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ABSTRACT:

It is shown that for a class of interactions the form fac-
tor of many-body systems has a fractional exponential asymptotic fall
off, Potentials more singular than r-2 at the origini belong to this class.

Another interaction belonging to this class is the Skyrme interaction.
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In a recent papelr(l) the: asymptotlc behavmur' ‘of" the
form factor of non relativistic systems has been derlved for 10031
and non-local, two - and three-body potentials taking into account
the Pauli principle, which has been found to have a very remarkable
effect, making the forrn factor to fall off faster by a power of the or
der of A8/3 for heavy nuclei (A being the particle number),. In the
case of local potentials the derivation has been confined to potentials
less singular than r-2 at the origin, because the technique employed
did not allow to account in a simple manner for the vanishing of the
total wave function when any mterpctrtlcle distance vanishes in the
presence of po'tentlals more singular than r‘z In the” present paper
by using a different techmque we shall estabhsh the asympt ot1c be- :
haviour of the form factor of non-relativistic many-body systems with
local two-body potentials more singular than r-2 at the origin
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where m is the mass of the particles and the condition ony is neces-
sary for the method we use to be applicable. Our results will actually
- be true for a larger class of interactions including the Skyrme interac
tion(z‘). : ‘ _v S
Drell et al. (3) showed that in the two-body case the asymp

totic form factor with potentials (1) has a fractional exponential fall-off
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They conjectured that a similar behaviour should also
be true for the three-body form factor. In this note we shall gehera}i
ze the result of eq. (2) to many-body systems, by using the hyperphe-
rical expa.nsmn(‘l) for the total wave funq..tlon
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In thlisk equxation A is the numbe:b of particles, @ is the hyperradius of

the system and  a set of 3A-4 angular coordinates plus spin-isospin
variables. The index K is the degree of the harmonic polynomial Uy, (2).
It runs from a minimum value which is zero for boson constituents and

is given in ref. (5) for fermion constituents, to infinity. The wave func-

tions %y, satisfy the infinite system of coupled equations
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where E is the intrinsic energy of the system and

LETR
The functions V’Ié: (@) behave at the origin like the two-

~body potentials(a), so that we have
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In order that the hyperspherical expansion be applicable to the potentials(l),
y musﬁt‘“bei smaller than 1/ 2. In what follows, however, we shall only
t f )
make use of the property that the functions VK Y (@) should diverge fa

-2(1+%) Ky . .
ster than ¢ at the origin, Other particle interactions different
from (1) can give rise to such a behaviour with values of y greater than

1/2. The Skyrme interaction. provides an exemple(B) for which 7y = 2.



So our results hold true for all the particle interactions giving rise
KI

to VK functions satisfying eq. (7).
Eqgs. (5) are satisfied for small ¢ by(z)
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provided the constants Pry and B satisfy the eigenvalue equation
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It should be noted that the 2y ,'s do not depend on K for

small ¢ , so that
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The form factor is ; A
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where J,, is the Bessel function of order » , we obtain
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Now IR—, turns out to be independent of K for large q, allo-
wing to extract the g dependence in eq. (12). We shall do this explicitely
for A even. In this case we use the relation(B)
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and integrate by parts a sufficient number of times:to obtain
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where only the term with highest negative exponent has been retained in
the integrand. This kind of integral has been evaluated by the. steepest

descent method in ref. (3)
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Taking into account that K is even because of parity conservation we

finally obtain
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It should be noted that A (.Q(q)) does not depend on the modulus of q.
For A=2 the results of ref, (2) is reproduced.

We see that the asymptotics of the form factor does not
depend on the constituents being fermions or bosons. This is due to
the fact that the potential is so repulsive at the origin that the wave
function always vanishes at zero interparticle distance irrespective

of the nature of the particles.
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