined by ones ‘and the sane 017' -Va= :
‘ "lues) then the selection rules for population of the final states.
o in even nuclei are identical for both ( nr ) and (dp ) reac-, .

tions and can be displayed as correlations of the relative

s
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probabil:.t:.es for population of the fmal etatee in cn d’ )and
(dp ) reactions._ ' ‘ o
It there is no correlat:.on between the neutron capture a.nd
!rad:.at:.onal decay (1.e. the first and the second processes are
connected w:.th dlfferent DIT’ values) then the (dp ) a.nd
( n f ) react:.ons are not related to each other at all and no
"'correlatlons are to e observed. For example, the /d/a} ‘reaction
must not be correlated w:.th the neutron captnre and a eubsequent
Mi trans:.t:.on m spher:.cal nucleJ.. : ‘ .
, It is J.nterestmg to analyse: the available experlmental
‘m'data on processes proceedmg th.rough resonances in medlum-
,7weisht and heavy nucleJ. from ‘the pomt of v:.ew of the suggest:.one

made 1n the present paper.}

ws
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