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In the study of two interacting systems within the framework of microscopic theories, the correct treatment
of the effective interaction between the fragments has been the most troubling problem, due to the technical
difficulties in calculating the exchange terms. In the framework of the Generator Coordinate Method, and
through a double projection technique, we obtain this effective interaction between two pairs of nucleons, taking
into account the Coulomb exchange plus a nuclear part. Our treatment is useful in the analysis of the role of
correlated nucleon pairs in photoabsorption experiments by nuclei.

Recently, the suggestion that the nuclear response may be By minimizing the energy, we obtain the Griffin Hill Whe-
interpreted as the response of a collection of neutron-protoeler equation:
pairs (or quasideuterons) was revitalized [1, 2] through the in- z
troduction of a microscopic method, the so-called Correlated (< a|A|d > —E < dla’ >) f(@')dd’ = 0. (1)
Basis Function method, used to calculate the distribution of

quasideuterons in the nuclear system. The adoption of such aaq we are interested in the relative motion of two pairs o

point of view makes thg problem of finding the effective inte- nucleons , the distance between thé& {s taken as the gene-
raction between the pairs a very important one. In fact, the tre

. ; - . rator coordinate. The pair wave function is described by or
atment of systems Qf interacting partlcle_s Wh'gh are Composefa tron and one proton in the lowest state of the harmonic o
of f_undamentafermlons IS an old, _but stil d'ﬁ'CUI_t pr_obl_em,_ cillator potential. One of the pairs is centered around the poil
mainly due to the correct introduction of the Pauli Principle in . . = .
obtaining the effective potential. As other examples in whic with coordinate vectof and the other one is centered arounc

—

this kind of problem could be very appealing, we mention the—%. The overlap kernel, for our choice for the generator stat
nucleus-nucleus collision [3] and the formation of compound| >, is
states from two given fragments.

In this work we present a method, based on the Genera- (Ga"YN(@,0') = (1 A® + CoB* + €12APB?), (2)
tor Coordinate Method (GCM), which allows one to obtain B .
the effective ( or collective) potential in such a way that thewith A = exp(— <a{6g;)2 ,B=exp(— (ﬁfﬁgf;)z) _ The cons-
I?auli Principle is fu!ly taken into account and, at the sam antsci, ¢, ande;, depend on the the angular momentum con
time, the microscopic degrees of freedom are kept. Thoug

h M read dinth for obtaining the oh guration of the system. In the cases we consider here, v
the G(.: was already used In the past for obtaining the p asecl'lways have; = ¢, = 1. The hamiltonian kernel equation (1)
shifts in collision problems [4], we show below that it is also

i ) . . > can be written as
possible, using the formalism developed in [3, 5], to obtain a

complete analytical form for the collective potential for a sui-
table choice of the basis space. To be specific, we consider <GAl6 >=<a|T|d’ >+ < d|V|d >, (3)
the case in which two pairs of nucleons with different isospin
quantum numbers interact through a Coulomb plus a nuclear where the kinetic part is:
force. Choosing the other appropriate quantum numbers we
may particularize to the deuteron-deuteron case.

In what follows we outline the method and the general re- <@[T|d >= (hz> P <afa > —cAt ((6( - 6(’)2>

o = 1

sults. Next, we present our application for the two nucleon mk? /) |4 8h?
pair case and obtain a closed expression for what we call the
collective hamiltonian matrix, including the Coulomb and nu- I o p
clear part. In order to check the consistency of the method B ((“+0( ) > AR (@°+a )} @
and formulae we calculate tlveparticle binding energy using 8b? 8h?
a simple gaussian potential for the nucleon-nucleon force. Fi- . . .
nally, we discuss how to obtain, from the expressions derif 0" the sake of simplicity, from now on, we are going to write
ved here, an analytical form for the potential in the deuteronthe potentials and the kinetic energy kernels in unitieg'ot
deuteron case. The final form of the potential and applicationéIso, we should stress at this point that the center of mass a
will be presented in a separate paper. internal energy contributions were properly subtracted in th

The GCM ansatz for a many-body wavefunction of a sys-above expression for the kinetic energy. For the potential w
tem of nucleons isdefined asy >= f(d)|d > dd and have todistinguish two parts. For the Coulomb part we obtai
< T, INJP >= f(Q) <rq,r2,...|0 > dd, wheref(aQ)
is a variational function of the generator coordinateand L C12 x2m2 [ im s L,
< I1,r,...|8 > is a Slater determinant. <@f\eld >= =" A'B [1(@+d")+1(a—ad")]




862

+AM (@ +d') +BY (@ —a). (5)

and for the nuclear part:
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with b the oscillator length parameter which defines the pc
tential well. Although the nuclear interactidfT) does not

contain explicit velocity dependencies, this could be include
in the formalism without changing equations 5 and 6. Also

< G|Wd" >=2(A*+B*)I(0) — 2c1 A°B?(1 (@) + in the expressions for the potential energy kernel, the tern
proportional tol (0) can be recognized as the internal energ
potential of the system, i.e., the potential energy between tl
nucleons pertaining to the same pair. The Griffin Hill Whee
ler variational equation can be casted in the Schrodinger for

through a double projection that diagonalizes the generat

—Crp AB2[I (0 + @) + 1 (6 — )]

UV U 4 g’
+AATI (@ + ') +4B71 (@ ). ©) states overlap. The firgtrojection corresponds to a Fourier
In the above equations we have defined: Transform of the overlap, for which we define the following
state
1 5 (B2
()= 57 I VD, ()
|
1 z
‘R> -~ dR4g)da, @)
(2m3\(K)
and
1 1 z Z B
KK = da  da’e %9 (g|a’) &K@ 9
(RIR) = i) v (i) ©

- R/ = N i
The <K|K/> overlap can then be diagonalized in such a way th tK\K’> (KK’ = Ap@h(K). Thus we can define the
basis states,

z "
In) = “1‘/(;) R') dK' (10)
n
such that
Z o e ) (K
= dK' dK KIK' = 11
(nim) s (RIR) 22 = o (12)
Thus we can define the projector as
Z . _
2112 (K [2\ /2] Gh(K)
pP— - Rk B g1\ (g . 12
SIninl= 3 dRARZZ|R) (K| (12)

The projected Hamiltonian readt s = 3 n m[N) (N| H |m) (m]. The total projector can be also written as an operator acting
the many body operators through the generator states
‘ (R)
P=Y dk'dK™

S SUICE

and it is easy to prove that the Griffin Hill Wheeler equation is thus equivalent to thédseger type equation for the projected
hamiltonian.

Z
“da R0 ks (@ (13)

> {(n/H|m) —E(n[m) } Ym=0. (14)
m
where(n|m) = dnm,
Within our choice for the stati >, the stateén > is:
Z - Z
1 - MK) T iRa
In>= (2r7 dK(/\n)l/2 dd e ™% |d > (15)
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Nnis the<K\K’> overlap matrix eigenvalue angi(K) are the corresponding eigenvectors. They are given explicitly by:

. 272(ndnyIn,!)~Y2p3/2
an(R) = 2 ke ) Hi (b Ke)H, (b Ky)Hn, (b Kp)e™ (0 K°/2 (16)
and
An = (410%)3%e RN N = (14 (—)" — c128n0), (17)

wheren = ny + ny + n; is the total oscillator quantum number argl(x) are Hermite polynomials.
After some manipulations we finally obtain for the kinetic and potential matrixes a very compact expression. For the k
term:

nf,ni+2 +

: < (M2 +1),
4

n
<n’|T\n>:(3+§)6m+ ;(
i#]Fk=1

(M+2)(nf+1)
If'%i,n#& 6nj/7nj 6nk/"nk X

2(1-c 9
( (212)(5n0+5n/0)+5nd;é0> — 20 (18)

wherel, 2, 3 stand forx,y,zandd,y = 6nxn;(6nyn§,6nznlz . The symbobBy,y..o means that it is equal tbif nandn’ are both different
from zero and it i© otherwise. And for the potential term:

Z
1 1 —r2
<nVin>= — a5 drv(r) exp55)len(r), (19)
2% (n)...ng V2N 2AY/2 (2% 22 20
where for the Coulomb interaction we define:
Ci2 jn+n’ »
lc(r) = — 2 oni)2 ((=1)" +)Hnein, Hn,+n, Hn,in, +
i o (Nx+ny)/2... 22(ky +ka+ka)
omrz (CD7 + Dndng! klzm alkoTka! (e — 2ka)l(ny — 2kt et o2 Hnyeny —2oHnzin, -2, (20)
and for the nuclear interaction part, we have:
. in i
IN (r) = 2n+ nX! ny! nZ! ((_l)n + l)énn’ - 2 Clz WanHnyanén'O + 2n//2 an/ Hn)/ HnZ/ 6n0 -
in+n’ ,
—C12 W((*l)n + L)Hnin, Hoy i, Hopony 4
jn+n’ 22(kyt+ka-+ks)
(21)

+4 ——— (=)™ + D)ny...n,! M — 2k Hitr— 2k Hio o — 2k s
2<n+n>/2(( )T+ Lnd...ng kl%ks Kelkaolka! (g — 2kp)!...(ny — 2kg)l e —2alinyiny —2ke Fining — 2k

where the argument of the Hermite polynomials are alwaysan be directly applied to calculate the binding energy c
{ﬁ, ﬁ,ﬁ}, in that order. The formalism shown above the a particle. This can be done choosing the correct col
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pling coefficients. In this case;2 = 1. Also, we have

used a gaussian potential for the nuclear interaction defined . .
as:V(r) :Voexp(—;—i), with a= 1.5fm, Vo = 50 MeV and (XIHer1[X") =5 v/AnAm(n[H [m) gn(X)@n(X') -
the oscillator parametdr chosen in such a way to reproduce n,m
the root mean square radius. With this parametrization we The collective , or effective hamiltonian can be written as
build and diagonalize the hamiltonian matrix and find the va- : L " )
lue —22.5 Mev for thea particle binding energy. Of course, a functl_on of collective momentum and position through_ ¢
the introduction of the exchange force terms as well as ttheyI-W|gner tra_nsform or eq_uw_alently through an e?<pan5|0|
tensor component in the nuclear potential should be done if" the non-locality (see details in references [5],[3]):

order to get a better result. However this simple test can give

us a first good check for the model consistency and our for- 1

mulae. Note that, for the Gaussian and Coulomb potentials, Hett =g {PAR.B(X)}} +V(X)
all the remaining integrals which appear in equations (20)and

(21) can be done analytically. where the inertia can be written as

Besides the energy and eigenstates it is also possible to ob-
tain an explicit form for the effective potential and inertia,
starting from theHett = S m|N) (N|H|mM) (M. For that we 1 z (—i&)? g b3
can build a collective (effective) momentum representation ta- = = dg 21 <X + 5‘ H ’X - §>
king the{|K)} vectors, defined above as a basis. Thus the ef-
fective Hamiltonian in the momentum representation is giverand the potential as

by

Z
g £
(K|Her[K") =5 (K|n)(n[H|m)(m[K') V(X) = dE<X+§'H‘X—§>.

The final form of the potential and inertia are left to a forthco.
and, through the fourier transform, we obtain the position reiming paper.
presentation of the effective hamiltonian This work was partially supported by CNPq (Brazil).
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