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STUDIES OF FEW-NUCLEON SYSTEMS AT INTERMEDIATE ENERGIES
M. Furié
Institute "Ruder Bodkovié", Zagredb, Yugoslavia

This short review emphasizes some recently investigated as-
pects of few-nucleon systems suitable for the methods of intermedi-
ate-energy physics. The following topics are included:A-chompo-
nents in the deuteron wave function, ju~ capture in deuterium, pos-
sible use of quasi-free reactions and the proton-lnduced deuteron
breakup. Certain features of 7~ absorption in light nuclei are de-
scribed in a separate contribution to this meeting.

The existence of the A-A component in the deuteron wave
function. Internal nucleon degrees of freedom are expected to be
important at small nucleon-nucleon distancesl . X"'s and A’s may

exist within nuclei for short periods of time. The A - A component
is one of the simplest structures that satisfies the deuteron spin-
isospin quantum numbers. Theoretical calculations performed to es-
timate the probability of the A - & component within the deuteron
,mainly followed the 1m§ulse approximation approacha) or coupled-
channel calculatlons. Early works which included only the % -ex-
change component of the nucleon-nucleon interaction were forced to
introduce the cut off in order to avoid the singular behaviour of
the interaction. Since the ¢ exchange potential is of the opposite
sign to the ¥ contribution, it provides a natural cut off at about
0.4 fm. This inclusion has stabilized the theoretical predictions at
approximately 0.5-1.0% for the probability of the A - A component
within the deuteron.q"5 A number of experiments have been performed
to check these predictions. The possibilities of producing A during
the interaction of the probe with the target nucleons present con-
siderable difficulties for proper interpretation. Therefore, the
observation of the spectator A, especially in the backward direc-
tion, is regarded as a reliable method for determining the A-A
component. In this way, 0.7% was extracted as the upper limit of
the strength for this component.

The capture of/u' in the deuterium exhibits several inter-
esting features. The hope of extracting neutron-neutron scattering
parameters from this process was stated7 and questioned.a) The im-
portance of the induced pseudoscalar concstant for the absolute
transition rate was stressed.g) The frequently quoted conclusion8
that influences the differential capture rates more strongly
than neutron-neutron parameters is not quite correct.lo

Quasi-free reactions at intermediate energies. The quasifree
scattering picture was generaliged to include the possibility of
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performing the nuclear reaction on a cluster of nucleons within the
nucleus, while the rest acts as a spectator.ll) The cross section

for the a(A,yb)B reaction factorizes in the kinematical part, off-
shell cross-section for the a.+x-b+y:6°ff'5h°ll reaction and the

a+X-—-b+
square of the wave function for the target nucIeus in the momentum

space Icﬁ (Px)l 2.' In this notation x represents a cluster( of nucleons
on which the quasifree reaction occurs and B is the spectating part
of the target. The examination of the quantity G off-shell was pro-

a+x-=b+y
posed as a tool for the investigation of multinucleon correlations

within nuclei.la) The conditions necessary for this correlation ex-
amination should be fulfilled for intermediate-energy projectiles.

Proton-induced deuteron breakun at intermediate ‘energies. From
the kinematically complete experimental studieslB’lq') of this reac-
tion several conclusions have emerged. The differential cross-section
for the reaction is dominated by quasifree-scattering (QFS) and
final-state-interaction (FSI) mechanisms. From the data accumlated
in the geometry favourable for the QFS mechanism, the momentum dis-
tribution within the deuteron has been extracted. A surprisingly
large amount of the high-momentum components has been found. In the
geometry favourable for the FSI contribution, the experimental spec-
tra can be qualitatively explained by FSI theories, provided a con-
stant is added to the matrix element.

References

1. H. Arenhével and H.J. Weber, Springer Tracts in Modern Physics,
Vol. 65 (1972) 59

2. P. Benz and P. SGding, DESY report 74/28 (1974)

3. S. Jena and L.S. Kisslinger, Ann. of Phys. 85 (1974) 251

4, H. Arenhdével, Phys. Lett. 53B (1974) 22

5. P. Haapakoshi and M. Saarela, Phys. Lett.-53B (1974) 333

6. C.P. Horne et al., Phys. Rev. Lett. 33 (1974) 380

7. E. Cremmer, Nucl. Phys. B2 (1976) 409

8. E. Truhlik, Nucl. Phys. B45 (1972) 303

9. M. Sgtona apd E. Truhlik, Nucl. Phys. A229 (1974) 471

lo. A. Svarc, Z. Bajzer and M. Furié, to be published

11. M. Furié, R.K. Cole, H.H. Forster, C.C. Kim, D.Y. Park, J. Rucker
H. Spitzer and C.N. Waddel, FPhys. Lett. 39B (1972) 629

12. M. Furié, R.K. Cole, H.H. Forster, C.C. Kim, D.Y. Park, J.Rucker,
H. Spitzer and C.N. Waddell, Proc. of the Int.Conf. on Few Part-
icle Problems in the Nuclear Interaction, eds. I. Slaus et al,
(North Holland, Amsterdam, 1972)

13. T.R. Witten, M. Furié, G.S. Mutchler, C.R. Fletcher, N.D.Gabitzsc
G.C. Phillips, J. Hudomal%', L.Y. Lee,B.W.Mayes, J. Allred and
C. Goodman, Nucl. Phys. A254 (1975) 269

14. R.D. Pelder, T.R. Witten, T.M. Wiliiams, M. Furié, G.S. Mutchler,
N.D. Gabitzsch, J. Hudomalj-Gabitzsch, J.M. Clement, G.C.Phillips,
E.V. Bungerford, L.Y. Lee, M. Warneke, B.W. Mayes and J.C.
Allred, Nucl. Physics A264 (1976) 397






