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Abstract « 

A density-dependent effective force is derived from the 
energy density formalism and uBed to calculate some characteristic 
shell model matrix elements. 

I I ! 



I - Introduction. 

Previous works have shown that the energy density forma

lism is zblc to provide an accurate description of many nuclear 

ground state properties It]- For instance, we recall that the 

average difference between experimental and calculated total 

binding energy is less than 2 MeV with a quadratic deviation of the 

order of 1.7 Mev for the measured spherical nuclei (and if we 

exclude, of course, the very light nuclei). In this approach, the 

total energy of a nucleus Is written under the form of a functional 

of effective single-particle orbitals $j and their corresponding 

occupation number Vj s. This functional itself is constracted by 

using a density-dupendent force together with a product of proton 

and neutron IsCS-wave functions as trial total wave function. The 

ground state is obtained by the minimization of the total energy 

with reHuece to the «l̂  's and V^ 2s. 

In view of the successes of this approach for the ground 

statns, it s«ems Interesting to chock further the properties of the 

effective force with respect to the excited states. Consequently, in 

this, letter, we would lik.-i to present some results concerning a few 

characteristic shell model, matrix elements extensively studied by 

other methods. The calculations are performed for the set Fl of 

coefficients given in ref.fi). In a first stage, we shall not 

consider the [.articular problem arising from the contributions of 

the ï.s - terms. 

II - The effective force. 

Formally the effective force is composed of a zero range 

density dependent part ancl a finite range part 

voff = 9(.?' «('i"*»! + vf(ri-r s) (1) 

We préfère here to speak of a finite range rather than a 

long ranyo part as suggested in earlier works, for instance by 

Bethe [21, since this part has actually little connection with the 

long range behaviour of realistic nucleon-nucleon potentials. 

http://ref.fi


The p-dependence of the function g(j) is derived from 
nuclear matter calculations [3]. The contribution of the finite 
range part to the total energy is small enough to allow the use of 
the gradient expansion. We note that the decomposition (1) is not 
unique and that furthermore the energy density formalism is not 
able to specify the details of v f(r,-r 2) but at most determines 
some of its moments. He assume in first approximation V, to be a 
purely central force. To get a deeper insight into the problem we 

further assume the radial dependence of V. to be gaussian: 

+ -n* r 2 

V f (r) = V 0 e * r (2) 

with a coefficient a* = .464 fm~*. (Between 1 and 2 fm such a po
tential decreases at a rate comparable with a Yukawa potential 
e-wr/gr w l f c h p , # 7 f m . l ) _ 

As it can be checked from the density matrix expansion [<*], 
for instance, the gradient and effective mass terms appearing in the 
functional given in ref.[r] determine the second order moments of V f 

in the four nucleon-nucleon subspaces. Thus in our restricted scheme, 
they fix completely v f. The explicit form of our effective interac
tion reads : 

v 2 - - g0,r(p) «(?,-?.> + v ™ e - a 2 ( r > - ? * 2 ) 4 (3) "eff 

(o = singlet, triplet ; ir « even, odd) 
where 

(4) 

g S E = -11B2.2 + 2268.1 p l / 3 - 782.0 P*'3 

g T E » -1093.4 - 521.1 p l / s +2970.9 p l / ' 

V^ E = - 18.35; V^° » - 54.15 
v£ E = - 20.15 V ™ » - 4.01 

proper dimension of the matrix elements). The function p is the sum 
of the proton and neutron densities p * P p + P n • 

Because of the particular structure of our functional it 
is possible to express ouri effective force by means of a short range 
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expansion for the two body interaction. Such a form has been pro

posed by Skyrme f5] several years ai'o. It has been slightly gene

ralized by Muszkowski [61 and popularized by Vautherin and 

Brink 17]. In our case, it gives 

V e f f - IB<P> + S(p) V S(r,-r 2) 

+ B ^ l + S! P rH5(ri-ra)K
8+K , lS(ri-r 2)] (5) 

+ B 2(l + S 2 P̂ J :8'.«(ri-fî) if] 

where 

B(|i) = -1.1.S7.B + 873.5 p 1 ' 3 + 1094.5 p»/» 

S(,.) - 44.4 -1394.6 p'^ 3 + 1876.5 p 2 / ' 
(6) 

Û, = J82.8 S, » 4.7xl0~ 2 

B i : --- -276.2 S s = -.8621 

(the units ai:•* simij.ir to the ones used in (4). See ref.[6] for 

further details concerning eq.(5)). 

Ill - Shall model mil'"*x elements. 

As f-fpical examples of shell model matrix elements we 

have chosen to calculate the interaction energy between two particles 

in a single orbital outside a core, coupled to the allowed total 

angular momentum .J. lore precisely we shall consider two particles 

in the id5/2 and lf7/2 orbitals, corresponding to states in A"18 

and A-42 nuclei. Since we are primarily interested in a simple 

estimate rather than a detailed calculation , the radial shapes of 

the wave functions is approximated by harmonic oscillator orbitals, 

the frequency being choswn by requiring the maximum overlap with 

the radial functions determined self-consistently. The results are 

not very sensitive to details of the density. Consequently, we are 

using for p a parametrized function fitted on the self-consistent 

ground state density of ' ! o and "'Ca respectively. 

Because of the density dependence of the effective force, 

there are two ways of defining a shell model interaction energy. A 



first possibility consists in taking the average value of v

e*f> 

namely 

âE - <(ij)J|Veff|(ij)J> • (7) 

However we may as well consider the difference in the total energy 

arising from a small change in the total wave function. As it can be 

shown easily by means of a Taylor expansion, the effective interac

tion to be used is determined from the second derivative of the 

energy density with respect to the field variables IS]. In our 

case, it will affect only the density dependent part of V_« and 

therefore it is sufficient to consider derivatives with respect to 

p. We then define 

A E S M = <(ij>j|vef£|<ij)J> • (8) 

where V » . is formally equal to V_**« the coefficients of the p 1' 3-

and p 2/ 9- terms being multiplied by 14/9 and 20/9 respectively. For 

obvious reasons AE- M appears as the quantity to be compared with 

"experimental" matrix elements derived from shell model interpre

tations of low lying states, (as long as such an interpretation is 

meaningful!). 

The calculations have been performed for the two expres

sions (7) and (B). The results are summarized in tables I and II, 

where the results of Kuo and Brown [9] and the experimental values 

[10] are also listed. 

He first note the large change in the interaction energy 

brought by the modification of the density dependent part of the 

force. It reflects the response of a many-body system to small 

changes in the total wave function. Within %.5 MeV the quantities 

& E S M are in agreement with the values of Kuo and Brown. However ,in 

our case the level spacing has the characteristic features of the 

S-force spectrum. 

There no reason a priori for an effective force to be 

adequate simultaneously for the ground state binding energy and 

spectroscopic purpose. However, from a perturbative point of view, 

which is the only one allowed in the energy density formalism, the 



force should not change drastically between, the ground and the first 

excited states. Thus, studying shell model matrix elements Is 

providing information complementary to self-consistent 

calculations (IT). 

Although a icore detailed study would be desirable before 

drawing definitive conclusions, we clearly present here an effec

tive force which yieliï both accurate ground state binding energies and 

for which calculated shell model matrix elements look reasonable. 
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cias/2)2 AE - fiESM K+B Exp 

j W -4.54 -2.28 -2.53 -3.24 
2+ - .73 - .212 - .94 -1.59 
4 + - .18 + .035 .14 .003 

Table I. Typical matrix elements for '*0. 

(If7/2i * AE â ESM K+B Exp 

J*-0 + -3.19 -1.46 -1.81 -2.64 
2+ - .58 - .164 - .79 - .83 
4 + - .21 - .005 - .09 - .20 
6* - .05 + .001 + .23 .28 

Table II. Typical matrix elements for * 2Ca. 


