


I, Introduction

Within the quasiparticle-~phonon nuclear modelr(QPNM)/1-4/ one
can oaloulate'exoited states. of spherical and deformed nuclei. The
QPNM Hamiltonian includes an average fleld of neutron and proton
systems as the Saxon-Woods potential, the monopole .and quadrupole
pairing and the effective isoscalar and isovector multipole, spin-
-multipole and, tensor interaotions between quasipartiocles. They in-
clude oharge-exohange interactions. 0n1y partiole—hole (p—h) interac-
tions are usually taken into, aooount. In this report I.give.a review
of the papers devoted to the study of the influence of particle~ -
—partiole (p—P) interactions on nuclear characteristios and to the
QPNM generalisation to effective separable interaoctions of a finite
rank

2, - The QPNM Equations with Separable Interaotions of a Finite Bank

Expansion of central. interactions over multipolo A -and spin-
multipole LA inolude ‘the radial functions R*ziz.) - ‘and R (%2
that arevusually‘written‘in ‘a. simple separable form.,Nuoleon—nqcleon
potentials are sometimeslrepreoented in a separable form. Thus, sepa-
rable representations of rank f,,.< 5 for the Paris and Bonn poten—
tials provide a setisfaotory approximation for.these potentials.
Calculations of nuoiear charaocteristios depending on the matrix ele-
ments of effective interactions over slngle-partiole states are less
sensitive'to the radial ‘dependence of forces in  oomparison with ‘the
_oalouletions of few-nucleon systems where. the use.ls made of separable
representations of nuoleon—nuoleon potentials. Therefore, the ‘use of
separable interaotions of ‘s finite rank in oaloulating characteristics
of oomplex nuolel 1s justified. - :

The QFNM equations with. effective separable interaotions of a-
finite rank have been derived in ref, s o The radial functlons: for
p—h and p-p separable interaotions of.a rank nm“x are '

R”,(z:,i;) = i‘* R*(zl) R* ") R™(az) ~ Z R*“( )R‘L@ J.

- We perform the Bogoiubov transformation and introduce the operators
of quasipartiocles *sg; » oljr; and phonons (Q + A3 a re-

a.
- sult of‘transformation the QPNM Hamiltonian 18 e
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where %: is the quasiparticle energy on the subshell j + The first
two terms describe quasiparticles and phonons in the RPA and H
describes the quasipartiole-phonon interaction.

For the energles 4J),; and wave functions Q) (éi of one-phonon
states of the eleotric and magnetio type we get the RPA secular
equations as a determinant equal to zero. The rank of the determinant
18 12 * Nmax » 1ee. [, times larger than simple‘separable inte-
ractions with an‘ ={ If p-p interactions are neglected, the
rank of the determinant 18 4. M. :

For the solutions of the RPA secular equations when the energles

&,; and phonon amplitudes ‘VA‘ and - ?“' are found, Hamiltonien
(2) appears to be determined. It contains no any free parameters
and no unfixed constants.

In the QPMM the wave funotions of excited states are represen-
ted as a serles in the number of operators;'iniodd'nﬁclei each term
is multiplied by the operator of quasipartioles. The approximation
implies break off this serles. In most of the calculations performed
earlier, the wave function oonsisted of one- and two-phonon terms.

For doubly even nuolei the secular equation is written as an
equality to- zero of the determinant whose rank equals the number of
one-phonon terms in the wave function. Effect of the Paulil principle
in two-phonon terms of the wave function leads to the factor 4 —+

+ H(ni s t,) and shifts the two-phonon poles A (Ad,h, i ) o Witn
the use of the finite rank Npag > 1 of separable interactions the
rank of the determinant does not lncrease inicomparison with nm
The inolusion of separable interactions with nm,x>»l mekes the
expressions for A (hi, A, 'L‘) + and U:‘:‘ =) caused by the
quasipartiole-phonon interaotion, more complicated. This complication
of the functions turns out to be unessential’in’ computer calculations,

Thus) the basic QPNM equations have been derived in ref./5/ for
P-h and p=p isoscalar and 1sovector multipole,: spin—multipole and
tensor separable’ interaotions of a finlte rank. The finite rank of-
separable interactions makes the RPA equations more complicated,

which is unimportant in computer caloulations. Most important 1is the
fact that allowance for the finite. rank separable equations doesnot
,result in any essential complication of equations for calculating
the fragmentation of quasipartiole and. oolleotive motion. This '
implies that the QPN{ may serve as.a basis ~for calculating many

A~properties of atomic nuolei anﬁ speotroscopic factors of nuclear
. reaotions.
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.ﬁ* Decay of Neutroa-Deficit Nuclels Strength Functions
of (n,p) Transitlons and Renormalisation in Nuclel of the
Constent of the Axial-Vector Weak Interaction

3e

Monopole pairing and p-h interactions play the baslc rolefin
describing low-lying vibrational states i:d gianz ;Zzozz:2ezhzwn "

« 4s concerns p~p interactlons, -
diiffﬁgggot{piZeir role is important in describing double ,2 5 izzay,
Gamow-Teller (GT) A" decays of neutron-deficit spherlcal an ‘e -

med nuclei and the strength functions of GT (n,p) transitigps. Lios

In the RPA with p-h and p-p interactlons the summed tt va+
determined as( }b) Zi(&t) have been calculated for G?v f%ji;; iﬁéréy
transitions where the summation was over the states ¢ n e o
interval A% . In this interval aé, there are nu;lear le:e s to
which the experimentally observed decays proceed. +he sing e-;;a°1e »
energles and wave functions of the saxon-Yoods potential, monop

I _o GT interactlions were used 1n the calculations. A

e te zniaicilations 7,8,10/ and experimental data are listed
iieT::izlzf :ccording to the calculations, the low-lying stazei—4 it
occupied by intensive ‘ﬂ decays are separated by the gap ©

from higher-lying states. Therefore, the results of calculations are

almost independent of the posltion of low—lying states. Thetp-i ene

1 GT strength and shift a par (¢}
interactions decrease -the total -
GT strength to the higher-lying part of the spectrum. In the Zat;:la
tions, the main role is played by the T7T matrix elements, an
: with the same number of constants
s has'a symbollc

use of more complex interaotions
fixed from the experimental data, as i: refs.
s been demonstrated in ref.
meani:iea:gzzement of the calculated 4%3 £ ‘values wi;f the eTp::if-
mental ones, demonstrated in Table I, takes place ‘at | <?: i‘ é{ .
and ‘under renormalisation |6a/g, | =1 o In ref.’ thi z ied‘ }R
strength of the- GT(n,p) transition on 4Fe has been caloulated. '
"eu - T5 MoV 1t-was obtalned that S,= 4.2 which 1s in agreement
; h o 2 8 measured in ref. 12/ 44 the 54Fe(n p)54Mn reaction.
:i:h iicreasing renormalisation of the constznt of the axiii::;ctor
weak interaction  Ga one should decrease | for descrt ne.
{i of the GT A" decays, which will make the agreement. .
calculdated value of 4§, with the experimental one worse; :
Based on the calculatlons of 457.fé for ‘the GT-A decayi o L
a large number of neutron—deficit spherical and deforﬁe% nu;lir;nii-‘ 7
in Table I, and total strength functlons §, of the G n,zdition :
tions we can state that in’ complex nuclei-the following co

rshould hold: \ G’A/G \ , (3)




Table I
Gamow-Teller s+ transitions O;,). —~ 4t
ﬁf ~transition log £t exp. lgg 1t ? calc. )
Jorsg, | =1 6/, | = 125

Deformed nuclei G A = 8,3 MeV " A =8.5 MeV
166pp _,. 1661, 4.8 4.8 5.0

166yy, ., 166qy 4.9 4.9 4.9

164y, _, 164y 4.8 4.7 4.7

162y, — 162qy 4.7 4.7 4.8
Spherical nuclei G A = T.5 MeV o A = 7.8 Mev
Ly 4 306 3.5 , 3.8

152yy, —» 152qy 3.4 3.4 3.

152, _, 192y, 3.9 3.5 ; 3.8

1505, _, 150y, 3.6 3.5 3.6

1485, _, 148q, 3.9 3.8 3.9
L46py _, 146m, 3.8 4,0 4.1

108g, _, 108y, 3.4 3.5 a3

1065, - 1061, 3.2 ‘ 3.3 o34

Wag, . 1047, . 32 3.3 32

1040, . 104 4,00 3.8 . 3.8

10204 _ 102 3.6 3.6 3.5

100cq —» 1004, 3.2 3.2 o a

98py ~ 98my 3.5 3.5 3.4

96pg > 96my 3.3 3.4 3.3

4y > 41 3.6 3.6 3.5

4 further experimental study of A7 decays of neutron-deficit
spherical and deformed nuclel 1s necessary. Henormalisation of the &
in ggglei can be determined more accurately by méasuring /%* decay
in Sn.

.

4. Low-Lying Vibrational States in Deformed Nuclei

Within the QPNM with monopole and quadrupole pairing and iso-
scalar and isovector p-h and p-p multipole interactions one can
study low-lying vibrational states in deformed nuclei. The calcula—
tions are made with the wave function

i (k) = %Z RLQ

(14 Supitses) ) |
+ Afil, hafaia i + + (4)
ALF Z[H s (-4 } o-/‘:+<r ,5% Ko P,\/«.i,)y(,il Q,. ,‘-,Q . lsﬁ_f
aeAl k.0 7 0. Wik A GG o,

1/(1‘—2
The Pauli principle 1s taken into account in the two-phonon terms
(4). The variational principle /132147 was used to derive equations
for the energles ?', and coefficlents RV and P»\,/m Apeis ® Pho-
nons are celculated in the RPA with p-h and P~p interaé%ioiéﬂ For the

l( O states from the condition of eliminating spurious states
there were derived equations for monopole and quadrupole pairing
which have been 1nvest1gated in ref.

Good enough description of the energles, B(EA ) values and the
structure of quadrupole, octupole and hexadecapole states 1n168Er,
172yp ana 178Rf has been obtained in ref. 24/ . It 1s shown that
nonrotational states with K" =0-,1-,2: , 3:'and 4% with energles
up to 2.5 MeV have dominating one-phonon components.

. The study of vibrational states with K '+ O in well deformed
doubly even nuclel has shown that the energy and structure of each
state are determlned mainly by the single-particle energles and wave
functlons of the Saxon-Woods potential, monopole pairing and p~h
isoscalar multipole interaction. The multipole p~h isovector interac-—
tion,gquadrupole pairing and multipole p-p interaction are of minor
importance., Inclusion of the p-p interactilon improves the desoription
of vibrational state§; Moreover, 1t Justifies the‘applicability of
RPA to describe states with an energy less than 1 MeV.

- FPhenomenologlcal methods of describing low-lying vibrational
states are based on that the first quadrupolé and octupole states
are collective and then there are no collective states up to those
forming glant quadrupole and octupole resonances.

A qualitatively new result has been obtained in studying low-—
-lying vibrational states: the EA strength distribution differs in
some cases from the generally accepted one. In particular, there are
cases when collective 1s not the first but a higher lylng state with
a given ‘( s or the largest part of the EN atrength is concentra-
ted not on the first states but in the energy interval 2 = 3 MNeV.

. Consider now the E3 strength distribution 1n168Er shown in
Table 2. According to 718/ the first K= 07, 17 and 2 states are
collective. Six collective K" = 3™ states have been observed. On

.




. . .
S s there are 1.3 s.D.u.j an
the first three 31 ’ 32 and 33 stateIn e v, from e
on the fourth 34 state; 4.68 SePelUes T whe 2
2,50 MeV 7.9 s.p.u. are concentrated. This distridbu o
strength sharply differs from the standard one. Tabl:M21sho¥s -
results of calculatlons. in the QFNY, in 7%2/ I ﬁ?Ej) o
IRl + £ poson in 11/ . In the calculations the "
. . a
ere normallzed to the experimental value of the 3" l1 stateturned
; ult, for the first 373, state the calculated B(E3) value
res ’

t
t to dlverge by & factor of 500 from the experimental one. If mes
ou

« state, 1t 18
d not on the first K 8 ’
of the BA strength is concentrate This 1s confir-

‘ ibe 1t within the IBL
4cally impossible to descr
prZc;yciheycalculations in /11/ in the IBM.1 + f boson model 1n
me

of
nhich the first three K'= 3~ levels are omittea. The main parzdered
s
:he £3 strength 1s concentrated on the 3 state which 1s con

ee K'=
by them as a first collectlve K = state. The first thz - 3
states are neglected as two—quasipartiole ones. The state IA; oia
1 Bnr cannot be thougyt two—quasiparticle states. [ .
% e imental data 118/ o (dp) and (tel) reactlons, their
ing to the exper : i e
wase functlons contain the sum of two-quasiproton and twquuawctions
ron terms. According to the experimental data on (oot r;h ‘ 60,
’ are -
the B(E3) values for the K}, =37 3", anmd 33 -states Jos e
times larger than the values for the corresponding two-gquasipa
e
states.
Agcording to the calculatlons

168Er agree with the experimental data.

/147 4n the QPNM, tne B(E3) values

27 and 37 1in
§Sanlthelk“; 31 stateslthe fourth 3j state has the la:ges:uhiiz)Ej
value, which 1s in agreement with experiment. The totatooz 6pMev
strength concentrated on the states with an energy up . -
equals 20 SePeles according to thiiexpeiiment7l data . ’ !

ing to oalculatlons in

2 ;hz.;.i ac:;Zigti distribution differing from the standardtone
i1s observed in other nuclei. In T2y apart from the first i dst:}
the second g state 1s also collective. By the" experimi;ta X : er,

172!b that ooncentration of the E2 strength 1s 1. 7 times larg
in the interval from 2 to 3 MeV than on the first ot state. Lo the

It is to bé noted that in some cases the’ predictions made in

IRM and QPMM strongly differ. Thus, according to the ‘calculations
in sag IBM in 16%Er for the I" K, /14§ '3, -state B(E4)=§0084S-p-u;,
and according to the calculations in-the QPIM B(E4 = SeDole
It 1s expedient to check this discrepancy experimentally.

A On the basis- of calculations in ‘the QPMM 1t has been concluded
/20/ that collective two~phonon states do not exist in deformed

6

EMeV Therefore, the:conolusion about th"'
‘;-phonon states 1s valid.‘ig;f’

.and N.Yu. Shirikova for joint investigations as a: result of" whioh
-some- of the above-said results have been obtained. 7: :

Table 2

¢ 168
E3_Strength Distribution in Er
I1=3 Exp, /16/ ’ B(Ej)s.g.u. ,» calc.
u E ' "sdf IBM IRM+‘boson

1’<y Me¥ B(Ej)s.p u QPR 724/ /16/ /17/
S 1.431 3.92 4.6 U 3.92 5.5
37 1.541 0.25 0.14 134.6 -
27 1.633 4,94 4.6 4.94 8.0
37 1.828 0.60 ' 0.6 2.30 - -
oy 1.913 - 1.96 3.0 1.53 4.6
33 1.999 0.42 - 0.3 0.085 -
17 - 2.022 - 0.3 - 1.1
3 2.269 4,68 20 85 5.8
2; 2002 - 0,2 - 0.3
(330 2.2 1.53 - 0.034: -
13 - - 4.9 - 2.6
(3’ .. 2,486 1.70 - 0,017 -

nuclei. The two-phonon is the state in which the contribution of the
.two~phonon term to wave function normalisatlon exceeds 50 %, The
calculations/14/ in the QPMM with p-h and p-p interactions gave the
energies and B(EA ) values for the 2; “and first octupale states

“which are in reasonable agreement with experimental data. With in—

clusion of p-p interacticne “the collectivity “of: these states decrea-

jses thus decreasing the shifts Aco of two-phonon poles. ‘The shifts: =
".turned out to- be equal £0:0,1=1.5 MeV. The energy centroids -of the’i‘

lowest collective two—phonon states calculated in /147, are 2 5 =430

: bsence ‘of collective two—,ri

< The QPNM formed ‘the basis for calculating the energies and

" structure of states of deformed nuclel, It is possible to: calculate o

: ; the EA transition probabilities between exoited states.‘Of great -
»)interest 1s the experimental study of excited states of: deformed nuc- e
_lei with an energy 23 MeV. We hope that'these experiments will be =~

’.carried out at a new generation of acoelerators with a large energy‘
‘resolution, :

In ccnclusion 1. would like to thank V.A.Kuzmin, A, V. Sushkov,;-
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Conosses B.I.

BnuAHve 4acTUUHO-UACTHUHEX B3aWMOAENCTBUIY Ha Bo3ByxaeHHwe
COCTOAHUA chepuuecKux u AedopMHMPOBAHHLX RAAED

EL4-83-259

flPOAEMOHCTPUPOBAHO, UTO B PaMKaX KBA3MUBCTUUHO-DOHOHHON MOAENM RAADA MOXHO
NPOBOAUTSH pacueTs C IPPEKTUBHBMU KOHEUHOFO PaHra Np,. cenapabenbHbiMu Bsaquo-'
AeicTeuAMU, YueT cenapabenbHux B3auMOAENCTBUA G Npay > | He npuscAMT K Cywect=
BEHHOMY YCNOKHEHWO BLUMCIEHMI QPaFrMEMTALMM KBA3MUACTMUHBX W KONNEKTUBHMX CO-
CTOAHUMA. HayueHa ponb Y4acTUUHO~UYACTUUHBIX B3aUMOAENUCTBUM
okasuBanT Gonbuwoe BNAMAHME Ha ramos-Tenneposckue B pacnagw v (n,p) nepexogw. -
Ha ocHoBe xopowero ux onucaHuUA yTBEPKAAETCH, UTO NEPEHOPMMPOBKA B AAPAX KOH-
CTaHTH aKCUANLHO-BEKTOPHOro cnaboro B3anMMOAEeNCTBUA HEBENWKA WU ]GA(GVI 2 1.
B KOMA ¢ p-h u p-p B3aumoAeicTBMAMM NONYUEHO AOCTATOYHO Xopowee onucaHue
HAIKONEXalMX KBAAPYNONbHBIX, OKTYNONbBHHX M TFEKCafAeKanonbHuX BUOPayUOHHHX CO-
CTORHUN B pAAe aedopMUpoBaHHWX aaep.HccneposaHo pacnpepenenue EA-cunw cpeawm
HM3IKONEWAUMX COCTORHHI WM MOKA3aHO, UTO B OTAENBHHX CNYYARX OHO OTAMUHO OF

CTaHRapTHOro - OCHOBHAA YacTe EA~cunu CKOHUEHTPHpPOBaHa He Ha nepaom, a Ha 6o-
Nee BHCOKWMX COCTOAHMUAX.

. llokazano, uTo OHU

PaGoTa Bwnonvena B flaGopaTopuu TeopeTuueckon Puamku OUAH.

"

Mpenpimt O6senMHEeHHOro MHCTHTY T AREPHBIX HCecnenoBaHuit. ly6ua 1989

-distribution among low-lying states is studiéd; it Is shown that in some
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It Is shown that in the quasiparticle-phonon nuciear model one can per-
form calculatlons with effective separable Interactions of a finlite rank
Npax- Inclusion of separable Interactlions with npax > 1 does not lead to .
essential complication of the calculations of fragmentation of quasnpart|c1e
and collective states. The role of particle-particle interactions is stu-
died. They are shown to affect greatly the Gamow-Teller g+ decays and
{n,p) transitions. Thelr good description allows us to make a conclusion
that renormal izatlon in nuclel of the constant of the axlal-vector weak In-
teraction is not large and IGA/GVI 2 1. A good enough description of low-
lying quadrupole, octupole and hexadecapole states in some deformed nuclel
has been obtained in the QPNM with p-h and p-p interactions. The EA strength

cases ‘it differs from the standard one: the main part of the EA strength
is concentrated not on the first but on higher-lying states.

The investigation has been performed at the Laboratory of Theoretlcal
Physics, JINR.
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