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lliHTHKOBa K.B. E4 • 10995 
CrpyKrypa nerKRX SI.!lep a Meroae K-rapMOHHK nnst paanulfHhiX 
B8pHBHTOB HyKJIOH-HYKJIOHHOf'O B38RMO.llefiCTBHSI 

B MeTone K-rapMOHHK uayt.Ianacb crpyKrypa nerKux s:~nep. B castau: 
c 9THM paasuaancSI ~opMan~aM Mero.ua runepc¢epuqecKHX ¢YHKUHH. Hccneno­
aau aonpoc o nocrpoeHun runepcljJepuqecKax rapMOHHK c aa.uas ... 
HOfi IIepeCT8HOBOqHofi CHMMeTpHeH, pa3BHT8 s¢~eKTHBH8SI f'9H98J10f'Hlf9CK8SI 

T9XHHK8 1 peKyppeHTH8SI ITO '-IHCny HyKJIOHOB B Slllpe, nonyqeHbi MBTpH'tf.Hbi9 3119 

MeHTbl pa3JIWIHblX. ¢JH3R'l{9CKHX OITepaTOpOB, 3aTeM 3TH <f:lopMyJibl IIpHM9HSIJIHCb 

LlliSI OIIHC8HHH pa3JIHl!HblX CBOifCTB B.llep. 0ueHHB8fl8Cb 38BHCHMOCl'b peaynbTB­

TOB pac~era or aapuaara peanHCTHtieCKoro HyKnoa-HyKnoaaoro noreauuana. 

Hayqanucb saepruu CBSI3H, cpe.oHHe Ksa.opaTHtiHhre pa.a.uychr, aoa6y)KneHHhre 

COCTOHHHSI HOpMBJibHOil H BHOM8JlhHOii t{€THOCTHt IIapaMeTp C)KHM8€MOCTH 

H KnacrepaaH xapaKrepHCTHKa Hllpa. Yiccneaoaanucb smpa lp -o6onoqxu 

B npH6JIH)K8HHI:I K-Kmin "K""'Kmin +1. nonyqeHHble peaynbT8Tbi II03BOJIHIOT 

C,QenaTb BbiBOll, 'LfTO OTHOCHT€JibHOe IIOJIO)KeHHe B CIIeKTpax ypOBHe:H MeHee 

'LfYBCTBHTeJibHO K sr.r6opy napaMerpoa rroremmana, qeM a6comoraoe aaa'LJeHHe 

saeprHH csHau. B nurronbHOM ruraHTCKOM peaoaaace cymecraeaaa npuMeCb 

COCTOHHHH TpH qaCTHllbi - TpH JlbipKH H ITSITb t{8CTHU - llSITb .!lbipOK. napa­

MeTp C)KHM8€MOCTH nerKHX SI.!lep 38BHCHT OT B8pH8HT8 HyKJIOH-HYKJIOHHbiX 

CHJI, OTJIH'LJBeTCH .OJISI H30B€KTOpHbiX H H30CK8JIHpHbiX COCTOHHHii, HO He Me­

HSI€TCSI npu yaenu'LJeHuu saepruu soa6y.>K£l€HHH SI.llpa. 

Co06UieHBe 06'1oeJUIHeBHOrO BBCTBTYT& B.llepBWX BCCJJe.llOII&Jid. ~y(IH&-1977 

Shitikova K.V. E4 - 10995 
Structure of Light Nuclei in the l{ -Harmonics 
Description with pifferent Nucleon-Nucleon Potentials 

The structure of light nuclei is studied 1.vithin the K -harmonics 
method. First we briefly consider the structure of the wave func­
tional p3-rentage coefficients and the matrix elements of various 
operators. Then several nuclear properties are described by the 
obtained formulas, 1 using different realistic two-nucleon potentials. 
Binding energies, rms sizes, excitedl states of normal and ano­
malous parity, compressibilities of the nuclei, the cluster structure 
of the ·wave functions, etc., are studied. The lp -shell nuclei in 

the K =K min and K==Kmin + 1 approximation are investigated. 

The investigations have been performed at the 
La bora tory of the Theoretic a I Physics, J!NR. 
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1. The K-harmonics aethod has been widely used recently 

in the theory ot light atomic nuclei. The first and successful 

applications coTer the three- and tour-nucleon problema/11. Later 

on the method was generalized tor arbitrary A 121 and applied 

tor calculations ot the binding energies and low-lying excita­

tions in the light nuclei. IeTertheless, there ia no ayatematic 

study aTailable in the literature which would concern the di­

Terae naclear properties treated simultaneously within the 

technique of K-harmonioa. SUch a study was hampered by the dit-

ticulties met in constructing ot the bnJerapherical h&l'llo-

nics (BSB) with a definite pel'lllutation sy.metry. This problem 

is reduced to the study of transformations which connect BSB 

expressed in the different seta of Jacobi coordinates. Recently 

/4/ the problem was aolTed by applying an ettectiTe recurrence 

(in the nucleon nuaber A) technique ot the tractional-parentage 

type. Aa a .. tter ot tact, this method ie a natural extension 

ot the tranalational-inTariant shell-model techniques/51. 
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In the present paper we study the structure of the K­

harmonic wave functions. Some useful formulae for the frac­

tional-parentage coefficients are given together with the 

matrix elements of different physical operators, SUbsequently 

these expressions have been used to estimate, e.g., the spectro­

scopic factors and compressibilities for all 1f-shell nuclei 

using several choices of the nucleon-nucleon residual inte-

raction, The k = K mitt. and k..,,.l1 t { approximation of 

the K-harmonics method has been employed in the calculation, 

2, The wave function o/ of a nucleus consisting of A 

nucleons must be translational-invariant and, therefore, the 

Jacobi coordinates xi ) xl. .... J XA·t are u~ually selected 

as its arguments. Each of these coordinates )(i is the 

distance between the centers of mass of two nucleon groups 

with P< and ~ t' nucleons, respectively ( Pi J ~,· ~- 1 ). 

One can introduce the normalized Jacobi coordinates £.. ~ Xii}Ji 
where JUr: :: p,· q, m is the reduced mass, and 111. is p,. + q.t' 
the nucleon mass, The standard set of the Jacobi coordinates is 

-
Here '1... 

L 

'XI : 1 -
- ( 'l, - i ) rfi I l, 

- r£[1-- 1 xl, = V J T (~, • '~-,) - i".. J 
( 1) 

- { - -rq A-1 

X - - - ~ 
A-I - (A. i f 'lt' A ) ' 

are the coordinates of the i-th nucleon, Each 

coordinate of the standard set determines the dietance between 

the i + 1-th nucleon and the center of mass of the group of 

nucleons numbered 1,2 •• ,,i • The choice of the Jacobi coordi­

nates may be graphically illustrated in the form of a "Jacobi 
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tree" 161. The Jacobi tree shown in Fig, 1 corresponds to the 

standard set of the Jacobi coordinates (1). The non-standard 

Jacobi tree shown in Pig.2 describes the following set of the 

Jacobi coordinates 
- f - -
X1 =~('l-i) Vi" I L 

- f(_ -) 
X. :: .r.- t - t. 

1 1 L 3 1 

i=I(i+i -i -z-1 
3 1, I k 3 y I 

(2) 

The K-harmonics method consists in that spherical coor-

dinates (the collective hyperradius r and JA-4 

hyperspherical angles) are introduced in the J(A-1)-dimensi-

onal space of the Jacobi coordinates and the wave function 

~ of the nucleus is expanded in the hyperspherical harmo­

nics which are the standard functions of these angles /7/, 

Now we consider the structure of these functions, Let one 

have the Cartesian coordinates in the n -dimensional space 

X, 
1 

i.t 
1 

X
3

... . i/1. • The hyperapherical angles ~ 1 ~ •••• ~-I 
can be chosen so that the Cartesian and hyperspherical coor-

dinates be related as 
X = q o~r·tt f:) h.h (J h."t-r.FJ 

I I ,_,.. . ~ I 

X.t : r kn-t .. kn.~ ~ f9L 

x. , "' rt 51../1, 9 co~ (} 
,. - 1 I II· 1 n -.t 

0 < f< 
- '00 

o~B<J.Ji 
1 

(J) 

x,.. = r ~1 Q 
0 ~ @K < 1[ K f: i. 

k- I ~t ~li X/ 
This set of the hyperspherical coordinates can be graphically 

represented in the form of a hyperspherical tree (see Pig,J), 
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~~2 x
1 

3 

x2. 
A-1 

A 

XA-l 

R 
:Pig.1. 

4 

:t:3 

R 

Pig.2. 

Xi . x2. 

'<I x3 

C"io.<('o' 

.'0 ::r 'h. 
~.,. 

Pig.). 
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If a set of hyperspherical coordinates (3) is used, 

the volume element J}J in the n-dimeneional apace is of 

the form 

dJ! " rh:, ML ... UH :: !H df o/.fl_ 

where the element of the solid angle r/J)_ is 

dS2. :: krr, H {) ~-in H () k.n f) 
It-/ h-l ' ' ' ' .t. 

The Laplacian is given by the expression 

dL 
/j =: L dXL = 

/1,- f't. /1, 

_{ () ( ~-/ ·() ) r-' -ii r ~ + :L ~_Q~ 

(4) 

(5) 

(6) 

The hyperspherical harmonics are the eigenfunctions of 

the angular part of the Laplacian: /J S{__ 1-r-

LJ_Qh- YL M ( 9~ J =- etf, (ell- f h -tJ ~f/Jt)· ,7 > 

The value K is an analogue of the angular momentum at n•J 

and is called the global moment. The subscript Y denotes all the 

quantum numbers necessary to distinguish various degenerate 

states of equation (7). Por V , it is expedient to use the 

Young diagram [ f J , the Yamanochi symbol ( i ) , and Ud 

the orbital moment of state and its projection. 

The fractional parentage coefficients are used to calcula­

te the matrix elements of various operators. Using the single­

-particle fractional parentage coefficients one can express 

the function of A particles through the products of the func­

tions of A-1 particles by the function for motion of the last 

particle with respect to the center of mass of the A-1 particle 
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group. The formula of the fractional parentage coefficients 

< A /A- i) using <A-1/A-2)will be rewritten as /4/ 

< A~[ 1 L t 1 A -1 gt [ jtJ Li tl I ef ) := • 

_ j f'tt h.f' f r-7 ~ff',/Jtj~ 1.f,~/J.. 1tz, I 

~ h-f ~A -Q {qflllfJ SK K' ~ t' ~~ t-(A-f)Lft) ;:~~ 
I I I 'f J. K.Z.Ij' l't't'l 1 1 v f 

I ;}l I I I ~ kl 1\o 

( . I p I \[/J I ')"· K.IJJ 
' Lf1

1

][fJ A-f,A Lf, 1Jlf'J/·(~~ ~~~ lf "fL"/,"Jj;,·J'J.j~ 

I < A- 1 K I [ f ~ l 1 l 1 
J A -1 K 1 

[ f 1) L I l 1 t. I) t ~~ f I II)J 

· < A-1 KILfiLit'IA-11< [ f,'J L,' t/) ~~)> 
·U(L'e'Lf ·L'L)7l(L 1tU 'L 1L) U[J'/' y,· · 111} 

1 ,t, J, } • 1 I J, 1 f I dJ; d)- J 0 

(a) 

Q t = 1 t (A -1) [ :~I' < [ f, '][ f J I p I [ fi'J[ f'J) OJ 
L'l'K'lf'Jt~A .. K. A-lA 

I I I I l I I o I e' t. I 

· <A~i K'Lf'J L1 l' /A-t K'LI'J L' tl e~\. (-!) + .. 
I )1 I I 1 k / j 

. 'I ·I 

· < A-1 K' [ fJ L' tl \ A-l k,' Lf.'J L1' t/, ~'>· {-!/I-Jk. 

< 
/} 

1 
L0 K0 

, ~ t' e t') U(Ce'L,e ' 1 '~)11{l'e 1 Le '' 1t); L .1. J.. I 1 ~~ J.;4 • It 1-14, 

'U[ 1,';~, 1J~; :f'J,JU[ fJ'YJ~; 1'1a] 
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Here 

lP fn.rr · 1 e ') ·~_, ( ') 
I = OJl,~d ~ A(i;i.J ) Jc = i"( ,·-;; I j/ -T( . -;: 

~- -'-(K i' "1- .!...(K+ '±1) j'= J..{K'+ JA-13) 
Jo - )., 0 'I' ) ) .J - L )., I I ,!. I L I 

"-/ _.!...(K +?>A-Io\ 'ji=..!..(KI+ -;A-10) 
.J, - .2. I L J ) .t .t 

~~ is the dimensionality of the irreducible representation 

of the group SA; < Lf,'] [ f,J I ~-1, A j [ f,'J [ f'1 > 
is the matrix element of the standard irreducible representa­

tion of the same group. The label U [ .... J stands for the 

generalized Racah coefficients with quarter-integral momenta, 

the label lt{ ..... ) denotes the usual Racah coefficients and 
0 I 1 I lo K. < v e e e ),b are the Ra,ynal-Revai coefficients 

I J, ). I 'f 
which are related to the Talmi coefficients using the Jj-symbols 

with quarter-integral moments. 

< I ')kiJ \ I e, e~. I el e~. = L. < n, el n). ~ N K > , 
f /1.1 + "~ = I< , < n I e I n I e I I N K) , 

lr,' 1 11:: K I I ~ )/ 

• ( nl t, ) ft~, e.~, : A l p /o;(pt v 'l) I tz-,' ~I} 11-; ~I : /1_ ) • 
(9) 

The two-particle fractional parentage coefficients are expres­

sed as 

(A K [ f J L t I A-l K1 [ J) LJ. lJ. ) A { L I K'} ,· L.) .: 

~ ( q](~) \ lf~)(t~\ qo](~Jf[ <A K£jJL l. IA-J k, rj 1JL, L, 1 l, ;> • 
K, t, t.,e, t.~. J..z 

). -e,- eL + 4 -i -i- 1 
'<A- i K,[~,1L, £, \A-l K1[1tH1tl., t) {-!) X 

r u ( ~1 t ... L el ; L, A) u [~ J~ 'j i· ; 'Ji 1z] u ( LJ. A k lo ; L I) )1 

· , u L 1 JA J 1 · r 1 .. 1 < ( t. f A t f) 
J. D J <?-- N 1/ ' (10) 
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where ~ ~ Q/I.,C_t~ V ~., the Young diagram [ f,J and 

the corresponding Yamanochi symbols ( rzt} and ( 2) are 

chosen in an arbitrary but fixed way. 

Here L. is the moment of momentum of the nucleon 

pair A-1 and A (the degree of freedom 
I { 

X- =-{~-'l )) 
A- I fi A A-1 ' 

J\ is the moment of this pair relative to the remaining 

A-2 particle (the degree of freedoa 1-'.t ~I J.(A-~J( ~':.. i_ i: 'Z 
1 

). 

A .t. A-J- ,:, 

Thus, with in the K-harmonics method we may use the same 

formulas for the fractional parentage coefficients which were 

obtained earlier by the TISM/5/, In this case the Talmi-Moshin­

sky coefficients must be replaced by the Ra7nal-Revai coeffi-

cients, b J. -symbols ~t be added for overbinding 

of the global moments K, and additional phase multipliers are 

inserted. 

Within the K-harmonics method 111 the wave function of 

nucleus A is sought in the form of expansion in the K-harmo­

nics polynomials I A K [ f] L L S T > 
3A-'I 

lJf ( !, L A)~ f "kf fKr!f} /A Ky:> • 

( 11 ) 

where d = l1) L L 5 T • The ~UtoDian ot the nuoleua is 

the form 

}-[ _ _ f' _l l 3A-V o ) _ !l_ t v 
- 1 tn ylH 0 f ( f ro 1 l ~ f" {J (} ' 

(12) 

10 

The Schrodinger equation for the radial functions can be 

written as 

{ d L 

( cw- -
lx (iK+f) _lin(£+ W.K((rJ))fK (f):: 

F tt kt r 
J In K'(' 

:: F [ ~r (fJ f~<'!Jf) 
k'('#K( 

( 1J) 

K'{' 

WK'{ (f) 
v v 3A-6 

where "- = 1\ + --
K l 

are the 

matrix elements of the potential energy of the nucleon-nucleon 

interaction 
A 

V = L: Vr~-) . . d 
l<f.J 

vrvJ = {r?,jJ va-l' (14) 

which can be expressed in terms of the two-particle fractional 

parentage coefficients in the form 

Vfii(fJ = (A K lfJ t G S'l!i tt !f /VI A Kl}lr [$ ff'1, 115 1'1.~ > = 
K( L 5 1 " .L 

=-A (A-i) L <A KlfHLST/A-tK'r}~t'L'S'!',·;_ ~.r;>~ 
~ 1<' q.'J t' A' S' T' ). s • .T. 

I < A K [ I J "i [ s T I A -l K I L fJ t I c s I T I; ). s. 2' 0 > J' 

R Ki 
J < s T I w_ I s T ) . { ~) (l5) 

o o a't' o o K' ) I 
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Here 

kK 
RI<'L/ f) ~I d~ 

JA-1 .& 

( ~n, ~ ) ( ~ ~ ) I ( f eoJ ~) , 

t (II Jll . (} )lK I f) ) u, 
JV K K' Lo i K' Lo (kit 1 ( COj L ~ 

K1 f 3A- '- f L 1-!. K I H- '- J L I .!.. 
P .c., • .~. p .,.., JIJ.t 

(to12~) - I (eojJ.~f) 
k- K '- L0 K - k - l 0 

(16) 

The aatrix eleaent of the effective potential is calculated 

using the fo:naula proven b;r Bas. Accordiq to thia formula the 

aatrix element in the K-harmonics aetbod dependent on f 
is expressed in terms of the matrix eleaent of the translati-

onal-invariant shell model. fhis matri:z: element is the following 

function of the oscillator parameter j /2/ . 
\{ ?;) ' f ( k' ~) 

1 l'fiz' !lk+!JA-3 I 
iJ ~t· 

' Jk' ::-, 
J<' I w ~.rf). KJ 

(17) 

This method is asymptotical and may giYe accurate results only 

at sufficiently high mass numbers A (we confine ourselves to 

the lower term in powers of ( JA-4 + 2 K)-1). 

These formulas were used to find the binding energies 

and the wave functions of all p-ahell nuclei tor various versi­

ons of the central potential of the nucleon-nucleon interaction. 
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Then, we have calculated the RMS aisea, the matrix elements 

of the dipole transition operato~ the compressibility of the 

nuclei, the spectroscopic form-factor of J -cluster. Por 

exaaple we give below the expreaaiona for matrix elements of 

some physical operators. 

a. The reduced width &lllpli tude of the decay of nucleus A 

into nucleus J.-4 and J. -particle. fhis amplitude can be 

expressed u 

Jr,J == [_ < N, ~ !f-;v; t I HK>< h-A ~ ~ /N-A( Je>)l 
Nt/,~11-~'i. 

• (A K rfJL srI A~ K,cftJl, ~~,·.A, ~ /G.l~Jl~ ~ ~ { Jt 1} )k 
' c N cw, CN' R (..!) (18) 

A A, " irA 111 
where 'l. ia the distance between the centers-of-mass of 

particles A1 • A-4 and A2 • 4 ; <A K '-
l Ai Kt ti ; .A I 4 K~. tJ. { 1( !1) > are the tractional 

parentage coefficients tor tour particles in the K-harmonics 

method; < JV;. kl N- IV;. X I N K > 
are the generalized Jj-symbols tor the global momentumr 

CAN J c N, eN~ are the coefficients of the expansion 
A, ' If 

ot K-harmonics functions in the wave functions of the TISM. 

b. The dipole tranaition operator from the ground state 

1~ • o+, T • 0 ot o16 nucleus to the e:z:cited state 

11j • 1 1 'f • 1 '
8

' 

" < 'fo+ / d, I~-~::. 
3. 69 !( e { oo 

tT3i1 t fo {f) JJS (fJ r r4 + 

T {i foo }o(n J1J (~) f ~) 
0 (19) 
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c. The compressibility of the nucleus/9/ may be written 

in the fo:nn 

t 
K = ~ t

1 (.1E)' 
(20) 

where 'l- is the radius of the nucleus ground state; .<l £ 
is the difference of excitation energies of the neighbouring 

monopole states. 

3. Fig.4 shows the calculated binding energies of the 

p-shell nuclei within the K-ha:nnonics description and the 

experimental values 1101. 

It can be seen from the figure that the theoretical 

binding energUB for the chosen potential (version 1 of 

Volkov•s potential 1111) are strongly underestimated (excluding 

the o16 nucleus} as compared to the experimental values. This 

result is not unexpected since the calculations were made in 

the approximation Jt-~n • So, the incluion of the subeequent 

ha:nnonics will result in an increase of the binding energy. 

Besides 1 the absolute value of the binding energy depends 

strongly on the ohoioe of the nucleon-nucleon potential, 

Indeed, as is seen froa !able 1, the results of the calcula­

tions of the binding energies of certain nuclei stronglJ differ 

for the various two-nucleon potentials /11, 121. 

Therefore, the disagreeaent between the theory and expe­

riment may be associated not only with ineffioienoJ of K•in 

approximation but alao with inadequate choice of the nucleon­

-nucleon potential. The shape of the calculated A dependence 

of the binding energy reproduces that of the experiaental curve 

so that the anoaaloua inoreaae in the binding energy for the 

nuclei having the J -structure can be llescribed using the 

K-harmonics. 

14 

Table 1. The results of the calculations of the binding ener­

gies of certain nuclei for the various two-nucleon 

potentials. 

A Eth 
b' MeV 

23.5 

He4 25.8 

26.0 

17.0 

Li 6 20.9 

13.0 

26.1 

Li7 
13.7 

142.4 

016 158.4 

151.4 

r···N 

l . 

Versions of 
the potential 

,110/ 

6/10/ 

/10/ 

1/10/ 

6/10/ 

1/11/ 

,110/ 

,111/ 

,110/ 

2/10/ 

3/10/ 

Eexp MeV 
b ' 

28.3 

31.99 

39.25 

127.62 

Pic.4. Ooaparison of the calculated 
binding anergies in the K-harmonics 
description of the p-ahell nuclei 
with the exper1mental values. 
1. - Kxperiaental values. 
2. - Results of calculations 
in the K-Iain approxiaation • 
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Table 2. 

A 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

The theoretical and experimental 2mj radii of 

the light nuclei. 

th 
<(?.-")Y"', fermi 

1.81 

2.31 

2.74 

2.65 

2.71 

2.84 

2.72 

2.87 

2.94 

2.92 

2.85 

2.80 

2.75 

- exp, < '2-"j"; fermi 

1.708 

2.535 

2.26 

2.25 

2.496 

2.48 

2.741 

Table 2 presents the results of calculations of the RKS 

sizes of the light nuclei for the version of Volkov 1s poten­

tial 1111. It can be seen that the theoretical values are 

overestimated. This is probably due to the inadeQuacy of 

the used version of potential. A deeper potential may give 

higher values of the binding energy and a smaller width of 

the well so that the values of the RKS sizes,will also deere-

as e. 

Fig. 5 shows the spectra of the lower lying excited states 

of the 6u and 7 Li nuclei within the hypel'llpherical method 
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E. Mel/ 

f5 

10 

5 

0 

CL 

(1+2+3'10 

1+0 --,+ 0 

a_ {1 .. 2 .. 3"'JO ftl.lJo 
,~,o-- --
~ (t .. l 131>}0 t 
t+o 1+0 r:g_ L!L_ z-rr m IV 

3/2-3/2 3/2-3/2 

5/2-'/2 

8 .t 

~-rz 
- (*,%)~(~. 5,k) }Z 

1j2- 1/2. Yz- '/z 3/2 Yz 
3/zjlfz H IT 

Fig.5. Spectra of the low-lying excited states of the nuclei in 

the hyperspherical method1 a. Li6 , b. 1i7 • 

I. - Experimental values. 

II,- Version 1 of the potential 1111. 
III.-Version 6 of the potential /1 11. 
IV, -Eikemeier-Hackenbroich's central potential 1121. 

for two kinds of the central potential ( due to Volkov 

and Eikemeier-Hackenbroich) along with the corresponding expe­

rimental spectra. The calculations involved central forces, 

disregarding the spin-orbital splitting. Therefore, the rela­

tive positions of the calculated levels 1ST-010 and 1ST-210 

in 61i; should be compared with the value of the center of 
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gravity of the lowest levels "{ 1i + 2+ 3+ T .. 0 in J • 1 • • • 

experiment. For the chosen versions of the central potential 

the relative positions of the levels vary from 1 MeV to 3.5 MeV, 

while the experimental value is 3.74 MeV. In all cases, however, 

the sequence of the levels is correct. The first excited state 
N1; + 

with J • 1 , T • 0 with respect to the collective vari-

able ~ can be also found. This excited state has one 

when plotted versus the hyperradius f • 
node 

For several versions of the potential this level lies 
"{ 1i + in the 15-17 MeV range. The 15.6 MeV level with J • 1 is 

experimentally observed in this nucleus. The results obtained 

make it possible to conclude that the relative position of 

levels in the spectra is less sensitive to the choice of the 

potential parameters than the absolute value of the binding 

energy. Similar conclusions can be drawn from the results for 

the spectra of lower lying excited states of the 117 nucleus/31. 

Fig. 6 shows the results of calculation of the reduced 

width amplitude for the virtual decay of 16o into 12c and 
I N4 + 

c;<_ -particle for the nuclear states / • 0 LST• 000 and 

the relative orbital momentum A : 0 

These results practically coincide with those for the 

potential of the (3A-3) - dimensional harmonic oscillator. 

The excited states of anomalous parity can be obtained 

in the K • Kmin + 1 approximation. We have calculated the 

states with j1i • 1- , T • 1 for o16• Fig. 7 shows the 

strengths of the dipole transitions 1~ 1- , T • 1 of o16 

in percent for the first version of Volkov•s potential. 

As a result, 20% of the dipole transition strengths is 

exhausted by the first monopole excited state and 5% by the 
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Pig.6. The amplitude of the reduced width for the virtual 

decay of 16o into 12c and J-particle in the hyper­

spherical method. 

6;% 
7() 

50 

3() 

10 • - I I £. M~V -JO 40 SO 60 70 

Pig.7. The strengths of the dipole transitions 

of o16 for the first verwion of Volkov 1s potential. 

second. In terms of the particle-hole excitations, this 

corresponds to an essential admixture of the I ~ p 3 h. > 

and j5 p 'h.) states in the dipole resonance. These results 

are in qualitative agree .. nt with experiment 1131. According 

to the experimental data about half of the integral cross­

-section determined by the dipole sum rule belongs to the 
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energy range of the giant resonance. The remaining part of the 

cross-section falls within the range of higher energies. 

The calculated nuclear compressibility is shown in fig. a. 
As a function of A it grows about 3.5 times within the p-ahell. 

The compressibility is anomalously large for the alpha-cluster 

nuclei. Naturally the compressibility parameter depends 

strongly on the choice of nucleon-nucleon potential ,e.g. the 

Yukawa and Gaussian potentials produce compressibilities in 
16o (fir:: o+o) which differ by a factor of 1.3. The calcu­

lated compressibilities differ strongly(by a factor of 1.5) 

for the isovector ( y7i 1': r 1 ) and isoscalar ( 'J7iJ = or 0 ) 

states. 

We have estimated the variations of the compressibility 

parameter with growing nuclear excitation. We see that 

K = ~~ 'L t (11 E / does not change with increasing nuclear 

excitation. In fact, it is easy to show that the tIn 1 radius 

grows quickly enough ( ~ 10- 13 % ) to compensate for 

the tendency of the nuclear levels to approach each other 

(lit] 

K,M~8 
126 • 

100 I 96 ttl~ 

80 

60 l IV 66 {T=I)• 

40 
A 

& 10 12 1't 16 

Fig.B. The calculated compressibility of the light nuclei in 

the K-harmonics method. 
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(decreasing LJ f ) at larger excitations. In reference/15/ giant 

dipole resonances were described in the shell model and a 

conclusion was made about the so-called loss of rigidity of 

nucleus in excited states. In that calculation the compressi­

bility for the isoscalar states was taken from experiment and 

then it was used for the description of isovector states 

( J •1, T• 1 ). As we have shown ,the compressibility does 

not vary with the increasing energy, ·but it differa strongly 

for isoscalar and isovector states. We are apt to think that 

the estimations we have made in the K-harmonics formalism eluci­

date the cause of the necessity of increasing the compressibi­

lity encountered in the shell-model calculations/151. 

It is a pleasure to express my gratitude to Prof. V.G.Solo­

viev and to Dr. Mikhailov for useful discussions and for their 

interest in this work. 
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