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The binding energies, excited level schemes, nucleon and charge distributions, formfactors and E2 transition probabilities of the a-cluster type nuclei have· been studied within the framework of the Strictly Restricted Dynamics Model, based on the operational decomposition of the microscopic nuclear Hamiltonian. The reasonable agreement of the theoretical results with the experimental data has been achieved. 
1. The Restricted Dynamics Nuclear Models 

In this paper we describe some results of the application of the Restricted Dynamics Models (RDM) to · the nuclear structure. RDM, introduced and deve­loped in the last decade, are based on the idea, proposed in Ref. 1, suggesting to derive the nuclear models of various degrees of .complexity using the decompo­sition 
H = Hcol l  + Haco l l + H' 
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of the microscopic nuclear Hamiltonian H with specific terms Hc0 1 1  and Hacou involved, taking into account the collective and anticollective effects. This opera­tional decomposition for given H of the form 
(2) 

with the kinetic Hk, Coulomb He and potential HP energy terms, produces the RDM Hamiltonian 
HR D = Hco l l  + Haco l l (3) 

in which the term H' of H, present in (I), is neglected (for details and references see Refs. 1-3). The Schrodinger equation for HR D  gives the states IPR D and thespectrum ER D  of HR »· Our aim is to discuss the suitability of such an approachto describe the features of the a-cluster type nuclei with the mass numbers A == 4, 8, . . .  , 40 and the number of protons Z equal to the number of neutrons N, i. e. with Z = N. Before proceeding with a more detailed description of H R D we note that thedefinite H is given only when the set of NN-interaction potentials V., (r,J) (s =
= I, 2, . . .  ) is chosen for central He, vectorial Hv and tensorial Hr terms of

(4) 
Since Vs are unknown, we shall use in applications the effective NN-potentials V., (r,J, �) depending on the set of shape parameters �- We shall regard � as the parameters adjustable to the experimental data and shall find their values via the comparison of the spectrum ER» with the experimentally observed low-lying states energies. The complexity of the ROM Hamiltonian HR o  can be controlled. It depends on the symmetry requirements put on the terms Hcou and Haco l l  of HRD• In the most general case Hcou is the scalar term of H1> with respect to the orthogonal group O A - 1 • The anticollective term Hacou is defined as the term obtained from H when two-body matrix elements (ylml Vs l r'lm) of the potential, depending on the angular momentum l of the relative motion of a pair of nucleons, are sub­stituted by matrix elements averaged with respect to l and its z-projection m in the following way: 

I (ylml Vs l r'lm) -+ «' (yy') � d,, (ylml V., lrlm), (5) 

where y is the quantum numbers of the radial relative motion function used and d,, is the number of values which lm takes for given y. Note that in the case of non-central v., (5) vanishes. Consequently, only the central term He of HP con­tributes to Hacou, while all the terms of H, contribute to Hcau· The meaning of the first term in (3) is easy to explain using the matrix repre­sentation. We suppose that the operators of group O A _  1 act on the Jacobi vectors 
-+ -+ �, with i running values i = I, 2, . . . , A - I (we use �, instead of single-particle 
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->-vectors x,, with i = 1, 2, . . .  , A, in order to take into account explicitly the trans-lational invariancy of the nuclear Hamiltonian H). Let w denote the irreducible representation (IR) of the group O A - 1 and .,, is the basis of ru. Then, similarly to ( 5), the O A - 1-scalar term of H in the matrix representation has expression 
(I'wl Hcol l  II''ru) = � dl (I'wvl H II''ru11), 

,, co 
(6) 

where I' denotes some set of the additional quantum numbers and dw gives the dimension of w. Using the density matrix technique, the expression (6) can be presented in the form (I'rul Hcol l  II''ru) = 
= � Qvrm.v' t' m' (I'w, I''w) (i,/ml hA - 1 . A  l i,'/'m'),

vbn rlfm' (7) 
where Q is the density matrix components, depending on the basis used, and the last factor under the sum in (7) is the two-body interaction lzA - t . A in the matrixrepresentation. The detailed discussion of the expression (7) can be found in Ref. 3. Various types of simplified versions of HR D  have been introduced (see diagram on p. 148 in Ref. 2 as well as Fig. 3) covering and generalizing numerous pheno­menological nuclear models, such as the Bohr-Mottelson Model, Interacting Bo­son and Elliott's Models, Symplectic Model etc. In this paper we shall discuss the results obtained in the approach based on the symmetry of the unitary groups UA - i and U3 embedded into the unitary group U3u-u via the chain U3cA - 0 =>:::, U3 X UA- 1 •We shall use simplified version of the restricted dynamics Hamiltonian HR D  (denoting it as H0) consisting of UA- t - and U3-scalar terms H0 cou and H0 acol l

Ho = Ho co l l + Ho acoW 
which can be obtained using the decompositions 
and 
(for details - see Ref. 1). HO co l l  in matrix representation is given by the expression 

<rEI H 1r E> _ � 1 <rEµI H lr' Eµ> µ3 0 coll µ'3 - .LI -d µ3 µ3 ' 
µ E 

(8) 
(9) 

( 10) 

(11) 
where E denote both U3- and U.11 _ 1-irreducible representations, µ3 - the basisof the U3 irreducible representation E, µ - the basis and ds is the dimension of
FIZIKA 22 (1990) 1, 101-121 103 
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the U A - 1 irreducible representation B. We shall use for the matrix representation ( 11) the 3 (A - I)-dimensional isotropic harmonic oscillator functions dependingon the oscillator frequency v A.For the matrix representation of H0 acol l we shall take the interaction given by (5) with y substituted by the isotropic harmonic oscillator quantum number 
e, giving the number of quanta for the relative radial motion of nucleons. This type of interaction projects from the matrix of total Hamiltonian H the matrix of 
HO acolh defined as U 3-scalar part of H, i. e. gives the matrix of the first term in(10). In another equivalent formulation, analogous to ( 11), 

(I'BµI Ho aeon II''Bµ') = l: ..j- (�;"I H l:,:Eµ' ), 
µ3 £3 

( 1 2) 

where d E3 is the dimension of the U 3 irreducible representation B. We shall refer to the model, based on the Schrodinger equation for H 0, as to the Strictly Restricted Dynamics Model (SRDM). The Hamiltonians HO col I and HO aco I I  consist of the following explicitly written terms 1 • 4• 5>: 
Ho co l l = Hok co l l + Hoe co l l + Hoe col l + Hou col l + Hot cow ( 1 3) 

Ho aco l l  = Hok aco l l  + Hoe aco l l + Hoc acoW (14) 

where k, e, c, v and t refer, correspondingly, to the kinetic, Coulomb, central, vec­-torial and tensorial terms. Due to the high symmetry the SRDM Hamiltonian HO conserves both U A _  1-and U 3-irreducible representations B = [B 1 , B2, B3] (see (11) and (12)), as wellas SU3-irreducible representations (2, µ) with J. = B 1 - B2, µ = B2 - B3, thetotal isospin T and its z-projection MT = (N - Z)/2. Term H0 co l l  of H0 alsoconserves the space symmetry f given by the Young patterns f = [4 . .  .4 3 . . .  32 . . . 2 I . .  . 1] ;  in some states of HO aco l l  the symmetry f is also conserved. All the results, discussed in this paper, have been obtained in the diagonal with respect to f approach and for the irreducible states w = (w 1 , co 2, w3) of the orthogonal group O A _  1 repeating the labelling of U A _  1 states, i. e. for w 1 = B 1 , w 2 = B 2,w3 = B3 (see for details § 15 in Ref. 3). In many cases of low-lying states of even­even nuclei HO also conserves the total spin S and the orbital angular momentum L, while in the odd nuclei case the vectorial and tensorial terms of H0 couple S with L to the total angular momentum J and its z-projection MJ. We shall distin­·guish the multiplicity of L in (il, µ) by means of the Elliott's quantum number K.Summarizing we conclude that, after diagonalization with respect to K, theeigenvalues Bo of H0 depend on N0 (l, µ) f T Mr S L J, where N0 = B1 + B2 +
+ B 3• The states ( 15) 
of H0 have the positive parity, if N0 is even, and the negative parity, if N0 is odd. For most of even-even nuclei discussed in this paper, when HO conserves L, K takes only one value for given (.t, µ) and L. In such cases ( 15) is additionally charac­terized by K. 
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At this point we end the short review on RDM. In next sections we shall discuss SRDM applications to the a-cluster type even-even nuclei with mass num­bers A = 4, 8, . . .  , 40, using the wave function localization correlated with data onnuclear radii. In Sect. 2---4 we shall compare theoretical results with experimental data on binding energies, level schemes, reduced transition probabilities B (E2), the nucleon and charge density distributions as well as formfactors. The discussion of the results __ as well as the prospects for future research within the framework of restricted dynamics models are discussed in the last section . . 
2. The binding energies and level schemes

In the light a-cluster type nuclei region the calculations, based on the density matrix technique, have been carried out with the SRDM Hamiltonian (8), depen­ding on the effective multipole-Gauss type NN-potential V (rlJ) = VO (2r,if r!)ql2 exp ( -2<1rfj/i;), ( 16) common for both collective and anticollective terms. In ( 16) <1 = 0, ± 1 ,  q takessome integer values (we shall use q = 0, ±2; ±4, +6, +8) and r; is the scaleparameter of V (r,1). The matrix elements of V (r1i) on the basis of the isotropic harmonic oscillator functions depend on v A and r; in the form ,,, Ar; ; this dependen­ce can be easily regained if r; in ( 16) is substituted by ,, Ar;. For the oscillator frequency v A we shall use the expression (see (7) in Ref. 5) 
5 (No + 3 (A- 1)/2) ''A = 3r2AS/3 , 

0 r� = a +  b/A + c/A 2, 

(17} 

( 1 8)where a, b, c are the constants fitted to the experimental data on the nuclei radii (for the numerical values of a, b, c - see Table 1 }. 
TABLE 1 .  

Nuclei Uol [E1 , E2, E3] (}., Jt) K VA [fm]- 2 

4He [41 ] [O, O, O] (0, 0) 0 0.43763686 
8Be [42] [4, O, OJ (4, 0) 0 0.40446468 

uc [43] [4, 4, OJ (0, 4) 0 0.35043776 
1 6Q [44J [4, 4, 4] (0, 0) 0 0.30893287 
20Ne [45] [12, 4, 4] (8, 0) 0 0.30213598 
2 4Mg [46] [1 6, 8, 4] (8, 4) 0, 2, 4 0.28935870 
2 esi (47] (20, 8, 8] (12, 0) 0 0.21545501 
3 2s [48] (20, 1 6, 8] (4, 8) o, 2, 4 0.26200882 
3 6Ar [49] [20, 20, 12] (0, 8) 0 0.24952015 
4 0Ca [41 0] [20, 20, 20] (0, 0) 0 0.23809668 

Characteristics of a-cluster type nuclei. 
Note : The oscillator frequency PA values are calculated from the eA-pressions (17), (18)

with the following values of the constants a, b, c (in [fm]2) : a = 1.11856, b = 2.459589, c =
= - 10.1 19970. (see. Ref 8). 
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The low-lying states of the a-cluster type nuclei with A = 4, 8, .. . ., 40 havethe space symmetry f O = [4 . . .  4] and other characteristics listed in Table 1. Inthe case of the space symmetry f O the spin and isospin of nucleus have the values
S = 0 and T = O, therefore the matrix elements of the terms H0 ,, co u and Ho, couin ( 13) vanish. In the states, characterized by the Elliott' s quantum number K, the only possible non-diagonal elements of the nonvanishing terms of H 0, expli­dtly given in ( 13) and ( 14), are those with respect to K. Let us discuss the notations we shall use for the matrix elements. I )  For the collective kinetic energy term (see ( 1. 16) in Ref. 4 or (5) in Ref. 5): 

Bok col l (K'L, KL) = c5 (K'K) E1c1n/2, ( 19) 
where (see ( 1. 17) in Ref. 4 and (6) in Ref. 5) 

Ekin [MeV] = 20.7357 (No + 3 (A - 1)/2) vA ; (20) 
2) for the collective Coulomb energy term (see (2.4) in Ref. 6 or (57) in Ref.

7) :

Boe co l l  (K'L, KL) = e; (A - 2MT) (A - 2Mr - 2) 8:°,l! (K'L, KL), (21)
where e - elementary charge (e2 = 1.43986 MeV · fm) and 8!fJ' (K' L, KL) -the matrix elements of the Coulomb interaction given below; 3) for the collective central NN-interaction energy, assuming the radial de­pendence ( 16) common for Wigner (W), Majorana (M), Bartlett (B) and Heisen­berg (H) terms : 

Boe cal l (K'L, KL) = [AoCw + A (f) CM + A (S) Cs +
+ A (T) C11] 8!&) 1 (K'L, KL), (22) 

(see (2.5), (2.6) in Ref. 6 and (3) in Ref. 8), where A 0 = A (A - 1)/2 and A U),
A (S), A (T) correspondingly, denote the eigenvalues of symmetric group class operators, consisting of the orbital, spin and isospin exchange operators (see (10), ( 11), ( 12) in Ref. 5), Cw, CM, Cs, C8 - the exchange constants of the centralinteraction, we shall use the normalization condition Cw + CM + C 8 - C 8 == - 1 5 • 6>. The central NN-interaction matrix elements C;fJ 1 (K'L, KL) will bedescribed later on. Note that (22) has been obtained substituting the space exchan­ge operators by spin-isospin exchange operators, which is valid in the antisymmetric states. 

4) For the anticollective kinetic energy term:
Bo" cou (K'L, KL) = 6 (K'K) E1c,,,/2; (23) 
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5) for the anticollective Coulomb energy term (see (45) in Ref. 7) :
Boe acou (K' L, KL) = <S (K' K) e2 (c;e + 98;/5)/6, (24) 

with o;e and 8;e discussed later on; 6) for the anticollective central NN-interacting energy term (see ( 12. 12) inRef. 9 and ( 12) in Ref. 8) : 
Boe aco l l  (K'L, KL) = d (K'K) {(Cw + CM) G;c + [(Cw - CM) +

(25) 
with tf:C and tf� given further on. Similarly to (7), the U A _  1 - invariant Wigner interaction matrix elements for Coulomb and effective NN-potential, denoted in(21) and (22) as &'!�' (K'L, KL) and C�;! 1 (K' L, KL), can be written in terms of the collective density matrix com-ponents OE co l I and Talmi integrals 1e,c -soso 8o£o 

tS'!rJ ' (K'L, KL) = L Q:0;0°" (K'L, KL) 1!0110 (v ,..), (26) 
81) 

tt;;J' (K'L, KL) = :E Q;,,::" (K'L, KL) J:080 (11,.., Vo, rp, q) (27) 
so 

(see formulae (4)-(1 1) in Ref. 8, where more details on the collective density matrix calculation technique are given). In the case of the NN-potential ( 1 6) the Talmi integrals have the expression 9 • 6> :  

{ :ii: (2T + q + 1)/(2T + 1), if Bo > 0 }X i"= 1,2,... (2/(3 + I qi)) X1 , if Eo = 0 
[Int (q/2)+ t 

] 
x !!o,t,... (3 + j ql - 21:)/2 {2/ [1 + ( 1 - n)(2 Int (lqj/2) - lql)) 1' 2

}, (28)
where Int (x) denote the integer part of x. For Coulomb interaction, followingfrom ( 16) with V0 = 1 ,  rp = I, <1 = 0 and q = -I,  (28) gives
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Analogically to (26) and (27) matrix elements of the U 3-invariant Coulomb andcentral NN-interaction in (24) and (25) can be written as 
9± _ � QB(±) a coll J'1 ( ) ' ae - � eoeo eoeo 'V .A , 

eo 

1,11± � O E(±) a coll JC ( V ) @ ac = � - eoso eoeo 'V .A, o, rp, q , 
60 

(30) 

(31) 
where Q:0�!> a coll denotes the anticollective density matrix components. In parti­cular cases they have the simple algebraic expressions (see (62), (63), (65) in Ref. 
7 and Ref. 8) in terms of the Casimir operators of the symmetry groups involved, covering all the states considered in this paper. For a-cluster type nuclei with / 0 = [4 . . .  4] from (25) and (22) there followthe expressions 

with 
Boe col l (K' L, KL) = [(3C l - SC 2) A/4 + 

C1 = Vo (Cw + CM), }C2 = Vo [(Cw - C,.,) + 4 (Cn + CH)/5]. 

(32) 

(33) 

(34) 
Therefore, in the case of /0 = [4 . . . 4] and effective NN-potential ( 16) with defi­nite integer q/2, the matrix elements of HO depend on 3 adjustable parameters, namely on C 1 , C2 and rp , Let us denote by CO c o l l  the matrix elements ( 11) of collective Hamiltonianwith I'' = JN0BK'L and I' =  JN0BKL, listed in Table 1, and present them inthe form 

Co co l l  (K'L, KL) = Bok cou (K'L, KL) + 

+ Boe cou (K'L, KL) + Boe col l (K'L, KL), (35) 
with the corresponding terms following from ( 19), (21) and (33). In practical cal­culations we employ the orthogonal basis constructed from the Elliott's states, using the explicit expression of the overlap integrals 1 o, t 1 ). The diagonalization procedure gives the eigenvalues and states of H 0• 

108 

In most cases of a-cluster type nuclei considered, when (l, µ) have a form 
(l, µ) = (1, 0) = (,e, 0), }(l, µ) = (0, µ) = (0, ,e) (36) 
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only one Elliott's band exists with K = 0, L = J = 0, 2, 4, . . .  , "· For states (36)the energy expression for SRDM Hamiltonian (8) is very simple and the eigenvalue 
E0 of SRDM Hamiltonian is equal to the mean value of 1-10• In order to find the linear equations for C1 and C2, using both the (formulae (32), (33), { 19), (21),
(23), (24) and the experimental data, we present E0 in the form

C 18 1 (L, v "' q, r p) + C 28 2 (L, v "' q, r p) + 8° (L, v A) = 0, (37) 

where 
0 1 , 'PA, q, r p = 0 ac , VA, q, r p + 4 0 cw ,v A, q, r,, , .r;, (L ) .t?+ (L ) 3A (A/4 + 1) Dcol l  (L 

) I 
_ SA (A/4 - 1) 1 1  

(JS) 
t! 2 (L, v A, q, r,,) = <ffac (L, P ...t, q, rp) + 4 8g&, (L,P ...t, q, r,,), 

and all other terms of E0, not depending on the effective NN-potential parameters 
q and r,,, as well as the experimental binding energy Etx" (L = 0) and excited le­vel energy E;;" (L) values, are put together in the expression 

+ Boe acol l  (v ...t) - (E:"" (L = 0) + E::" (L)). (39) 

The system of equations (37) is useful for both the energy and fitted parameters calculations. The number of equations in (37) depend on the number of the expe­rimental data used. With respect to C 1 and C 2 the system (37) has been solved for a-cluster type nuclei with A = 4, 8, 1 2, 16, 20, 40 using the standard LSQFprocedure for the linear equation system. For a given q/2 such a value of r,, in the interval 0.6 < rp < 2.0 fin has been found which minimize the mean square de-
n viation L1 E = [E (El - Ef)2 /n] 1 t 2 of the calculated energy values Et form the expe-

i=- l rimental ones Ee. The numerical values of C 1, C2 and r,, as well as the calculatedenergies, given in Table 2, show a reasonable agreement with the experimental data. The results of calculations listed in Table 2 have been obtgined with the com­plete set of the collective density matrix components. The Tables 3 and 4 contain some preliminary results of calculations, performed by taking into account only the SU 3-irreducible component [ 42] of the collective density matrix. The va­lues of the fitted parameters, given in Table 4, are calculated minimizing L1E by the standard method of LSQF, covering the values of C 1 , C 2 and r,, in the inter­vals -300 < C 1 < - 150 MeV, - 150 < C2 < -50 MeV and 0.6 < r,, < l .O fm.
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TABLE 4. 

q/2 = 0 1 2 3 4 

Tp 0.905243 0.869043 0.697512 0.618438 0.609351 
C1 - 194.37062 -210.13020 -284. 72494 -268.04043 - 174.76728
C2 - 98.90730 - 55.23642 - 138.12101 - 141.94256 - 71.43705

L1E [MeV] 2.09 2.29 2.12 2.12 2.16 

Nuclei Eg (L = O) Calculated binding energies E£ (L = 0) 

4He - 28.30 - 27.55 - 28.79 - 27.52 - 27.45 - 27.69
8Be - 56.50 - 56.94 - 56.12 - 56.63 - 57.02 - 55.98

uc - 92.16 - 90.33 - 89.83 - 90.20 - 90.54 - 89.75
1 6Q - 127.62 - 125.93 - 128.18 - 126.17 - 125.97 - 126.73
20Ne - 160.65 -161.86 - 161.69 -161.86 - 162.07 - 161.67
24Mg - 198.26 - 197.21 -195.91 - 197.11 - 197.45 - 196.61
2ssi -236.54 -232.00 -230.98 -231 .92 -232.13 -231.59
3 2S -271.78 -267.87 -267.41 -267.82 -267.84 -267.74
3 6Ar - 306.72 -304.45 -305.52 -304.52 -304.18 -305.00
40Ca -342.05 -343.77 -346.80 -343.98 -343.21 -345.16

Calculated and experimental binding energies (in MeV) for A = 4, 8,  . . .  , 40 nuclei at q/2 = O, 1, . . .  4.
Notes : 1) The adjustable parameter and mean square deviation L1E values refer to complete 

set of experimen?Pl energies (n = 43) included in calculation. 2) for the References of the experi­
mental data on EZ (L = 0) values - see Ref. 8.

3. Density distribution and f ormf actors

-+ -+ -+ 
The nucleon density e (r) or proton density ez (r) at the point r is given by

the mean value of the operators 

(40) 

-+ -+ 
where r, and r are the nucleon and density variable vectors in the centrum-of-,.. 
mass frame and t! (i) - z-projections of the nucleon isospin momenta. Using the
algebraic technique of the symmetric groups Sy> and S�>, acting correspondingly 
on the indices of space and isospin variables of nucleons, we obtain the expression 
(for details - see Ref. 12) 

112 

A -+  ,., -+  ,.. -+e z (r) = e (r) + LI e (r) (41) 
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. . . " -+ " --'), with S5[) x Sy> - scalar term e (r) and Lie (r), characterized by the S�> x S�) - irreducible representation s 1 = [A - 1, I ]. In calculations we shall use thedensity operator presented in the form ( 41 ). In the RDM approach we calculate the mean value of (41) in the HR »  states. In the case of a-cluster type nuclei, when / =  f O = [4 . .  .4], from the selectionrules for the decomposition of the direct product s1 x f O it follows (see (9.27) in
-+ Ref. 9) that S1 X f O do not contain Jo. Thus the matrix element of Lie (r) vanishesidentically, and the mean value of e z Ci) is equal to that for e (rj. In order to calculate the matrix elements of e (r), we shall use the followingexpression of the C,-function in terms of the spherical harmonics Y�0 : 

--'), -+ " (r1 - r) , -+ *L -+ � (1· - r) = � Y.IJ0 (r ) Y O (r0) i ,.z "" Mo l Mo , 
i LoMo 

-+ -+  -+ -+ 

(42) 

where t, r, denote the absolute values of r, r, and r0, rf give the spherical angles 
-+ -+  . -+ of r, r,. Using ( 42) we present the mean value of e (r),

e <� = ez °t) = <Ff ol e G1 1r1 o>
in the states characterized by I'J O in the form

(43) 

(44) 

with L0M0 taking the values, allowed by the set of quantum numbers I' used. We shall find the radial part f!LoMo (r) of e (r), using the density matrix tech-nique permitting to present f!LoMo (r) in the form 
flLoMo (r) = :E {J;t,,�ql'm' (s/ml QXf0 le'l'm'), 

aim 
a'l'nf 

(45) 

where QLoMo denote the one-particle type density matrix S03-irreducible com­ponents and 
(46) 

The matrix elements in the r. h. s. of (45) are taken in the three-dimensional har-monic oscillator basis <ps, m (�), depending on the components of the Jacobi vector 

FIZIKA 22 (1990) 1, 101-121 
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The expression ( 45) has been obtained in Ref. 12. The method of derivation used is explained in detail on the similar example in § 23 of Ref. 9. 
A -+ Let us present e (r) in the form 1 2 > 

e M = e o (rj + e , <�, where 
A -+ A -+, A -(! o  (r) = (!co l l (,-) + f!aco l l  (r).

(48) 

(49) 

In SRDM approach we neglect the last term in ( 48) and take e O (rj possessing the symmetry of the Hamiltonian Ho, i. e. assuming that e co U (r) is the U A - 1-scalarterm and eaco U (rj is the U3-SCalar term of e c;s. In this paper we shall discussonly the radial density distribution given by the mean values of the operator e o (f),obtained averaging e o {f) with respect to the spherical angles of �
0.4 Q2 

A5'0( r), fm·l Z90(rJ+A; fm·l 

2 r,fm 4 6 

Fig. 1 .  Nucleon density distributions for a-cluster type nuclei. 

The calculated density of the nucleon distribution Aeo (r)Jin thefground sta­tes of HO of the a-cluster type nuclei with the frequency parameter ( 17) used is shown in Fig. I with the symbols of nuclei indicated for each curve. It is remarkable that calculated curves essentially differ (compare, for instance, Ae o (r) for 4He, 
1 60 and 32S), thus the theory gives non-trivial dependence on A. In the top right-
114 FIZIKA 22 (1990) 1, 101-121 
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hand comer of Fig. 1 the proton density distribution Zeo (r) is compared with the experimental data. For the sake of clearness in this fragment of Fig. 1 curves are shifted by the constant A . 

108 '--------'--------'-------"'---------' 
0.5 1S 2 2.5 

Fig. 2. Charge formfactors for a-cluster type nuclei. 

In Fig. 2 the charge formfactors F (q) are shown, related with eo (r) by means of the Fourier transformation 
F (q) = _!_ f e (r) sin (qr) dr. 4n ° qr (SO) 

Calculated curves (solid) and experimental data (indicated by asterisks) for a-cluster type nuclei with A = 12, 16, ... , 32 are shifted by the numerical factor, adoptedto the logarithmic scale for each nucleus separately. From Fig. 2 it can be seen that the difference between the calculated and measured formfactors increases with both A and the values of the transfered momenta q. The observed diffractio­nal minimum is also presented in the theoretical curves. The results shown in Fig. 1 and Fig. 2 indicate that both the radial density distribution and the form.factors, calculated in HO states, give a reasonable descrip­tion of the density in the real nuclei, including the specific dependence on A. The analysis of the density distribution for the collective and the anticollective terms of e o has been also carried out, showing the essential contribution of both terms Of e o tO the mean ValUe Of the density Operator � O• 
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4. E2 transition probabilities 

We take E2 transition operator Q2 m in the irreducible form with r��ct to the transformations of the O A - 1 and U 3 x U A - 1-groups 1 3>. In the SRDMapproach we use the expression 
A A A Q2 m = Q�m + Q'2 m, (5 1) 

A A where Q� is the U ...t- 1-scalar term of Q2 m with the symmetry of the strictly re-stricted collective Hamiltonian H0 col l· The inspection shows that up to the simple factors, Q� is equal to the E2 transition operator expressed in Ref. 14 in terms of the SU 3-infinitesimal operators. In calculation we have used a closed formula of the reduced transition probabilities B (E2) for the operator Q�, acting withinthe (,l, µ)-bands (for details - see Ref. 13). Note, that in case of the E2 transitionprobabilities within the (l, µ)-bands, for the states with /0 = [4 . .  .4] only thefirst term in (51) contributes. The final expression for the calculation of B (E2) values is 1 3• 1 5> 
B (E2; J'K'L' -+ J KL) = � (SS') " (MrM;) � (TT') � (ww') x 

X � (aa') " (ff') �  (aa') " ((l, µ), ().', µ')) X 
{J 2 ]'}

2...., 
x (2L + 1) (21 + 1) L' S L  B (E2; K'L' -+ KL),

(52) 

where a and a are the 1:JlUltiplicity indices in group chains O A_  1 => SA and U 4 ::::, => SU2 X SU2 and 
,VB (E2· K'L' -+ KL) = 15e

2 (A - 2Mr)2
[ <(l,u) II Q" sl l(l,µ)>] 

2 

, 32n A2 ,,2 KL KL • 
A. 

Making use of the overlap integrals, we obtain 
<'kl' I I  �I I �;f. ) = (2L' + 1) (2L + 1)- 1 X

C2L' L b(l.µJ p(A,u)K•/ [p(A,µ)K ,(��)K' ] 1 / 2X l: vK' K' LrK, ;LK' KL(OO) KL(OO) pK' L' (00) 
K•11 

with P explicitly given in Refs. 10 and 11, and 1 4• 1 6> 
b<Ar:_> = � (K"K) _!_ [ 21 + µ + 3 + (L - L') (L + L' + 1)/2 ] _L K' ;LK' (6 -A - 2µ - 3 - (L - L') (L + L' + 1)/2 

(53) 

(54) 
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- c5 (K" K' + 2) [V(µ - K') (µ + K' + 2)!4] - d (K" K - 2) x (55)' Vci - K') (l + K' + 2)/4 ' 
[V(µ + K') (µ - K' + 2)/4] 

x VO. + K') (A - K' + 2)/4 '
where the upper row corresponds to ·the case l > µ and lower row - to the case Ji. < µ. In the case, when Elliottts states are mixed with the amplitudes C KL, instead of ( 52), one must use 

B (E2; J' -+ J) = I :E c K' L'c KL [B (E2; J' K' L' -+ JKL)P' 21 2 • (56) 
K'J(. 

Let us discuss the simplification of (52)-(55) for the states (36). For E2 transitions between the levels with J' = L' = L + 2 and J = L of the Elliott' sband with K = 0 taking in�o account the expUcit formulae for the Clebsch-Gordancoefficient 
d- L+> L _ 1/ 3 (L + l) (L + 2) 

0 0 0 
- Y 2 (2L + 3) (2L + 5) 

and the overlap integral 1 7> 
R(,c#O)O _ R(O�)O _ (2L + 1) 2L ,el ((,e + L)/2)!

OL(OO) - OL(OO) - (L + " + 1)! ((,e _ L)/2)! '
from (52)---(55) follows that 

(57)

(58) 

B (E2 . L + 2 L) = 1 5e2 (A - 2MT)2 (,e - L) (L + 1) (L + 2) (,e + L + 3) ' -+ 32n A2 ,,� .(2L + 3) (2L + 5) . (59) 
This formula differ only by simple factors from the similar expression obtained in Ref. 14. Comparing (59) with the analogous formula for B (E2) given by the phenomenological rotational model in the case of ground state band of deformed even-even nucleus 

, 15e2 
2 (J + I) (J + 2) B (E2; J. + 2 -+ J) = 32n Qo(2J + 3) (2J + 5)' (60)

we see, that the dependence of B (E2; J + 2 -+ J) on the total angular momentumof nucleus J = L in SRDM differs from the phenomenological expression byfactor (,e - L) (,e + L + 3). From (60) one can see that (A - 2MT)2/(A2 v�) �"' Q�, which shows that v.:; 1 is proportional to the phenomenological intrinsic quadrupole momentum Q0 • 
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The theoretical values of B (E2)t [e2b2] calculated for the transitions between 
the ground band SRDM states of the a-cluster type nuclei agree with the experi­
mental B (E2)e data by the order of magnitude. Similar agreement holds for most 
transitions between the states ofElliott's bands with mixed K = 0, 2, 4 in 2 4Mg and 
3 2S (see Table 5). 

5. Concl'Uding remarks

The main conclusion following from the results discussed in this paper is 
that in the framework of the SRDM the self-consistent description of the a-cluster 
type nuclei radii, binding energies, level schemes, density distributions and re­
duced transition probabilities B (E2) can be obtained. This conclusion confirms 
the applicability of the Restricted Dynamics Models to the studies of the nuclear 
structure. 

The Strictly Restricted Dynamics (SRD) Model represents the most simple 
version of the Restricted Dynamics Models. In order to discuss the possibility to 
improve the results described in this paper let us recall some specific features of 
the SRDM and its relationship with more general Restricted Dynamics Models. 
Because of the extremely high symmetry, the SRDM Hamiltonian HO acts within 
the finite subspace of the Hilbert space. As the consequence the Schrodinger equa­
tion for HO in the case of any set of NN-potentials used can be exactly solved 
(for details - see Ref. 1). Therefore, all the results discussed in this paper have 
been obtained in the exactly solvable model, having little left of the dynamics 
presented in the Schrodinger equation for the original Hamiltonian H we have 
started with. The important feature of the SRDM is very high postulated symmetry 
stressing two effects of the very opposite nature, namely, the collective and anti­
collective (the two-particle relative state correlation) effects. The first ones play 
the main role in the creation of the collective band level scheme, while the latter 
essentially contributes to the binding energy. The interplay between both effects 
in the proportion, given by the restricted dynamics decomposition of H, allows 
to choose the effective potentials, suitable to describe both binding energy and the 
lowest band level schemes. The wave function localization parameter 11 A, corre­
lated with the nuclear radii data, helps to obtain both the proper picmre of the 
nucleon density distribution and, at least in case of the a-cluster type nuclei, the 
agreeable absolute values for B (E2). 

When discussing the numerical results we often refer to the (it, µ)-band struc­
ture. In order to explain its origin in the SRDM let us analyze the diagram in Fig. 
3, illustrating the relationship between various collective submodels, contained in 
the most General Microscopic Collective Model resting on the Hamiltonian H coll• 
In Fig. 3 we see three branches, where two of them, the extreme left and extreme 
right, end with the well known Bohr-Mottelson, Interacting Boson and Elliott' s 
Models. The SRD Model, being in-between the Elliott's Model and the General 
Microscopic Collective Model, can be treated as the most general model employing 
the arbitrary NN-potentials but still conserving (it, µ). The SU 3 bands (it, µ) 
are also not mixed by H0 acorn therefore (A, µ)-band structure is present in the 
spectrum of Ho• 

The scheme shown in Fig. 3 also helps to explain the place of the collective 
term of the SRDM Hamiltonian in the collective branch of the RDM family. 
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Violating the U A - 1-symmetry, but still keeping the O A ... 1-symmetry., we remain within the frame of the O A _  1-dynamics. The typical feature of the Hcoz z spectrum is the existence of the infinite superbands, containing (in favourable c�es) -the >>classical<< collective bands, following from the well-known phenomenological ap­proaches. Generalization of H0 en , ,  up to Hc0 , 1, according to the scheme shown on Fig. 3, extremely enriches the collective dynamics and one can expect the B (E2) values to be sensitive to it. 
General Microscopic Collect ive 

. Microscopic Generalized 
Bohr-Mottetson 

Bohr-Mottelson Interacting 
Boson 

Stri ctly Restr icied 
Collect ive 

Elliot t 's 

Fig. 3. The collective Hamiltonians. · 

Our main intention in applying the simplified version of the SRDM to-the a-cluster type nuclei region was just to give for the first time the new descriptionof their features in the framework of the restricted dynamics approach.
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Originalni znanstveni rad 

U okviru ogranicenog dinamickog modela proucavane su energije vezanja, sheme pobudenih nivoa, raspodjele naboja, formfaktori i E2 prijelazne vjerojatnosti za jezgre tipa a-grozda. Postignuto je zadovoljavajuce slaganje teorije i eksperimenta. 
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